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Martin Telefont – 14 September 2007
The consequences of uncontrollable stress are sensitive to duration of prior wheel running
BN Greenwood, TE Foley, D Burhans, SF Maier, M Fleshner Brain Res 1033: 164-1446
1. Chronic exposure to uncontrollable stressors causes behavioral depression
a. And learned helplessness
2. Learned Helplessness – psychological condition in which a human/animal has learned to believe that the situation is helpless
a. Inescapable tail shock when in a restraint tube

b. Impaired escape performance

c. Exaggerated fear conditioning

d. Prevented/reversed by antidepressant or anxiolytic drugs

3. Learned Helplessness is prevented/reversed by 6 weeks of exercise
a. Voluntary access to running wheel

4. Activation of 5-HT neurons in the dRN is necessary & sufficient to produce learned helplessness

5. Controllable vs Uncontrollable stress

a. Controllable stress model – shuttle box (foot shock)
b. Uncontrollable/inescapable stress

i. CRF is necessary for expression of behavior stimulated by uncontrollable stress

ii. CRF has excitatory influences on 5-HT neurons in the caudal dRN

1. Intra-dRN microinjections of CRF2/Glu antagonists prevent symptoms of uncontrollable stress

iii. Produces Learned Helplessness

iv. Learned helplessness are dependent on hyperactivity of dRN 5-HT neurons

1. CRF2 antagonist in caudal dRN prevents learned helplessness 

2. No effect in rostral dRN

6. 6 weeks of exercise prevents uncontrollable stress-induced activity of  5-HT neurons
a. And prevents learned helplessness

7. Uncontrollable stress (restraint + tail shock) stimulates increased fos activity in dRN
a. Increased fos-5-HT double staining

8. 6 weeks of exercise, but not 3 weeks of exercise, reduces the fos+5-HT double labeled cells in rostral + mid dorsal dRN, but not caudal dRN
a. 6 not 3 weeks exercise reduces fos+5-HT double labeled cells in mid ventral dRN, but not rostral or caudal ventral dRN, nor lateral dRN

b. Reduces the escape latency for controllable stress

c. Reduces freezing response to controllable stress

9. 6 and 3 weeks of exercise enhance the level of fos labeling in lateral dorsal BNST
a. No enhancement of 3 weeks exercise, but no reduction either in lateral ventral BNST

b. 6 weeks exercise reduces fos in lvBNST

c. 3 or 6 wks exercise do not reduces fos activity in BLA or CeA or lateral habenula
10. Amelioration of uncontrollable stress effects/learned helplessness depends on Duration of Exercise
Parrish Waters – 21 September 2007
Environmental enrichment and voluntary Exercise massively increase neurogenesis in the adult hippocampus via dissociable pathways AK Olson, BD Eadie, C Ernst, and Brian R Christie
Hippocampus 16: 250-260

1. Voluntary exercise improves performance in hippocampal dependent tasks
a. Morris water maze, Carpenter escape paradigm

b. Exercise reduces path length and latency to find goal

2. Exercise (voluntary wheel running) stimulates cell proliferation in dentate gyrus (DG)
a. Not seen in rats in and enriched environment, or swimmers

b. Cell survival is increased in both exercising animals and those in an enriched environment 

c. % of surviving cells is greatest in an enriched environment

3. % of surviving neurons is increased and equally great after exercise and enriched environment
4. Exercise enhances long-term increase in or potentiation (LTP) of postsynaptic current

5. Exercise also increases pre-synaptic structural elements synapsin I, synaptotagmin, syntaxin
a. Necessary for synapse formation

6. Exercise increases thickness of the 1o motor cortex
7. Exercise stimulates increased spine density of hippocampal neurons
8. Exercise eliminates deficits that accrue to fetal alcohol syndrome
9. Exercise stimulates brain electrical activity
a. Predominantly  (theta) waves
b. Increased   waves stimulate increased neurogenesis
10. Exercise stimulates increased blood flow to the brain, and increased BBB permeability

11. Exercise stimulates increased BDNF, IGF1 FGF2, and VEGF
a. BDNF stimulates neurogenesis and neuron survival
b. Neurogenesis requires IGF1, enhanced by FGF2
c. VEGF increases cerebral blood supply; VEGF necessary for neurogenesis
12. Exercise stimulates release of -endorphin

a. -endorphin directly neurogenesis in the DG
13. Exercise increases the concentration of Trp in the brain and increases Trp hydroxylase
a. 5-HT (made from Trp) increases cell proliferation, but not cell survival

b. Exercise increases IP3, MAP K, and CREB
c. Important for learning and memory

14. Therefore: Exercise stimulates increase Cell Proliferation and Neurogenesis (cell survival and differentiation into neurons), but an Enriched Environment only enhances Neurogenesis
Dave Arendt – 28 September 2007

Wheel running alters serotonin (5-HT) transporter, 5-HT1A, 5-HT1B, 1B-adrenergic receptor mRNA in the rat raphé nuclei BN Greenwood, TE Foley, HEW Day, D Burhans, L Brooks, S Campeau, M Fleshner 2005 Biol Psych 57: 559-568
1. Exercise (volunteer wheel running) acts as an antidepressant for depression-like behaviors 

a. following forced swim, chronic mild stress, learned helplessness 

2. Exercise (6 wks wheel running) decreases activity of 5-HT neurons in dRN during uncontrollable stress 
3. Exercise stimulated an increase in 1B adrenergic and 5-HT1A receptors
a. Only short term (3 wk wheel running) increase in 1B adrenergic receptors

b. 5-HT1A receptors increase after 6 wks wheel running
i. 5-HT1A receptors increase in both dRN and mRN

4. Exercise caused a decrease in 5-HTT and 5-HT1B receptors

a. 5-HT1B decrease only in ventral dRN

b. 5-HT1B decrease early (3 days), later (3 wks), and late (6 wks)

c. 5-HTT decrease in dRN and mRN
d. 5-HTT decrease midway (3 wks), and late (6 wks)
5. Exercise influences 5-HT activity in raphé acutely (3 days) and chronically (6 wks)
6. Exercise influences 5-HT in median and dorsal raphé 

Russ Carpenter – 5 October 2007

Effects of long-term voluntary exercise on the mouse hypothalamic-pituitary-adrenocortical axis
SK Droste, A Gesing, S Ulbricht, MB Muller, Astrid CE Linhorst, Johannes MHM Reul 

Endocrinology 144: 3012-3023

Justin Smith – 12 October 2007

Voluntary Exercise impacts on the rat hypothalamic-pituitary-adrenocortical axis mainly at the adrenal level  SK Droste, Y Chandramohan, LE hill, Astrid CE Linthorst, Johannes MHM Reul
Neuroendocrinology 86: 26-37

1. Exercise (voluntary wheel running) in rats stimulates increased adrenal size
a. Decreased thymus and abdominal adipose tissue

i. Decreased thymus + increased adrenal suggests increased HPA activity

b. Exercise increase right and left adrenal cortices
2. Exercise stimulates enhanced corticosterone (B) secretion due to forced swim stress
a. Metabolically energetic stressor – physiological stressor
i. Increased B may be necessary for increased metabolic demand

b. No difference in  in plasma ACTH

3. Exercise limits increased B secretion to novel environment stress

a. Not metabolically energetic stressor – psychological stressor
b. No difference in  in ACTH

c. Decreased exploration

4. Exercise stimulates increased hippocampal GR
a. Increased GR in dorsal CA1, CA2, CA3, DG

i. Important for spatial learning and memory

b. Increased GR in ventral CA1, CA3
i. Important for anxiety/HPA feedback

c. No  in GR in PFC, PVN or pituitary

d. No  in MR

5. Exercise caused no  in PVN CRF, AVP or OT
6. Exercise modifies stress responsiveness to become appropriate for metabolic conditions
Jay Christensen – 19 October 2007

Exercise primes a molecular memory for brain-derived neurotrophic factor protein induction in the rat hippocampus                     NC Berchtold, G Chinn, M Chou, JP Kesslak, CW Cotman 

Neuroscience 133: 853-861
1. BDNF enhances neuronal excitability, synaptic transmission and LTP in males
a. BDNF stimulates gene transcription

b. BDNF necessary for neuronal survival, neuroprotectant

c. BDNF stimulates neurogenesis

2. BDNF enhances learning

a. Deficiencies in BDNF produce learning deficits

b. BDNF lowers risk of Alzheimer’s and dementia

i. BDNF polymorphisms are risk factors for Alzheimer’s
c. BDNF promotes increased resistance to Depression, Eating disorders

3. Exercise (daily voluntary wheel running) stimulates BDNF production in hippocampus
a. BDNF increases progressively with continued exercise
i. BDNF increases starting at 7 days

ii. Continues increasing through 90 days

iii. Time x effort interaction

4. Intermittent Exercise also increases hippocampal BDNF, but more slowly
a. Begins at 14 days

b. Ultimately intermittent exercise elevates BDNF as much as daily exercise
5. BDNF remains elevated even after exercise is terminated
a. BDNF remains elevated for at least 7 days

b. But after termination of intermittent exercise BDNF returns to baseline more quickly

6. Exercise after 2 wks respite (after initial training) stimulates BDNF production more quickly
a. Only 2 days exercise necessary

b. For daily or intermittent exercise
7. BDNF is rapidly re-induced by exercise
a. Molecular memory for learning

b. Exercise stimulates expression of BDNF exons differentially

Jeff Barr – 26 Oct 2007

Chronic and voluntary exercise enhances learning of conditioned place preference to morphine in rats  SA Eisenstein, PV Holmes  Pharmacol Biochem Behav 86: 607-615
1. Exercise (wheel running) stimulates increased DA release in nucleus accumbens
2. Drug addiction prone rodent strains develop high running activity
a. rodents can be trained to lever press for access to running wheels

b. as with drug addiction resulting in progressively increased doses, running causes shift from low – high activity

c. denial of wheel access produces withdrawal

d. reward pathways show upregulated fosB with voluntary exercise (wheel running)

e. fosB over expression increases running activity

i. fosB increases sensitivity to rewarding effects of morphine
3. Conditioned place preference can be stimulated by exercise (wheel running) environment
a. after effects of exercise
b. attenuated by the -opioid receptor antagonist naloxone
4. Repeated activation of opioid systems by exercise may change sensitivity to morphine
a. Cross-tolerance: decreased response to one drug due to exposure to another pharmacologically similar drug
5. Rats show conditioned place preference to morphine (5 mg/kg dose)
a. some animals did not learn conditioned place preference to morphine

6. Exercise increased conditioned place preference to morphine (all doses: 2.5, 5, 7.5 mg/kg)
a. increased conditioned place preference to morphine in exercising rats occurred at the end of the CPP test

7. Opiate withdrawal mediated by NE/galanin from locus ceruleus (LC) hyperactivity
a. NE + galanin are colocalized in LC cells

8. Voluntary exercise stimulates prepro-Gal mRNA

a. stress stimulates increased Gal and Gal2-R

b. fluoxetine (Prozac) stimulates increased Gal and Gal2-R

9. prepro-Gal is positively correlated with exercise activity level
10. Exercise stimulated increased BDNF mRNA
Parrish Waters – 15 November 2007 – Neuroscience Journal Club
Effects of spontaneous and forced running on activation of hypothalamic corticotropin-releasing hormone neurons in rats     S Yanagita, S Amemiya, S Sazuki, I Kita       Life Sci 80: 356-363

1. Forced exercise stimulated and increase in Fos/CRF double –labeled cells in the paraventricular nucleus of the hypothalamus (PVN)

a. Exercise forced by prodding with paintbrush

i. No  in Fos/CRF staining due to prodding alone

b. No  in Fos/CRF staining with voluntary exercise
2. Forced and voluntary exercise stimulate increased Fos activity in locus ceruleus (LC)
3. Suggests that voluntary exercise is a milder stress than forced exercise
Amanda Jonas – 16 November 2007

Wheel running as a predictor of cocaine self-administration and reinstatement in female rats
EB Larson, ME Carroll  2005            Pharmacol Biochem Behav    82:  590–600

1. Exercise responses of a population can be divided into high and low
a. High and low responses also observed for palatable tastes, novelty seeking, impulsivity, and stress responsiveness

b. High responders run more, and escalate exercise activity over time

c. Low responders do not  activity level over time
2. High responders are more likely to self administer drugs
a. More sensitivity to psychostimulants on locomotion
3. Exercise (wheel running) has reinforcing effects similar to drugs
a. Rats will lever press for access to a running wheel

b. Show conditioned place preference for running wheel environment

c. Unlimited access to running wheel leads to escalated exercise over time
d. Exercise produces cross-tolerance to morphine

e. Exercise access during ethanol withdrawal potentiates subsequent ETOH intake
4. Low exercise responders show an increase in locomotion in response to cocaine
5. High exercise responders do not increase locomotion in response to cocaine

6. High responders to exercise self administer more cocaine when it is available
a. Not during acquisition of cocaine self administration

b. Not during extinction of cocaine self administration (with saline)

7. Propensity for more exercise stimulates greater cocaine self administration during reinstatement to cocaine use
Feng Na – 30 November 2007
Treadmill exercise enhances passive avoidance learning in rats: The role of down-regulated serotonin system in the limbic system Chen H-I, L-C Lin, L Yu, Y-F Liu, Y-M Kuo, A-M Huang, J-I Chuang, F-S Wu, P-C Liao, CJ Jen  Neurobiol Learn Mem 
1. Exercise (treadmill running of rats) stimulates increased passive avoidance memory
a. Measured as latency to enter shock-chamber

b. Treadmill running with no shock inducements can promote a training effect without stressful side effects
2. The exercise effect increasing passive avoidance memory was abolished by stimulating serotonin 5-HT1A receptors
a. 8-OH-DPAT is a 5-HT1A agonist (also binds 5-HT7 receptors)

b. Not related to nociceptive 5-HT action

3. Exercise caused reduced 5-HT concentrations, but not 5-HIAA, in hippocampus
4. Exercise also caused down regulation of amygdalar 5-HT1A and 5-HT2A receptors

a. No  in 5-HTT
5. Exercise training can enhance aversive learning
a. Modified by the serotonergic system via 5-HT1A receptors

Monica Storm – 30 November 2007

Effects of spontaneous and forced running on activation of hypothalamic corticotropin-releasing hormone neurons in rats     S Yanagita, S Amemiya, S Sazuki, I Kita 2007  Life Sci 80: 356-363

1. Exercise can be a stressor

a. Treadmill running increases PVN CRF mRNA and plasma corticosterone

b. But exercise can be eustressful

i. Even though stress hormones are stimulated, the effect is short-lived, and the results are adaptive

c. Exercise can be distressful

i. Results of distressful exercise are maladaptive
2. Forced exercise stimulated and increase in Fos/CRF double –labeled cells in the paraventricular nucleus of the hypothalamus (PVN)

a. Exercise forced by prodding with paintbrush

i. No  in Fos/CRF staining due to prodding alone

b. No  in Fos/CRF staining with voluntary exercise
3. Forced and voluntary exercise stimulate increased Fos activity in locus ceruleus (LC)

4. Forced exercise (forced swim stress) increased CRF hnRNA 

a. Within 10 min

5. Forced swim exercise also increases AVP hnRNA

a. Within 2 h

b. Both AVP + CRF mRNA response blocked by dexamethasone suppression

6. Suggests that voluntary exercise is a milder stress than forced exercise
Amanda Prostrollo – 7 December 2007
Wheel running and fluoxetine antidepressant treatment have differential effects in the hippocampus and the spinal cord Engesser-Cesar C, AJ Anderson, CW Cotman 2007 Neuroscience 144: 1033-1044
1. Exercise (wheel running distance) was decreased with fluoxetine (high dose 25 mg/kg) in female mice
a. Fluoxetine also harder to inject

2. Exercise and fluoxetine synergistically increase in cell proliferation and survival (neurons and glia) in the hippocampus (previous studies)
a. IGF1 stimulates neurogenesis in hippocampus

i. Hippocampal IGF1 not effected by exercise or fluoxetine or both

ii. Fluoxetine decreases spinal cord IGF1
b. BDNF stimulates neurogenesis in hippocampus

i. BDNF activated more rapidly by combination of fluoxetine and exercise (Cotman 2002)
ii. Fluoxetine stimulates BDNF, cell proliferation and neurogenesis in a dose-dependent manner

3. Fluoxetine (high dose) decrease IGF1 in spinal cord, no effected by exercise
4. Exercise (low distance wheel running 2500 m/day) had no increase in hippocampal BDNF

5. Short-term fluoxetine and exercise decreases hippocampal BDNF

6. Longer-term (14 days) fluoxetine and exercise increases hippocampal BDNF

Li Wei – 7 December 2007
Compulsive exercise acutely upregulates rat hippocampal brain-derived neurotrophic factor
Huang AM, CJ Jen, HF Chen, L Yu, YM Kuo, HI Chen  2006 J Neural Transmission 113: 803-811
1. Exercise  stimulates BDNF
a. BDNF stimulates LTP, Learning and Memory

2. Exercise (treadmill running) stimulates hippocampal BDNF mRNA after 2h

a. Returns to baseline by 2 days

b. Severe acute exercise (1 bout to exhaustion) increases BDNF mRNA more

3. Stressful exercise reduces BDNF mRNA levels
a. Similar reductions in BDNF mRNA to restraint + water stresses

4. Exercise (4 wks treadmill running) stimulates BDNF protein after 2h

a. Returns to baseline by 2 days

5. Moderate (for 1 or 3 days)  to severe (exhaustion) acute exercise stimulates BDNF after 2h 
a. Acute moderate exercise stimulated increased corticosterone immediately after

b. Corticosterone returned to baseline after 1h

6. Exercise (4 wks treadmill running) increased spatial learning
a. Decreased latency to find platform in water maze

b. No effect of acute exercise or stress

7. Increased BDNF after 4 wks exercise compared to acute exercise is due to priming effect
a. But short term moderate exercise stimulates increased BDNF protein

8. Only high intensity or long-term exercise stimulates transcription of BDNF gene
Niel Burns – 14 December 2007
Voluntary exercise induces a BDNF-mediated mechanism that promotes neuroplasticity 

Gomez-Pinilla F, Z Ying, RR Roy, R Molteni, VR Edgertoni
 2002 J Neurophysiol 88: 2187–2195
1. Exercise (wheel running; loaded 100g) stimulated increased BDNF mRNA in lumbar spinal cord
a. Increased spinal cord BDNF mRNA at 3 and 7 days

b. BDNF mRNA was positively correlated with distance run

2. Exercise stimulated increased BDNF protein + TrkB receptor mRNA in spinal cord at 7 days
a. BDNF binds to the TrkB receptor (tropomyosin related Kinase B receptor)
3. Exercise stimulates increased spinal cord synapsin 1 mRNA and protein and phosphorylated synapsin 1 by 3 and 7 days

a. Synapsin is a protein necessary for vesicle release

b. Positive correlation between synapsin 1 and distance run

c. Positive correlation between synapsin 1 and TrkB 
d. Positive correlation between synapsin 1 and GAP43
4. Exercise stimulates increased spinal cord GAP43 mRNA at 3 and 7 days

a. GAP43 stimulates neurite outgrowth and synapse remodeling

5. Exercise stimulates increased CREB in spinal cord by 7 days

a. Positive correlation between CREB and BDNF mRNAs

6. Exercise stimulates increased BDNF mRNA and protein in soleus muscle at 3 and 7 days

a. TrkB and synapsin 1 were also increased in soleus at 3 days

i. Returned to baseline levels by day 7

7. Therefore BDNF is made in both muscle and spinal cord
8. Botulism toxin injected into soleus reduces BDNF mRNA in muscle and spinal cord
a. Reduction found ipsilateral to injection before and after exercise
b. Contralateral muscle and cord showed increased BDNF

c. Botulism toxin inhibits function of SNAP25 and SNARE, regulation of vesicle release

9. Botox also reduced synapsin 1 in spinal cord before exercise only

10. Neural plasticity associated with exercise may be stimulated in muscle, spinal cord and brain
Carin Martinson – 14 December 2007

Droste SK, MC Schweizer, S Ulbricht, JMHM Reul 2006 J Neurendocrinol 18: 915-925

1. Exercise and antidepressants improve sleep quality
2. Exercise and antidepressants work synergistically to increase hippocampal BDNF
3. Tianeptine stimulated increased exercise (wheel running)
a. Tianeptine is an antidepressant that stimulates neuroplasticity and increases 5-HT uptake
b. Similar to tricyclic antidepressants
c. Also increased fluid intake
4. Exercise stimulates increased  adrenal cortex, especially in right adrenal
a. In rats left adrenal is bigger than the right

b. Exercise increases the right adrenal medulla size
5. Exercise + tianeptine increase left and right adrenal medullary tyrosine hydroxylase (TH) mRNA
6. Exercise increases TH mRNA in LC
7. Exercise + tianeptine decrease baseline corticosterone levels

a. No  in ACTH

8. Exercise + tianeptine reduce novelty induced corticosterone
a. Exercise or exercise + tianeptine reduce novelty induced plasma corticosterone when a running wheel is present

9. Exercise + tianeptine synergistally increase plasma corticosterone to restraint stress

a. Over increases in exercise or tianeptine alone after restraint

10. Exercise decreases PVN CRF mRNA
Fall 2007 Exercise and Neurotransmission

Spring 2008 BNST
Fall 2008 Spatial Learning
Spring 2009 PFC-Limbic Communication
