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CELL-BASED PHENOTYPIC DRUG SCREENING

HUMAN EOSINOPHILS ADHESION TO ENDOTHELIUM

1H-Indole like derivatives

Ligand Eosinophils adhe-sion fn the Eosinophils adh.esion-in the
presence of histamine absence of histamine

IJNJ7777120 NN 0

MWJ-3 J 0
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1,3,5 — triazine derivatives
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KP-9D NN 0
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ABSTRACT

Histamine is a pleiotropic biogenic amine, haviffindy towards four distinct histamine receptors.
The existing pharmacological studies suggest te&ulress of histamine eceptor ligands in the
treatment of many inflammatory and immunomodulatisgases, including allergic rhinitis, asthma,
atopic dermatitis, colitis or pruritus. Up to dageyeral potent histamine; Heceptor ligands were
developed, none of which was registered as a detigrythis study, a series of potent indole-likel a
triazine derivatives were tested, in radioligangpticement and functional assays at histamipne H
receptor, as well as in human eosinophils adhesssay to endothelium. For selected compounds
permeability, cytotoxicity, metabolic amd vivo studies were conducted. Adhesion assay
differentiates the activity of different groupsafmpounds with a known affinity towards the
histamine Hreceptor. Most of the tested compounds downregiittiee number of adherent cells.
However, adhesion assay revealed additional priegest tested compounds that had not been
detected previously in radioligand displacement aggliorin-based functional assays that make use of
the artificial recombinant cell lines. Furthermadi@, some tested compounds, these abnormal effects
were confirmed during thie vivo studies. In conclusion, eosinophils adhesion assagvered
pharmacological activity of histamine Heceptor ligands that has been later confirimegvo,

underscoring the value of well-suited cell-basedrattypic screening approach in drug discovery.
KEYWORDS

Histamine, Histamine receptors, Eosinophils, Enelatim, Adhesion, B-Indole like derivatives,

1,3,5 — Triazine derivatives.



CHEMICAL COMPOUNDS STUDIED IN THIS ARTICLE
1H-Indole like derivatives

JNJ10191584 (5-chloroH:benzof]imidazol-2-yl)(4-methylpiperazin-1-yl)methanon@®ub- Chem

CID: 10446295),

JNJ7777120 (5-chloroH-indol-2-yl)(4-methylpiperazin-1-yl)methanone), Puhem CID:

4908365),

MWJ-3 (5-chloro-7-nitro-H-indol-2-yl)(4-methylpiperazin-1-yl)methanone, P@hem CID:

70692530),

1,3,5 — Triazine derivatives

TR-7 (4-(4-chlorophenyl)-6-(4-methylpiperazin-1411)3,5-triazin-2-amine),

TR-18 (4-(4-bromophenyl)-6-(4-methylpiperazin-1-¢I8,5-triazin-2-amine),
TR-AF-45 (4-(4-methylpiperazin-1-yl)-6-neopentyB15-triazin-2-amine),
TR-AF-49 (4-(cyclohexylmethyl)-6-(4-methylpiperazinyl)-1,3,5-triazin-2-amine),

TR-DL-20 (4-(1-cyclohexenylmethyl)-6-(4-methylpiein-1-yl)-1,3,5-triazin-2-amine),
JN-35 (4-(4-methylpiperazin-1-yl)-6-(3-phenylpropyl,3,5-triazin-2-amine),

JN-25 (4-[E)-2-(3-chlorophenyl)ethenyl]-6-(4-methylpiperaziryl)-1,3,5-triazin-2-amine),

KP-9D (2-(4-chlorophenyl)-4-(4-methylpiperazin-14l,3,5-triazine),



1. INTRODUCTION

The human histamineHeceptor is the fourth and most recent histameceptor identified at the turn
of the millennium (Cogé et al., 2001; Liu et aD02; Morse et al., 2001; Nakamura et al., 2000;
Nguyen et al., 2001; Oda et al., 2000; Zhu e28Q1). Up to date, its physiological function hagib
associated mainly with histamine-mediated immunicklgeactions and their further maintenance
(Thurmond et al., 2004; Zhang et al., 2007), howeagditional properties were further investigated,
including histamine klreceptor expression and function on the nervostesy (Schneider et al.,
2014; Strakhova et al., 2009), its role on braidathelial cells (Karlstedt et al., 2013), or anti-
proliferative activity on several human cancers@lassari et al., 2017, 2011; Panula et al., 2015)
The existing pharmacological studies suggest te&ulress of histamine Heceptor ligands in the
treatment of the inflammatory and immunomodulattiseases, e.g., allergic rhinitis, asthma, atopic
dermatitis, colitis and pruritus (de Esch et @02, Thurmond et al., 2008, 2004; Zampeli and
Tiligada, 2009; Zhang et al., 2007). Among thedrisihe H receptor antagonists/inverse agonists
several structurally different compounds have l#mreloped, some of which have already made their
way into the clinical trials (de Esch et al., 200&zewska et al., 2016). Among them, indole like and

triazine moieties are one of the most promisingsdhezewska et al., 2016; Panula et al., 2015).

However, despite ongoing work, no histamingréteptor ligands have been approved as a drug yet.
Therefore, further studies are needed to develapaoenpounds with improved pharmacological
profile, as well as newer analytical methods, som&hich would be in line with reemerging
phenotypic-based drug discovery, that would allowneasure the activity of the developed ligands

more accurately than existing methods (Moffat et2il17; Zheng et al., 2013).

In this study, a series of indole-like and triazitegivatives were tested, in the newly developaayas

of human eosinophils adhesion to endothelium ¢@kbet al., 2016). The pharmacological profile of
tested compounds’ was also examined in classiolidical assays includingH] histamine binding
experiments and cellular aequorin-based functiagsdy at the recombinant cellular model (Table 1).
Furthermore, we aimed to evaluate the effects wfesligandsn vivo to characterize their different

pharmacological properties on croton oil — indueadedema and pruritus in CD-1 mice.



2. MATERIALS AND METHODS

2.1 MATERIALS

For the eosinophils isolation: dextran from Leucsino spp. 500,000 (Sigma-Aldricit. Louis, MO,
USA), Ficoll-Paque Plus d=1.077 g/ml (GE Healthc&®eston, MA, USA), and eosinophil isolation
kit (Miltenyi Biotec, Bergisch Gladbach, Germanygne used. Mouse anti-human CD16 (clone 3G8),
fluorescein isothiocyanate (FITC) conjugated ardibf_ife Technologies, CarlsbaGA, USA) was
used for eosinophils purity estimation. Cells wiaibated in RPMI 1640, HAM's F12 and DMEM
cell culture medium supplemented with L- glutami@ébco, CarlsbadzA USA), fetal bovine serum
(FBS) (Gibco, Carlshad;A, USA), HAT supplement (Sigma-AldricBt. Louis, MO, USA) and
penicillin-streptomycin (10,000 U/mL) (Gibco, Cdréld,CA, USA). For the tests histamine
dihydrochloride (Sigma-Aldriclt. Louis, MO, USA) was used. All of the tested pounds were
synthesized at Jagiellonian University, Medicall€gpé¢, Faculty of Pharmacy, Department of
Technology and Biotechnology of Drugs and showedM.& purity > 98%: JNJ10191584 (5-chloro-
1H-benzof]imidazol-2-yl)(4-methylpiperazin-1-yl)methanond)gtzioglu et al., 2004; Venable et al.,
2005) JNJ7777120 (5-chlorddiindol-2-yl)(4-methylpiperazin-1-yl)methanone) (Iaowski et al.,
2003; Venable et al., 2005); MWJ-3 (5-chloro-7-miH-indol-2-yl)(4-methylpiperazin-1-
yl)methanone) (Engelhardt et al., 2012; Nijmeijeale 2013); TR-7 (4-(4-chlorophenyl)-6-(4-
methylpiperazin-1-yl)-1,3,5-triazin-2-amine) (tewska et al., 2014); TR-18 (4-(4-bromophenyl)-6-
(4-methylpiperazin-1-yl)-1,3,5-triazin-2-amine) @eavska et al., 2014); TR-AF-45 (4-(4-
methylpiperazin-1-yl)-6-neopentyl-1,3,5-triazin-gme) (Lazewska et al., 2019); TR-AF-49 (4-
(cyclohexylmethyl)-6-(4-methylpiperazin-1-yl)-1,3tBazin-2-amine) (Laewska et al., 2019); TR-
DL-20 (4-(1-cyclohexenylmethyl)-6-(4-methylpiperazi-yl)-1,3,5-triazin-2-amine) (unpublished);
JN-35(4-(4-methylpiperazin-1-yl)-6-(3-phenylpropitl)3,5-triazin-2-amine) (unpublished); JN-25 (4-
[(E)-2-(3-chlorophenyl)ethenyl]-6-(4-methylpiperaziryl)-1,3,5-triazin-2-amine) (Kamska et al.,
2015); KP-9D (2-(4-chlorophenyl)-4-(4-methylpiperad -yl)-1,3,5-triazine) (Gaul et al., 2009).
Compounds stock solutions (10 mM) were preparetimethylsulfoxide (DMSO, Sigma-Aldriclst.

Louis, MO, USA). Further dilutions were done in RPM40. In the adhesion assay, cellular nuclei



were stained with Hoechst 33342 (20 mM) solutidiefmofisher Scientific, USA). Functional tests
were conducted with the use of the AequoScreery #Bsakin Elmer, Waltham, MA, USA), and
EZ4U Non-radioactive cell proliferation and cytoiity assay kit, (Biomedica, Vienna, Austria). For
metabolic studies mouse liver microsomes (SigmaiétdSt. Louis, MO, USA) were used. Caffeine,
doxorubicin, croton oil and other chemicals werechased from (Sigma-Aldriclgt. Louis, MO,

USA).

2.2. METHODS

2.2.1.IN VITRO STUDIES

2.2.1.1. HUMAN HISTAMINE H ; RECEPTOR RADIOLIGAND BINDING ASSAY

Radioligand binding assay was performed using mangs from CHO-K1 cells stably transfected
with the human histamine;tfeceptor (Perkin Elmer, Waltham, MA, USA). All expeents were
carried out in duplicates. Briefly, 50 ul workinglstion of the tested compounds, 50 {H]f

pyrilamine (final concentration 1.5 nM) and 150diluited membranes (5 ug protein per well)
prepared in assay buffer (50 mM Tris, pH 7.4, 5 MBICI,) were transferred to polypropylene 96-
well microplate using 96-wells pipetting stationiita Liquidator (Mettler Toledo, Columbus, OH,
USA). Mepyramine (1@M) was used to define nonspecific binding. The optate was covered with
sealing tape, mixed and incubated for 60 min aC2The reaction was terminated by rapid filtration
through GF/B filter mate presoaked with 0.5% pdiyttneimine for 30 min. Ten rapid washes with
200 pl 50 mM Tris buffer (4°C, pH 7.4) were perfaunusing 96-well FilterMate harvester (Perkin
Elmer, Waltham, MA, USA). The filter mates wereattiat 37°C in a forced air fan incubator and then
solid scintillator MeltiLex was melted on filter tes at 90°C for 4 min. The radioactivity on thésiil
was measured in MicroBetaTriLux 1450 scintillatmunter (Perkin ElImer, Waltham, MA, USA).
Competition binding data were analyzed accordinpéoCheng-Prusoff equation (Cheng and Prusoff,

1973).

2.2.1.2. HUMAN HISTAMINE H , RECEPTOR RADIOLIGAND BINDING ASSAY



Radioligand binding assay at human histamigeckkeptor was performed according to the methods
described previously (zawska et al., 2014). Briefly, cell membranes, pregdrom Sf9 cells
transiently expressing human histamingé¢eptor, co-expressed with G-proteig&d G,

subunits, were sedimented through centrifugati@0d0xg, 4C, 10 min) and resuspended in binding
buffer (12.5 mM MgC4, 1 mM EDTA and 75 mM Tris/HCI, pH=7.4). Competitibinding was

carried out by incubating membranes, 35-40 pg/imal final volume of 200 pl containing binding
buffer and {H]-histamine (10 nM) in presence of serial dilusaf test ligands (ranging from 0.1 nM
to 100 uM) prepared in triplicates. The test wasfar 60 min at room temperature and shaking at 250
rpm. Nonspecific binding was studied in the presesfcl0 pM unlabeled JNJ7777120. Bound
radioligands were separated by rapid filtratiortiygh GF/B filters pretreated with 0.3% (mass/vol)
polyethylenimine (PEI) solution and washed threees with 300 pl of ice-cold binding buffer. The
amount of radioligand collected on the filter watedtmined by liquid scintillation counting.
Competition binding data were analyzed using aliv@ar least squares fit (GraphPad Prism
software). Kvalues were calculated from thesd®@alues according to the Cheng-Prusoff equation

(Cheng and Prusoff, 1973).
2.2.1.3. HISTAMINE H;RECEPTOR FUNCTIONAL ASSAY

Compounds were dissolved in DMSO at a concentratidnmM. Serial dilutions were prepared in
96-well microplate in assay buffer. A cellular aegn-based functional assay was performed with
recombinant CHO-K1 cells expressing mitochondritdhgeted aequorin, human GPCR and the
promiscuous G proteinl6 for histamine Breceptor. The assay was executed according to the
standard protocol provided by the manufacturerkiREfmer, Waltham, MA, USA). After thawing,
cells were transferred to assay buffer (DMEM/HANFE2 with 0.1% protease-free BSA) and
centrifuged. The cell pellet was resuspended iayakgffer and coelenterazine h (Promega, Madison,
WI, USA) was added at final concentrations @iNe. The cell suspension was incubated (16
protected from light with constant agitation for i@&nd then diluted with assay buffer to the
concentration of 200,000 cells/ml. After 1 h ofubation, 5Qul of the cells suspension was dispensed

using automatic injectors built into the radiomeftind luminescence plate counter MicroBeta2



LUmiJET (Perkin Elmer, Waltham, MA, USA) into whibpaque 96-well microplates preloaded with
test compounds. Immediate light emission generfaltmlving calcium mobilization was recorded for
30 s. In antagonist mode, after 30 min of inculmtibe reference agonist was added to the above
assay mix and light emission was recorded agaia.fiflal concentration of the reference agonist was

equal to EG (900 nM histamine).
2.2.1.4. HUMAN HISTAMINE H 3 RECEPTOR RADIOLIGAND BINDING ASSAY

JN-35 was evaluated for potential affinity towahdsnan histamine feceptor, using’H]-
N“-methylhistamine displacement from receptors in imeme preparations of stably transfected
HEK-293 cells. A previously described method fas hssay was followed without modifications
(Kottke et al., 2011). Data were acquired by fawldpendent experiments performed in triplicate and

were analyzed as described in section 2.2.1.2.
2.2.1.5. IN-35 CYTOTOXICITY STUDY

Invitro antiproliferative assay was conducted againstdistinct cell lines: Neuroblastoma, IMR-32
(kindly provided by the Department of OncogenomficsademischMedisch Centrum, Amsterdam,
Netherlands, ATCC CCL-127) and HEK-293 (kindly dtmthby Prof. Dr Christa E. Muller,
Pharmaceutical Institute, Pharmaceutical Chemistgniversity of Bonn, Germany, ATCC CRL-
1573). IMR-32 and HEK-293 cells were cultured asctdi&ed by (Latacz et al., 2016). The
cytotoxicity study was conducted as follows. Thiéssowere seeded in 96-well plates at a
concentration of 2xTQcells/well (IMR-32) or 1.5x1bcells/well (HEK-293) in 200 pl culture medium
and routinely cultured for 24 h to reach 60% caosrfice. Next, tested compounds in different
concentrations were added into the microplate.rAf&h, 20 ul of EZ4U labeling mixture (EZ4U
Non-radioactive cell proliferation and cytotoxicigsay) was added to each well and the cells were
further incubated for 5 h. The absorbance of tinepées was measured using a microplate reader
(EnSpire, Perkin Elmer, Waltham, MA, USA) at 492.ridoxorubicin was used as a reference drug in

this study.

2.2.1.6. IN-35 PERMEABILITY STUDY



The permeability study for the JIN-35 compound vessaid based on the Caco-2 assay, described in
detail by (Lubelska et al., 2019). The Caco-2 (ATRCETB-37TM) cell line was cultivated in
Dulbecco’s Modified Eagle’s Medium (DMEM) supplented with 10% fetal bovine serum (FBS)
(CarlsbadCA, USA). Cells at a density of 2x1&ere seeded on the Corning 3413 Transwell® 6.5
mm polycarbonate membrane inserts with 0.4 um p@&iggna-Aldrich,St. Louis, MO, USA). The
plate was incubated at ¥7for 14 h, and the non-adherent cells were remaovkd.proper monolayer
integrity was determined according to the TEER@epithelial electrical resistance) measurements,
20 days after cell with the Millicell ERS-2 Volt-@hMeter (Merck Millipore, Burlington, MA, USA).
Afterward, the monolayer was rinsed with HBSS (Hardalanced salt solution) and tested
compounds were added. The compounds’ concentratiacal and basolateral wells were analyzed
using the UPLC-MS method with internal standardc®ofirm the membrane integrity, the
fluorescence of lucifer yellow was measured inliasolateral compartment by EnSpire microplate
reader (Perkin EImer, Waltham, MA, USA). The appapermeabilityP,,, was calculated from two
experiments according to the formula (Di and Ke#tH,6):P.p~ dc/dt x V/(A x C0), where: dc/dt—
the change in concentration in the receiving comnpamt over time V—volume of the solution in the
receiving compartment (ul) A—surface area of thentmene (crh) CO—the initial concentration in

the donor compartment (LM).
2.2.1.7IN SILICO AND IN VITRO METABOLISM OF JN-35

The JN-35jn silico andin vitro metabolic stability investigation was performediascribed
previously (Lubelska et al., 2019). The UPLC/MSdmenecessary for compounds concentrations
determination in Caco-2 assay and analysis ofé¢aetion mixtures from metabolic stability assay
were obtained by Waters ACQUITY™ TQD system with TQ Detector (Waters, Milford, USA).

Mouse liver microsomes were purchased from Signuxigth.
2.2.1.8. THE HUMAN EOSINOPHILS ADHESION TO ENDOTHEL IUM ASSAY

2.2.1.8.1. HUMAN EOSINOPHILS ISOLATION



Eosinophils were isolated from human peripherabdlosing the immunomagnetic cell separation
method, described previously in detail (Grosickaket2016). Briefly, residual erythrocytes froneth
collected blood samples were sediment in the 1%raesolution centrifugation (50xg for 7 min, at
room temperature, without brake). Remaining whitet cells (in upper layer after first
centrifugation) were carefully layered over FicBkque density gradient, to separate peripheratibloo
mononuclear cells (PBMC) from the polymorphonucleakocytes (PMN) (centrifugation at 400xg
for 12 min, at room temperature, without brake}eAtentrifugation, blood plasma, PBMC, and
Ficoll were discarded. Remaining erythrocytes wergoved by hypotonic shock lysis. Eosinophils
were purified, using human eosinophil isolation(Kiltenyi Biotec) according to the manufacturer’s
instruction. Isolated eosinophils were suspenddRifiVil 1640 cell culture medium supplemented
with 10% (v/v) fetal bovine serum (FBS), counted aised immediately after isolation procedure. The
purity of isolated eosinophils was evaluated duthmgflow-cytometry analysis based on anti-CD16

staining, and it was estimated between 90-98% (utatt@rovided).
2.2.1.8.2. HUMAN ENDOTHELIAL CELL CULTURE

For the adhesion assays human endothelial ceJlliAehy926 was used (ATCC CRL-2922). Cells
were cultured in DMEM cell culture medium, supplerssl with 10% (v/v) FBS, 2 mM L-glutamine,
1xHAT and penicillin-streptomycin solution. For teeperiments, endothelial cells were seeded on
the 24 well-plates at the density of 1xt@lls per well. Cells were incubated at 37°C, 5@ @r 48

h until reached complete confluence.
2.2.1.8.3. HUMAN EOSINOPHILS ADHESION ASSAY

The human eosinophils adhesion to endothelium asaayerformed in static conditions as described
previously (Grosicki et al., 2016). Briefly, immeatiely after eosinophils isolation, confluent
endothelial cells were washed with DPBS (Dulbecpbtesphate-buffered saline). After washing, the
titrations of tested compounds (diluted in 10% \\W#8S/RPMI 1640) were added to appropriate
microplate wells, followed by the eosinophils aitditat the density of 4xt@ells per well. The

activity of compounds was tested in the presendeaaisence of 1 pM histamine. Eosinophils were

allowed to adhere to the endothelial monolayeBfbmin at 37°C, 5% CQOAfter incubation, cells
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were washed gently twice with DPBS to eliminateamtirerent cells. Remaining cells were stained
against their nuclei with Hoechst 33342. Microscamages were acquired using an Olympus
Scan”R automated fluorescent microscope. Images avelyzed in Columbus 2.4.2 (Perkin Elmer,
Waltham, MA, USA), using nuclei morphological propes determination. Eosinophils were
identified as cells with small, irregular nucleugtei area of 60—90 pinin contrast to endothelial

cells with single-shape, round and big nuclei (auatea of 200-320 pin Due to donor to donor data
variability, results were presented as percentdfgpntrol, calculated for each experiment sepirate
Control (100%) was defined as humber of adheresinephils to endothelium not treated with tested

ligands. 100% control was calculated separatelyefsts in presence/absence of 1 uM histamine.
2.2.2.IN VIVO STUDIES
2.2.2.1. ANIMALS

Unfasted male CD-1 mice, aged 10-12 weeks (2843@dy weight), were purchased from a
commercial source (Envigo, Udine, Italy). After ek acclimatization, mice were housed in groups
of five mice per cage at 23 + 1°C, 45 + 5% humidayd a 12 h light/dark cycle. Food and water were
providedad libitum. The experimental protocol was carried out affgraval by the Animal Care and
Research Ethics Committee of the University of Rahaly), under license from the Italian
Department of Health (authorization n° 93/2014/M).experiments were carried out between 10 a.m.
and 3 p.m., to avoid the influence of circadianiatéons in corticosteroid levels in the inflammator

responses.
2.2.2.2. DRUG ADMINISTRATION

Equivalent volumes (3 ml/kg) of test drugs or véhigere administered subcutaneously (s.c.) in
separate groups of mice. Single administratiorth@ttompound were given immediately before the
topical application of croton oil. INJ7777120, JB-2N-35, TR-7, and TR-18 were dissolved in a
vehicle containing 20% DMSO and 80% 2-hydroxyprefrgyclodextrin. Croton oil was dissolved in

100% acetone. Each agent was prepared immediafdyebuse.

2.2.2.3. EAR EDEMA EVALUATION

11



For this study, the method described by (Coruzai.eR012) was followed. Cutaneous inflammation
was induced in conscious CD-1 mice by topical aapion of croton oil (2.5% in acetone). The
irritant agent was applied with a micropipette (&@ar) to the inner surface of the right ear éinfed
ear). Acetone was applied to the left ear, whickiextas a control (uninflamed ear). Two or four h
after croton oil application, mice were killed; hadeft (acetone) and right (croton oil in acetoea)s
were removed, by cutting horizontally across thdeirtation at the base of the ear. For each mouse,
the extent of the edema was expressed as theedifferin weight4 mg) between right (inflamed) and

left (uninflamed) ear.
2.2.2.4. EAR PRURITUS EVALUATION

Pruritus was induced in conscious CD-1 mice byagmalication of croton oil to the inner surface of
the right ear (see the above protocol). The itch maasured by counting the number of bouts of
scratching immediately following the applicationasbton oil. A bout of scratching was defined as
two or more rapid individual scratch movements wiith hind paw to the area around the ear. Mice
were directly observed for 1 h immediately after thoton oil application. Likewise to the evaluatio
of edema, for each mouse the extent of the prunasexpressed as a difference in counting the

scratching boutsA scratching bouts) between right (inflamed) ant(lehinflamed) ear.
2.2.3. STATISTICS

Results were expressed as means + S.E.M. fromumber of experiments. During the adhesion
assays, the dose-dependent statistical significamsecalculated by parametric one-way analysis of
variance (ANOVA), preceded by normality and eqyatit variances tests evaluation using StatSoft,
Inc. STATISTICA 12. Post hoc comparisons were pented with Bonferroni’s multiple comparison
tests. Differences between values were considégedisant when P < 0.05. The B{ICs, values

were calculated by nonlinear regression analysigjuSraphPad Prism 5.00 (GraphPad Software, San
Diego California USA). During thi vivo studies, comparisons between two groups were made b

using Student’'s-test for unpaired data. A value of P < 0.05 wassmtered statistically significant.
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3. RESULTS

3.1.IN VITRO STUDIES

3.1.1. COMPOUNDS AFFINITY AND POTENCY AGAINST HISTA MINE RECEPTORS

Tested compounds consisted of a group of elevantatally different histamine Heceptor ligands,

that belong to the groups of 1,3,5 — triazine addridole like derivatives. They displayed different

affinities at the histamine Heceptor. Ligands MWJ-3, JNJ10191584, JNJ77771R07,TTR-18, TR-

AF-45, TR-AF-49, JN-25, and KP-9D were charactetiag high affinity towards the histaming H

receptor, with INJ7777120, JINJ10191584 and KP-3ptiex) their activity at low nanomolar

concentration range. Among the tested ligands JBR86TR-DL-20 exhibited low affinities at the

receptor tested (Table 1). All of the tested conmaisuvere classified as the antagonists of the

histamine Hreceptor, on the cellular aequorin-based functiasahy. The most active compounds

were (1Go< 20 nM) JNJ7777120, JINJ10191584, TR-AF-45, KP-912, BR-18.

Ligand

Affinity K ; [nM] + S.E.M.

1H-indole like derivatives

JNJ10191584 278.7

INJ7777128f

MwJ-3

1,3,5 —triazine derivatives

TR-AF-45

TR-DL-20

Molecular

LC-MS Human Human
mass

purity histamine  histamine
[o/mol]

Hireceptor Hsreceptor
100% nt 14.1x30

277.9 100% >10xf0  5.1x1d
322.7 99,01% nt nt
264.4 100% nt nt
288.4 100% nt nt

Human
histamine

H,receptor

26+8

4+1

6.4+0.1

247

4700

PIC 5ot

S.E.M.

(antagonistic

activity)

8.46 +£0.020

7.87 +0.100

6.23+£0.20

9.81 £ 0.029

8.44 +0.083

\‘
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KP-9D° 289.9 98,60% nt nt 289 +133 8.13 £0.127

TR-18 349.2 100% nt 15xf0 524 +159  8.04 +0.063
TR-AF-49 290.4 100% >5x£0 nt 160 7.50 + 0.054

TR-7 304.9 100% >5x10 13.2x16 203 +37.5 7.16+0.017
JN-35 298.4 100% >2x10  6.1x1G 5995 6.51 + 0.045
JN-25 330.9 100% nt <30xf0 253+75  6.43+0.020

Table 1. The pharmacological properties of the teetl compounds Tested ligands possessed
different affinity towards histamine ffieceptor (9 compounds with an affinity at nM rangé) of the
tested ligands were classified as antagonistsstdrhine Hreceptor, based on the recombinant
aequorin-based functional assay. The most actisgoands were (I§g< 20 nM) JNJ7777120,
JNJ10191584, TR-AF-45, KP-9D, and TR-18.

"TR-AF-45 K, 95% Cl = 84.6 — 719 nM, n=3

"TR-AF-49 K 95% CI = 66.6 — 385 nM, n=4

The affinity data from*Venable et al., 20055(Jablonowski et al., 2003jThurmond et al., 2004);

dEngelhardt et al., 2012(Gaul et al., 2009J(Lazewska et al., 2014Y(Kaminska et al., 2015)

3.1.2. EFFECTS OF TESTED COMPOUNDS ON HUMAN EOSINOMILS ADHESION TO

ENDOTHELIAL CELLS
3.1.2.1. HISTAMINE EFFECT ON EOSINOPHILS ADHESION

Histamine increased the number of adherent eosiisdptendothelial cells in a dose-dependent
manner, with an E4g of 336 nM (95% CI = 73 — 1551 nM, n=3). At the linigt tested histamine
concentration (100 pM), the 3-fold increase in aehecells was observed in comparison to non-

activated cells (Fig. 1).

3.1.2.2. H-INDOLE LIKE DERIVATIVES EFFECT ON EOSINOPHILS ADHE SION
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The tested H-indole derivatives and their benzimidazole anaésgdownregulated the number of
adherent eosinophils, in the presence of 1 pMmista (Fig. 2). The maximal eosinophils response
was observed at the highest tested compounds doaten (50 uM). MWJ-3 and JNJ10191584
inhibited eosinophils adhesion to endothelium iespnce of 1 uM histamine withd¢»f 399.9 nM
(95% CIl = 42.95 — 3724 nM, n=6) and 948.2 nM (95P&QR63.2 — 3416 nM, n=6), respectively.
Both compounds exhibited lower potency in comparigoINJI7777120 (= 5.57 nM (95% CI =
1.93 - 16.08 nM), n=12). In contrast, no statistycsignificant effect on eosinophils adhesion of
tested compounds was observed in the absencetarfivi®, however, the weak intrinsic effect of

JNJ10191584 was detected.

3.1.2.3.1,3,5 - TRIAZINE DERIVATIVES EFFECT ON EOSINOPHILS ADHESION

In the presence of 1 pM histamine compounds: JNKB59D, TR-AF-45, TR-AF-49, TR-DL-20 and
JN-35 downregulated the number of adherent eositsopith 1Cs, of 2.31 nM (95% CI = 0.2763 -
19.27 nM, n=6), 2.42 nM (95% CI = 0.58 - 10.08 nip), 14.82 nM (95% CI = 0.33 - 663 nM,
n=6), 138.4 nM (95% CI = 12.2 - 570 nM, n=6}1,000 nM (ambiguous data due to incomplete
concentration—response curve, n=6), and 1119 nRh(85= 466.1 - 2689 nM, n=6), respectively
(Fig. 3). Among the tested ligands only KP-9D, TR-A9, and TR-DL-20 did not have a statistically
significant effect on eosinophils adhesion to ehdtm in the absence of histamine. In contrast,
compounds JN-25, TR-AF-45, and JN-35 downreguldtechumber of adherent eosinophils even in
the absence of histamine withs@alues of 2814 nM (95% CI = 209 - 37830 nM, n=424@ nM

(95% CIl = 16 — 1084000 nM, n=4), and 440 nM (95%=QAR2 - 1588 nM, n=4), respectively. Since
unexpectedly, JN-35 exhibited high activity at thenan eosinophils adhesion assay to endothelium,
(despite its low affinity towards the human histaeH, receptor), its pharmacological properties
were further studied in details (see section 3d.31.5). Interestingly, two compounds among the
tested 1,3,5 — triazine derivatives exhibited paxamhl agonistic activity during the adhesion assay
presence and absence of 1 uM histamine. The aosififEct was most pronounced at the highest
concentration of tested compounds (50 pM). In presef 1 uM histamine, compounds TR-7 and

TR-18 upregulated the number of adherent eosineplith EGgvalues of 11750 nM (95% Cl =5 -
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28660000 nM, n=6) and 403 nM (95% CI = 76 - 2135 nib), respectively. In the absence of
histamine, both TR-7 and TR-18 upregulated the rermobadherent eosinophils with E©f 689 nM

(95% CIl =126 - 3775 nM, n=4) and 185 nM (95% Ci =5154 nM, n=4), respectively.
3.1.3. IN-35 CYTOTOXICITY STUDY

Human embryonic kidney HEK-293 and neuroblastdkhg-32 cell lines were used for preliminary
cytotoxicity and neurotoxicity evaluation of JN-3% shown in Fig. 4, the effects of JN-35 on cell

viability was only significant at the highest dased (250 uM), that indicates lack of cytotoxicity.
3.1.4. JN-35 PERMEABILITY STUDY

The calculated JN-35 permeability coefficieRy ) based on the Caco-2 assay was 13.18 %cts.

In comparison, caffeine, a reference compound gaibd permeability, exhibited the permeability
coefficient P, at 22.04 x 10 cm/s. According to the guidelines found in theritere (Di and

Kerns, 2016), the calculated in Caco-2 model pebiiigacoefficient P,p,< 2.0 x10°cm/s indicates
low permeability Pap, from 2.0 x 10° to 20 x 10° cm/s moderate permeability, whereas compounds
with Pap,> 20 x 10° cmi/s are considered as high permeable. Baseceabthined results, IJN-35 was

estimated as compound with moderate ability tosctbe cell line barrier in the intestine.
3.1.5.IN SILICO AND IN VITRO METABOLISM OF JN-35

The MetaSite 6.0.1. software simulation predictezirhethyl substituent at tiNemethylpiperazine
moiety as the most probably site of IN-35 metabo(iBig. 5.1). The benzene ring was also indicated
as a very susceptible for metabolism (Fig. 5.1debd, the incubation of JN-35 with mouse liver
microsomes (MLMs) for 120 min, and subsequent URLE Analysis resulted in identification of two
metabolites, of which the main metabolite M1 (m/229.30) was found as an effect of hydroxylation
(Fig. 5.2.A, 5.2.B). Based dn silico andin vitro data, the most probable site of hydroxylation was
proposed at the benzene moiety as shown at FigTBe3Bmetabolite M2 was identified as an effect of
further metabolism of M1 by hydroxylation ahddemethylation reactions (Fig. 5.2.C, 5.3). It ddou

be pointed out, that a peak corresponding to thenpaompound JN-354t3.39) was not observed in
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the reaction mixture (Fig. 5.2.A), indicating véoyv JN-35 metabolic stability and almost complete

metabolisation.

3.2.IN VIVO STUDIES

3.2.1. ANTI-INFLAMMATORY ACTIVITIES OF SELECTED COM POUNDS
3.2.1.1. CROTON OIL-INDUCED EAR EDEMA AND PRURITUS

The topical application of croton oil caused a tidependent increase in the right ear weight when
compared to the left ear that received only veHateetone). The differenca fng) in ear weight
ranged from 22.73 3.18 up to 29.7& 3.11 for 2 h and 28.883.03 for 4 h after croton oil
application, respectively. TR-7, TR-18, JN-25, J5-3NJ7777120 decreased ear swelling 2 h after
croton oil application (Fig. 6). The differencedar weight 4 mg/2 h) for tested compounds were:
TR-7 (50 mg/kg) 9.4& 2.74 (n=9), TR-18 (50 mg/kg) 10.704.70 (n=8), IN-25 (50 mg/kg) 7.45
2.76 (n=6), JN-35 (50 mg/kg) 4.#42.39 (n=7), INJ7777120 (30 mg/kg) 12+18.88 (n=11).
Interestingly, the effect of tested compounds aredama was not significant 4 h after the croton oi
application (Fig. 6). The difference in ear weighimg/4 h) for tested compounds were: TR-7 (50
mg/kg) 36.69t 2.35 (n=7), TR-18 (50 mg/kg) 36.3(2.96 (n=7), JN-25 (50 mg/kg) 36.803.05

(n=6), IN-35 (50 mg/kg) 23.485.40 (n=6), INJ7777120 (30 mg/kg) 32+18.09 (n=5).

The majority of mice did not show spontaneous sbiaty behavior (data not shown). Ear application
of croton oil induced scratching in all treated ejithe maximal effect being evaluated after 20-30
min. The averaged difference in scratching bottlsquts/1 h) between inflamed and uninflamed ear
ranged from 114.48 21.15 up to 141.88 26.90 after croton oil application (Fig. 7). Natsstically
significant effect on ear pruritus was detectedl@r7, TR-18, JN-25, and JNJ7777120 (Fig. 7). The
difference in scratching bouta pouts/1 h) for these compounds were 119.20.32 (n=10), 122.00

+ 6.87 (n=6), 109.5@& 9.57 (n=6), 79.0& 18.23 (n=9), respectively. In contrast, amongtésted
compounds JN-35 significantly inhibited crotoniailuced ear scratchingh pouts/1 h: 14.4& 5.34,

n=5, P < 0.01; Fig. 7).

4. DISCUSSION
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Previously, we demonstrated that histamine upréggifdthe number human eosinophils to
endothelium (Fig. 1), through the activation oftlieine H receptor (Grosicki et al., 2016). Here, we
took advantage of the eosinophils adhesion asspiofite the anti-inflammatory activity of the
selected H-indole like, and 1,3,5-triazine derivatives withdwn affinity towards histamine H
receptor (Table 1). The developed assay allowdd akaracterize tested ligands based on their
activity and potency with regards to eosinophileesion. Importantly, using eosinophils assay to
endothelium we revealed additional properties sifef® compounds that were not detected in

radioligand displacement and aequorin-based fumatiassays using artificial recombinant cell lines.

In this study, all of the tested compounds hadffetieon eosinophils adhesion to the endothelium
(Fig. 2 and 3). Differently from TR-7 and TR-18| lddands downregulated the number of adherent
eosinophilsat the highest tested concentration. The summaoptained pharmacological effects of

tested ligands against vitro andin vivo studies were shown in Table 2.

IN VITRO DATA IN VIVO DATA
Eosinophils adhesion in Dose Ear pruritus *
Eosinophils adhesion in Ear edemd
Ligand the presence of mg/kg A scratching bouts/1
the absence of histamine Amg/2h
histamine ScC. h

1H-indole like derivatives

JINJ7777120 Il 1Cs=5.57 nM o - 30 | 12.18+1.88 0 79.00+ 18.23
MWJ-3 l ICs0 = 399.9 nM 0 - - - nd - nd
JNJ10191584 l ICs0 = 948.2 nM 0 - - - nd - nd

1,3,5 — triazine derivatives

JN-25 1 ICs0=2.31 nM l ICs0 = 2814 nM 50 |  7.45x2.76 0  109.50+9.57
KP-9D 1 ICs0=2.42 nM 0 - - - nd - n.d.

TR-AF-45 1 ICs0 = 14.82 nM l 1Cs0 = 4240 nM - - nd. - n.d.

TR-AF-49 ! ICso = 138.4 nM 0o - - n.d. - nd

JIN-35 ! ICs0= 1119 nM ! ICs0 = 440 NnM 50 | 474239 | 14.40+5.34
TR-DL-20 10 1Cs0> 1000 nNM 0o - - - nd - nd

TR-18 1 EGso =403 nM 1 1Cs=185nM 50 ! 10.70+4.70 0 122.00+6.87
TR-7 1 EGso= 11750 nM 1 ICs0 = 689 NnM 50 | 9.48+£274 0  119.20+11.32
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Table 2. Summary of pharmacological effects of tested ligamgiainstn vitro andin vivo studies.
The effects of these histaming i¢ceptor antagonists were characterized basedmarneosinophils
adhesion to endothelium assay as well as on catémduced ear edema and pruritus in CD-1 mice.

0 = no effect;] =d[Irlas[; T =illrlas[§ n.d. = not determined.
%roton oil-induced ear edema and pruritus in CDidens.c. — subcutaneously.

1H-indole derivatives exhibited similar effects. Cayupds MWJ-3, JNJ10191584, and JNJ7777120
inhibited eosinophils adhesion in the presenceofMthistamine (Fig. 2) and were inactive (or weakly
active) in absence of histamine. Among the stud@dpounds, JNJ7777120 was the most active one.
These observations were in line with receptor #jfidata and aequorin-based functional assay.
JNJ7777120 was used as a reference compound istillig since it is a first highly selective and
potent histamine fteceptor antagonist with proven anti-inflammatorggerties (Jablonowski et al.,
2003; Thurmond et al., 2004). Furthermore, it falfytagonized effects of histamine through histamine
H,receptor in the presence of histamine, not affgatiosinophils adhesion when administrated

independently (Grosicki et al., 2016).

A more diverse response was observed in the grbliB® — triazine derivatives. In this group of
compounds three structurally different ligands @BN-KP-9D, and TR-AF-45) exhibited higher or
similar activity as reference compound JNJ7777 Ir#@restingly, almost all 1,3,5 — triazine
derivatives (except of KP-9D, TR-AF-49 and TR-DL}2@&d a statistically significant effect on
eosinophils adhesion, in the presence and the edséinistamine, indicating their intrinsic actit
Furthermore, two tested compounds TR-7 and TR-b&#gd paradoxical and unexpected agonistic
activity during the human eosinophils adhesionydsath in the presence and without histamine (Fig.
3). During the pharmacological examination of ti@zderivatives, some discrepancies between the
human eosinophils functional test, the histamigeckeptor binding assay and the aequorin-based
functional study were detected. For example, wihiéetriazine derivative TR-DL-20 showed
similarity between eosinophils adhesion inhibitpmtencies, and affinity towards human histamine H
receptor a difference to the potencies estimatad the aequorin-based functional assay was

observed. We attribute the discrepancies betweataligand displacement and functional assays at
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histamine Hreceptor to tissue-dependent differences arisimg fuse of different cell lines (Sf9 insect
cells vs. CHO-K1 cells) in combination to differesan e.g. lipophilicity. Furthermore, previousttes
on TR-7 and TR-18, based on aequorin functionalyaas well as forskolin-induced cAMP
accumulation assay (kewska et al., 2014) indicated their antagonistio/éig, rather than agonistic

one (detected by eosinophils adhesion assay).

This differences requires further investigationwbeer, obtained results suggests that eosinophils
assay might be an interesting testing platform aéllatvs detecting additional pharmacological
properties of the tested compounds, before theiwdnction into the clinical trials. Furthermorbete
observations are in line with newly reemerging epof cell-based phenotypic drug discovery, as
the tested compounds did not shown clear targetigion activity referring to histamine,Feceptor
binding and functionality, but rather involve nurmes other potential targets on human eosinophils.
Such phenotypic approach might bypass the incompietlerstood drug target mechanism and rather
help in addressing full disease complexity withrpigsing novel drugs (Moffat et al., 2017; Zheng et

al., 2013).

For example, eosinophils assay detected robustrdlaimmatory activity of the JN-35 compound,
although this ligand showed low affinity at histaeiH, receptor and exhibited only mediocre
receptor-mediated potency (Table 1). Interestintylg,JN-35 mediated reduction of eosinophils
adhesion was independent from presence of histadii&5 not only significantly inhibited
eosinophils adhesion to endothelium but was alseeaduring than vivo examination. During the
anti-inflammatory examination, JN-35 was the omlstéd compound that potently inhibited both the
croton oil-induced ear edema and pruritus in CDidemAt the same time, JN-35 exhibited low
affinity towards histamine Hand H receptors (Table 1), was not toxic against theetesells and was
classified as a ligand with moderate permeabilitypss the biological barriers, according literature
based classification for Caco-2 permeability as¢Bysind Kerns, 2016). The anti-inflammatory
activity of JN-35 could be clearly demonstratedhivitour experiments, however, the observed effects
seem to be independent of histamine receptors.phi@aomenon could involve the release of other

pro-inflammatory mediators such as leukotrienes@mokines, that are inhibited by tested triazine
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derivative and therefore, influencing leukocytelegion through activation of endothelial cells
(Gimbrone et al., 1984; Jawiiet al., 2005; Kita, 2011; Mogilski et al., 201Furthermore, some
triazine derivatives were shown to modulate theviigtof protein kinases e.g. during the anti-bteas
cancer treatment, which could explain observed SMdeivity (Nie et al., 2007; Weixin et al., 2018).
Another explanation might arise from the JN-35 rhelia study. JN-35 have weak metabolic stability
(Fig. 5), that was in line with previous observatidor the similarN-methyl piperazine triazine
derivative TR-7 (Popiolek-Barczyk et al., 2018).spre of its susceptibility for extensive
biotransformation, TR-8howed excellent effecis vivo (Popiolek-Barczyk et al., 2018). Thus, the
metabolites oN-methyl piperazine triazines require more comprshenstudies and further scientific

considerations due to their potential influenceobservedn vivo effects.

Interesting results were also obtained for thetwsted 1,3,5 — triazine derivatives, TR-7 and TR-18
These two compounds exhibited paradoxical agorastiwity during the human eosinophils adhesion
assay. However, this was not in line with resulterf aequorin-based functional assay (Table 1),
forskolin-induced cAMP accumulation assay (Lazewestkal., 2014) and with the vivo examination,
where both TR-7 and TR-18 compounds significamthibited croton oil-induced ear edema 2 h after
drug administration. Moreover, in different studiasti-inflammatory activities of TR-7 and TR-18
were further confirmed during the vivo mouse studies, where both compounds reduced pawaed
mechanical and thermal hyperalgesia in the carregemduced acute inflammation (Mogilski et al.,
2017). Additionally, TR-7 and TR-18 directly inflonee process of cellular adhesion as they could
decrease total granulocyte influx in the zymosatued mouse peritonitis model (Mogilski et al.,
2017). Observed confusing effects could indicatdear pharmacological profile of TR-7 and TR-18.
One possible explanation for the obtained resnitslves inter-species differences in histamine H
receptor structure and function (Leurs et al., 2009 et al., 2001; Oda et al., 2000). Secondly,
observed agonist effect of the tested compoundsietested both in presence and absence of
histamine. This suggests that compounds activipdimesion assay might not be directly associated

with histamine receptors but rather on off-targégats, unknown at this time.
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It is important to be aware of the limitations ok&ophils adhesion assays, that might have direct
effects on obtained results. For example, the dichitumber of eosinophils isolated from the human
peripheral blood results in a small number of mesment points for analysis. In many cases, due to
small number of measurements points, the saturaficoncentration-response curves was not fully
obtained. Furthermore, due to significant dataalality, dependent on the health condition of blood
donors, the calculated inhibitory potencies ofadstompounds should be treated more like an
approximation, rather than the accurate values.d¥ew such data discrepancy obtained from the
native human cells was also reported by other asitii@r example, there exists a significant
difference in the calculated potency of histamiself, ranging from 8 nM to 100 nM, based on

human eosinophils chemotaxis assays (Ling et@D420’'Reilly et al., 2002; Reher et al., 2012).

5. CONCLUSIONS

Taking advantage of the human eosinophils adhessay to endothelium we demonstrated a distinct
profile of pharmacological activities ofHtindole-, and 1,3,5 — triazine based derivativeserms of

their activity and potency. In particular, we relegbadditional properties of tested compounds that
could not be detected in previous assays emplayitiiicial recombinant cell systems. Therefore, we
believe that the human eosinophils-based adhesgaydo endothelium is a suitable model for further
ligand research especially in the context of tmeweed interest of cell-based phenotypic screeming i

drug discovery.
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Fig. 1. Histamine effect on human eosinophils adhies to endothelial cells Histamine increased
the number of adherent eosinophils in a dose-degpgmdanner, with the Egof 336 nM. Data
represented as mean + S.E.M. [%] of n=3. *P*x 0.001 compared with untreated cells (one-way

ANOVA with Bonferroni’'s post-test).

Fig. 2. The effect of testedH-indole like derivatives on eosinophils adhesion tendothelial cells.
Tested indole-like compounds downregulated the rurabadherent eosinophils in presence of 1 uM
histamine. This effect was not statistically sigraht in the absence of histamine. Data represerged
mean + S.E.M. [%] of n=6. *P < 0.05, **) P < 0.01, ***) P < 0.001 compared with control (one-

way ANOVA with Bonferroni’s post-test). Control wdgfined as spontaneous eosinophils adhesion
to endothelium in presence/absence of 1 uM histaniue to the donor to donor data variability, data

were calculated against the control (0 or 1 pMamshe) separately for each experimental data set.

Fig. 3. The effect of tested triazine derivativesroeosinophils adhesion to endothelial cellall of

the tested compounds affected eosinophils adhegien histamine was present in the assay. Ligands
KP-9D, TR-AF-49 and TR-DL-20 were inactive whentaieine was absent. Compounds JN-25, KP-
9D, TR-AF-45, TR-AF-49, TR-DL-20, and JN-35 downuéaged the number of adherent eosinophils,
whereas TR-7 and TR-18 increased the number ofradteells. Data represented as mean + S.E.M.
[%] of n=4 - 6. *)P < 0.05, **) P < 0.01, ***) P < 0.001 compared with control for samples in
presence of 1 UM histamine. Bx 0.05, ##P < 0.01, ###P < 0.001 compared with control for
samples in absence of histamine (one-way ANOVA Bitimferroni’s post-test). Control was defined
as spontaneous eosinophils adhesion to endothalipresence/absence of 1 uM histamine. Due to
the donor to donor data variability, data were @lalied against the control (0 or 1 pM histamine)

separately for each experimental data set.

Fig. 4. The cytotoxic effect of the IN-35 compounagainst the HEK-293 and IMR-32 cell lines.

The effect of compound JN-35 and the reference doxgrubicin (DX) on HEK-293 (A) and IMR-32
(B) and cell lines viability after 48 h of incubati. Data represented as mean + SD [%] of n=4. P*)
< 0.001 compared with control (control — cells treited, one-way ANOVA with Bonferroni’s post-

test).
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Fig. 5.1. The MetaSite 6.0.1. software predictibthe most probably sites of JN-35 metabolism. The
darker red color - the higher probability to bealwed in the metabolism pathway. The blue circle

marked the site of compound with the highest proiyabf metabolic bioconversion.

Fig. 5.2. UPLC (A) and MS (B, C) spectra of JN-8action with mouse liver microsomesin TRIS

buffer pH = 7.4, 120 min, 37°C.Two metabolites fduNo substrate observed.

Fig. 5.3. The most probable structures of JN-35abwite M1 (m/z = 329.30) and M2 (m/z = 331.23)

determined according to in silico and in vitro data
Fig. 5. The JN-35 metabolic stability studies.

Fig. 6. Effects of tested ligands on croton oil-inadced ear edema in CD-1 miceSingle s.c.
administrations of tested ligands were given imratdy before the topical application of croton oil.
On the ordinate differences of ear weightnig) between right (inflamed) and left (uninflamed)ys
at 2 or 4 h. Mean + S.E.M. of n=5-10 mice for egobup. **) P < 0.01 compared with vehicle-

treated animals (Studentdest).

Fig. 7. Effects of tested ligands on croton oil-inaced ear pruritus in CD-1 mice.Single s.c.
administrations of tested ligands were given imragdy before the topical application of croton oil.
On the ordinate difference in counting the totahsthing bouts between right (inflamed) and left
(uninflamed) ear at 1 M\(scratching bouts/1 h). Mean = S.E.M. of n=5-10erfr each group.

** P<(0.01 compared with vehicle-treated animals (Sttidéftest).
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Molecular
Ligand mass

[a/mol]

1H-indole like derivatives

INJ1019158%4 278.7
INJ777712%f 277.9
MW J-3 322.7

1,3,5 — triazine derivatives

TR-AF-45 264.4
TR-DL-20 288.4
KP-9D° 289.9
TR-18 349.2
TR-AF-49 290.4
TR-7 304.9
JN-35 298.4
IN-25 330.9

LC-MS

purity

100%

100%

99,01 %

100%

100%

98,60 %

100%

100%

100%

100%

100%

Affinity K ; [nM] £ SEM

Human Human
histamine H histamine H
receptor receptor
nt 14.1x30
>10x10 5.1x10
nt nt
nt nt
nt nt
nt nt
nt 15x£0
>5x£0 nt
>5x10 13.2x16
>2x10 6.1x10
nt <30xf0

pICset SEM
Human
(antagonistic
histamine H
activity)
receptor
26 +8 8.46 £ 0.020
4+1 7.87 £0.100
6.4+0.1 6.23 £ 0.207

247 9.81 + 0.029

4700 8.44 +0.083
289 +133 8.13+0.127
524 + 159 8.04 + 0.063

160 7.50 + 0.054
203+37.5  7.16+0.017
5995 6.51 + 0.045
253 + 75 6.43 + 0.020



IN VITRO DATA IN VIVO DATA
Eosinophilsadhesion in Dose Ear pruritus®
Eosinophilsadhesion in Ear edema®
Ligand the presence of mg/kg A scratching bouts/1
the absence of histamine Amg/2 hrs
histamine s.C. hr
1H-indole like derivatives
JINJ7777120 i 1Cs = 5.57 nM 0 - 30 12.18+1.88 79.00 + 18.23
MWJ-3 l 1Cs = 399.9 nM 0 - - n.d. n.d.
JNJ10191584 | 1Cso = 948.2 NM 0 - - n.d. n.d.
1,3,5 — triazine derivatives
JN-25 i 1Cs0=2.31nM l 1Cso = 2814 NM 50 745+ 276 109.50 + 9.57
KP-9D 1 1Cs0 = 2.42 M 0 - - n.d. n.d.
TR-AF-45 1l ICso = 14.82 1M 1 ICso = 4240 nM - n.d. n.d.
TR-AF-49 l I1Cso = 138.4nM 0 - - n.d. n.d.
JN-35 l 1Cs0 = 1119 nNM ! 1Cs0 = 440 NM 50 474+ 2.39 1440+ 5.34
TR-DL-20 10 1Cs0 > 1000 NM 0 = - n.d. n.d.
TR-18 i ECso = 403 nM ™" I1Cso = 185 nM 50 10.70 £ 4.70 122.00 + 6.87
TR-7 1 ECso = 11750 nM ( 1Cs0 = 689 NM 50 948+ 274 119.20 £ 11.32
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