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Stress Physiology!

"The Light” by Fritz Eichenberg. 

Stress Physiology 

We all hear that stress is bad, few understand the 

physiological roles that our responses to stress play: 

1. Where the concept of stress came from 

2. The neuroendocrine pathway that mediates stress responses 

3. ‘Stress’ hormones are critical for HEALTHY PHYSIOLOGY 

4. Context-dependent nature of stress responses 
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Hans Selye – The Father of Stress 

Proposed: General Adaptation Syndrome 

Three stages of response to stressors: 

Alarm Reaction 

Resistance and adaptation 

Exhaustion and collapse

Concept of Stress 

Stage of Alarm!

HR, BP, Sweating 

E, NE, Glucocorticoids 

Energy resources mobilized 

Blood flow to extremities & visceral organs 

Modulation of over 50 different hormones 

Concept of Stress 
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Resistance and Adaptation!

Homeostasis reestablished but at a different “abnormal” 

level of physiology 

The ability to react to stressors shifts 

 - often becoming more reactive 

Organism seems stabilized at new level,

and to have adapted to stress 

Concept of Stress 

Exhaustion! Extended time -> the organism

becomes exhausted physiologically 

Concept of Stress 
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The primary role of the physiological stress response is to: 

•!Mobilize the bodies fuel reserves

•!Convert fuel to forms suitable for transportation & use

•!Increase O2 delivery to locations that need it

for behavioral response

•!Shut down unnecessary energy usage

Modern Concept of Stress 

Brain Pituitary Gland Adrenal Glands 

Hypothalamus

Hippocampus & Amygdala 

Hindbrain (Medulla oblongata) 

Endocrine Organs 
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Blood glucose

maintenance

Appropriate

Immune

Function

Cortisol &/or 

corticosterone

Adrenocorticotropin

Hormone (ACTH) 

Corticotropin Releasing 

Hormone (CRH) 

Neuroendocrine Pathway 

Appropriate

Behavioral

Response

Dennison, E. et al. J Clin Endocrinol Metab. 1999;84:3058-3063 

Circadian Rhythms

Regular signaling by GCs CRITICAL FOR LIFE 

Nadir

Acrophase

Amplitude
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Short-Term Stress Response 

Also includes rapid actions of    

glucocorticoids (cortisol)

Coordination of appropriate 

behavioral response 

Corticotropin Releasing

Hormone (CRH) 

Adrenocorticotropin

Hormone  (ACTH) 

Glucocorticoids  
(GCs)  E, NE 

ACUTE STRESS RESPONSE

Corticotropin Releasing Hormone (CRH) 

Elevates arousal state of an animal 

Does so via activating Serotonin circuits 

Emotional Coping Strategies, Arousal, Anxiety 

ACUTE STRESS RESPONSE
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Coordinates appropriate behavioral  

response to threat 

Glucocorticoids signal via membrane receptors 

Context-dependent response to stressors

Endocannabinoids

Context-dependent response to stressors

Glu

+

CORT / DEX 

Postsynaptic

Neuron

Wilson & Nicoll, 2001 

Kreitzer & Regehr, 2001 

Di et al. 2003 
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Based on work in Rat 

Brain Slices 
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Corticotropin Releasing

Hormone (CRH) 

Adrenocorticotropin

Hormone  (ACTH) 

Glucocorticoids

(GCs)

The chronic effects of 

these hormones  

Observed by   

Hans Selye 

CHRONIC STRESS RESPONSE

Chronic elevation Glucocorticoids: 

Recovery is possible - with birth of new neurons 

Death of cells in the hippocampus 

Fig 1: Loss of neurons from the hippocampal 

and striatal regions due to prolonged elevated 
Glucocorticoids.

CHRONIC STRESS RESPONSE
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Changes how serotonin is regulated

– acts on 5-HT transporters 

Post-traumatic stress disorder 

Depression

Anxiety

Disregulation of HPG function 

Immune disfunction 

CHRONIC STRESS RESPONSE

Chronic elevation Glucocorticoids: 

Memory acquisition/retention disrupted 

Disregulation of HPG function 

Cynomologous macaques 

From OHSU 

CHRONIC STRESS RESPONSE
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Disregulation of HPG function 

Caloric deficit Caused by 

Chronic disease 

Psychosocial stress 

Synergistic effects of “minor” stressors 

Anovulation and Amenorrhea 

! GnRH, LH, gonadal function 

CHRONIC STRESS RESPONSE

Synergistic effects of “minor” stressors 

1 2 3

LOW

low level psychosocial
stress

(Moving to new house) 

MOD

moderate energy
imbalance

(Exercise + Diet) 

COMBO

Combination of all
stressors

(Move + Exercise + Diet) 

Studied for two Menstrual Cycles prior to stress 

Food Intake, Body Weight, Menstrual 

cyclicity, and reproductive hormones 

& two Menstrual Cycles during stress 

Williams NI, Berga S, Cameron JL. Am J Physiol Endocrinol Metab. 2007 Apr 3 

CHRONIC STRESS RESPONSE
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Conclusion:  Infertility due to hypothalamic hypogonadism can 

result from the combination of commonplace, seemingly minor, 

stressors that often escape clinical attention.
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Another study: 

Serotonin activity

Is source of

Sensitivity to 

Stressors

Williams NI, Berga S, Cameron JL. Am J Physiol Endocrinol Metab. 2007 Apr 3 

Synergistic effects of “minor” stressors 

CHRONIC STRESS RESPONSE

Anxiety and Depression 

Serotonin reuptake inhibitors 

New wave: CRH antagonists 

Get Dirty! 

Mycobacterium vaccae innoculation used by

Dr Mary O’Brien for treatment of cancer

Noticed patients also experienced increased

sense of wellbeing, decreased depression & anxiety

Relief from Chronic Stress Response
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Mycobacterium vaccae in 

not the only answer but has real potential

Lowry CA et. al. 2007 Neuroscience. Mar 14 

Relief from Chronic Stress Response

Infection with M vaccae 

Increased cytokine levels

Stimulate sensory nerve afferents

Stimulate Dorsal Raphe

Increases serotonergic activity

Relief from depression & anxiety

Lowry CA et. al. 2007 Neuroscience.

Relief from Chronic Stress Response




