THE STUDY OF ANTHELMINTIC’
TARGET SITES IN THE
NEUROMUSCULAR SYSTEM OF
PARASITIC NEMATODES IN ORDER
TO IMPROVE PHARMACOTHERAPY
AND DEVELOP OF NEW DRUGS

Prof. dr Sasa Trailovié
Fakultet veterinarske medicine
UNIVERZITET U BEOGRADU



doHp 30 HaAYKY
Penybnuke Cpbuje

NMPU3MA

Projekt: FARNMASCA



g ®oHpA 3a HayKy

Science Fund Penybnuke Cpbuje

of the Republic of Serbia

1) Prirodne nauke i matematika
2) Tehnicko-tehnoloske nauke
3) Biotehnicke nauke

4) Biomedicinske nauke

5) Vestacka inteligencija

6) Drustvene i humanisti¢cke nauke

2024-2026. godina



Fakultet veterinarske medicine




KATEDRA ZA FARMAKOLOGIJU | TOKSIKOLOGIJU




48 Cped

HIL 30 HOYELY

D fe

Houauua nucTa npojerara ogoGpedMy 3a pMHaHCHparse ¥ oGnacTi GHoMEIMUMHCHMX HayKa y ouBupy Nporpama MPM3IMA

P.6p| Wedpa AnpoHHm Hazus npojesTa Pyrosogpnay npojerTa Hayurc-serp op MF {HI-'IJJL Mamaurns | TME [HHO) | Byyer [£] Byyer [POT) | Ssmanmm
[P1) Spaj [HHO) Pesyrrar
- : . FCTHTYT 58 AL YHHCHE MCTRSHMERSA, YHEBE[SHTET § BEOmaTy 07017634 [100ZZHIST
o somolace e T or ™ |secvm s zra0000| 3zazeannco A
5 IIECALMHIIH (MOUTeET, YHMSEpSHTET y Beorpasy OP4ELT?  [L00221404
e JAgHHIHN amyITET, FrmsepmmeT y Beorpamy OPaE15T (100221404
2| o|mace TrRcking antimaNal RSOt NGNS e e ke MO MEILNNE, Yras Eea 7000005 00265305 AT 33SRLem30 A
=coiazical niches - one healkh perpectve . Mo/EOnpHEpeatH SanaTTET, YHHBEDSHTET ¥ Beorpany 07025245 100d 32302
ST FE N T
T"’*'”I“"‘“::"w: “‘F_m smeyTET BETERMIpCRE MeHUNEE, YHHBEpIMTET | ESOTPRAY 07008 [1002E5SDS —
S . neuromLUECUlar Syste of pamsitic r )
AT FARMASCA toim Phh Fl'llum‘.l a5 Coun o Ir541197 32.570,612.00 Al
IIECALMHIIH (MOUTeET, YHMSEpSHTET y Beorpasy OP4ELT?  |100221404
S
HFCTHT T 58 S0 MSHHCRE FCT] £, ¥HHBEHTET ¥ BEorpamy OP07E3d (100222157
Teiloring management: of tick-Dorme diseeas Pl AL Co AT, Yrivise peT y Banroasy 07045197 1002 21404
4 7333 | TekToTick™™ basad nndm'r.{.-oftmer\-c tick-bome Cre=mra Tomanom B RO Sa Boj _—_— MR, YA RAO AT Do SaHE 17552540 108345950 =715 T7E| 34085 35042 A5
pethogens ESACIALIRI ERHYATET, FrimamsTeT y BEopamy OP4EI59  [100043776
BRSO BEYATET, FHIamaTaTET v BEopaty OP0E2Es  [100050474
Te: ¥l 07033552 100423813
oL AnH LEHTED TERH L RO TR B TETE, VHASENSATET § Saorpamy 2INI1552  [1061890658
5 o (— R— Biomimetic tumor enginzering to enhance dnug Bojara 0 il WFCTITYT S MOy AREY MEHETHTY 1 MSFETHCA HHEESHECCTE0, VHASEQSHTET y Banrpasy 0703577 [104738573 221 a0000| 3320820000 a5
: discovery L& HEFH , WHHSEDITET i Ganrmany 07048197 4 D02 21404
MFCTITYT S SHONOmKS HOTpEsHES  Daaus Crassosdh™, FresemsmeT v Geompay 07032608 [10020%3E1
DAL TTHH (MY, SeMsapaHTET y Baorpasy 070573 [Lod7assn0
Coronary microdrouletion stabus as predictor of
left ventricular dysfunction and heart feilure in =
7 5 ! - HCHH ATET, FraHse| OT0aE157 100221404 L334
2 555 | SINERGT-ACUTE ents with st myocariod o Topest Crarscsuh iAo oy FEHTET § BEorpagy 17736724 32.725,33430 AS
underpoing, primary FO
P . EHOMOMLAHE GARYITTET, FHHBEESHTET ¥ Eecrpamy 0748599 (100043776
7| azs2|mmocar ITAnCS IS SRS AN | v ey S LI et Gy, YrE ST y SeTrpany TromEiT [ioceziae 23348 3msamenas A5
=" 5= Moyt = wwcm'n'v'! BEHUNHE | Capyms "Tonnes" 1A0TETLZ 1T IS0 T
Detection and quantification of resicual disease
. iﬁpﬂ'ﬁmnihri?-ﬂishmumnd - . . . -
g 5755 | ReDiMEL" Messip Eaen T HCHH ATET HCHE L 17282920 10E343550 I0,502 22 34.337,170.00 AS
meaname ms & Tarker of —_— o i Kergong Cey MEH GO ITET Eoj FOvae Sl AHAAEMM]E, YHMBEHTET O30paH
DroErosis
. sans | acnanicen . ven epopuistion: | eradjane han _— HFCTHTYT 38 SHONOWRE HITPESHEAS , OHHHIR CTEHRosHl”, FRHESpSHTET y BEorpany 07032609 (100205581 s s ss| 33en7eLa s
G progressian and pletform for thereg ez Mt ey, YrmsspaeT y Seorpasy orMELT o2zl
NEMAH] CHM EmyTET, Frine pmaTeT ¥ Baorpamy OPOs3sEl  [10dBFIGA0
0 a7a7| aEscarew ACarang F--‘-‘Cﬂ i | mimUnocaphare towerd P — Easn oLl S FrlamE e ) B e ] AOO0EETTE sapsiss| pmssaTEzsa 5
SCALSSE B purification L] HOoH 8 . VHHSEOSHTET i Baorpany 07048197 1002 2140
WL AT LUHTRD NEMHICROr §RyiTreTa ¥ BE0rpaTy, Yrmeapemer y Saorpagy 2I0ET?  [1061RvIEs
WS SHLSHHCHM Gy TET, FrHsepaTaT y Hosom Caay 08113539 [1004510d43
1 - " Mwmm:edwEMcmnmm paraen Hamomd PEHGTTET ODTA H GHIAIROT SACTIHTESHA, FHHSEHTET § Hosow Camy DeQe2ind 104EST30T FLA000|  32.029,200.00 B
prezeranon RHOTTET TERHHYAIN HEFS, YHASEAMTET ¥ Hosos: Doy DBOETL0S 100724720
TeHH GamyreT Mexajan MynHn ¥ Spetsariry, FrmsemsmeT y Hosom Cagy oEisEiEl  [104461300
Mulileel anproach to shudy dronic wounds
besed on clinical mbiubsim msesment with VIS S HHCHE SRy ITTET, Franss pasTeT y Hiwsy 07Z15282 1006E6I51E
12 TELT | CHROMOWOUND® devalanment of nowe pe‘:ora.i:ndthemtic r.u:uc‘roim:&h Io00a0ds| 34324 77498 5
anoroaches Ling in witro and in vivo N .
et o, Mt GanyeT, YrmsapnrET § Hiay 07174713 |iDosezEis




Barn an Hayky

Paryyfirsss Cppis
P6p| Whidpa Bnponmma Hasus mpojesTa Pyrosogpnay npojesTa Hayuro-Herp P = (HHO) Mamurse | MAE [HWOD) | Byyer (€] | Byyer [PCI) | Ssemnme
[P1} Bipod [HHO) Pesynrar |
Improving Clinical Outcomes with Fredsion
Dasing in Patisnts with mram ¢ Bowel PEpMBLEYTOM SERTTET, FHHBERIHTET § Beorpagy 0700575 |1047453SD
13 6777 |oot¥mab I:-:cnae'l"ruplrv&tﬁrﬁi"g v‘u'in:il'r.'llof Hemmpuna Bysefenh IS, 3ES 35| 34147 548 95 B
Manodional Antibodies Based on Population
Pharmacokines:-Fraracceymamis Moceing S OALMHONH (RETeT, Yemee pauTeT y Beorpasy OPO4E197  |L00221404
il ] HCHE YHeme OT017e34 10022157
— Reirreention of the dissnostic sisnithm and . . DAL GEATET, YHMsanmHTET v Baorpagy O700L573 04735530 | . =
14 7325 TowoRTREAT® trestment agtion: for reactvated tminpiasmasi: | TMPH0 LUTEfhep m Y r——— ¢ Exoay T |iooizeeen 2E3,00000|  31.270,000.00 5
Pl o GaymeT, YrmMse psHTET y Beorpay OPOEE137 L00Z 21304

ems HHO otswses "Bostsy” posTom spsnors Rl HAO e o Hoceois npojsars

* M s penomsn nEofioess: w8 dumscrn s #ior Sommets W rooiod Ervisnments) ard Sooksl Mamsgement Flan Checkds [LSMI® Checkiet) moesm MpsnopyLe SOTsmm= I jrvis =5 SescTHy Sosgss=y 8 COGHRnS YIRS, § 7 cermgy o ERVIROMUMENT AL AND SOCIAL MAMAGEMENT FRAMEWORE gocrym-m =5 s comss

= e yomom=s cRoSpes! m Seemcemss Wor noTpets m gagcw Lasronmentsl snd Socisl Mersgerment Pien [E5M) rosus SOSnOpyoH SICUSORTE I8 TG HE SHSCTHY CRARMY H DU SGs], B § armey on ENVIRORMENTAL ARD BOCIAL MANASEMENT FIAMEWCIRE socymess i s crpmssas Boo-donegio) oo rafes

i EoR T e o e ]




Istrazivacki tim

4 ‘

Prof. dr Sasa Trailovié Prof. dr Mirjana Milovanovi¢ Asist. dr Dorde Marjanovi¢ Asist. Dragana Medi¢

Prof. dr Darko Marinkovié

N g

\ I

Doc. dr Milan Anici¢ Asist. Maja Stojkovi¢  Prof. dr Alan Robertson



Cilj naseg projekta je dobijanje novih podataka za unapredenje
i inoviranje antinematodne farmakoterapije.

Glavna ciljna mesta za anthelminticke lekove nalaze se u
neuromuskularnom sistemu parazitskih nematoda.

Mnogi anthelmintici deluju na ,,cys-loop“ ligand-zavisne jonske
kanale, koji se nalaze na c¢elijskoj membrani usmereni prema
ekstracelularnom matriksu. To ih ¢ini lako dostupnim
molekulima leka i stoga su atraktivhe mete.

Mi ¢cemo istraziti mogucnost potenciranja dejstva
anthelmintika na postojeéa ciljna mesta i ukazati na
potencijalno nova mesta za delovanje lekova.

Ispitivanja su podeljeni u 4 dela:
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-Mogucénost poboljsanja efikasnosti antihelmintickih lekova koji su
agonisti ili antagonisti GABA i nikotinskih acetilholinskih receptora
(nAChRs) kod parazitskih nematoda.

-Interakcija agonista i antagonista benzodiazepinskih receptora sa
hloridnim kanalom nematoda i moguénost njihove kombinacije sa
GABA-ergickim lekovima.

-Testiracemo izoksazoline kao antagoniste receptora GABA-
ergicénih hloridnih kanala kod insekata i akarina i ispitacemo
njihovu interakciju sa nematodnim GABA receptorima.



Stevanovié i sar., 2021

1: Dataset assembly 2: Ligand-based pharmacophore model
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-Cinjenica je da postoje najmanje tri podtipova nACh receptora
kod parazitskih nematoda (N, L i B).

-Ispitacemo antinematodne efekte kombinacija anthelmintickih
lekova sa agonistickim dejstvom na razlicite podtipove nAChR
nematoda.

Subtype N L B

Channel 24 pS, 0.6 ms 35pS, 0.9 ms 45 pS, 1.3 ms

Agonist nikotin levamizol befenium
pirantel oksantel

Antagonist paraherquamide 2-deoxyparaherquamide
& paraherquamide



> Mi predvidamo da se dalje ispita neuromisiéni sistem na
modelima parazitske nematode Ascaris suum i slobodnozivuce
nematode Caenorhabditis elegans.

> Ispitacemo kombinaciju novih (muskarinski i serotoninski
receptori) i prethodno potvrdenih potencijalnih ciljnih mesta
(jonotropni nACh i GABA receptori).

> Predlazemo da se odredi lokalizacija ovih receptora u

-wveE rm

hibridizacije.
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-Odnosi se na ispitivanje novih potencijalnih meta lekova u
neuromuskularnom sistemu nematoda.

-Fokusiracde se istrazivanje na farmakoloske karakteristike
muskarinskog acetilholinskog receptora (mAChR) kod
parazitskih nematoda.

-U prethodnom istrazivanju smo utvrdili da agonist mAChR
izaziva sporu depolarizaciju membrane misiéne c¢elike A. suum
( Trailovic i sar., 2008).

5-MeF 10pM  5-MeF 30pM  5-MeF 100uM  5-MeF 300pM  5-MeF 600uM

20 mV

500000 ms



» Jedan od nedavno otkrivenih farmakoloskih receptora
u neuromuskularnom sistemu nematoda je MOD-1
receptor.

» Ovi receptori reguliSsu otvaranje hloridnih kanala i sliéni
su sa 5-HT grupom receptora kod kicmenjaka.

» Kanal MOD 1 se ne moze blokirati jonima kalcijuma ili
antagonistima specificnim za 5-HT3a, ali ga inhibiraju
miasetrin i metiotepin (tricikliéni antidepresivi).
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Odnosiée se na prenamenu postojecih lekova sa potencijalnim
anthelmintiékim svojstvima.

Alternativni pristup razvoju novih lekova je skrining lekova koji
su vec odobreni za leéenje drugih bolesti i njihova prenamena
za anthelminticko leéenje.

Skrining biblioteke jedinjenja, malih molekula, koriSéenja u
kliniékim ispitivanjima kod ljudi na modelu C. elegans otkrio je
anthelminticku aktivnost neuromodulatornih lekova sertralina,
paroksetina i hlorpromazina.

Na osnovu nasih prethodnih rezuiltata, dobijenih koriééenjem in
silico alata za predikciju, ispitacemo efekte veé pomenutih
agonista i antagonista benzodiazepinskih receptora i
GSK575594A na neuromisicni sistem parazitskih nematoda.
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Cetvrti deo naseg projekta odnosi se na ispitivanje
anthelmintickih svojstava aktivnih sastojaka eteri¢nih biljnih
ulja.

Biljke proizvode prirodna ili etericha ulja kao organske
proizvode sekundarnog metabolizma.

Fokus istrazivanja su terpenoidni aktivni sastojci (Al) biljnih
etericnih ulja.

Nasi prethodni rezultati pokazuju antinematodne efekte sa
mehanizmom delovanja karvakrola (biljnog monoterpenoida)
koji ukljucuje inhibiciju kontrakcija misi¢a parazita.



Figure S1. Refined structure of nicotinic acetyilcholine receptor,

beta
domain

alpha
domain

alpha subunit

T.

marmarota. PDB structure contains 5 chains (A-E) of which A and D are
identical, annotated alpha subunit used as a template for ACR-16

model.
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Pharmacological effects of
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nematodes and mammals
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Thee control of parasitc: nematode infecfions rdies mosty an anthelmntics. The
potential pharmacotherapeutic applcation of phytodhemicals, i ander to
owercome paraste resstance and erhance the effect of odsting deegs, =
becoming increasngly important. The antinematodal effect of caneol wes
tested an the fee-Bing nematode Casnorhnbditis slagans and  the
cular preparaBon of the parastic nematode Ascans cuem. Carveal
caused spestic paralyss in Cedagans. n A susm canveol potentia ed contrac tions
e ed by acetyldholine (A Th) and this e ffect was confirmed with two-elec o de
woltage-clamp dectrophysology on the A swwem mcofinic ACh receptor
expreamad in Xeropws oocytes Howewe, potertisting effect of carveol an
ACh-iduced contractions was partially sensiive to atropine, indicates a
dominant nicotine effect but abo the nvolement of some muscarinc
stuchares. The effects of carveal on the neuromuscular system of mammals
are alo specfic In mcromolar concentrations, carveol acds a5 a mon-
competitive ACh antsgonisl on e contractions. Unlke stopine, it doss
nat change fhe Elan of ACh but reduces the ampltude of confractions.
Carveo] caused an increase in Electrical Feld Stmulsfon-evoled contracfions
aof the Eolated ot diaphogm, but st higher concentrations it caused an inhibition.
Ao, carveal neutralired fhe mecam ylamine-indwoed tetanic bde, ndicating a
porsibly different pre- and post-symaptic action at the newnormusouslar janction.

A
carveol, C. elegans, Xenopus oocytes, A. suum, AChR

1 Introduction

Paraszit: nemainde infections are widsspread in nasore, afecting bomans @ well as
animals. The most commaon nematodss in homans and animals ane ascarids, pinworms,
trichinela, and hoolneorm. Cominol of these infectons reliss mosthyon dhemotheapentics
{andh drninties), bt resi stance has developed agairet most of these bro ad- specinom drogs in
many parasite speces. The problem isthat after the inmod notion of avermectins, most of the






Ascaris suum i Parascaris equorum Parascaris equorum
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