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Zhang Yufeng – 5 Sept 2014

Physical exercise prevents stress-induced activation of granule neurons and enhances local inhibitory mechanisms in the dentate gyrus   TJ Schoenfeld, P Rada, PR Pieruzzini, B Hsueh, Elizabeth Gould,  2013 Journal of Neuroscience 33: 7770–7777
1. Exercise 
a. Stimulates motor Neuronal Circuits

i. M1 – M5: numerous stimulatory modes
1) Voluntary, learned, and emotionally stimulated movement

b. Muscle is excitable
i. like neurons
ii. by neurons: via ACh
1) motor units = # of muscle fibers / motor neuron 

a) 1 motor end plate (synapse) / muscle fiber

b) Small motor units: few muscle fibers/motor neurons

i) Allow fine motor movements

c) Large motor units: many muscle fibers/motor neurons

2) Recruitment: fine motor movements → gross motor movements

iii. nervous system influences determination of muscle type

1) slow oxidative, fast-oxidative glycolytic, fast-glycolytic
2) slow = type I; moderately fast = type IIa, fast = type IIx, very fast = type IIb
2. Exercise produces numerous changes to body morph and physiology
a. Increased H2O intake

i. No ∆ in food intake

1) No ∆ in body weight
b. Reduced abdominal fat

c. Decreased thymus weight
d. Increased adrenal size

i. Left adrenal is normally larger than right

ii. Exercise stimulates right adrenal growth

3. Exercise stimulates stress responsive capacity
a. Right adrenal exhibits  TH gene expression
i. Exercise normalizes TH mRNA levels

b. Reduces PVN CRF gene expression (mRNA)
i. No ∆ in AVP (or OT)

c. reduces basal [ACTH]
i. at 0800, during sleep cycle

d. increases circadian [corticosterone] (B) 
i. at 01800, at beginning of wake cycle

ii. most wheel running occurs at the beginning of the wake cycle

iii. may include anticipation of running

e. increases circadian [corticosterone binding globulins] (CBGs)
f. Exercise causes no increase in stress-induced [ACTH]

i. but… produces → ↑ B

ii. remember that [ACTH] is normally lower in runners, ACTH increase is greater

iii. also suggests increased sensitivity in the adrenal cortex
iv. forced swim or restraint stress

g. Exercise →↓ Novelty (mild) stress-induced  ACTH 
i. And also →↓ Novelty (mild) stress-induced  B

ii. ACTH levels are not influenced by the presence of a running wheel

iii. Lack of a running wheel → ↑ B
h. Causes →↓ MR
i. MR = mineralocorticoid receptors, GR = glucocorticoid receptors
4. Exercise →↓ Anxiety
a. Exercise also →↓ depression
i. Using the same mechanisms as antidepressant drugs

5. Exercise → ↑ neurogenesis in the dorsal and ventral dentate gyrus (DG)
a. DG is a tooth-shaped group of small round cells (granule cells) in the hippocampus

i. Granule cells are excitatory – glutamatergic 

a) Connect to hippocampal CA3 pyramidal cells 

i) Via axons call mossy fibers

ii) CA3 connects to hippocampal CA1 by Schaffer collaterals

6. Stress → ↑ DG granule cell activity (↑cfos and ↑arc expression)

a. Exercise inhibits stress-induced DG granule cell excitatory activity 

b. In new (neurogenesis) and mature DG granule cells

7. Stress + Exercise → ↑ cfos activity in GABA and Parvalbumin interneurons 

a. interneurons of the ventral DG (vDG)
i. not in the dorsal hippocampal DG
b. Parvalbumin is a Ca++ binding protein; co-localizes with GABA and CRF in hippocampus
8. Exercise → ↑ expression of vesicular GABA Transporter (vGABAT) 
a. ↑ vGABAT indicates greater GABA release 

9. Stress + Exercise → ↑ GABA release in vDG
10. Exercise →↓ Anxiety in mice as measured on the elevated plus maze (EPM)
11. Blocking GABAA receptors in vDG reverses the anxiolytic effect of exercise
a. Blocking GABAA in dDG has no effect on running-induced anxiolysis 

12. ↑ GABA inhibition of vDG activity →↓ Anxiety
Tim Hanna - 12 September 2014
Hippocampal UCP2 is essential for cognition and resistance to anxiety but not required for the benefits of exercise  D Wang, X Zhai, P Chen, M Yang, J Zhao, J Dong, H Liu 2014 Neuroscience 277: 36–44
1. Exercise enhances local inhibitory neurons in the ventral hippocampal DG
a. Via this mechanism Exercise prevents stress-induced activation of DG granule cells
1) Exercise stimulates neurogenesis in DG
2) ↑ excitatory glutamatergic granule cells in DG
ii. ↑ ventral hippocampal activity → ↑ Anxiety
iii. But exercise also → ↑ vGABAT and GABA release from interneurons
1)  exercise →↓ excitatory glutamatergic granule cells output

b. Exercise → ↑ GABA interneuron activity in vDG →↓ Anxiety
2. Exercise (running) →↓ acoustic startle response
3. Exercise → faster stress-induced →↑ plasma [B]
a. Exercise also promotes → faster →↓ plasma [B] return to normal baseline
b. but no effect on negative feedback

i. why? Exercise →↓ anxiety and depression, which reduce negative feedback

4. Exercise → ↑ adrenal sensitivity to ACTH
5. Exercise promotes faster mounting and resolution of stress response and behavior
a. Exercise reduces the possibility of overexposure to glucocorticoids during stress
6. Exercise → ↑ Uncoupling protein 2 & 3 (UCP2 & 3) expression in muscle
a. uncoupling proteins dissociate mitochondrial oxidation from phosphorylation

i. ↑ cell thermogenesis

b. UCP2 is involved in autonomic and endocrine regulation
i. UCP2 is abundantly expressed in vSeptum, hypothalamus, pituitary, medulla, ventricle, cerebellum
ii. UCP2 important for development of hippocampus

1) UCP2 important for neurogenesis, dendritic growth, and synaptogenesis

a) Exercise-induced hippocampal synaptogenesis is UPC2 dependent

2) Important for learning, memory, and reward

7. Exercise reverses UCP2 knockdown-induced →↓ learning and memory
a. UCP2 KD →↓ Y-maze (reference memory), ↓ T-maze (working memory), & ↓ object recognition performance

8. Exercise reverses UCP2 knockdown-induced →↑ Anxiety
a. UCP2 KD →↓ center of open field, ↓ EPM open arms, ↓ light exploration in light-dark box

9. Exercise reverses UCP2 knockdown-induced →↑ NE 

10. Exercise reverses UCP2 knockdown-induced →↓ 5-HT, ↓ DA

11. But exercise does not increase hippocampal UPC2 protein

12. Exercise does not work through UPC2 to reverse anxiety and memory deficits
James Robertson - 19 September 2014

Disruption of fatty acid amide hydrolase activity prevents the effects of chronic stress on anxiety and amygdalar microstructure MN Hill, SA Kumar, SB Filipski, M Iverson, KL Stuhr, JM Keith, BF Cravatt, CJ Hillard, S Chattarji, Bruce S McEwen 2012 Molecular Psychiatry 2012: 1-11
1. Exercise stimulates the secretion of endocannabinoids
a. Endocannabinoids = AEA and 2-AG

i. AEA is arachidonoylethanolamine or Anadamide 
1) Sanskrit word ‘ananda’:  joy, bliss, delight 

2) Stimulated by mGluR in the BLA

3) Synthesis: AA (arachidonic acid) + ethanolamine →N-AT→N-APE → PLD→ AEA
a) AA + EA could be replaced  by Phosphatidylethanolamine

b) N-AT = N-acetyltransferase; PLD = Phospholipase D;                                      N-APE = N-Arachidonoyl phosphatidylethanolamine
ii. 2-AG is 2-arachidonoylglycerol 

1) Synthesis: AA + glycerol →PLC→DG → DAGL→ 2-AG
a) AA + glycerol can be replaced with phosphatidylinositol

b. AEA and 2-AG are catabolized FAAH
i. FAAH is fatty acid amide hydrolase 
c. Cannabinoid receptors include 3 types from 2 classes

i. CB1 and CB2 receptors

ii. TRPV1 channels 
2. Exercise in humans stimulates secretion of plasma AEA
a. Running 
i. Higher after 45 min of treadmill running 
1) In males who run at least 4 times a week for the previous 6 months
b. Cycling 
i. Higher after 45 min of stationary cycling
1) In males who cycle at least 4 times a week for the previous 6 months 
c. As endocannabinoids are rapidly degraded, exercise caused synthesis and release of AEA 

3. CB1 endocannabinoids receptor antagonist in BLA → ↑ Anxious behavior  
a. freezing as a result of conditioned fear learning is an Anxious behavior to a previously learned fear

b.  5-HT3 agonists → ↑ Anxious behavior  
i. 5-HT3 antagonists → ↓ Anxious behavior 

c. AEA binding CB1 on BLA GABA interneurons → ↓ inhibitory current
i. AEA/CB1/BLA GABA ↑ → LTDi (=  ↓ inhibitory current)

d. CB1 + 5-HT3 receptors do not interact
4. ↑ AEA due to ↓ FAAH ∆ amygdalar structure and function
a. Chronic stress → ↑ FAAH activity in LA/BLA
i. Chronic stress →↓ AEA

ii. No ∆ in CB1 binding of AEA 

b. Chronic stress → ↑ BLA dendritic spines

i. Blocked by FAAH KO
c. ↑AEA limits dendritic spines in BLA and limits fear learning

5. Chronic stress → ↑ Anxiety
a. Chronic stress + FAAH KO → ↓ Anxiety
6. ↑AEA by ↓ FAAH in BLA → ↓ Anxiety via → ↓ BLA spines  → ↓ pyramidal excitation

Justin Achua – 26 September 2014

Treadmill exercise and wheel exercise enhance expressions of neutrophic factors in the hippocampus of lipopolysaccharide-injected rats S-E Kim, I-G Ko, M-S Shin, C-J Kim, B-K Jin, H-P Hong, Y-S Jee 2013 Neuroscience Letters 538: 54–59
1. Exercise improves depressive symptoms and anxiety
a. Enhances coping capacity in response to stress
b. Improves learning, memory, and cognition

c. Improves mood

2. Exercise (voluntary) upregulates BDNF gene expression in hippocampus
a. Long-term exercise 4 – 8 weeks
b. Short-term exercise 2 days

c. BDNF in the hippocampus improves anxiety, depression, learning and memory
i. BDNF is a neuropeptide trophic factor with many (18) mRNAs – but only one protein

ii. The only BDNF protein coding portion is found in exon 9

1) Mice have 8 promoters and 9 exons

a) Humans 11 promoters and 10 exons

iii. Promoters I and IV are activity dependent

iv. BDNF binds to the TrKB receptor

1) BDNF → TrKB → RAS→MEK → ERK → RSK2 → ↑ pCREB (p on Ser133)
a) CREB binds to CRE on DNA; BDNF promoters contain CRE
2) BDNF → TrKB → PI3K→Akt → pGSK3β (inhibits GSK3β)

a) BDNF → TrKB → PI3K→Akt →p-mTOR→ p-p70S6K
3) BDNF → TrKB → PLC→IP3→Ca++→PKC / CaMK2
v. BDNF is made in neurons, glia, and muscles
vi. BDNF in hippocampus stimulates neuroprotection, neurogenesis, neuroplasticity,  neurite outgrowth, neurite growth guidance, synaptogenesis, presynaptic and postsynatpic machinery development, potentiation of synaptic current (LTP)
3. Very short-term exercise 6 – 12 hours also increases BDNF gene expression
a. Exercise on a running wheels (voluntary) for 6h increases BDNF mRNA
i. Full transcript

ii. In CA1, CA3 and hilus
1) Not in DG
b. Exercise on a running wheels (voluntary) for 12h increases hippocampal BDNF mRNA

i. 12h exercise → ↑ BDNF exon 1 transcript in DG, hilus, and CA3
ii. 12h exercise → ↑ BDNF exon 2 transcript in CA1
c. Exercise distance run positively correlates with BDNF mRNA levels

4. Forced Exercise ameliorates stress-reduced BDNF and pTrKB protein
a. Stress (restraint) significantly reduces BDNF and pTrKB
b. Forced Exercise significantly → ↑ BDNF and ↑ pTrKB
i. Forced exercise = treadmill running

c. Stess + forced exercise significantly → ↑ BDNF and ↑ pTrKB compared to stress levels

5. Forced Exercise ameliorates stress-reduced BDNF and pTrKB 2nd messenger enzymes
a. Stress (restraint) significantly reduces pAkt, pGSK3β, p-mTOR, p-p70S6K

b. Forced Exercise significantly → ↑ pAkt, pGSK3β, ↑ p-mTOR, ↑ p-p70S6K

c. Stess + forced exercise significantly → ↑ pAkt, ↑ pGSK3β, ↑ p-mTOR, ↑ p-p70S6K compared to stress levels

6. Forced Exercise ameliorates stress-reduced presynaptic release machinery
a. Stress (restraint) significantly reduces Syp (synaptophysin), ↑ β-neurexin
b. Forced Exercise significantly → ↑ Syp, ↑ β-neurexin

c. Stess + forced exercise significantly → ↑ Syp, ↑ β-neurexin compared to stress levels
7. Forced Exercise ameliorates stress-reduced postsynaptic receiver machinery

a. Stress (restraint) significantly reduces PSD95 and Nlg1 (Neuroligin 1)

b. Forced Exercise significantly → ↑ PSD95, ↑ Nlg1 

c. Stess + forced exercise significantly → ↑ PSD95, ↑ Nlg1 compared to stress levels
8. Forced Exercise ameliorates brain inflammation-induced spatial memory deficit
a. Brain inflammation stimulated by lipopolysaccharide (LPS) → ↓ water maze learning

b. Forced Exercise + LPS → ↑ spatial learning & memory compared to LPS 

c. Voluntary Exercise + LPS → ↑ spatial learning & memory compared to LPS

d. Voluntary and forced exercise had the same effects

9. Forced Exercise ameliorates brain inflammation-induced BDNF activity
a. Brain inflammation stimulated by LPS → ↓ BDNF, TrKB and pCREB

b. Forced Exercise + LPS → ↑ BDNF, TrKB and pCREB compared to LPS 

c. Voluntary Exercise + LPS → ↑ BDNF, TrKB and pCREB compared to LPS

d. Voluntary and forced exercise had the same effects

10. Forced Exercise ameliorates brain inflammation-reduced LTP

a. LPS-stimulated brain inflammation → ↓ TEA-induced LTP in hippocampal CA3
b. Forced Exercise + LPS → ↑ TEALTP compared to LPS 

c. Voluntary Exercise + LPS → ↑ TEALTP compared to LPS

11. Brain inflammation → ↓ anxiety
a. Brain inflammation → ↓ avoidance memory

i.  Brain inflammation → ↑ risk taking, ↓ risk aversion

Erik Manke – 3 October 2014

Influence of chronic moderate sleep restriction and exercise training on anxiety, spatial memory, and associated neurobiological measures in mice MR Zielinski, JM Davis, JR Fadel, SD Youngstedt  2013 Behavioural Brain Research 250: 74– 80
1. Sleep deprivation → ↑ anxiety 

a. Less than 7-8h of sleep is considered sleep deprivation

b. Sleep deprivation also → ↑ irritability, lack of motivation, lack of concentration, attention deficits, reduced vigilance, longer reaction times, distractibility, fatigue, restlessness, lack of coordination, increased errors, poor quality of life
2. Sleep deprivation → ↑ stress
a. Sleep deprivation also → ↑ depression, memory impairment, forgetfulness, poor decisions, lack of energy, obesity
b. Sleep deprivation → ↑ oxidative stress → ↓ hippocampal neurogenesis → ↓ synaptic plasticity → ↓ learning and memory → ↑ anxiety
i. Sleep deprivation → ↑ IL6, ↑ CRP1, ↑ TNFα → ↑ neuroinflammation

1) IL = interleukins; CRP = cysteine rich proteins; TNF = tumor necrosis factor

c. Sleep deprivation studies use forced activity, gentle handling, head lifting, enlarged environment, modified multiple platform
d. Sleep deprivation → ↓ LTP is reversed by A1 receptor antagonism, Nicotinic receptor agonism, and exercise
e. Sleep deprivation → ↓ CamK2, ↓ pCamK2, ↓ CaMK4, ↓ BDNF, ↓ CREB, ↓ pCREB 

i. Exercise → ↑ BDNF, ↑ pCREB

ii. Exercise reverses SD → ↓ CamK2, ↓ pCamK2, ↓ CaMK4, ↓ CREB
1) But Exercise + SD

f. Sleep deprivation → ↓ learning and memory reversed by A1 antagonism, N-R agonism, and exercise → ↑ BDNF, ↑ pCREB
i. Caffeine (A1 = adenosine receptor), nicotine (N-R), running wheel
3. Sleep allows ↑ memory consolidation in the hippocampus

a. Sleep → ↑ excitatory hippocampal activity 
b. NREM → ↑ hippocampus + PFC synchronization → ↑ memory connection

c. REM → hippocampus disconnected from PFC → ↑ local hippocampal NMDA activity + ↑ local hippocampal NMDA activity → ↑ memory integration
4. Exercise → ↑ SOD → ↓ TBARS
a. SOD = superoxide dismutase = an antioxidant
b. TBARS =  thiobarbituric acid reactive substances = free radical
5. Exercise + normal sleep → ↓ anxiety
a. Exercise + sleep restriction →trend ↓ anxiety

b. sleep restriction (sedentary) →trend ↑ risky behavior

6. Exercise → ↑ CA1, CA3, DG cfos and BDNF

7. Sleep restriction → ↓ CA1, CA3, DG cfos, ↓ BDNF and ↓ spatial learning

a. Exercise does not reverse sleep restriction →↓ CA1, CA3, DG cfos, ↓ BDNF & ↓ learning

8. Exercise → ↓ anxiety & sleep deprivation → ↑ anxiety
9. but Exercise does not reverse the effects of sleep deprivation
Josh Yaeger – 10 October 2014
Wheel running alters patterns of uncontrollable stress-induced cfos mRNA expression in rat dorsal striatum direct and indirect pathways: A possible role for plasticity in adenosine receptors PJ Clark, PR Ghasem, A Mika, HE Day, JJ Herrera, BN Greenwood, Monika Fleshner 2014, Behavioural Brain Research 272: 252–263
1. Exercise creates changes in reward circuitry 

a. Reward circuitry includes the striatum
i. Striatum = Gateway for coordination of locomotor & motivational elements of behavior
1) Dorsal striatum
a) Control of movement

b) Motor learning process

c) Dorsomedial - dmS

i) Goal directed motor behavior
d) Dorsolateral - dlS

i) Habit learning

2) Ventral Striatum = Nucleus Accumbens (NAc)
a) Reward/punishment, motivation, reinforcement, addiction

i) Salience

b) Core
i) More MSN dendritic spines
-1 – projections to the globus pallidus and SN
ii) regulates goal-directed behavior
iii) enables reward-related stimuli to affect response magnitude
iv) responsible for addictive behavior
c) Shell

i) Regulates motivation
ii) Regulates reward/salience
ii. Medium spiny neurons = GABAergic (inhibitory)
1) 1° cells of the striatum

iii. Direct Pathway

1) substantia nigra (SN) → ↑ DA →+ D1 →+ caudate/putamen (striatum) &
2) prefrontal cortex (PFC) →+ M1 →+ caudate/putamen →- internal globus pallidus (iGP; striatum) →- VA/VL thalamus →+ M1 + PFC
a) M1 = 1° motor cortex

3) Disinhibition of thalamic stimulation of PFC & M1
a) Direct pathway →+ PFC → ↑ cognitive capacity → ↑ decision-making capacity

b) Direct pathway →+ M1 → ↑ activity 

4) Direct GABA cells secret dynorphin

5) NAc direct pathway D1 MSNs project mostly to VTA DA cells

iv. Indirect Pathway
1) substantia nigra (SN) → ↑ DA →+ D2 →- caudate/putamen &
2) PFC → M1 →↓+  + D2- → ↓+ caudate/putamen → ↓- external globus pallidus (eGP) 
3) ↓- eGP → ↑- iGP→ ↑- VL thalamus → ↓+ M1 + PFC
4) ↓- eGP → ↓- subthalamic nucleus → ↑+ iGP→ ↑- VA/VL thalamus → ↓+ M1 + PFC
5) Inhibition of M1 and  PFC
a) Indirect pathway →↓+ M1 → ↓ muscular action ↓ activity 

6) Indirect GABA cells also secrete encephalin
7) NAc indirect pathway D2 MSNs project to eGP

v. Striatal defects → Huntington’s disease
1) → Parkinson’s

2) → Schizophrenia

3) → Drug Abuse

4) → Depression

5) All lead to → ↑ Anxiety
2. Exercise influences ATP and adenosine levels 

a. Intensive exercise → ↑ whole brain adenosine → ↑ inosine
i. Moderate exercise → non-significant ↑ whole brain adenosine → ↑ inosine
3. Exercise is rewarding 

a. Reward is measured by conditioned place preference (CPP) in chamber paired with a running wheel for exercise
b. Exercise-induced reward can be extinguished
c. Exercise → ↑ ∆FosB/FosB in NAc core and shell (mid → caudal sections)

d. Exercise → ↑ TH mRNA in caudal VTA
e. Exercise → ↓ D2 receptors in NAc core 

f. Exercise → ↑ δ opiod receptors NAc shell

i. δ opiod receptors bind enkephalins
g. Exercise → ↑ κ opiod receptors caudal NAc core

i. κ opiod receptors bind dynorphins

ii. [dynorphin] unaffected by exercise

4. Exercise does not reduce uncontrollable stress corticosterone

a. Restraint stress + uncontrollable tail shock

b. Stress → ↑ cfos dS

c. Exercise → ↑ Stress-induced cfos dS dynorphin cells

i. No effect of exercise alone

d. Exercise → ↓ Stress-induced cfos dS enkephalin cells

i. No effect of exercise alone

5. Exercise ameliorates stress-induced → ↑ dmS A1, A2A receptor mRNAs
a. Exercise amelioration of A1, A2A in dmS, dlS, NAc core, NAc medial shell, NAc lat shell
b. A1→ Gi →↓ cAMP (inhibitory; also A3 receptors)

i. Paired with/inhibit D1 receptors + ↓ AC/cAMP in the direct pathway

1) A1→ ↓ motor + ↓ decision-making activity

c. A2A→ Gs →↑ cAMP (excitatory; also A2B receptors)

i. Paired with/inhibit D2 receptors + ↑ AC/cAMP in the indirect pathway

1) A2A → ↓ motor + ↓ decision-making activity

6. Exercise  → ↑ D2 receptors
a. Exercise → ↑ D2 receptors occurs in dmS, dlS, NAc core, NAc medial shell, NAc lat shell

b. No effect on D1 receptors

7. Exercise → ↑ direct pathway + → ↓ indirect pathway → ↑ activity → ↑ exercise
8. Exercise → ↑ direct pathway + → ↓ indirect pathway → ↑ cognitive decision-making

9. Exercise → ↑ direct pathway + → ↓ indirect pathway → ↑ stress coping → ↓ anxiety
Luke Fuhrman  – 17 October 2014
The role of galanin system in modulating depression, anxiety, and addiction-like behaviors after chronic restraint stress X Zhao, RR Seese, K Yun, T Peng, Z Wang 2013 Neuroscience 246: 82–93
1. Exercise stimulates galanin (Gal) secretion 

a. Gal is a 29 aa peptide
i. Expressed in amygdala, hippocampus, septum, hypothalamus, locus ceruleus (LC), raphe (RN), ventral tegmental area (VTA)
1) spinal cord, and gut
ii. Colocalized with DA (VTA), NE (LC, 80%), 5-HT (dRN, 30%), ACh (septum)

b. Gal is associated with Anxiety
i. Depression, and Regulation of mood

ii. Cognition 
iii. Sexual behavior, feeding

iv. Waking and sleep regulation
v. Regulation of development, blood pressure
vi. Alzheimer’s, Seizure
c. Gal has 3 recetors (GalR1, GalR2, GalR3)
i. GalR1 & GalR3 → ↑ Gi/o  → ↓ AC → ↓ cAMP

1) GalR1 found in Amygdala, Hippocampus, Hypothalamus, Olfactory tract, Thalamus, Dorsal root ganglia, spinal trigeminal nucleus spinal cord
ii. GalR2 → ↑ Gp/q/11  → ↓ PLC

2. Exercise stimulates prepro-galanin mRNA expression in LC
a. Positive dose-dependent relationship – more exercise → ↑ LC ppGal mRNA
b. Similar dose-dependent relationship between clomipramine + exercise → ↑ ppGal mRNA

3. GalR1 activity reduces Anxiety
a. GalR1 → ↓ LC NE firing rate
i. ↓ LC NE → ↓  anxious behavior
b. GalR1 KO → ↑ anxious behavior
i. ↓ time in open arms of elevated plus maze (EPM) 
1)  But no ∆ in center time of the open field (OF)
c. All anxiety tests are stressful (→ ↑ ACTH and ↑ corticosterone)

i. EPM stimulates more → ↑ [ACTH], than OF, LDB, emergence
d. GalR2 KO → ↑ anxious behavior (EPM)
4. Stress → ↑ anxious  and depressive behavior 

a. OF, LDB, forced swim test (FST)

b. Reversed by antidepressant treatment (fluoxetine)

c. Chronic stress inhibited morphine-induced conditioned place preference (CPP)

i. Chronic stress speeds up CPP extinction

d. Chronic stress blocks low-dose morphine-induced behavioral sensitization

e. Reversed by antidepressant treatment

5. Stress → ↑ Gal + GalR1 mRNA in nucleus accumbens (NAc)
a. Stress → ↑ TH, TpH, 5-HT1B mRNA in NAc
b. ↑ Gal & TH reversed by antidepressant treatment

c. Stress + fluoxetine → ↑ GalR2 + GalR1 α2A,TpH, 5-HT1B mRNA

6. Exercise or stress → ↑ LC & NAc Gal + GalR1 → ↓ LC NE firing → ↓  anxious behavior
Zhang Yufeng & James Robertson – 31October 2014
Activation of dorsal raphe serotonin neurons is necessary for waiting for delayed rewards KW Miyazaki, K Miyazaki, K Doya 2012 J Neurosci 32: 10451–10457 
7. Impulsivity is associated with low serotonin (5-HT) in the central nervous system
a. 5-HT is more closely associated with impulsive action
i. impulsive action is the failure to suppress inappropriate action
1) 5-HT →↑ premature responses

2) ↑ 5-HT premature responses

a. 5-HT is made in the dorsal and median raphé (dRN and mRN)
b. 5-HT less closely associated with impulsive choice
i. impulsive choice = choice of small immediate rewards over large delayed rewards
8. Impulsive 
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