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Insulin is a pleiotropic peptide

insulin

neurotrophism

neuroplasticity

neuromodulation

One Hormone Can Have 
Multiple Effects



Metabolic Disturbance & Cognitive Dysfunction:

Neuropsychiatric 
disorders

Metabolic 
disturbances

Abnormal cellular 
structure and functionDisturbed neuronal 

signaling

Abnormal central insulin‐signaling impairs neuronal functioning.



Insulin‐mediated effects of brain function:

Targeting insulin as 
new approach for treatment
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What is the relationship between 
peripheral glucose metabolism &
psychiatric disorders?
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Relationship between depression and diabetes?

Mezuk,B et al , (2008) Diabetes Care, Vol 31, Number 12

“Depression is associated with a 60% 
increased risk of type 2 diabetes.

Type 2 diabetes is associated with only modest 
increased risk of depression.”



Association between metabolic disturbances and neuropsychiatric disorders:

Psychiatric 
disorders

Neurodegenerative
diseases

Congenital 
Neurodegenerative

diseases

Other congenital 
disorders

Schizophrenia
Bipolar disorder
Depression

Alzheimer’s Disease
Vascular Dementia
Parkinson’s Disease
Huntington’s Disease

Prader‐Willi
Alstrom syndrome
Bardet‐Biedl syndrome
Down’s syndrome
Louis‐Bar syndrome
Niemann‐Pick disease
Werner syndrome
Wolfram syndrome
Woodhouse‐Sakati syndrome

Glut I deficiency
Familiar hyperinsulinism
Kearns‐Sayre syndrome
Klinefelter syndrome
Feigenbaum syndrome
Friedreich ataxia
MELAS syndrome
Myotonic dystrophy I
Narcolepsy
Thiamine responsive 
megaloblastic anemia syndrome
Spinocerebellar ataxia 3
Turner syndrome

Table adapted from: Kaidanovich‐Beilin, O., et al , (2012) F1000 Reports Biology

Bidirectional association!



Dixon, L., et al , (2000) Schizophrenia Bulletin, Vol. 26, No. 4

Persons with schizophrenia have a 
higher risk of T2D independent of 

antipsychotic medication.



Second Generation Antipsychotics drugs are 
associated with metabolic disturbances.

Therapeutic 
mechanism of 
action is unclear

SGAs
clozapine 
olanzapine

Metabolic 
disturbances 
correlate with 

efficacy

Persons with 
schizophrenia 
have abnormal 
insulin signaling



http://www2.nami.org/Content/NavigationMenu/Hearts_and_Minds/Second_Generation_Antispychotic_Medications.htm



http://www2.nami.org/Content/NavigationMenu/Hearts_and_Minds/Second_Generation_Antispychotic_Medications.htm





Insulin is not just in the periphery

Ancient hormone Invertebrates: 
neuromodulators

CNS: role in 
modulating 
behaviors

Insulin may have a functional role in the brain.



Insulin sensitive?

The majority of glucose 
uptake by peripheral 
tissues is under the 

control of insulin via the
insulin‐sensitive glucose 
transporter, GLUT‐4

It was thought that CNS 
glucose uptake tissue is not 

dependent on insulin.

New information: 
hippocampus glucose 
metabolism is sensitive to 
application of exogenous
insulin! 

Some brain areas have 
insulin receptors that can 
promote glucose utilization.



What is the source of the insulin in the CNS?

CNS insulin CNS insulin 
source

Pancreas

Neural 
Tissue



Option 1: Peripheral insulin crosses BBB

plasma
Transendothelial
transport across

BBB
CSF



Option 2: Synthesis of insulin in CNS?

Insulin mRNA 
detected in neural 
tissue – during 
development

Non‐specific 
immunolocalization
of insulin in CNS

Evidence of 
synthesis may be 
species dependent


