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INTRODUCTION
Avoidance for the shock-compartment and defecation indicate that 
rats have high stress levels during situational reminders.

Black and white box test results show increased avoidance of the 
black compartment. 

Baseline activity in open field might be an indicator of predisposition for 
higher anxiety symptoms. 

VTA dopamine cells of shocked rats have lower baseline firing rates.

Grace AA and Bunney BS (1983) Intracellular and extracellular electrophysiology of nigral dopaminergic neurons–1. Identification 
and characterization. Neuroscience 10: 301–315.

Grinage BD (2003) American Family Physician 68: 2401-2408. 
Louvart H et al. (2005) Long-term behavioural alterations in female rats after a single intense footshock followed by situational 

reminders.  Psychoneuroendocrinology 30:316-324.

Diagnosis and Management of Post-traumatic Stress Disorder. 

Insets: A. Latency to escape from white compartment  B. Time spent in the white compartment. Adapted from Louvart et al. (2005)

 CONCLUSIONS

Behavior

Electrophysiology
     Rats were anesthetized with chloral hydrate (350 mg/kg, i.p), a tracheal tube was inserted to facilitate 
breathing.
     Using stereotaxic procedures an electrode was placed in the VTA (5-5.5 mm posterior to bregma, 0.5-1 mm 
lateral to the midline and 6-8 mm deep). 
     Action potentials were recorded using glass electrodes ( filled with 2% Pontamine Sky 
Blue in 0.5 M sodium acetate). 

 Body temperature was maintained at 37-38°C throughout the experiment. 

capillary 10 to 16 MW, 

Male Sprague-Dawley rats (2 mo old, 250 g). Food and water ad libitum, reverse dark/light cycle.

Example of open field trajectories

Characterization of Ventral Tegmental Area dopamine cells.

Elevated plus maze  test results show a higher anxiety level in the 
shocked group.

Histology
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Pontamine Sky Blue and Tyrosine Hydroxylase immunohistochemistry show that recordings were indeed 
within VTA.

Time in the shock compartment after 
Shock/Sham procedures
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Amount of fecal boli excreted during Shock/Sham 
procedures and subsequent situational reminders
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A: Grace & Bunney (1983) 
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Example traces of non-dopamine (orange) and 
dopamine (green) VTA action potentials
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Dopamine and non-dopamine action potentials differ in width.

Ratio of time spent in closed arms and 
open arms
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Latency to remove tail

After shock, rats have 
show a significant increase in pain sensitivity.

no significant change in tactile sensitivity but 

Shock Sham

Firing rate of dopamine VTA cells in 
shock and sham animals

White arrow shows deposit of Pontamine Sky Blue indicating the location 
of the tip of the electrode during recording. Small black arrows show 
tyrosine hydroxylase immunoreactive dopamine cells.

SNc: substantia nigra pars compacta, SNr: substantia nigra pars reticulata, 
VTA: ventral tegmental area, fr: fasciculus retroflexus.
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Coefficient of variation of  VTA 
cells in shock and sham animals
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    Each rat was perfused transcardially with 0.9% saline and fixed with 0.4% paraformaldehyde in 0.1M 
buffer. The brain was extracted and cut into phosphate 50 µm slices on a cryostat. Slices were processed for 

tyrosine hydroxylase.
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Dopamine  and non-dopamine cells 
differ in baseline firing rate 
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Firing rate and action potential width 
of dopamine and non-dopamine cells
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    Anxiety disorders, such as Post-Traumatic Stress Disorder (PTSD), 
have major health and economical impacts in the U.S.  Approximately 
30% of people exposed to traumatic events develop PTSD. A question of 
clinical importance is whether individuals differences can predict PTSD 
vulnerability (Grinage, 2003). 

    The neural basis of anxiety disorders is under active investigation, and 
may involve neurons that have widespread connections to brain areas 
mediating perception, learning, memory and other cognitive and 
emotional functions. 

    The ventral tegmental area (VTA) projects to many such areas and it 
has been shown in human patients that both acute and chronic stress have 
a negative impact on the normal function of the dopamine system. 

    In rats it has been shown that the immediate delivery of painful or 
stressful stimuli can cause changes in the excitability of dopamine 
neurons. However, the long term effects of stress on VTA dopamine 
neurons are still unclear. 

    This study is aimed at relating the long-term behavioral consequences 
of an intense stressful event to the baseline excitability of VTA dopamine 
neurons in rodents.
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    Shocked rats show elevated stress levels, avoidance for places that resemble those 
where the shock was given, higher anxiety levels and increased pain sensitivity. These 
results are compatible with those obtained in humans affected by PTSD.

    Low activity rats show stronger long lasting anxiety levels than high activity rats.  
This result indicates that stress-induced anxiety levels may depend on pre-existing 
differences between animals.

    Dopamine cells of the VTA in shocked rats show a significant trend towards lower 
baseline firing rates than sham rats. Their bursting characteristics seem unchanged. 

    These findings suggest that the VTA may undergo long-term physiological changes 
triggered by a single intense stressful event. These changes have the potential to affect 
many cognitive and emotional areas of the brain and possibly explain some of the 
symptomatology of syndromes such as PTSD.

B: This study

Extracellular recordings of dopamine cells.

Dopamine  and non-dopamine  cells have different baseline firing rates.
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1: Graduate Interdisciplinary Program in Neuroscience, 2: ARL division of Neural Systems Memory and Aging, 3: Department of Psychology and Applied Mathematics, 4: Department of Pharmacology, 
University of Arizona, Tucson, AZ.
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Example traces of VTA  dopamine cell action potentials 
recorded from A: shock and B: sham animals

Long term effects of inescapable footshock on ventral tegmental area dopamine cell activity 
 Nadia Corral-Frías,  José Valdés, Jean-Marc Fellous and Edward French 
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Width of dopamine and 
non-dopamine action potential
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n=37

The fraction of action potentials fired in bursts 
variation did not differ significantly between shock and sham animals.

and the coefficient of 

Contact information: 
nscorral@email.arizona.edu

Rats were divided into low activity and high activity groups.

Open field tests indicate that low activity rats have higher anxiety levels than high activity rats.
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Locomotor activity and pain (Tail 
Flick) and tactile (Von Frey) sensitivity 

Day 8: Locomotor activity and 
pain and tactile sensitivity tests

Day 17: Locomotor activity and pain 
and tactile sensitivity tests

Open field test

Day 1: Shock/Sham

Day 16: Open field test

Day 18: VTA electrophysiology

Days 3,5,7: Situational reminders

Day 14: Black and white box test

Day 15: Elevated plus maze test
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Width of action potentials were measured from 
st ndthe start (1  dot) until baseline is reached (2  dot)
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Statistics
    Statistical analyses were performed with Sigma Stat 3.5. *=p<.05, **=p<.01

0

0.5

1

1.5

2

2.5

3

3.5

4

n=27

*

* * * * *

*
*

*


	Page 1

