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How Did I Get Here?

Basic Science

Clinical Work



• Schizophrenia is a prevalent, disabling illness

• Occurs in approximately 1% of the population
• Significant impact on public health, occupational 
and personal levels

• Includes symptoms of psychosis as well as cognitive, 
social and motivational deficits

• Can cause challenging functional impairments

Introduction: Clinical Underpinnings



First Generation Antipsychotics
Low-Potency: 
• Chlorpromazine (Thorazine) 1953
• Thioridazine (Mellaril) 1962
• Mesoridazine (Serentil) 1970

Mid-Potency:
• Perphenazine (Trilafon) 1958
• Trifluoperazine (Stelazine) 1958
• Thiothixene (Navane) 1967
• Loxapine (Loxitane) 1975

High-Potency:
• Fluphenazine (Prolixin) 1959
• Haloperidol (Haldol) 1967
• Pimozide (Orap) 1984

Existing Pharmacotherapies for Schizophrenia

Second Generation Antipsychotics
• Clozapine (Clozaril) 1990
• Risperidone (Risperdal) 1994
• Olanzapine (Zyprexa) 1996
• Quetiapine (Seroquel) 1997
• Ziprasidone (Geodon) 2001
• Paliperidone (Invega) 2006
• Asenapine (Saphris) 2009
• Iloperidone (Fanapt) 2009
• Lurasidone (Latuda) 2010

“Third Generation” Antipsychotics
• Aripiprazole (Abilify) 2002
• Brexpiprazole (Rexulti) 2015



Antipsychotic Drugs and 
Metabolic Dysfunction

• Antipsychotic drug treatment often leads to development 
 of a metabolic syndrome

• weight gain
• dysglycemia, glucose intolerance, insulin resistance
• hypertension
• dyslipidemia

• Significant reason for poor drug compliance
• symptom relapse
• poor overall health outcomes

• Increased risks of type 2 diabetes and cardiovascular disease



How Do Antipsychotic Drugs Signal to 
Produce Metabolic Effects?

You Are Here



Antipsychotic Drugs Target Dopamine D2 Receptors



Dopamine receptors

D2-like
D4

D3

D2

D1-like D1

D5

Pharmacological 
Family Isoforms

G protein
signaling

Gαi
Gαo 

GαS
GαOLF
Gαq ??

D1-like

D2-like



• Best studied in brain

• Clinically efficacious antipsychotic drug (APD) 
  treatment of schizophrenia likely targets CNS dopamine
  receptors

HOWEVER…

• Dopamine receptors are also expressed outside of the CNS

Dopamine Receptors



Dopamine

• Primarily thought of as a CNS neurotransmitter

• Large dopamine pools in the periphery

• Gut (GI system)                           Digestion and Metabolism

• Kidney                        Blood Pressure Control

• Pancreas                        Glycemic Control

Adapted from <https://journeywithparkinsons.files.wordpress.com/2015/06/dopamine-structures-150803.jpg>



What is dopamine’s role in metabolism?
Clues…

• L-DOPA (dopamine precursor) originally shown to
  trigger hyperglycemia

• D2/D3 Receptor agonist bromocriptine is FDA-
approved to treat type 2 diabetes 

• To date, it is unclear whether these effects are primarily 
  modulated in the pancreas or CNS or both

WHY?



Dopamine D2-like Receptors Are 
Expressed in the Pancreas

Insulin D2R Overlay



Dopamine D1-5 Receptor Expression in Pancreatic Islets 

Rubí et al. J. Biol. Chem. 2005;280:36824-36832



What are sources of pancreatic dopamine?



Does autonomic innervation 
supply dopamine to the 

pancreas?

Adapted from Thorens, Diabetes, Obesity and Metabolism, 2014

• Sympathetic innervation 
of the mouse and human 
endocrine pancreas is 
sparser than previously 
thought

• Sympathetic innervation 
is noradrenergic

• No known extrinsic 
source of dopaminergic 
innervation of pancreatic 
islets

Local sources of dopamine within islets?



Pancreatic Beta Cells Produce and Release Dopamine
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Pancreatic Beta Cells Import L-DOPA Via 
L-Type Amino Acid Transporters 1 & 2  



Pancreatic Beta Cells Import L-DOPA Via 
L-Type Amino Acid Transporters 1 & 2  



VMAT2 Is Expressed in Insulin-Secreting
Pancreatic Beta Cells

VMAT2

VMAT2 RT-PCR VMAT2 qRT-PCR

Western Blot



Dopamine Localizes To 
Dense Core Secretory Vesicles

5-OHDA Treated DCSGs

5-OHDA Treated SLMVs
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Model of Vesicular Dopamine Loading



• 67% increase in cellular DA release with stimulation

Glucose Stimulation Enhances Dopamine Secretion



Effects of L-DOPA on GSIS

IC50 = 37.3 µM, R2=0.84



Dopamine Modulates Human Islet Insulin Release 

Human Islets Mouse Islets

IC50 = 26.24 nM IC50 = 1.29 µM



Dopamine D2-like Receptors and GSIS



• Raclopride
• Used experimentally as a D2R/D3R antagonist

Receptor Binding Affinity (Ki in nM)
5-HT1a >10,000
D1 >10,000
D2 6.9
D3 2.0
D4 1,510
H1 8,430

Data taken from the PDSP database (http://pdsp.med.unc.edu/pdsp.php)

How does blockade of D2-like receptors affect 
glucose-stimulated insulin secretion (GSIS)?



How does blockade of D2-like receptors affect 
glucose-stimulated insulin secretion (GSIS)?



• R-22
• Highly selective D3R-specific agent

Receptor Binding Affinity (Ki in nM)
D1 >10,000
D2 433
D3 1.12

Data taken from Newman et al. J Med Chem (2010) & Newman et al. J Med Chem (2012)

Is blockade of D3R alone sufficient to 
reconstitute GSIS enhancement?





How relevant are these findings in vivo?

Strategy:
• Use genetic methods to delete D2R or D3R in insulin-secreting
    pancreatic islets

•  Examine effects of receptor deletion on GSIS and DA
secretion
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Islet Sociology or No Cell Type is an Island

Adapted from Levetan and Pierce, Endocrine Practice, 2012

• Paracrine signaling between ⍺-cells and β-cells

• Is dopamine part of this paracrine signaling machinery?



Transcriptome 
analysis of human 
alpha cells and beta 
cells. Healthy human 
donors (N=5, 26-55 yrs). 

Human ⍺-Cells and β-Cells Express the 
Catecholamine Biosynthetic and Signaling Machinery

LATs



⍺-Cells Produce L-DOPA and Dopamine



Dopamine Modulates Glucagon Secretion

• Low [DA]: D2R

• High [DA]: β1, β2-AR

Gαi/o coupling Glucagon secretion

Gαs coupling Glucagon secretion



Dopamine

Norepinephrine

Dopamine versus Norepinephrine



β-adrenergic blockade attenuates dopamine’s 
stimulation of glucagon secretion

Dopamine acts via ⍺-cell β-adrenergic receptors



a

b

a

b



Antipsychotic Drugs Raise Islet Glucagon Release 
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If APDs cause insulin resistance and diabetes by 
acting directly on islets to block islet cell D2R/D3R 
signaling, can the converse also be true?

Next Questions

How to test these questions?

Can agonism of pancreatic D2R/D3R treat APD-
induced metabolic dysfunction?



Bromocriptine: T2D Drug and D2R/D3R Agonist

• Bromocriptine is an ergot alkaloid compound 
used for decades to treat prolactinomas

• D2R/D3R agonist
• More recently, FDA-approved to treat T2D 

HOW?

Related to direct D2R/D3R agonism on pancreatic targets?



Bromocriptine reduces GSIS

IC50 = 15.8 nM 

IC50 = 1.6 μM 



Bromocriptine also targets β-cell ⍺2A-ARs to reduce GSIS 

Bromocriptine acts via D2R/D2R 
and ⍺2A-AR to ↓︎insulin release



Bromocriptine targets ⍺-cell D2R to reduce 
glucagon release 



Model for bromocriptine’s therapeutic actions in islets



Can peripherally-limited bromocriptine be 
used to block or reverse APD-induced 

dysglycemia?  

In progress…Stay tuned



Conclusions – Final Thoughts

• Ultimately, dopamine and norepinephrine are derivatives of amino 
acids

• Amino acids are ubiquitous and so are these catecholamines in 
the CNS and the periphery

• Amino acid-derived molecules like monoamines have been 
repurposed in virtually all organ systems for cell signaling

 
• Dopamine is not a neurotransmitter, but a transmitter 

• Most cell types reliant on dopamine synthesis and signaling 
are NOT neurons

• Evolutionarily, dopamine’s use as a signaling molecule 
predates the development of a functional CNS 

• Repurposed for neuronal signaling long after its use in 
regulating metabolism

• Understanding dopamine’s roles outside of the brain may lead 
to a novel understanding of metabolic diseases like diabetes 
and the creation of more effective treatments
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