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The endocannabinoid system: an overview   N Battista, M Di Tommaso, M Bari, 
M Maccarrone,  2012 Frontiers in Behavioral Neuroscience 6: 9:1–7
1. Endocannabinoids (eCbs) are fats
a. Lipid neuromodulators and hormones
i. Made from membrane phospholipids
b. Synthesized on demand
i. Stimulated by neural activity 
ii. From  postsynaptic cells
1) Retrograde messengers

c. 2 principal Bioactive molecules
i. AEA = Aracidonoylethanolamide = Anadamide
1) Synthesized from NAPE (N-arachidonoyl phosphatidylethanolamine)

a) Synthetic enzyme = NAPE-PLD (NAPE phospholipase D)
2) Catabolized by FAAH (fatty acid amide hydrolase)

3) Other synthetic and catabolic pathways exist

ii. 2-AG = 2-Arachidonoylglycerol
1) Synthesized from DAG (diacylglycerol)

a) Synthetic enzyme = DAGL (DAG lipase)

2) Catabolized by MAGL (monoacylglycerol lipase)

3) Other synthetic and catabolic pathways exist

iii. Many less active forms

1) NADA, nolandin ether, virodhamine, HEA, DEA, PEA, OEA

iv. eCb system provides receptors and circuitry that  are triggered by phytocannabinoids
v. Δ9-THC = Δ9-tetrahydrocannabinol is the 1° effector of eCb systems

vi. Other phytocannibinoid factors include: cannabinol (Cbn), cannabidiol (Cbd), cannabigerol (Cbg)

2. Mechanism of Action for AEA + 2-AG come from 5 receptor types
a. 2 Classic Receptors: Cb1 & Cb2
b. The 1° receptor in neural systems is Cb1
i. High density, wide distribution in the CNS

1) Most behavioral neuroscience research is on Cb1 effects
ii. Presynaptic on GABA and Glu neurons

1) Activated by retrograde signaling

iii. Binds AEA, 2-AG, and Δ9-THC
1) Cb1 binding →↑ Gi/o →↓ AC/cAMP/PKA →↑ K+ channels, ↓Ca++ channels
2) Cb1 binding →↑ MAPK →↑ ERK , ↑p38
iv. Inhibits Glu and GABA release

c. Cb2 receptor is found in high density peripherally
i. Low density in CNS – primarily on microglia
ii. Rare pre & postsynaptic neuronal receptor

1) But, is highly inducible (→↑100X Cb2)
a) By trauma, injury
b) Anxiety
2) Activated by both anterograde and retrograde signaling

a) Cb2 receptors  have 28% (just extracellular domains), 68% (just transmembrane domains), 44% (all domains) homology to Cb1 receptors
iii. Binds 2-AG, AEA, and Δ9-THC
1) Cb1 binding →↑ Gi/o →↓ AC/cAMP/PKA →↑ K+ channels, ↓Ca++ channels
2) Cb1 binding →↑ MAPK →↑ PI3K/Akt

3) Differential actions due to inducible functional selectivity

iv. Can inhibit Glu and GABA release

d. Cb3/GPR55 are widely expressed in the brain

i. Binds AEA, 2-AG, Δ9-THC, and CBD

ii. Cb3/GPR55  binding →↑ G13α → →↑[Ca++], ↑RhoA, Rac, Cdc42  (Ras GTPases) 
1) →↑ pERK
iii. Actin cytoskeleton remodeling
1) Lowers blood pressure?
e. TRPV1 = Transient Receptor Potential cation channel
i. Subfamily V member 1

ii. Binds 2-AG, AEA, and Δ9-THC
1) Also binds capsaicin (jalapeño, habanero),  allyl isothiocyanate (wasabi)
2) Channel also opened by acid and T° > 43°C (109°F)
3) TRPV1 binding →↑[Ca++]
4) TRPV1 binding →↑ Caspases, Cytochrome C release, mitochondrial uncoupling, Pro-apoptosis Kinases
iii. Produces a sensation of scalding heat and pain
1) Other actions create potential for therapeutics

f. PPARs = Peroxisome Proliferator-Activated Receptors
i. Nuclear Receptors

1) Found in nuclear membrane

a)  Released-transported to the DNA
2) Genomic actions

a) Act as Transcription Factors
b) Long lasting
c) Rapid non-genomic actions

d) →↑ Tyrosine Kinases 

e)  →↑ Adiponectin/Lipoprotein Lipase
ii. May have opposite effects of Cb1/2
3. Potential for therapeutic effects for eCb system action are many
a. Neuroprotection
b. Memory
c. Pain modulation
d. Appetite

e. Immune function

f. Fertility

g. Cardiovascular disease

h. cancer

4. eCb potential for Homeostasis & Buffering
a. AEA + 2-AG are Synthesized on Demand
i. In Discrete Brain Areas
ii. Depending on Nature and Intensity of Environmental Stimuli
b. Cb1 + Cb2 receptors are widely expressed
i. In Brain regions responding to Stressful Stimuli
1) May have opposite effects
2) Depending on Anatomical Location
c. Cb1 + Cb2 are expressed presynaptically
i.  Suppresses release of Glu + GABA
1)  Retrograde inhibition is Negative Feedback
ii.  Cb2 relevant for emotional responses
iii.  PPARs modulate aversive memory consolidation
iv.  TRPV1 mediate opposing emotional responses compared to CB1 
d. Densities of eCb molecular components
i.  Differ between synapse types (Glu or GABA)
e. eCbs can Inhibit Short-term Learning 
f. Enhance Long-term Learning
i. During Stressful Conditions
g. Modify the Effects of Stress Hormones
i. Stimulated/modified by stress hormones
h. Moderate Environmental Impacts 
i. on Emotional Memory
i. Attenuate Excessive Behavioral Responses
James Robertson – 11 September 2015
Chronic stress induces anxiety via an amygdalar intracellular cascade that impairs endocannabinoid signaling  Z Qin, X Zhou, NR Pandey, HA Vecchiarelli, CA Stewart, X Zhang, DC Lagace, JM Brunel, J-C Béïque, AFR Stewart, MN Hill, H-H Chen 2015 Neuron 85: 1319–1331
1. Phytocannabinoids act on cannabinoid receptors
a. Are used for anxiety relief

i. Medical prescription

ii. Self-medication

b. 2 principle Phytocannabinoids are Δ9-THC and CBD

i. CBD can reverse some of the psychogenic effects of THC

ii. CBD reverse the negative impact on short-term memory effects of THC

iii. CBD reduces THC-induced social isolation

iv. CBD produces antidepressant effects
v. CBD produces anxiolytic effects

c. Higher comorbidity of phytocannabinoid-dependence and anxiety and depression
i. And other psychological mood disorders
ii. Purpose of self-medication
d. Phytocannabinoid use gives some indication of the functional purpose of endocannabinoids
2. Endocannabinoids and Cb receptors are produced in limbic regions
a. Prefrontal cortex (PFC), amygdala (especially BLA), hippocampus, and nucleus accumbens (NAc)
i. Modulate synaptic integration and efficiency in stress neurocircuitry

1) Stress neurocircuitry is critically important for generation of anxiety and depression
b. eCbs affect emotional behavior
i. AEA is anxiolytic
ii. Cb1 stimulation has antidepressant effects
iii. AEA has “tonic” ameliorative effects during stress conditions

1) ↑AEA tone → ↓  stress reactivity
iv. 2-AG has “phasic” ameliorative effects during stress conditions
3. Cb1 antagonism (AM251) in BLA does not affect pain responsiveness per se
a. BLA Cb1 antagonism after fear conditioning → ↓analgesia (→↑ nociception  = pain; ↓FCA)

i. BLA Cb1 after fear conditioning → ↑analgesia (FCA)

b. BLA ↓Cb1 → ↓GABAA → ↑FCA (less pain)
i. GABAA antagonist = bicuculline
ii. GABAA → ↓ Cb1-induced FCA
c. BLA ↓Cb1 → ↓mGluR5 → ↑FCA (less pain) [image: image1.jpg]GLUTAMATE Q
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i. mGluR5 antagonist = MPEP

ii. Glu →↑ mGluR5 → ↑ 2-AG
iii. ↓mGluR5 → ↓2-AG → ↓Cb1-induced FCA

d. eCbs influence both GABA and Glu cells

4. ↓Cb1 in BLA→↑ anxiety … ↑BLA Cb1 →↓ anxiety
a. LMO4 knockout (KO) in BLA mouse has ↑ anxious behavior

i. LMO4KO →↓ 2-AG
ii. LMO4KO →↓ mGluR5 →↓ 2-AG →↑ anxious behavior
1) DHPG = mGluR agonist reverses the effect of LMO4KO
iii. LMO4KO →↑ PTP1B (protein-tyrosine phosphatase 1B) activity
1) ↑LMO4 → ↓PTP1B
iv. ↓PTP1B →↓ mGluR5
1) PTP1B is an enzyme that functions to desensitize receptor systems

a) e.g. Insulin Receptor, now also mGluR5
2) PTP1B inhibitor = Trodusquemine
3) or PTP1B shRNA

4) ↑LMO4 → ↓PTP1B→↑mGluR5 →↑ 2-AG
a) LMO4 (Lim only 4: LIM domain only 4 is a cysteine-rich, two LIM domain-containing protein – a transcription factor [TF]) → nuclear translocation →  → disinhibits PTP1B
5) PTP1B inhibition occurs via sequestration as inactive oxi-PTP1B form

5. ↑BLA LMO4 → ↓PTP1B →↑mGluR5 →↑ PLC →↑DAG →↑ 2-AG → ↓anxious behavior
a. LMO4 → ↓PTP1B →↑mGluR5 is an novel signaling mechanism in the BLA

6. Glucocorticoids → ↑LMO4 → nuclear translocation

a. ↑Stress or ↑ corticosterone (B) → ↑PTP1B activity

i. ↑Stress or ↑ B → ↓ oxi-PTP1B
7. ↑Stress → ↑ B → ↑GR in BLA → ↓cytosolic/membrane LMO4 (↑nuclear translocation) → →↑PTP1B activity →↓mGluR5 → ↓PLC →↓DAG →↓2-AG → ↑ anxious behavior
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Tim Hanna – 18 September 2015
Endocannabinoid signaling within the basolateral amygdala integrates multiple stress hormone effects on memory consolidation P Atsak, D Hauer, P Campolongo, G Schelling, RV Fornari, B Roozendaal 2015 Neuropsychopharmacology 40 : 1485-1494
1. The eCB Cb1 receptor is the most common G-protein coupled receptor in the brain

a. Dense CB1 receptor expression in Hippocampus, PFC, and Amygdala
i. eCbs in the amygdala facilitates fear learning and memory consolidation

1) eCbs also facilitate extinction learning of aversive memories
2) BLA implicated in fear learning and memory

a) BLA complex is an amalgam of lateral amygdala (LA), basal amygdala (BA), and accessory basal (AB)
2. In the BLA Cb1 receptors are (highly) expressed on GABA interneurons
a. BLA Cb1 receptors inhibit GABA neuron firing and GABA release

1) Presynaptic GABA neuron activation voltage-gated Ca++ channels (VGCC) →↑ Ca++
2)  ↑ Ca++ →↑ CaN (calcineurin)

3) AEA/2-AG → ↑Cb1 receptor → Gi/o →  ↓ AC/cAMP/PKA

4) ↑ CaN + ↓ PKA → dephosphorylation → iLTD

b. Are there on Cb1 receptors BLA pyramidal (Glu) neurons?

3. Intra-BLA injection of Cb1 receptor agonist just after fear training → ↑ fear memory
a. Post-training ↑Cb1 receptor → ↑ fear memory means → ↑ consolidation of fear learning
i. No effect on acquisition of fear learning

ii. WIN55, 212-2 = Cb1 receptor agonist

b. Post-training ↑Cb1 receptor in CeA → no ∆ in fear consolidation

c. Pre-fear expression ↑ Cb1 receptor → no ∆ in fear memory recall
4. Post-training injection of Cb1 receptor antagonist just after fear training → ↓ fear memory 
a. Post-training ↓Cb1 receptor → ↓ consolidation of fear learning

b. no ∆ in fear memory recall or → no ∆ in fear consolidation in CeA

5. Systemic injection of corticosterone (B) just after fear training → ↑ fear memory
a. Post-training ↑B → ↑ consolidation of fear learning

i. Corticosterone (B) is glucocorticosteroid – binds to glucocorticoid receptor (GR)
1) B has both stimulatory and inhibitory effects on learning and memory

a) Depends on concentration, duration of steroid presence, and brain region effected
b. Post-training ↑B + intra-BLA ↓Cb1 receptor → no ∆ in fear consolidation
6. Intra-BLA injection of GR agonist just after fear training → ↑ fear memory

a. Post-training intra-BLA ↑GR + ↓Cb1 receptor → no ∆ in fear consolidation
i. GR agonist = RU28362
7. Intra-BLA injection of membrane only GR agonist just after fear training → ↑ fear memory

a. Post-training intra-BLA ↑membraneGR + ↓Cb1 receptor → no ∆ in fear consolidation
b. Post-training intra-BLA ↑ Cb1 receptor + ↓ GR → ↑ in fear consolidation
c. membraneGR actions are upstream of CB1 action

8. Systemic B just after fear training → ↑ fear memory + ↑ pCREB + ↑ CamK2 in BLA

a. Post-training systemic B + Cb1 antagonist → no ∆ in pCREB + CamK2 in BLA
9. Glucocorticoid effects on fear learning consolidation are rapid non-genomic actions

a. Require membrane-bound GR receptors + ↑ pCREB + ↑ CamK2 in BLA
10. Glucocorticoid → ↑ fear consolidation are fast and mediated by eCbs-Cb1 receptors
11. Post-training intra-BLA Cb1 receptor agonist + norepinephrine (NE) β2 antagonist → no ∆ in fear consolidation
a. Post-training intra-BLA β2 receptor agonist → ↑ in fear consolidation
i. β2 receptor agonist = clenbuterol

b. Post-training intra-BLA β2 receptor agonist + GR antagonist → ↑ dose of β2 agonist necessary for fear consolidation
i. GR antagonist = RU38486

ii. Low dose Cb1 receptor agonist → blocks GR antagonist → ↑ dose of β2 agonist necessary for fear consolidation
c. Post-training intra-BLA β2 receptor agonist + Cb1 antagonist → ↑ dose of β2 agonist necessary for fear consolidation
d. memGR → ↑ Cb1 → ↑ fear consolidation is mediated by NE and β2 receptor
12. Post-training intra-BLA CRFBP antagonist → ↑ in fear consolidation
a. CRFBP antagonist = CRF6-33 thought to → ↑ free CRF
i. ↑ free CRF→ ↑ in fear consolidation
b. Post-training intra-BLA CRFBP antagonist + GR antagonist → no ∆ in fear consolidation
c. Post-training intra-BLA CRFBP antagonist + GR antagonist + Cb1 receptor agonist → ↑ in fear consolidation
13. memGR signaling → rapid ↑ AEA/2-AG mobilization → ↑ excitability of BLA pyramidal neurons → more sensitive to NE & CRF → Memory-enhancement of emotionally aversive learning
a. BLA memGR signaling → rapid ↑ AEA/2-AG mobilization →  ↑Cb1 → ↓GABA interneurons (iLTD) → + NE / CRF → ↑ excitability of BLA pyramidal neurons → enhanced memory consolidation[image: image3.jpg]pyramidal
neuron
Neuropsychopharmacology





Rajeshwari Solanki – 25 September 2015
Disruption of peri-adolescent endocannabinoid signaling modulates adult neuroendocrine and behavioral responses to stress in male rats TTY Lee, MN Hill, CJ Hillard,  BB Gorzalka 2015 Neuropharmacology 99: 89-97
1. Stress effects the endocannabinoid system bi-directionally
a. Stress rapidly reduces AEA levels in the brain

i. Stress rapidly → ↑ brain (such as BLA) CRF → ↑ CRF1 → ↑ FAAH → ↓ AEA
ii. ↓ AEA → ↓ Cb1 → ↑ BLA activity → ↑ CeA → ↑ PVN (see below) → ↑ HPA axis

iii. ↓ AEA → ↓ Cb1 → ↑ anxiety

iv. ↓ AEA → ↓ Cb1 → ↓ neurogenesis

v. ↓ AEA → ↓ Cb1 → ↓ fear extinction
vi. ↓ AEA → ↓ Cb1 → anhedonia

vii. ↓ AEA → ↓ Cb1 → ↑ memory consolidation

b. Stress more slowly increases 2-AG in the brain

i. Stress → ↑ PVN CRF → ↑ Pituary CRF1 → ↑ ACTH → ↑ adrenal cortex B/F (slower) → ↑ memGR → ↑ PLC/DAG → ↑ 2-AG
ii. ↑ B/F → ↑ memGR → ↑ 2-AG → ↑ Cb1 → ↓ PVN → ↓ HPA axis (termination of stress resp)
1) ↑ 2-AG mediates glucocorticoid negative feedback
iii. ↑ 2-AG mediates stress habituation
1)  2-AG tone may be the key to whether individuals are susceptible to exaggerated stress responsiveness

a)  2-AG tone may be the key to whether individuals are susceptible to anxiety or depression
iv. ↑ 2-AG mediates synaptic plasticity
v. ↑ 2-AG → ↓ pain

vi. ↑ 2-AG mediates → ↓ memory retrieval

2. Cb1 antagonist during adolescence leads to ↑ stress coping

a. Struggling in the forced swim test (FST) = ↑ stress coping

i. Cb1 antagonist = AM-251

b. Cb1 antagonist during adolescence leads to ↑ risk assessment

i. Risk assessment determined stretch attend behaviors, and by time spent in middle section of EPM

1) EPM = elevated plus maze
a) usually used as a test for anxiety
3. Cb1 antagonist during adolescence → ↓ [B] 10 days after restraint stress
a. adolescent Cb1 antagonist → no effect on [ACTH]

4. Peri-adolescent Cb1 antagonist → ↓ AEA in amygdala

a. adolescent Cb1 antagonist → ↑ AEA in hypothalamus

i. Cb1 antagonist during adolescence does not affect 2-AG
5. Peri-adolescent Cb1 antagonist → ↑ Cb1 expression in mPFC
a. Cb1 expression measured by maximal binding capacity (Bmax)

6. Early disruption of eCb system modifies stress hormones and coping and risk assessment in adults
a. Early disruption of the eCb system → eCb system functionality (AEA and Cb1)

b. Phytocannabinoid disruption during adolescence may affect adult stress and eCB systems

7. AEA catabolic enzyme FAAH inhibition  → ↓ anxiety
a. ↓ anxiety reversed  Cb1 antagonist 

i. Anxiety induced by foot shock in a context
1) Measured by Light-Dark box & Novelty-induced suppression of feeding
ii. FAAH inhibitor = PF3845
iii. CB1 antagonist = rimonabant =  SR141716
8. Stress (footshock) → ↓ AEA (whole brain)
a. FAAH inhibitor  → ↑ AEA (whole brain)
b. FAAH inhibitor  reverses stress-induced ↓ AEA
9. whole brain [AEA] is negatively correlated with anxiety
a. ↑ AEA is positively correlated with anxiolysis

b. FAAH inhibitor  → ↑ AEA not correlated with anxiety

i. Because all animals had elevated AEA
ii. FAAH inhibitor is a potential therapy for anxiety 

Wang Yanqing – 9 October 2015

Impaired endocannabinoid signalling in the rostral ventromedial medulla underpins genotype-dependent hyper-responsivity to noxious stimuli K Rea, WM Olango, BN Okine, MK Madasu, IC McGuire, K Coyle, B Harhen, M Roche, DP Finn 2014 Pain 155: 69–79
1. Reduced AEA and/or 2-AG tone → hyperalgesia (hyper = more; algesia = pain)
a. Pain is transmitted by the ascending nociceptive (pain) pathway

i. Nociceptor → spinal cord dorsal horn (layer  I-III) → parabrachial area → amygdala 
1) also parabrachial area → hypothalamus

2) Nociceptors
a) Thermal
i) extreme temperatures

b) Mechanical→ primarily myelinated Aδ fibers  → dorsal horn
i) intensive pressure to skin

c) Chemical

i) Noxious chemical substances

d) Polymodal → unmyelinated C fibers → dorsal horn
i) thermal, mechanical and chemical
ii. Spinal cord dorsal horn (layer  IV-VII) → thalamus → sensory cortex 
1) also parabrachial area → hypothalamus
b. and modulated by the descending nociceptive pathway

i. amygdala → PAG (periaqueductal gray) → RVM (rostroventral medulla) → sc dhorn

ii. also hypothalamus  → PAG → RVM → spinal cord dorsal horn
c. Depression → hyperalgesia

i. Depressive Phenotype → ↓ AEA in RVM in response to pain

1) depressed→ no ∆ in NAPE-PLD or DAGL∂ 
2) but less than normal individuals
a) no ∆ FAAH, MAGL, Cb1 mRNA, or CB1 protein
ii. Normal individuals  → ↑ 2-AG in RVM in response to pain
1) Pain → ↑ DAGL∂ (enzyme  → ↑ 2-AG)
a) Pain is induced by formalin injection into the paw
2) Pain → ↑ NAPE-PLD (enzyme  → ↑ AEA)
iii. Depressive Phenotype → systemic ↓ Cb1 → ↑ pain behavior

iv. Depressive Phenotype → systemic ↑ AEA → ↓ pain behavior
1) Depressive Phenotype → systemic ↑ FAAH → ↑ AEA → ↓ pain behavior
a) ↑ AEA → ↓ pain behavior → reversed by Cb1 antagonist in RVM
2. Depression induced hyperalgesia is kept in check by AEA → ↑ RVM Cb1 receptors
3. AEA decreases anxiety produced by chronic stress
a. ↑ AEA produced by inhibiting FAAH with URB597
i. Anxiety measured by the EPM and light-dark box

ii. ↑ AEA produced by inhibiting FAAH had no effect on depressive behavior
1) Stress = chronic unpredictable stress

a) Stress → ↑ mechanical and thermal hyperalgesia & ↓ pain threshold
2) Depressive behavior measured by forced swim test (FST)
b. No reduction of anxiety via  ↑ 2-AG by inhibiting MAGL with JZL184
c. No reduction of anxiety with a combination URB597 and JZL184

4. ↑ 2-AG by inhibiting MAGL in normal animals (unstressed) → ↑ anxiety 
a. ↑ 2-AG by inhibiting MAGL in unstressed animals → ↑ depressive behavior

5. Stress + inhibiting FAAH or inhibiting MAGL → ↓ pain behavior
6. Stress + ↑ AEA produced by inhibiting FAAH → ↓ pain threshold
7. Hyperalgesia induced by stress is kept in check by AEA → ↑ RVM Cb1 receptors
8. Endocannabinoids regulated the magnitude and threshold of enhanced pain 
Clarissa Staton – 13 November 2015
Task-specific enhancement of hippocampus-dependent learning in mice deficient in monoacylglycerol lipase, the major hydrolyzing enzyme of the endocannabinoid 2-arachidonoylglycerol  Y Kishimoto, B Cagniard, M Yamazaki, J Nakayama, K Sakimura, Y Kirino, M Kano 2015, Frontiers Behavioral Neuroscience 9: 134: 1–14
1. Endocannabinoid Cb1 stimulation in the BLA reduces fear learning consolidation
a. Cb1 in the BLA limits fear learning
b. Cb1 agonist = WIN 55,212-2
c. Cb1 antagonism in PrL mPFC reduces fear learning consolidation

i. PrL → ↑ BLA → ↑ fear, but ↓ extinction

1) IL → ↓ BLA → ↓ fear, but ↑ extinction

ii. Cb1 in the PrL mPFC is necessary for fear learning

iii. Cb1 antagonist = AM 251
d. Control/limitation of fear learning requires increasing the Glu output of the PrL mPFC and limiting the Glu output of the BLA 

2. Cb1 stimulation in the BLA reduces fear memory retrieval 
a. Cb1 stimulation in the PrL mPFC reduces fear memory retrieval
b. Cb1 in the BLA limits fear memory

3. ↑ 2-AG → ↑ exploratory behavior
a. Exploratory behavior  = rearing up, jumping, distance traveled

i. But no effect on walking, hanging, or eating

b.  [2-AG] enhanced by MAGL KO

4. ↑ 2-AG  has no effect on acquisition of spatial learning or eye-blink conditioning
a. But ↑ 2-AG  improves visuo-spatial learning

b. Spatial learning in Morris water maze; visuo-spatial learning in water finding test

5. ↑ 2-AG  enhances extinction learning of spatial memory
a. But ↑ 2-AG  has no effect on extinction of eye-blink conditioning

6. ↑ 2-AG  enhances acquisition of reversed spatial learning cues
7. ↑ 2-AG  enhances  novel object recognition memory
8. While phytocannabinoids endocannabinoids can impair learning and memory
a. For certain tasks 2-AG and Cb1 receptors can enhance learning and memory 

James Robertson – 6 November 2015
Role of CB2 receptors in social and aggressive behavior in male mice M Rodríguez-Arias, F Navarrete, MC Blanco-Gandia, MC Arenas, MA Aguilar, A Bartoll-Andrés, O Valverde, J Miñarro, J Manzanares 2015, Psychopharmacology 232: 3019–3031
1. Endocannabinoid receptor 2 (Cb2) is found in the brain
a. But primarily found in peripheral immune system

i. In the brain also mainly in immune cells = microglia
ii. But also in neurons 

b. Cb2 receptors are identified in pathological brains
2. Cb2 receptor polymorphism (Q63R) diminishes expression
a. Glutamine to arginine replacement at position 63

b. Cb2 (Q63R) found in populations with depression, alcoholism and schizophrenia

3. Overexpression of Cb2 receptors reduces anxious behavior
a. Cb2 receptors → ↓ general anxious behavior in elevated plus maze (EPM)

i. light dark box (LDB)
ii. open field (OF)
iii. antianxiety medication is not effective in  Cb2 overexpressing mice in EPM, LDB, OF
1) Alprazolam = xanax is a benzodiazepine
b. Overexpressing Cb2 receptors → blocks PVN ↑ CRF mRNA in response to restraint stress
i. Overexpression of Cb2 receptors → ↓ increase POMC in response to restraint stress
4. Deletion of Cb2 receptors (Cb2KO) induces behavioral symptoms of Schizophrenia
a.  Cannabis use is associated with the symptoms of Schizophrenia

b. Cb2KO → ↓ locomotion, strongly reversed by cocaine
i. Enhanced sensitivity to cocaine is characteristic of Schizophrenia

c. Cb2KO → ↑ anxious behavior in LDB and EPM
d. Cb2KO → ↑ depressive behavior in the tail suspension test = despair
e. Cb2KO → ↓ retention of emotional memory 
i. Cb2KO → ↓ short-term (1 h) retention of emotional memory
ii. Cb2KO → ↓ long-term (24 h) retention of emotional memory
f. Cb2KO → ↓ pre-pulse inhibition (PPI)
i. Antipsychotic medication reduces PPI in wild mice

1) Risperidone = Antispychotic
ii. Antipsychotic medication enhances PPI in Cb2KO mice

iii. Reduced PPI is characteristic of Schizophrenia

g. Cb2KO → ↓ 5-HT2C receptors in dRN (but not PFC) + ↓ 5-HT2A in PFC (but not dRN)
i. ↓ 5-HT2C in WT mice in dRN and PFC by antipsychotic medicine

ii. ↓ 5-HT2A in WT mice in dRN and ↑ Cb2KO by antipsychotic medicine

h. Cb2KO → ↑ D2 receptors (in PFC), ↑ α2c receptors (in PFC and LC) 5-HT receptors
i. ↑ D2 receptors reversed by antipsychotic medicine
ii. ↑ α2c receptors (in PFC and LC) not reversed by antipsychotic medicine

5. Cb1KO → ↑ aggressive behavior
6. Cb2KO promotes aggressive threat and attack from grouped animals
a. Grouped Cb2KO are just as aggressive as isolated wild or Cb2KO mice
i. grouped wild mice are not aggressive

b. Cb2KO enhances aggressive threats and attacks in resident-intruder tests

7. Cb1KO → ↑ 5-HTT and MAOA in dRN, but  → ↓ COMT

a. isolated aggressive mice ↑ 5-HTT, but  → ↓ COMT in dRN
i. Cb2 receptor antagonism → normalized 5-HTT in aggressive mice
ii. Cb2 receptor antagonism → ↑ COMT and MAOA dRN in aggressive mice

iii. 5-HTT facilitates reuptake of 5-HT, and MAOA breaks down 5-HT
1) ↑ 5-HTT and MAOA → ↓ synaptic 5-HT
2) ↓ synaptic 5-HT promotes aggression
iv. COMT breaks down dopamine (DA), norepinephrine (NE), and epinephrine (Epi)
1) ↓ COMT → ↑ synaptic DA, NE & Epi
2) ↑ synaptic DA, NE & Epi promote aggression
8. Cb1KO → ↑ 5-HT1B and MAOA in amygdala + ↑ COMT
a. isolated aggressive mice ↑ 5-HT1B, but  → ↓ MAOA in dRN
9. Cb2 receptor antagonism → ↓ threats and attacks in mice bred to be aggressive

10. Aggressive Social Interaction + Fear Conditioning → ↑ Cb2 receptor gene expression
a. In dorsal and ventral hippocampus
11. Cb2 receptors appear to be highly labile eCb signaling conduits that limit anxiety, depression, aggression and potentially the symptoms of Schizophrenia
Fall 2015 Endocannabinoids
Spring 2016 Optogenetics in the Nucleus Accumbens

Fall 2016 Sleep

Spring 2017 Decision Making during Depression
∆ → ↑ ↓ ↔   ° é ∑ α β γ δ κ λ θ μ π ± ≤ ≈ ≠ ≥ ♀ ♂ ∞ 
Possible topics Fall 2015


1st  vote

2nd Vote

3rd Vote

4th Vote

Sleep





I’ll put in the votes later
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Mirror Neurons





Endocannabinoids
 +




IGF1







Epilepsy






Happiness






Plasticity

Possible topics Fall 2014


1st  vote

2nd Vote
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Sleep
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