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ABSTRACT

The potential effectiveness of 5¢+t€ceptor active agents as cognitive enhancers haentthe focal point of
research in Alzheimer's disease (AD). SerotoninTe-keceptors are distributed in brain regions afftea with
memory and learning making them promising, novejes for (CNS)-mediated diseases such as Alzh'simer
disease (cognitive function). A group of previouslported compounds was selected and tested ia fotr the
binding affinity to 5-HF receptors. The binding affinity of these compounds tested using in vitro radioligand
binding assay using cryopreserved membrane expigsarget receptors as grounds for the assay aedudge of
Methiothepin and Haloperidol as references. Dataswaalyzed by calculating the total binding pereget, which
was performed for the references and tested congsoult was found that the tested compounds disdlaye
promising activity as 5-Hgantagonists and partial dopamine 2 agonists. Timelihg mode of tested compounds
was studied by molecular docking using SB-27104@fesence. The tested compounds binds with Argn8bLys

14 aminoacid residues which proves the rationatifythe developed models. These results may beuhétpf
designing novel and potential 5-kligands.
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INTRODUCTION

Alzheimer’s disease (AD) is a widespread medicaldition that requires attention, as its prevalewoeldwide is
astonishing; approximately 26 million individualsemse diagnosed with Alzheimer's diseafH. It is a
chronic neurodegenerative disease that usuallyssstowly and gets worse by time. The cause of dilzier's
disease is poorly understood. About 70% of the isskelieved to be genetic with many genes usualplved,
other risk factors include a history of head irgsridepression, or hypertension [2h persons ageing 65 years or
more, the chance of developing AD doubles everfrdedade and individuals whose ages are more tBaye8&rs
were found to be diagnosed with AB). The oldest hypothesis for AD causes, on whitbst currently available
drug therapies are based, is the cholinergic hgsidhwhich proposes that AD is caused by a redagsthesis of
the neurotransmitter acetylcholiffg. The cholinergic hypothesis did not gain widesgd support, largely because
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medications intended to treat acetylcholine deficiehave not been very effective. Other cholineggfects have
also been proposed, for example, initiation of dasgale aggregation of amyloid leading to genezdliz
neuroinflammation [5, 6]. On the other hand, fourt of five medications currently used to treat tugnitive
problems of AD are acetyl cholinesterase inhibitassa result of the reduction in the cholinergiarnas activity
that is a well-known feature of Alzheimer's diseaBeerefore, extensive medical and drug developmesgarch
have been taking place globally, for the manageraedttreatment of AD.

Furthermore, 5-hydroxytryptamine 6 (5-)Teceptor was discovered in the 1990s. Thesem®rb-HTg receptors
are distributed in brain regions affiliated with mmery and learning. The use of potent antagonistplays a
promising elevation in acetylcholine and glutam@iediated neurotransmission evidently improving ¢bgnitive
function as seen in preclinical tests, effectstaT§receptor agonists on memory have also been rgadethtified

[7, 8]. The researchers' interest of such recelpasrraised recently, either on its agonist or amteg effects [9].
The receptor studies captured the attention andrbe®ne of the most successful therapeutic tarfyets, anxiety,
depression, schizophrenia, obesity to learning medory disorderf’]. Moreover, 5-HTF receptor agonists have
boosting effects in learning and memory that wereealed in numerous animal model based studieng wsi
number of structurally unrelated compounds [10]e Tirst drug discovered as a 5-fiieceptor antagonist was an
Arylsulfonyltryptamine analogue. It was used adractural base to determine the general structemlirements
for binding to 5-HT receptorg[11]. Many studies revealed an increase in theisbdgdic and glutamatergic
neurotransmitters by blocking the 5-Hieceptof12, 13]. 5-HTs antagonists had effects in cognition improvement
in number of rat models [14]. Moreover, many compdsl have been developed and are currently undergoin
clinical trials —phase | and Il clinical trials-rfthe purpose of enhancing cognitive impairmeralh Recent efforts
indicate the potential effectiveness of 5gH€ceptor agonists and antagonists as cognitivaremns for Alzheimer
patients [15]. Many compounds that act as 5-FHEeptor antagonist were examined for their effidmlerability by
patients that suffer from AD in cases ranging fromid to moderate conditions [16]. Moreover, in adst
performed in 2011, three month old male Wister raith scopolamine induced episodic memory defeotsew
subjected to selective 5-Bntagonist compounds -CMP X and CMP Y- and theregice 5-HF antagonist GSK-
SB742457 (Figure 1) resulting in improvement of themory deficits. It was also found that the useacétyl
cholinesterase inhibitor (AChEI) —donepezil- withH®¢ receptor antagonist compounds gives an additive
cognition enhancement in cognitively defected [fbi$.
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Figure (1) Compounds with potential in the cognitie Impairment improvement
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PRX-07034, another 5-HTreceptor antagonist (Figure 1), was studied is raised in social isolation that
developed behavioral changes familiar to the symptseen in schizophrenia demonstrating this dmeffext in
repairing the impairment in rats’ cognition. Furttexamples of 5-Hd receptor antagonists include Ro 04-6790
(Figure 1), which displayed improvement in isolati@ised but not group-housed reversal learningrotsnin the
water maze. The study of Ro 04-6790 also showeeffatt on mature rats subjected to chronic intdenit
phencyclidine as well as drug-naive 18-month-otd,ran improvement of object discrimination wasested[18].
When sub-chronic phencyclidine was administerethdoice cognitive impairment in rats in a study asctdd on
Lu AE58054 (Figure 1), the administration of thegm 5-HT6 receptor antagonist Lu AE58054 producethble
reversal of such cognitive impairment in the testwn as novel object recognition test, which predighroof that it
could be useful in reversing cognitive impairmigi®]. Consequently, the previous observations ammoagy others
generated the hypothesis that S5gHi@ceptor antagonists can be considered promigjagta for targeting cognitive
disorders, i.e. Alzheimer’s disease (AD) and sgbiiwenia.

A diversity of chemical classes as 54+¥Eceptor agonists and antagonists were studiedatter includes bisaryl
sulfonamides and sulfones, indoles and indazoleaindoles and azaindazoles, benzofuran, benzothiash
benzimidazoles, thienopyrrols and pyrazolotriazifie8]. One recent approach in the development dérmaal
compounds was focused on utilizing the strategyolecular modeling-assisted design, in which desigmultiple
ligands were obtained from. These ligands thatetalgpth 5-HF and Dopamine 2 receptors, antagonizing the
former and agonizing the latter, have proved tbf@ctiveness in rats as anxiolytics and antideganets [20].

Based on the above mentioned data, a structuretisasdy was performed to select some compoundsrthgthave
the potential of binding to 5-HTreceptor. Twenty compounds were selected to ted#svitro for the activity and
binding to 5-HT receptor, as either agonists or antagonists. Birictures, i.e. pharmacophore, are thought te hav
good binding potential to this receptor, which ntigiontribute to the enhancement of cognitive fuorddi in
Alzheimer’s disease [8].

The compounds under investigation belong to thd¢aatelo- and propanamido- thiazole analogues (Fig)re
within were testedn vitro which provided evidence of having notable bioladjiactivities, i.e. antitumor activities
on various cancer cell lines [21]. Furthermore,fdut that they have structure similarity to thephacophore of 5-
HTg receptor active drud8], might indicate potential activities on Centitdérvous System (CNS) diseases, i.e.
Alzheimer’s. In order to determine whether this diyyesis is accurate or nan, vitro testing for the compounds is a
necessity to analyze their efficacy on 5¢H&ceptor.
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Figure (2) Structures of the compounds under invegjations

However, the structure similarity to the pharmaamghof other drugs that bind to 5-Klfeceptor was the core
reason behind testing these compounds onntléro binding of the receptor, for their binding mighthance the
cognitive functions in AD, as previously mentiong]. Therefore, as an initial step and prior totiteg the
compounds were synthesized according to the repprtecedure [21].
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EXPERIMENTAL SECTION

Chemistry
The synthetic strategy to prepare the target comgpetr15 19-28are outlined in Schemes 1,2.
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Scheme 1: Synthesis of compounds 6-15
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Scheme 2: Synthesis of compounds 19-28

The 2-amino function of 2-amino-5-methyl-thiazolg, (ethyl 2-amino-4-methyl-thiazole-5-carboxylates) were
acylated with either 2-chloroacetyl chlorid®) ©r 3-chloropropionyl chloride3j and potassium carbonate in dry
toluene to yield 2-[2-chloroacetamido or 3-chlomgpeinamido]- 5-methyl-thiazold (5), ethyl 2-[2-chloroacetamido
or 3-chloropropanamido]-4-methyl-thiazole-5-caratgl (L7, 1§. The target compounds-15 and 19-28 were
obtained by the reaction of the 2-chloroacetamid8-ohloropropanamido derivativés 5 17, 18with variety of
secondary amines in dry toluene (Table 1). All tHeNMR, **C-NMR, and other spectrophotometric data of the
synthesized compounds were previously documentdd [2
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Table 1. Physicochemical properties of the newly athesized compounds 6-15, 19-28

Compound R n Solvent  Yield% Mp °C
6 N(CHs) 1 Ethanol 33 98-9
7 piperidino 1 Ethanol 63 137-8
8 morpholino 1 Ethanol 52 121-3
9 N-methyl-piperazino 1  Ethanol 44 103-5
10 N-phenyl-piperazino 1  Ethanol 63 164-7
11 N(CHs) 2 Ethanol 54 63-6
12 piperidino 2 Ethanol 75 82-4
13 morpholino 2 Ethanol 59 118-9
14 N-methyl-piperazino 2  Ethanol 69 78-8p
15 N-phenyl-piperazino 2  Ethanol 66 176-p
19 N(CHa). 1 Ethylacetate 55 201-3
20 piperidino 1 Ethanol 61 130-2
21 morpholino 1 Ethanol 54 152-5
22 N-methyl-piperazino 1  Ethylacetate 57 12547
23 N-phenyl-piperazino 1  Ethylacetate 59 98-1p1
24 N(CHs) 2  Pet.ether 54 163-5
25 piperidino 2 Ethylacetate 68 99-101
26 morpholino 2 Ethanol 48 149-501
27 N-methyl-piperazino 2  Ethanol 40 138-40
28 N-phenyl-piperazino 2 Pet.ether 49 87-p

& Analysed for C,H,N; results were within +0.4 %iloé¢ theoretical values for the formulae given

Radioligand binding assay for 5-HT6 receptor

Stock solutions of the compounds under investigatin concentration of 10Mol were prepared; the compounds
were dissolved in dimethyl sulfoxide (DMSO) with iglets of 1 mg or more. A series of solution dilumsowere
prepared and transferred to 96-well microplateassay buffers by an automated pipetting system.ré&fezence
compound methiothepin mesylate salt was utilizedv@uate non-specific binding with a final concation of 10
uM in the mix of the assay. Total binding evaluatiwas accomplished using de-ionized water. A crysgmesd
membrane expressing 5klfleceptor at 37°C was used as grounds to whicHig¢faisd binding assay was performed.
The previously prepared microplates were coverdld aviiape for the sealing, and incubated for 6Qutem at 37°C
in circulated air incubator after mixing on orbitdlaker for 5 minutes at 250 rpm. To end the react vacuum
manifold and 96-well pipettor were used, rapidrdilion technique was utilized filtering the mix on&C/C filter
mate presoaked with 0.3% polyethylene imine fof halhour, followed by ten consecutive quick washél 300
ul 50 mM Tris buffer at a temperature of 4°C witlpld of 7.4. In an air forced fan incubator, theefilmates were
left to dry overnight at 37°C. Melting ascintillatof solid origin on filter mates in 100°C for 5 muites was used.
For one hour the plates were set to equilibrateamdughly 30% efficiency, radioactivity was measli[20, 22].
In the previously mentioned method, the followingrev used: i) Automated pipetting system for the wih the
microplates (EpMotion 5070; Eppendrof, GermanyCgBi Felix (CyBio AG, Germany), ii) 96-wells micrégies
(Greiner Bio-One, Germany), iii) 96-wells pipettirgation Rainin Liquidator (MettlerToledo, Switzamd), iv)
Incubation of plate in circulated air incubator 3TPol-EkoAparatura, Poland), v) Mixing on orbitdlaker (DOS-
10S, Elmi, Lithuania),vi) Rapid filtration by usingutomated harvester system Harvester-96 MACH M F
(Tomtec, USA), vii) filtermates dried in forced dan incubator CLW 32 STD (Pol-EkoAparatura, Polandii)
Radioactivity in MicroBeta2 scintillation countePdrkinElmer,USA), ix) Data fitting by Prism 5 (Gtdpad
Software). The source of the receptor is 5;KTHO-K1), with a radioligand final concentratiod/kf [*H] LSDm
(2.5/2 nM). For the nonspecific binding,1®™ methiothepin was utilized and the assay buffesdsmM Tris, 10
mM MgCl,, 0.5 mM EDTA at pH 7.4. Finally, the incubatiorripel was 60 minutes at 37°C [20,22] (Table 1).

In vivo testing of Beta amyloid aggregates

Labeling the compounds was performed Using Zhuaethad [23]. The Cui method was used for the intobidm

of the three radioiodinated ligands? 1, [**A] 2, and }#] 3, they were injected into healthy mice for
biodistribution experiments [24]. The average weigh mice was 22 g. Diluted'f] 9, [**1] 14, or [**3] 27
solutions in saline solution (100 IL) were injeciatb the tail vein of mice. The organ of interasre removed and
weighed after sacrificing the mice. The automatmoanter (WALLAC/Wizard 1470, USA) was utilized tmunt
the radioactivity. The percentage dose per gramedftissue was calculated by a comparison of #sudé counts to
suitably diluted aliquots of the injected matefiBhble 2).
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Molecular Docking study

The homology model adopted by Hao was used foridg¢R5]. The template protein (PDB code: 2RH1 chajn A
obtained from the Protein Data Bank high resotu(@.4 A) crystal structure of hum#@-adrenergic G protein-
coupled receptor was employed to generate the 8iprstructur¢26]. The docking studies were carried out using
the MOE program 2009.10. The ligand is built iniacremental fashion, where each new fragmentdsded in
all possible positions and conformations. #Mle molecules for docking were sketchedthe MOE and
minimized The 3D coordinates of the active sitesentaken. All water molecules were removed andpttzgein
was modified to dock inhibitor and also hydrogerssevadded. The active site was defined with @oist of 6.5 A
around the co-crystallized ligand. Formal chargesewassigned to all the molecules and the lowestggn
conformer of SB-271046 (global-minima) was docket ithe selected binding domain. The enzyme strectas
subjected to refinement protocol in which constisaion the enzyme were gradually minimized with tiedecular
mechanical forcefield ‘AMBER’ until the root meanuare gradient was 0.01 kcal/molA. The energy-mizéah
structure was next used for molecular dynamicsissud-or each ligand examined, energy minimizatimese
performed using 1000 steps of the steepest desiodiotved by conjugate gradient minimization to @otr mean
square energy gradient of 0.01 kcal/molA [27, 28].

RESULTS AND DISCUSSION

In thein vitro experiment, the compounds were tested in't2010° M) concentrations using Methiothepin and
Haloperidol as reference compounds, which werauded on the same microplate that had the testegaaomals.
The affinities to the receptors (5&nd D) were tested by using radioligand binding assé@y 22]. Compounds,

14 and 27 exhibited significant results, they exhibited tegtbinding affinity towards the receptors more tlia@
references used where compoihtad a Ki value of 0.3+0.1 nM for 5HTand 0.9+0.4 nM for B compoundl4
had a Ki value of 0.7+£0.2 nM for 5HTand 1.4+1 nM for B, and compoun@7 had a Ki value of 0.8£0.2 nM for
5HTg and 1.6+0.5 nM for B(Table 1), the rest of compounds were found acfifee three compounds have Ki
values that are less than 3 nM, indicating prongisesults and higher binding affinities. The affjnvalue for the
5HTg reference compound Methiothepin was 4.1+0.7 nMthedvalue for the Preference compound Haloperidol
was 4.0+0.3 nM. Based on these data, functionalyassere performed on these compounds on recegtrsand
D, as well as muscarinic receptor M1 and hERG charfe compound®, 14and 27, the percent inhibition of
control agonist response at 1.0E-06M for the amigo of D, are 100%, 99%, 100% and 45%, 46%, 48% for the
D, agonism as well as 99%, 98%, 97% for the Hldmtagonism respectively, while showing no effeut the
agnosim of 5HE. The percent activity at 1.0E-06 M for compouBd44and?27 at the M1 receptor are 30%, 29%,
31% and 11%, 12%, 14% for the hERG channel respsdgti

Table (1) Radioligand affinity results of the actie compounds to 5-HF and D; receptors

Ki, nM
Compound 5HT. D,
9 03+0.1| 09 x04
14 0.7£0.2 | 14+1.0
27 8+ 0.2 1.6+0.5
Methiothepin | 4.1 £0.7 -
Haloperidol - 4.0+0.3

"Data expressed as the mean +SD of two indeperaigeriments in duplicate.

The accumulation of Beta amyloid fAfragments in the brain is one of the characiessn Alzheimer disease.
Amyloid plaques usually referred to the accumulathasters of beta amyloid that are caused eitheovwsr
production of beta amyloid or an error in mechandafits clearance. The oxidative stress and newuicity in the
brain caused by B\ plaques lead to reduction of acetylcholine leegid turn on the inflammatory responses that
damage neurons of the brain [29]. By usifitylabelled compoundsn vitro andin vivo examination studies onpA

(1- 40) and B (1- 42) aggregates of amyloidogenesis in Alzheipeients have been perform@d]. The bio-
distribution of the labeled compound$] 9, [**] 14, and }?1] 27 was measured in addition to the organs uptake
and clearance of each compound were calculatedthalithree compounds exhibited significant bindadfinity
against /8 aggregates. The study result showed that comp2uipdesented the highest brain uptake (3.41% ID/g at
2 min) and rapid clearance from the brain (0.56%gIBX 2 min), while compouné showed lower brain uptake
(3.23% ID/g at 2 min) however it is still considdra good result with promising pharmacokinetic prbips (Table

2).
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Table (2) Biodistribution of the tested compounds féer 1V injection in healthy mice

Kd Kd for Kd for Brain uptake Brain clearance c};faprggtc:e ICso

Comp. M aggregates aggregates %ID /g at 2 %ID /g at2 o / |

of AB (1-40) nM | of AB (1-42) nM minutes minutes A)rlnl:i)m?t :; 2 ng/m
9 0.04 0.9 0.8 3.23 0.49 0.54 1.02
14 0.09 0.12 0.9 3.39 0.53 0.63 1.01
27 0.1 0.14 1.03 3.41 0.56 0.66 1.03

All the compounds showed significant binding affiaigainst & aggregates with Ki value ranges

The homology model adopted by Hao was used for idgdR5]. Docking of studied compounds reveals their
modes of binding affinity with the amino acids. Tthiading modes were evaluated and validated ag8iRs271046
as reference with selective 5-Kactivity. The reference has high affinity with A8, Lys 19via both hydrogen
bonding and cationic arene interactions, especi#intioned its piperazine counterpart Figure {@)is reveals that
modification of ligand at those specific sites aaprove the inhibitory activity of the receptor. ke the process of
docking can be regarded as a key aspect in refgritia correlation between calculated and obsennediry
affinities in effect to develop an effective noeeimpound. Putting the selected candidates intoideration, it was
found that compoun® gave a side chain acceptor with Lysilid piperazine nitrogen with 1.6 A and 88% in
addition to with 1le19, Tyr18, Glul7, by 11% (1,96 , 16% (1,96) and 25 % ( 1.75) Figure (4a). Commbl4
showed a side chain acceptor link with Asp 48% X&)Ovia piperazine nitrogen and a cationic arene intevacti
with Arg 23 and Lys14 through its thiazole part g (4b). Compoung7 formed a bifurcated link with Asn 53a

N of thiazole and carbonyl oxygen by (36%, 1.2 @6 and 0.9 A) respectively. In addition to a hygk#o bond
with GIn 79 by (14%. 1.3A), moreover a cationicraanteraction with Arg 86 and Lys 14 with thiazoleg was
diagnosed. The smaller the Ki, the greater theibgdffinity and the smaller amount of medicati@eded in order
to inhibit the activity of that enzyme. All the ®mpounds under study have shown smaller Ki valves detter
than standard drug which could be interpretatednbgeling by showing similar binding profiles to sjjie 5HTs
(SB-271046) antagonists especially mentioned Argud® Lys 19 aminoacid residues. The piperazinethiadole
moieties of tested compounds play a major rolehgirtbinding to 5-HF homology model and hence to their
specific activity (Figure 5, 6).
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Figure (3): 2D binding mode and residues involvechithe recognition for SB- 271046 (reference compad)
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Figure (5): 3D binding mode and residues involvechithe recognition for compound 27
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Figure (6): The aligned conformation of compound 27h the binding pocket

From the mentioned data, it was concluded thatetlmethe synthesized acetamido and propanamidazdle
analogues showed promising activity as 3lmtagonists and fantagonists and partial agonists. They also showed
excellent brain uptake and rapid clearance whiatoerages further investigation and developmentetich the
optimal agents that can be used for Alzheimer'sale. A similar binding profiles to specific 5HTSB-271046)
antagonist especially mentioned Arg 86 and Lysafrfinoacid residues could attribute the selectedpocamds
activity. The piperazine and thiazole moieties estéd compounds play a major role in their bindimg-HTe
homology model. The pharmacophoric elements oétesbmpounds need further investigation and dewedop to
reach the optimal 5-HTactivity and used as cognitive enhancement agent.
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