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Mb! ceroaHa o6cyamum

» [1oKka3aTenbCcTBa CyLLEecTBOBaHUA
3HAOKAaHHAOUHONAOHOWU CUCTEMDI

» Tunbl KAHHAOUMHOUAHbIX PELENTOPOB

» PacnpepeneHne KaHHabuHounaos B LUHC

» KaHHabunHomnabl U SHAOKaHHabMHOU b

» CUHTe3 1 gerpagauma sHAOKaHHabMHoOMA0B

» [loKa3aTe/IbcTBa PeTporpagHoro AemcTaums
3HAOKAHHabuHomnaoB

» CoBpeMeHHble npeacTtaBieHnUs 0 MexaHu3me
nencresmna KaHHabmHonaos B LUHC
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Marijuana (Cannabis sativa) has been
s used for thousands of years. Its many

%\ (¢ powerful effects on the brain and human

body, including:

* boneBas HYyBCTBUTEJIBHOCTb

* HapyLlueHHada koopauHaums

* Tpemop

* CHMXXeHue TemMnepaTypbl Tena
* [loBbILLUEHHBLIN AanNNeTUT

* AI3ameHeHHOe BoCnpuaTue,

* YXyaLweHne namMmaTu

* JUhopun
> 5 000 years



Tunbl peakuuun, Korga obcyKaatoT
3P PeKTbl KaHHaAbMCca (MapuxyaHbl)

e HeobbeKTMBHO H6/21arocKN10HHOE OTHOLWeHue
* HeobbeKTUBHO OTPMLLATENbHOE OTHOLLUEHUE

* nay4Hble AadHHblE



Punbm

Bpea MapuxyaHsl(youcure.me/ru



MeaguumnHcKkoe npumeHeHne KaHHabuHomnaoB
* [lpoTtns 60nu:

— coeAMHUTENbHbIE TKaHWU
— CUCTEeMHAas KpacHaa BO/IYAHKa
— HeBponaTuyeckne 6o0au
* PacceaHHbIN CKNepo3, CNAaCTUYHOCTb
* CHATMe TpeBOrn, aenpeccmu
* [locTpaBmaTU4eCKUU CTpecc
* [poTnB BCENAOLMX CTPAX BOCMOMUHAHUI
* JledueHUe aCcTMbl
* aNNEepPrnyeckoro KOHTAKTHOro AepmaTuTa

* y/Iy4YlWIEeHMe anneTuTa, COCTOAHME N BKYCOBbIX
owyLeHNN y 6oNbHbIX pakom

* AeTCKadA annnencua



[locneancTBmnAa cUCTeMaTUYECKOro
KypeHunAa mapuxyaHbl 1 ee noABUAOB:
* HapylleHue KoopanHaUunum ABUKEHNN

° yBe/IMYeHne BpemMeHmn peakumnm
* CHnxXeHne noaABNKHOCTU Na3HbIX A6N0K

* NMageHue oCTPOTbl 3pEeHUA N HapyLleHune
LLBETOBOCMPUATUSA

* BO3MOXHa AereHepaumna cetT4aTtkn um
3PUTENIbHbIX HEPBOB

* CceKkcyasibHaA 'HEKOMMNETEeHTHOCTb"
* CTEHOKapAuA U aputmma cepaua.



[lochencTtBnA ANUTENBHOIO
ynotpebneHns KaHHabmHonaosB

yTpaTa COLUMANbHbIX CBA3EN

HEYKJIOHHOE CHUXEHME IHEePreTUYeCcKnx pecypcos
NcUXMYecKkoe n PuUsnyeckoe UCToLeHue
HapacTaoLwWwasa AMHAMMKA BANOCTU

NpPoOsABNEHNE NCUXO30B B 3aTAKHOUN POPME,
HapyweHus B paboTe sHAOKPMHHOM CUCTEMDI:

— CHUXeHune noaoBoro saevyeHUA

— yTpPaTa CMOCOOHOCTM UCNbITbIBATD vAosJsieTBopeHUNE OT
MNOJZTIOBbIX dKTOB

— ocnabneHme GyHKLUMU NONOBbLIX Kenes.



[locheancTBmnAa ANNTENbHOIO
ynotpebneHnAa KaHHabnHonaoB

* TOKCUMKO-AucTpodpumyeckan sHuedanonatmsa c
COCYAUCTbIMU HapYLLUEHNAMM:

— CcoCcyauCTble HapyLleHus

— CMOPLLMBAHNE HEPBHbIX KNETOK — AUCTpodUA C
HapyLEeHMEeM CTPYKTYPbl KNETOUYHbIX A4ep



HenpoaHaToMnyeckme nameHeHms
MO3ra y noTpebnsarowmx KaHHabmnHon bl

* BospacTt: 16 - 60 ner
* Hayano kypeHua: 15-17 nert
* YnoTtpebneHwue: 2 -23 roaa

Persistent neuroanatomic alterations
typically seen in regular cannabis users.

Lorenzetti et al., 2015



[lpeKpalleHune nocae gNnTeNbHOro
MCNON1Ib30BAaHNA Bbl3blBaeT:

lNoBeaeHMe HaBA3YMBOro NOUCKA HAPKOTUKOB

CvMmnTOMbI OTMEHDI:

PA3PAKUTENBHOCTb
rHEB UK arpeccuto,

HepBO3HOCTb, 6ECNOKOMCTBO, NOAAB/IEHHOE HACTPOEHME,
CHUXEHWE anneTUTa,

noTeps Beca,

HapyLleHMA cHa (beccoHHMLA, TPEBOXKHbIE CHbI),

O3HOD,

60/b B }KMBOTE,

* ANCKOMQOPT,

noTtoBblaeneHne

[oTepto CaMOKOHTPONA
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Gaoni Y. & Mechoulam

Cannabis sativa
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A9-Tetrahydrocannabinol

-

Raphael Mechoulam

Numerous related compounds have been
synthesized or isolated, and together they form a
class of drugs called the CANNABINOIDS.



Cannabis

Natural cannabinoids A
Ke=TpnpoaHble kKaHHabuHonapI § ik

CBD

Cannabigerol

Cannabinol Cannabichromene



IdPeKTbl MaPUXYaHbI
THC:

— Kano,

— COH/INUBOCTb,

— rOJIOBOKpPYXKEHMUE,

— NU3MEHEHMNE BOCMPUATUA

KaHabugon (cannabidol):
— KOHUEHTpauusa BHUMMAHUA

— TBOPYECKMe cnocobHoCTH

NPMBA3aHHOCTb K MapUXyaHe MOXEeT CTaTb
MPUYMNHOM CEKCYaNlbHOMN KHEKOMMETEHTHOCTU Y.

PacteHus, ansa nosbiweHusa THC - ckaHK (Ao 20%
THC n meHbwe CB/A1



JleKapcTBeHHble 3PP eKThbl

e obneryenHus CMHAOPOMa TOWHOTbI U PBOTDI
* yBe/sindeHme arnneTmnTa

* yBeJIMYUBAETCA allneTmnTt



Synthetic agonists and antagonists

Natural agonist Agonist

NH

CI

WIN-55212-2 SR141716



Y10 AS-THC nenaet B mo3re?

Allyn Howlett A9-Tetrahydrocannabinol Raphael Mechoulam

1964 — Mewvynem - sbiaenenmne A9-THC

1988 — XaBneTT - KIOHMPOBaHME HOBOrO Kjacca
peuentopos,KoTopble akTusupyet A9-THC



Endocannabinold system in
biological organisms:
Viain EVIGences

Specific receptors for cannabinoids (CBRs)

Endogenous cannabinoids (ECs)
Specific distribution of CBRs In the brain

Formation and degradation of ECs in neurons




Short history of cannabinoid system

1964 - discovery of A9-Tetrahydrocannabinol (A9-THC)
the major psychoactive ingredient of Cannabis sativa
Gaoni Y. & Mechoulam

1988 & 90 - identification & cloning of the first (CB,)
receptor (rat) Devane, Howlett et al., 1988; Matsuda et al., 1990

1993- cloning of the second cannabinoid receptor (CB,)
Munro et al.



Two-dimensional structure of the human CB, receptor

Extracellular side

NH,

Gai3 & Gao

~
Gail & Gai2

« /-transmembrane domains proteins

Pertussis toxin sensitive

Binding with Gai subunits
« Cloned from rat, mouse, human, zebrafish...



CB1 & CB2 cannabinoid receptors

Rhodopsin Overlaid With WT CB,
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- CB1 & CB2: 7TM G-protein coupled receptors

- CB1 & CB2: a low (45%) overall homology

« CB1: 472 aminoacids, highly expressed in the CNS
 CB2 360 aminoacids, mainly expressed in cells of the

Immune system.

« CB1: - adenylite cyclase inhibition;
- N/Q- Ca?* channels inhibition;
- K* conductance stimulation



HeKoTopble TUMbl MOHHbIX KAHA/I0B
aKTMBmpyembix G-benkamm

CaV kaHanbl (+) KV kaHanbl (+) KV7 kaHanbl (+)
NaV 1.7 kaHanbl CaV1 kaHanb! (-) KCNC kaHanb! (+)
CaV 2 kaHanbl (-)

IR K kaHanbl
P/Q Ca kaHanbl
Ca kaHanbl N
TUna

MuweHu



Ob6uaa cxema nepenavmn curHana G-b6enok
COMPAXEeHHbIMU peLenTopamm

A9-THC HapyxHaanuacte A9-THC
T 2-AG 2-AG
AHaHpgamup L) AHaHpamup

T /AKTMBUPOB.

sdxpexop
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FeTepo-TpUmMepHbIN u;nTonhasma i ot ’
G-6enoK @ MECCEHIKED
* O,— MHrMBMpPOBaHKMe aKTMBHOCTM ALL (”‘;""’)

* MHrMbmposaHme cnHTesa LAMO MpoTent

« NedochopunnpoBaHue @ KuHasa A

* YmeHbuweHune Bxoaa Ca2+ ALL — AneHunaTumMknasa
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Endocannabinoid system in
cal organisms:
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- Endogenous cannabinoids




Short history of cannabinoid system

ASHHE)

Gaoni Y. & Mechoulam

Devane Howlett et al., 1988; Matsuda et al., 1990

Munro et al.

Devane, Hanus & co-authors

Mechoulam et al.; Sugiura et al.




Major Endocannabinoids
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Anandamide Lumir Ondrej Hanus  Raphael Mechoulam

Anandamide 9-tetrahydrocannabinol
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2-Arachidonoylglycerol (2-AG)



Exo- and Endo- cannabinoids
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A9-Tetrahydrocannabinol
2-Arachidonoylglycerol (2-AG)



Endocannabinoid system in
Diological organisms:
Main Evidences

« Specific distribution of receptors in the brain




Antibodies for CB1 receptor

g"'—Antibody against N-terminal

Extracellular

Intracellular

"&4’/”5 ¥~ Antibody against C-terminal

Ken Mackie, Univ.Washington, Seattle



Distribution of CB1 receptors in
the brain

Tmm

Kano et al.2009



CBI1 receptors are located presynaptically on axon terminals

From Katona et al (1999)
J Neurosci 19:4544-58




Muscarinic
receptor

basket cell

L Voltage-dependent
Ca?*channel

2-AG

and/or

ANA basket cell

Glutamétergic



Endocannabinold system in
biologicall organisms.
Viain evidenc

Formation and degradation of ECs in neurons




Main pathways of EC synthesis and degradation

dochaTununatTaHonamuH PochaTUNUNNHOSUTOJ
! ! N-acyl transferase @ Phospholipase C (PLC)
N-arachidonoyl phosphatidylethanolamine Diacylglycerol (DAG)
@ Phospholipase D @ Diacylglycerol lipase (DAGL)
Anandamide 2-arachidonoylglycerol
(2-AG)
0 OH
coy oo
Fatty acid amide hydrolase Monoacylglycerol lipase
(FAAH) (MGL)

Ethanolamine Arachidonic acid Glycerol



CTpyKTYypa OCPONHO3IUTNAOB

CH2-CP2- NH2
JTaHONNaMUH

o
1 3 )
He———CH—CH
|
o o
|
=0 Cet mmmmmnn b ! ceececnn
; i . non-polar
Raxs -
M,C\ ‘C‘v\
CH, <
C/ - 0 < f
Y '\CH 3“\(’ 1
F/ - -\/ \
K e,
CH, o,
Vs 7
KT ne
o ;
/LH_. HC
Lt N\
LN CH
o, o’
o T
\CN, ‘/v A
7 H.C S
. N\
LN /CH,
A e b
e Sew
A

M
polar \\ _/»-',

“

]

i
g

=5

docaTununatTaHonamumH

CH2-CP2- N(CH2)3
XOJIUH

Hydrophilic head

Hydrophobic tails

(a) Structural formula (b) Space-filling model

dochaTUnnnxonuH



@6pasoBaHne 2-AG
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Hydrolysis of anantamide by fatty
acid amine hydrolase (FAAH)
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Anandamide Arachidonic acid Ethanolamine

FAAH knockout mice - 15-fold higher levels of brain anandamide

Fatty acid amine hydrolase (FAAH) in hydrolyzing anandamide was first reported
in 1993 by Deutsch and Chin



Degradatjon of anantamide in neurons
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FAAH - fatty acid amide hydrolase MGL - monoglyceride lipase



Degradation of 2-AG in neurons
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Serine hydrolase: monoacilglycerol lipase (MGL)



Endocannabinold system in
biological organisms:
Viain Evidences

» Specific receptors for cannabinoids (CBRs)

Endogenous cannabinoids (ECs)

Specific distribution of CBRs In the brain

Formation and degradation of ECs in neurons

1964-2014: 50 years



Ha namaTthb

ManeKkonuTtatowme nmeroT ABa TMNA KaHHa6MHOM,£I,HbIX peuenTopos: CB1 un
CB2.

CB1 — aKcnpeccmpytoTca B HEMpPOHaX, KIoHMPoBaHbl (Matsuda et al. 1990).
CB2R peuenTopbl 3KCNPECCUPYIOTCA B KNETKAX MMYHHOM cuctembl (Munro et
al. 1993, ). O6a peuenTopa cBA3aHbI ¢ G, benkamu.

CB1R oaHu U3 Hambonee BbICOKO aKcnpeccupyemblx G 6eoK CBA3HaHHbIX

peuentopoB B LHC, oTtBeTcTBEHHbl 33 OO0/bLIMHCTBO MNCUXOAKTUBHDIX
3¢ PeKToB KaHHAbMHOMOOB.

Bbicokas akcnipeccua CB1 peuentopoB B 6a3asibHbIX KaHIIUAX, MO3MKEUKeE,
rTMNNOKaMne, CPeaHuM YPOBEHb 3KCMPEeccMn B KOpe rON0BHOrO MO3ra,
O0OOHATENIbHOM TIYKOBULIE, MMHAA/IMHE U HECKONIbKUX AApax CTBOA MO3ra.

AQHAOKaHHAOUHOUALI PerynupyoT MHorme usnonornyeckmne u
naTonorn4yeckne npoLecchl: MpuemM NULLIKM, UMMYHOMOAYNSALNIO,
BOCManuTenbHble NpoLecchl, 6omnb, pasBuTue onyxonen , aaauKkTMBHOE
noBsefeHvne, anunencuo u ap.



