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The localization of molecules related neurotransmitter systems in non-neuromuscular and pre-nervous
tissues and cells has been studied since the half of the last century by prof Buznikov and his co-workers
(Rakic et al., 1980; Buznikov & Shmukler, 1981; Drews,1975). With the words of prof, Buznikov (1980): “This
use of neurotransmitters for intercellular signaling could be a link in the evolutionary progression from the
use of these substances as intracellular regulators to their participation in cell-cell interactions occurring
during synaptic transmission”.

Soon, the awareness that the mode of action of the new generation of pesticides (OP and CB), adopted
widely after the ban of DDT and PCBs was based on their ability of inhibiting cholinesterases (Sultatos 1994)
opened the way to studies about the possible embryotoxicity of these substances in vertebrates (Misawa
et al.,1981), and invertebrates (Buznikov et al., 1979; 2001; 2007) and is now the matter of regulation by
several governments (e.g. Pesticide regulation of the EU Regulation (EU) n. 1107/2005 and 2009).
Awareness is growing that, among several neurotoxic effects, these compounds may exert a teratogen
effect in developing embryos of vertebrate and invertebrate organisms. Recent experiments of AChE
knockout demonstrated that the morphogenetic inhibition was milder than expected, casting doubt upon
the relevance of AChE functions in vivo (Johnson et al., 2008). Thus, the attention may be focused on other
members of the cholinergic system, such as acetylcholine receptors. Cholinomimetic substances exert their
toxic activity on organisms as they inhibit the functionality of the cholinergic system by completely or
partially replacing the ACh molecule both at the level of the AChE active site (Sultatos,1994) and at the level
of acetylcholine receptors (AChRs, Nabil et al., 1988). So, the interference may be exerted during inductive
message exchanges mediated by ion fluxes and intracellular ionic concentration dynamics responsible for
embryo body patterning along different moments.

In this work, we focused the attention on the developmental function of ACh receptors in chick embryo
differentiation and body patterning, a complex model where cell and tissue interactions play a role in
positional information transfer, which is largely regulatory and follows a strictly regulated clock mechanism
(Wolpert., 2016). In these events, receptors such as the M1/M3 ones, driving intracellular [Ca2+]
modulation, play an important role, because calcium ions are involved in the regulation of cytoskeletal
dynamics, including transport of regulatory proteins to the nucleus.

Moreover, [Ca2+] is responsible for the identification of the body main axis, by regulating the status of
cadherins and consequently the Wnt cascade (Nelson & Nusse, 2004). Thus, it is likely that muscarinic
receptors may play a role in development and their activation/blockade may alter the success of induction
transfer among tissues. In this work we propose a method to synchronize exposure to agonist and
antagonist muscarinic agents and early developmental events in chick embryos, based on mathematical
modelling of exposure.
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Jlokannszauma cBA3aHHbLIX C MOJIEKYTAaMN HENPOMEAMATOPHBIX CUCTEM B HEBPOOTUYECKMUX N NpesHepPBHbIX
TKaQHAX U KNeTKax u3y4vanacb C NOJ0OBMHbI MPOLNOro Beka npodeccopom By3sHMKOBbBIM M €ro Koasieramm
(Pakmu u ap., 1980; bysHuKos u LLmyknep, 1981; Aptoc, 1975). Mo cnoBam npodeccopa bysHuKosa (1980
roa): "Takoe WCMNO/b30BaHWE HEWPOTPAHCMUTTEPOB AN MENKKAETOYHOW CUTHANU3auuM MOXKeT bbiTb
CBA3YIOLWMM 3BEHOM B 3BOJIIOLMOHHOM MNpPOrpeccMm OT WCNOAb30BAHUA 3TUX BeLEeCTB B KavecTee
BHYTPUKAETOUHbIX PEryIATOPOB A0 UX Y4ACTUA B KJAETOUHbIX B3aUMOAENCTBUAX, NPOUCXOLALMX BO BPEMSA
CMHANTMYECKOM Nepenaun’.

Bckope oco3HaHWe Toro, 4To cnocob AencTBuA HOBOrO noKoneHwua nectuumgos (OMN u YM), wupoko
NPUHATLIM nocne 3anpeweHna AOAOT wu MNX[A, ocHOBbIBa/ACA HA WX CMOCOBHOCTM WHIMBUPOBaATb
XonmHacTepasbl (CynbTac, 1994 roa) oTKpbina NyTb ANA UCCAEA0BaHMIA O BOSMOMKHON 3MBPMOTOKCMUYHOCTH
3TUX BeLLEecTB Yy No3BOHOYHbIX (Mucasa n Ap.,1981), n 6ecnos3BoHOYHbIX (By3HUKoB 1 ap. 1979; 2001; 2007)
M B HacToslllee BPEMS Perynvmpyetca pagom npaBUTENbCTB (Hanpumep, PernameHT no nectuyugam
MocraHoBnenmsa EC (EC) n. 1107/2005 wu 2009). PacteT OCO3HaHWe TOro, 4YTO CPEAn HECKOJIbKMX
HEMPOTOKCUYHbIX 3GPEKTOB 3TM COEAMHEHMA MOTYT OKasblBaTb TepaToreHHoe BO34eNCTBME Ha pa3BuTUE
3MOPMOHOB MO3BOHOYHbLIX M BECNO3BOHOYHbIX OPraHM3MoB. HesaBHME 3KcnepMMeHTbl ¢ HoKayTom AChE
noKasanun, 4To mopdoreHeTU4Yeckoe UHrMbupoBaHue BblN0 MArYe, YemM OXMAANOCb, YTO MOCTaBWMIO MoOA
COMHeHWe peneBaHTHOCTb GyHKUnIA AChE in vivo (Johnson et al., 2008). Takum 06pa3som, BHUMaHUE MOXKET
6bITb COCPEAOTOMEHO HA APYrMX YNeHaX XOJMHEPrMYECKOM CUCTEMbI, TaKMX KaK aueTUIXO/JMHOBbIEe
peLenTopbl. XONMHOMUMETUYECKME BeELLECTBA OKAa3blBAOT TOKCMYECKOE BO3AENCTBME HAa OPraHU3Mmbl,
MOCKOJIbKY OHU UHTMOUNPYIOT GYHKLMOHANBHOCTE XONMHEPIUYECKOM CUCTEMBI MYTEM NOJIHOM UM YAaCTUYHOWM
3ameHbl MoneKkynbl KX Kak Ha ypoBHe aKTuBHOro canta AXD (Sultatos, 1994), TaKk M Ha ypoBHe
aueTUNXoNnHOoBbIX peuenTtopos (AKMY, Habunb 1 ap., 1988 roa).

Takum obpasom, WHTepdepeHUMs MOXKeT ObiTb oOcywecTBleHa BO BpemMs WMHAYKTMBHOrO obmeHa
coobueHnsmmM, onocpeaoBaHHONO MOHHbIMW MOTOKAaMM W BHYTPUKNETOYHOM MOHHOM KOHLEHTpauuen,
OTBETCTBEHHOM 3a pOopMUPOBAHME IMOPMOHA MO Pa3INYHBIM MOMEHTAM.

B aTOoMi paboTe Mbl COCPEAOTOUMAN BHMMaHME Ha ¢yHKUuMM passuTns peuyentopos ACh B
anoodepeHunpoBKe aMbpMoHa U NaTTepHE Tesa, CAOXKHON MOoAENM, TAe B3aUMOAENCTBME KIETOK U TKAHEN
urpaeT posib B MO3UUMOHHOM nepegavye MHGOPMAUMM, KOTOPbIM B  3HAYUTE/IbHOW  CTEMEHMU
pernameHTUpPYeTCA U CiefyeT CTPOro peryimpyemomy Yacosomy mexaHmsmy (Wolpert., 2016).

B 3Tux cobbiTAx Takue peuenTopbl, Kak M1/M3, npusogauime K BHyTpUKAeTouHon [Ca2+] moaynaumu,
WUIpatoT BaXKHYK POJib, MOTOMY YTO MOHbI Ka/bLMA y4yacTBYIOT B Peryaaumm LUTOCKENETHON AUHAMWKK,
BK/It0OYAA NepeHocC perynatopHbix 6enkos B A4PO.

Kpome Toro, [Ca2+] oTBevaeT 33 MAEHTUPUKALMIO OCHOBHOW OCW Tena, peryanpys craTyc KarepuHos MU,
cneposaTtesibHO, Kackaga Wnt (Nelson & Nusse, 2004). Takum 06pa3om, MyCKapMHOBbIE PeLLENTOPbl MOryT
UrpaTb OMPEAENEHHYIO POAb B Pas3BUTUM, U WX aKTMBauMA/6NOKaZa MOMKET U3MEHUTb Yycrex
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WHAYKLUMOHHOIO MepeHoca Mexay TKaHAMM. B 3Toit paboTe mbl npeasaraem MeTof, CMHXPOHWU3ALMK
BO3LENCTBMA aArOHUCTUYECKMX WM aHTAarOHUCTUYECKUX MYCKAapMHOBbLIX areHTOB M pPaHHero pasBuTUA
3SMOPMOHOB LbINAAT HAa OCHOBE MATEMATUYECKOTO MOAENMPOBAHNA BO3AENCTBUA.
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