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IV MaTonornyeckune npoueccChbl B MO3re U X KOppekuusi

1. OcCHOBHbIE naTonorn4yeckKkue npouecchbl B Moa3re.

2. leHeTU4YecKne 3aboneBaHus.

3. Kneto4Hble u MOneKynsapHbie MeXaHU3Mbl pa3BUTUA InNUnencun

4. CuHanTu4yeckasa aMcyHKLUA Npu pacnpocTpaHeHHbIX 3aboneBaHUAX
LHC. bone3Hb Anburenmepa

5. MpuHUMNbLI pa3paboTKn COBpPEMEHHbLIX METOAOB fle4eHUs 3aboneBaHn
LHC



V BnusiHne HapKoTU4YeCKMX BelLLlecTB Ha paboTy Mo3ra

1. dHpokaHHabOuMHouaHaA cuctema Mo3ra

2. MexaHn3mMmbl BNUAHUA HapPKOTU4YeCKUX BellecCcTB Ha beHKLI,VIVI MOo3ra



MHoOrouncneHHsble rpaHun KaHHAaOUMHOUAOOB KakK HGI?IpOHHbIX
MoAyInATOpPOB

(QHOo0)KkaHHabmHoMAb

[ToBCEeMeCTHO B royiloBHOM MO3re

YyacTteyloT B 06paboTke nHopmauum n cCMHanTU4YeCcKou
NacTUYHOCTU B 340POBOM MO3re.

BnusioT Ha obyyeHne n namsiTb, MOAYNUPYHOT ABUraTeNbHY0
aKTUBHOCTb U MYTWU, OTBETCTBEHHbIE 3a YOOBOJILCTBYE.

Cuctema KaHHabMHONOOB SABNSAETCS NEPCNEKTUBHOMN
hapmMakonormyeckomn MULLEHbIO (NeYeHne anunencum,
CMacTUYHOCTU, HEBPOMATUYECKOW OOMNN; NCUXNYECKMX
PACCTPONCTB U APYrMx pacCTPOMCTB, CBA3aHHbIX C
nepeBo30YyKAeHNEM HEPBHbIX Lienei)
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XpoHornornsa KaHHabMHOMAHbIX New drugs
nccnenoBaHUM:
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Sativex ® approved
Cannabinol Rimonabant Cl for sale in Canada;
(SR141716A) Zygmunt et al.f regulatory approval is
Todd ef al. (and and Smart et af filed to sell
Adams et al. in Rinaldi-Carmona Cravatt ef al. show that rimonabant
Wood et al. the USA) fully Cannabinoid et al. at Sanofi clone the first anandamide in the USA;
isolate elucidate and pharmacology iy Matsuda etal.\ Munro etal.  develop the first endocannabinoid- activates the Aberdeen group
cannabinol from synthesize thoroughly clone the clone the CB, receptor  degrading enzyme, vanilloid discovers an allosteric
cannabis resin cannabinol investigated CB, receptor | CB,receptor antagonist FAAH receptors site on CB, receptors
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The therapeutic Sir W.B. Cahn elucidate Gaoeni and Howlett's groyp Mechoulam'’s Mechoulam’s group \ House of Lord’'s Bisogno et al.  Cloning of new
properties of O’Shaughnessy part of the Mechoulam identifies spegific group in and Waku's group  }report on medical clone the first cannabinoid
cannabis are assesses structure of elucidate THC binding collaboration identify the second cannabis; endocannabinoid- receptors;
described in methodically cannabinol the structure sites in the with Pertwee's endocannabinoid, Di Marzo et al. biosynthesizing identification of
Chinese the medicinal of THC brain group identify 2-AG propose the enzymes other
pharmacopoeig properties the first existence of endocannabinoid
of cannabis endocannabinoid interactions enzymes;
anandamide between cloning of the
endocannabinoids endocannabinoid
and vanilloid transporter;
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DiMarzo, TRENDS in Pharmacological Sciences



KaHHabunHouAabl

TpaguLUMOHHO UCMOSb3YETCS B TEYEHME ThICAY J1ET, B TOM YMUCne U B MeguunHe
AkTnBHOE coeanHeHune - (A9-THC) ngeHtndumnumposaHo B 1964 roay

KaHHabuHounaHsble peuenTtopbl ronoBHoro mosra (CB1R) naeHTndounumpoBaHsb! B
1990 ropy.

CBI1R gaBndeTtca ogHUM U3 Hanbornee pacnpocTpaHeHHbIX peuentopoB G-0enkoB B
rONNIOBHOM MO3re

Opyron peuentop (CB2R) He HangeH B HEMpPOHaX MO3ra,
HO pacrnocTpaHeH UMMYHHbIX TKaHSAX

BonbwmnHCTBO (HO He Bce) adhdpekTbl A9-THC otcytcTByoT B CB1-/ - Mbllwax

"CBX" peuenTop - MOXET CyLleCTBOBaTb



KaHHabnHouabl: aroHUcTbl U aHTaroHncTbl CB peuentopoB
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Figure 1| Chemical structures of plant-derived and synthetic compounds that bind to
cannabinoid receptors. a | Cannabinoid receptor agonists, which activate both CB, and CB,
receptors. THC, tetrahydrocannabinol. b | Selective CB, antagonist (SR141716A, rimonabant)
and CB, antagonist (SR144528). ¢ | Selective CB, agonist (arachidonoyl-2’-chloroethanclamide,

ACEA)" and CB, agonist (AM12471)".




KaHHaOnHounAaHbIN peuenTop

36AA @ ‘ ' Extracellular space

Cell
membrane
Role of C5aR residues 7 . " 44AA
Ligand binding N
Signaling {e.g. G-protein) AA350
:ﬂl Glycosilation C terminus

@ Potentially significant in bindig/signaling © Kohidai, L. 2008



PacnpepneneHne kaHHaOMHONAOHLIX peLlenTopoB U aKTUBUPOBAHHbIX
KaHHabuHougamu G-6enkKoB B MO3re KpbliC

CANNABINOID-ACTIVATED CANNABINOID RECEPTOR
G-PROTEINS BINDING




TpexmepHasa mogenb peLleTKM aHaHAaMmuaa

Tian, X. et al. J. Biol. Chem. 2005;280:29788-29795



JHAOoKaHHabMHoua aHaHAamMua npegnoraraeT paclwMpeHHY KoHdopmauuio B
oucnoe c NONsIPHOM rpynnon Ha TOM e YPOBHe, YTO U NONsIPHbIe rpynnbl
ronoBok c¢occhonunuooB

Extracellular

anandamide

ﬁ

lateral diffusion

Intracellular

Tian, X. et al. J. Biol. Chem. 2005;280:29788-29795



JHOAOKaHHabOMHoOAaHaA cuctema B Mo3re
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KpaTkoBpeMeHHasi 1 JonroBpeMeHHasi CUHanTM4yeckasi nnacTU4YHOCTb,
Bbi3BaHHaA 3HAOKaHHabMHouaamMu

Inhibitory Excitatory
synapse synapse

CB1R

2-AG

other? AMPAR




KpaTKOBpeMeHHaﬂ n gonroppemMmeHHasaA CMHanTn4yeckasd nnacCctn4iHoCTb,
Bbi3BaHHasA 3HAOK8HH86MHOMA8MM
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OpHako:

1. AHangamung (AEA) nuoyumpyet katanencumn, obesbonmsaHmne n CHMKEHNE
CNOHTaAHHOM aKTUBHOCTU Y Mbllen ¢ aedmumtom CB1 peuenTtopos.

2. TunnyHble adpdpekTbl AEA Ha CNOHTaHHYKO aKTUBHOCTL, TEMMepartypy Tena u
BocnpusiTne 6onmn He YyBCTBUTESNbHBLI K aHTaroHncTy CB1 peuentopoB SR 141716A




MuweHn ona gencTteusa KaHHabMHouaoB, oTNU4YHbIe oT CB1 peuenTopoB

Receptors IC,, Reference
118 nM 2-AG
AchR - a-7 | 163 nM Anandamide Oz et al., 2004

1.03 uM CP 55,940
3.2uM  WIN 5521,2

5-HT;-R 3.7 uM  Anandamide Oz etal., 2002
h5-HT;-R >1uM  SR141617A
129.6 nM  Anandamide
646,7 nM CP 55,940 Baramn et al., 2002
103.5nM WIN 5521,2
AMPAR
GluR-1 161 uM
GluR-3 143 uM Anandamide Akinshola et al., 1999

GluR-1/3 148 uM
GluR-2/3 241 uM
NMDAR Potentiation

NRI-NR2A 20% 1uM Anandamide Hampson et al., 1998
max 50% with 10 uM




Mpamaa moaynauma K* TokoB 3aHAOKaHHAOMHoOMgamMum

Leak K* channels
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Shaker Kv1.2 K+

Delayed rectifier K*
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Inhibition

IC;, = 0.7 uM AEA
IC;, = 2.7 UM AEA;
2.4 uM THC

IC;, = 0.6 uM AEA

IC,, = 80 nM AEA

COS, CHO, HEK cells,
cerebellar neurons

B82 cells, hippocampal
neurons

Myocytes

Xenopus oocytes,
neurons

Pharmacology & Therapeutics

Maingret et al., 2001

Poling et al., 1996

Van den Bossche &
Vanheel, 2000

Oliver et al., 2004

\Volume 111, Issue 1, July 2006, Pages 114-144



NMpamaa moaynauua Ca2+ kaHanoB P-tuna B HempoHax lNypKuHbe MO3Xeuyka
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Fisyunov, A. et al. J Neurophysiol 96: 1267-1277 2006;

Journal of
Copyright ©2006 The American Physiological Society NeurothSl()lOgy



NMpamaa moaynauua Ca2+ kaHanoB P-tuna B HempoHax lNypKuHbe MO3Xeuyka
aHaHgaMmuaom




A

PeuenTtopbl cemenctBa 6enkoB Cys-netnu

B 1.2 3 +
GABA(A)R e (SRES IR Imusemamnamsmmret <G
glyR o T 2 Iy (0 e e SRR 2 )
AChR I () [ reess—— )
' b
5-HT3R = < I e
t t +




bk RS Y

AGWMW - TREEay T, yAee
SR 1 Rk SR - - R
RURGIEL 0% SR WS -




Moaynsauma TOKoB Yyepe3 rMUuMHOBbIe peuenTopbl (pepMeHTaTUBHO
M30MMpPOBaHHbIX NMpamuaanbHbiX CA3 HEMPOHOB rMNMNoOKamMna 3HAOreHHbIMU
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UHrnbupoBaHune kaHHabnHongamm GlyR-onocpengoBaHHOM
anunenTMOpPMHOU aKTUBHOCTHU
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BnusaHuve kaHHabunHonpoB Ha GABA R, akcnpeccupoBaHHbIe B
knetkax HEK293 (outside-out)
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[ososaBucnmblin adhdekT KaHHabnHoMaoB (MeTon)




[Jo3o3aBucumbin acpcgekt aHaHgammga Ha amnnntyay FAMK TokoB

GABA 1.21
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IC.,=880+210 nM

[na CB1 peuentopos EC;;,=1400+300 nM



[Jo3o3aBucumbin achceKkT aHaHgamMmmaa Ha AecCeHCUTn3auuro
n peaktuBauuro F'AMK TokoB
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CB,R GABA,R
Drug K; in Rat E, s ECy, |IC50
nM % Stimulation pM

2-AG 470 + 55¢ 40 + 8 2.8 +0.9
A°-THC 41° 40 = 8 0.081 = 0.034
Cannabinol 308¢
HU-210 0.73° 110 = 10 0.0029 = 0.0014
CP55940 0.58° 120 = 6 0.0061 = 0.0015 2 uM
CP55244 0.11° 120 £ 5 0.0001Z = 0.00011 '
Anandamide 89 + 10 91+ 4 1.4+ 0.3 0.9 uM
0-610 137 + 13¢ 45+ 9 0.44 + 0.20 '
0-680 53 + 15¢ 92 £ 5 0.35 = 0.27
0-687 47 + 3¢ 74 + 6 0.17 = 0.17
0-689 5.7 + 129 94 = 3 0.0072 = 0.0065
WIN55212-2 24° 110 + 9 0.17 + 0.08 10 uM
JWH-030 87 + 3° 50 =1 0.30 = 0.05
JWH-031 399 + 109° 61+ 1 0.92 = 0.10
JWH-032 > 10,000°
JWH-036 309 + 11° 33 +6 3.3 = 2.2
JWH-044 > 10,000°
JWH-045 > 10,000
JWH-073 8.9 + 1.8° 59 + 7 0.034 = 0.018

“ Mechoulam et al., 1995.

® Wiley et al., 1998.

;Grifﬁn et al., 1998.

Adams et al,, 1995. \WIN-3 inactive active
SR141716A antagonist similar as

CB,R agonist



Moaynsauua kaHHabuHongamum cuHantTnyecknx FAMK TokoB B cmHancax PV
WHTePHEMPOHOB Ha NMpamMuaanbHble HEUPOHbI B cnoe L2/3 HeokopTeKkca




Moaynsauua cuHantnyeckux FAMK TokoB B cMHancax PV UHTepHEeMpPOHOB Ha
nupamMmumaanbHblie HeEMPOHLI B crnoe L2/3 HeoKopTekca kKaHHabuHongamu (CP)
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Moaynauua cuHantndyeckux F’AMK TokoB B cuHancax PV UHTepHENPOHOB Ha
nupamuaanbHblie HEMPOHbLI B cnoe L2/3 HeokopTekca aHAOKaHHaOMHonaamu
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Moaynsauma noCcTCUMHaNTUYEeCKUX peLenTopoB YyBCTBUTENbHA K MOAYNALUN
CUHTe3a / perpagaumm KaHHabMHonooB
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URB 597: GnoknpyeT gerpagauuto SHAoKaHHabuHomnaoB



YcuneHue cuHantuyeckon ounbTpaumsa TOPpMO3HOIo
BX0o4a 3HAOKaHHabuHomnagamm
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OTtcytcTBMe Mmoaynsauum aHaokaHHabnHonpamum cuHantnyeckmx FAMK TokoB B
cnHancax CCK nHtepHeMpoHOB Ha nupamMmuganbHblie HEUPOHbI B rMnnoKkammne
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Pa3o0weHne KaHHabMHOMgaAMMN TOPMO3HOI0 KOHTPOSSi OCHOBHbIX
HEMPOHOB UHTEPHEMPOHAMU B JIOKarbHbIX HEMPOHHbLIX ceTen

Control (SR) 50ms

AMMLUMLL

100 ms
FS I o re e rroeror

Fi 'IHi h “H‘”ll! CP (+SR)




Takmum o6pa3om, KaHHabHonAabl BNUAKOT Ha 06paboTKy nHpopmauumn

information

information



KaHHabuHounabl Bbi3biBakoT noteHumauuro N'AMK TokoB,
MHAYLUPOBaAHHbLIX HU3KON KOHUeHTpauuen FTAMK

Control 2-AG (200 nM)  2-AG (1 pM) Washout
GABA {1 UM} GABA (1 i) GASA (1 pM) GABA (1 uM)
%
S
7 o
/ // 2 8ec
ABA (1 pM)

loama (NOTM)

control 200 nM 2-AG 1mkM



KaHHabuHonAab! BbI3bIBalOT NOTEHUMALUIO IKCTPACUHANTUYECKUX
(ToHn4yeckunx) FAMK TokoB
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CB1R He3aBucumoe npoTuBO3INUNEenTU4YeCKme aemcteme KaHHabmHonaos

NHrmbmnpoBaHmne pasoBoro YBenuyeHune toHn4deckoro toka F'AMK
otBeTta FAMK npepbiBaet runep YMEHbLUAET Nopor BO36yanmMocTu
CUHXPOHM3aLUIO

Control (SR) 50ms

Y A B YBenu4yeHune geceHcutusaumm FrAMK
peLenTopoB NPUBOAUT K
CUHaNTUYeCKOW onnbsTpauLnm
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CB1R He3aBucumoe NnpoTuBoO3NUNenTU4YecKue AecTBue
KaHHaOuHOMAOoB N Vitro

PTX 16mkM, Mg 2+ 0
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CB1R He3aBuUcumMoOe npoTnBO3INUIIenTUM4YeCKmMe oeucTeme
KaHHabMHoOMAOB in Vivo

MORTALITY 88% (7 out of 8)%
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