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Cannabis sativa

A® -Tetrahydrocannabinol

Gaoni & Mechoulam, 1964



CANABINOIDES

Efeitos Psicoativos X Efeitos Terapéuticos

v Abuso

v Tolerancia

v' Dependéncia

v Toxicidade

v Prejuizos cognitivos
v Prejuizos motores

v" Antiemético

v" Analgeésico

v" Anticonvulsivante

v Antipressor intraocular
v' Estimulante do apetite
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SISTEMA CANABINOIDE

Receptores
- CB1

Matsuda et al., 1990
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SISTEMA CANABINOIDE
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CONTROLE DO BALANGCO
ENERGETICO



SISTEMA CANABINOIDE e
BALANCO ENERGETICO

CENTRAL X PERIFERICO

A9-THC = OREXIGENICO

- Hiperfagia atenuada por SR141716 (ratos)
Willians et al., 1998

 Camundongos CB1-- - Consumo reduzido de alimento

|

Uso do antagonista do CB1 para o tratamento da OBESIDADE.

apos privacao.

EFEITO METABOLICO ?



RECEPTOR CB1

* Tiredide (embriao e adulto)
Buckley et al., 1998

« Adipocitos
Cota et al., 2003; Bensaid et al., 2003; Engeli et al., 2005

 Musculo
Liu et al., 2005

 Figado

Osei-Hyiaman et al., 2005

 Pancreas
Juan-Pico et al., 2006; Bermudez-Silva et al., 2007; 2008

» Orgiaos reprodutivos
Pagotto et al., 2006

 Aferentes vagais (gastrointestinal)
Burdyga et al., 2003



Site of action

Effect of CB; activation

Effects of a HFD

Potential consequences

Epididymal
adipose
tissue

Subcutaneous
adipose
tissue

Pancreas

Liver

Skeletal muscle

Heart

Kidneys

# Lipogenesis (LDL,
FAS)

A PPAR-yexpression
A Glucose uptake

W AMPK activity

W Adiponectin

See above

A Insulin release?

A Fatty acid synthesis
W AMPK activity

W AMPK activity?
W Glucose uptake?
W Glucose oxidation?

W Glomerular filtration

h 2-AG
Sustained

W 2.AG, AEA
Sustained

B 2-AG, AEA
Early and
sustained

M AEA
A CB,
Early

A 2-AG Early
t CB,

M 2-AG, AEA
Early and
sustained

A 2-AG, AEA
Late and
sustained

A Energy storage

A Dyslipidaemia

A Insulin resistance
A Excessive visceral
fat

W Subcutaneous fat

A Visceral and ectopic
fat

A Hyperinsulinaemia?

A Dyslipidaemia
A Dyslipoproteinaemia
A Steatosis

A Insulin resistance?
W Energy expenditure

A Pericardial fat?
A Cardiovascular
risk?

A Hypertrophy?
A Perirenal fat?
A Renal failure
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Efeitos do antagonista do CB1 em
orgaos envolvidos no controle do metabolismo

Hypothalamus Nucleus accumbens
Decrease in motivation for palatable food

Anorexigenic effect,
modulation of hormones release

1 Gastrointestinal tract
P ASSVARN Stimulation of anorectic signals
Muscles (O RISIS) ] engaging CB1 in sensory terminals

Increase in glucose uptake

/\ 1

Mechanisms of action of
CB1 receptor antagonists

Block de novo lipogenesis Inhibition of lipogenic enzymes
Inhibit steatosis Generation of futile cycles
Stimulation of GLUT4
Remodeling of cytoskeleton

Pagotto et al., 2006



Central

CB-1 receptor blockade
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™ 1: Mol Pharmacol. 2008 Sep 18, [Epub ahead of print] Related Articles, Links

E=|Full Text [543
% | Mol Pharmacol

The cannabinoid CB1 receptor antagonist Rimonabant stimulates 2-deoxyglucose uptake in skeletal
muscle cells by regulating phosphatidylinositol-3-kinase activity.

Esposito I, Proto MC', Gazzerro P, Laezza C, Miele C, Alberabello AT, D'Esposite V, Becumot F, Formmsano P, BEifulco ML

DEPCM & IEOS, CHE, Universita di Mapoh "Federico I

The endocannabinod system regulates food mtake, energy and glucose metabolism at both central and penpheral level We have
ivestigated the mechanism by which it may control ghicose uptake i skeletal muscle cells. Detectable levels of the cannabitiod
receptor type 1 (CE1) were revealed in L6 cells. Exposure of differentiated Lé myotubes to the CB1 antagomst Eimonabant
(SE141716) selectively increased 2-deoxyglucose uptake (2-DG3) 10 a tine- and dose-dependent manner. A similar effect was mduced
by genetic silencing of CB1 by stBIA . Protein expression profiling revealed that both the regulatory ped and the catalytic p110
subunits of the phosphatidylinesitol-3-kinase (PISK) were increased by SE141716. Mo significant change m the cellular content of
other known molecules regulating PISE was observed. However, PDE-1, AktPEER and PE Czeta actraties were rapidly induced
tollowing SE141716 treatment of Lé cells in a PISE -dependent manner. The stimulatory effect of SE141716 on PISE expression and
activity was largely prevented by H-89, an intubator of the c ANP -dependent protem-kinase. Moreover, SE141716-stimulated 2-DG
uptake was blunted by the co-incubation etther with H-89 or with the PISE mbubitor LY 294002, both i Lé cells and in mouse primary
myocytes. Thus, modulation of CE1 regulates glucose uptake at the lewvel of the PISKE signalling system in skeletal muscle cells.
Interfering with CE1 signalling may therefore amelorate gluco-regulatory functions i penpheral tissues.

PIID: 188015918 [Publded - as suppled by publisher]
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ESTUDO IN VIVO
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ESTUDO IN VITRO
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CONCLUSOES

1. O inibidor do receptor CB1 AM251 induziu intolerancia a glicose in vivo e

diminuiu a resposta periférica a insulina agudamente.

2. Este efeito parece ser resultado da diminuicao da sinalizacao da insulina

(PAKT, Py IR e Py _IRS) em musculo (in vivo e in vitro).

3. Além disso, este parece ser um efeito dose-dependente e possivelmente

especie-dependente.
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RETICULO ENDOPLASMATICO (RE): Sintese, dobramento, montagem, formacéo
de pontes de dissulfeto e glicosilacao de proteinas.

O RE ¢ altamente sensivel a alteracoes que perturbem os niveis energéticos
celulares, o estado redox e as concentracdes de calcio.

\

l CAPACIDADE DE PROCESSAMENTO DE PROTEINAS

\

ACUMULO E AGREGACAOQO de UNFOLDED PROTEINS
Toxico para célula (isquemia, doencas neurodegenerativas e diabetes)

\

ESTRESSE DE RETICULO

\

ESTRATEGIAS DE PROTECAO PARA COMBATER OS EFEITOS DELETERIOS

\

UNFOLDED PROTEIN RESPONSE (UPR)



UNFOLDED PROTEIN RESPONSE (UPR)

RESPOSTA ADAPTATIVA IMEDIATA:
« Atenuacao da taxa de traducao
« Aumento da expressao de chaperonas e foldases residentes no RE

« Ativacao de um sistema de degradacgao associado ao RE (ERAD)

ALARME:

« Ativacao de NFKkB: induz a expressao de genes mediadores da resposta de defesa

SUICIDIO CELULAR:

« Tipicamente APOPTOSE a fim de descartar as células com disfuncéo irreversivel



# » Genes for amino acid
transport and synthesis
= Stress response
* Redox reactions
* CHOP

= Chaperones

* XBP1
+CHOP

» - Chaperones
= Geres far
protein degradation
« PR




THERE ARE PHYSIOLOGIC
PERTUBATIONS OF HOMEOSTASIS THAT
CAN TRIGGER ENDOCANNABINOIDS
PRODUCTION, WHICH, TOGETHER WITH
OTHER HOMEOSTATIC SIGNALLING
SYSTEMS, HELPS CELLS RETURN TO
THEIR STEADY STATE.

Di Marzo V (2008) Diabetologia.
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O ANTAGONISTA CANABINOIDE
AM251 PROTEGE A CELULA BETA
PANCREATICA DO ESTRESSE DE

RE INDUZIDO POR GLICOSE.
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MRNAs de receptores CB1 e CB2 sao expressos em llhotas
Pancreaticas e células RINm5F e MING.

CB1 CB2 CB1 CB2 CB1 CB2

ILHOTA RINm5F MING
PANCREATICA
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Figura 2 — Cultura de célula RINm5F em
meio com BSA 0,1%. G30 induziu um
aumento na expressao de ATF4 (A) e
CHOP (B) (respectivamente 20+0.8%,
6211,3%) e splicing do XBP-1 (C) (93+1%).
O tratamento combinado das células com
G30 e AM251 preveniu estas alteracoes.

a: P<0.001 vs G11; b: P<0.001 vs G30



ATF6/RPL37a

BIP/RPL37a

2.0

1.54

PERK/RPL37a

Figura 3 — A expressao de ATF6 (A) e BIP
(B) foi aumentada na presenca de G30
(85+£0.9% e 112+0.9%, respectivamente) e
AM251 (76£0,6% e 91+0.7%,
respectivamente) mas n&o houve aumento
adicional na presenca de ambos G30 e
AM251. A expressao da PERK n&o foi
alterada por qualquer tratamento.

(A) a: P<0.001 vs G11.

(B) a: P<0.05 vs G11; b: P<0.01 vs G11.
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Figura 4 — (A) Glicose 30 mM (G30) ou G30 e AM251 ndo modularam a fragmentagcdo de DNA em
células RINm5F cultivadas durante 24h em meio contendo FBS 10% ou em meio contendo BSA 0,1% (B)
Quando as células foram cultivadas durante 48h, G30 diminuiu a % de células com DNA fragmentado.
Porém, apés cultivo em meio contendo FBS 10%, G30 aumentou a fragmentacao de DNA. A presenga
do AM251 reverteu parcialmente ambos os efeitos.



1.

CONCLUSOES

O antagonista CB1 tém um papel importante na regulacdo da sobrevivéncia da
célula B pancreatica. Quando as células sao cultivadas em meio privado de
soro o AM251 reverte o efeito protetor da glicose. Entretanto, em situacdes
fisiologicas (presenca de FBS) o antagonista CB1 protege a célula B da

apoptose induzida por alta concentragao de glicose.

O aumento na expressao de proteinas da via da UPR (ATF4 e CHOP) e o
aumento no splincing do XBP1 pode ser o mecanismo pelo qual alta glicose

protege da apoptose as células privadas de soro.



Com Acomplia® Sem Acomplia®
(Rimonabant) (Rimonabant)
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