
Psychophysiology of mental disease



Psychophysiological science is grounded on the premise that 
the mind is embodied: Mental processes influence the 
physiological state of the body while changes in the body's 
physiology influence thoughts, feelings and motivational 
behaviour.









Depression is associated with small-to-moderate elevations 
in ACTH and cortisol and a reduction in CRH levels



There is significant overlap between the factors driving 
peripheral inflammatory disease and psychiatric disorders

Cardiovascular disease is closely linked with obesity, 
dyslipidemia, diabetes and metabolic disease…

Obesity itself is considered to be a state of low-grade 
inflammation, and is linked with elevated depressive 
symptoms



Systemic inflammation activates Central Nervous System 
microglia (= macrofagi)

Activated microglia are a key source of reactive oxygen 
species, contributing to a status of inflammation-induced 
oxidative stress in the CNS

Oxidative stress, driven both peripherally and centrally, is 
strongly associated with psychiatric aetiology

These findings support the crosstalk between peripheral 
molecular processes to central effects related to cognitive and 
emotional function
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Autonomic nervous system

• The autonomic nervous system is the 
subdivision of the peripheral nervous system 
that regulates body activities that are 
generally not under conscious control

• Visceral motor innervates non-skeletal (non-
somatic) muscles
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• Axon of 1st (preganglionic) neuron leaves CNS 
to synapse with the 2nd (ganglionic) neuron

• Axon of 2nd (ganglionic) neuron extends to the 
organ it serves

Diagram contrasts somatic (lower) and autonomic:

autonomic

somatic

Note: the autonomic ganglion is motor

this dorsal 
root ganglion 
is sensory
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Divisions of the autonomic nervous system

• Parasympathetic division
• Sympathetic division

Serve most of the same organs but cause 
opposing or antagonistic effects

Parasysmpathetic: routine maintenance
“rest &digest”

Sympathetic: mobilization & increased metabolism 
“fight, flight or fright” or “fight, flight or freeze”
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Where they come from

Parasympathetic:
craniosacral

Sympathetic:
thoracolumbar
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Parasympathetic nervous system
“rest & digest”

• Also called the craniosacral system because 
all its preganglionic neurons are in the brain 
stem or sacral levels of the spinal cord
– Cranial nerves III,VII, IX and X
– In lateral horn of gray matter from S2-S4

• Only innervate internal organs (not skin)
• Acetylcholine is neurotransmitter at end organ 

as well as at preganglionic synapse: 
“cholinergic”



• Cranial outflow
– III - pupils constrict
– VII - tears, nasal mucus, saliva
– IX – parotid salivary gland
– X (Vagus n) – visceral organs of thorax & abdomen:
• Stimulates digestive glands
• Increases motility of smooth muscle of digestive tract
• Decreases heart rate
• Causes bronchial constriction

• Sacral outflow (S2-4): form pelvic splanchnic nerves
– Supply 2nd half of large intestine
– Supply all the pelvic (genitourinary) organs
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Sympathetic nervous system
“fight, flight or fright”

• Also called thoracolumbar system: all its neurons are in 
lateral horn of gray matter from T1-L2

• Lead to every part of the body (unlike parasymp.) 
– Easy to remember that when nervous, you sweat; when afraid, 

hair stands on end; when excited blood pressure rises 
(vasoconstriction):  these sympathetic only

– Also causes: dry mouth, pupils to dilate, increased heart & 
respiratory rates to increase O2 to skeletal muscles, and liver 
to release glucose

• Norepinephrine (aka noradrenaline) is neurotransmitter 
released by most postganglionic fibers (acetylcholine in 
preganglionic): “adrenergic”



20

Adrenal gland is exception

• Synapse in gland
• Can cause body-wide 

release of epinephrine 
aka adrenaline and 
norepinephrine in an 
extreme emergency
(adrenaline “rush” or 
surge)
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Summary 
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Central control of the 
Autonomic NS

Amygdala: main limbic 
region for emotions

-Stimulates sympathetic activity, 
especially previously learned fear-
related behavior
-Can be voluntary when decide to 
recall frightful experience - 
cerebral cortex acts through 
amygdala
-Some people can regulate some 
autonomic activities by gaining 
extraordinary control over their 
emotions

Hypothalamus: main 
integration center

Reticular formation: most 
direct influence over 
autonomic function



 . . .when the heart is affected it reacts on the brain; 
and the state of the brain again reacts through the 
pneumo-gastric [vagus] nerve on the heart; so that 
under any excitement there will be much mutual action 
and reaction between these, the two most important 
organs of the body

C. Darwin









 1) There is a phylogenetic shift in the regulation of the heart 
from endocrine communication to unmyelinated nerves and 
finally to myelinated nerves;

 2) A face–heart connection evolved as source nuclei of vagal 
pathways shifted ventrally from the older dorsal motor 
nucleus to the nucleus ambiguus. This resulted in an 
anatomical and neurophysiological linkage between neural 
regulation of the heart via the myelinated vagus and the 
special visceral efferent pathways that regulate the striated 
muscles of the face and head, forming an integrated social 
engagement system;

 3) With increased cortical development, the cortex exhibits 
greater control over the brainstem via direct (eg, 
corticobulbar) and indirect (eg, corticoreticular) neural 
pathways originating in motor cortex and terminating in the 
source nuclei of the myelinated motor nerves emerging from 
the brainstem 



To effectively switch from defensive to social engagement 
strategies, the mammalian nervous system needs to perform two 
important adaptive tasks:
(1)assess risk, and
(2) if the environment  is perceived as safe, inhibit the more 
primitive limbic structures that control fight, flight, or freeze 
behaviors.



The ‘fight or flight’ pattern of bodily response 
is produced stereotypically to a range of 
perceived environmental threats that as a
minimum capture attention….



… the same pattern accompanies shifts in attention 
and cognitive evaluations with negative 
behavioural connotations.















































greater parasympathetic and perhaps less sympathetic 
activation associated with happiness and disgust and a 
shift toward sympathetic dominance with sadness and 
anger
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