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Depression 
Background 

Institute of Health Metrics and Evaluation. Global Health Data Exchange (GHDx).  https://vizhub.healthdata.org/gbd-results/ (Accessed 4 March 2023). 



The “monoamine deficiency hypothesis” of depression 

postulates that depressive symptoms arise in part from 

insufficient levels of monoamine neurotransmitters such 

as serotonin (or 5 hydroxytryptamine, 5-HT). 

The 5-HT system  

Background 
The serotonin (5-HT) hypothesis of depression 

The 5-HT synapse  
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The 5-HT receptors  

e.g., 5-HT2A 

Cowen, Philip J., and Michael Browning. "What has serotonin to do with depression?." World Psychiatry 14.2 (2015): 158. 



• Some evidence of impaired 5-HT system in depression. 

• All available evidence is indirect.  

• No in-vivo human studies measured 5-HT in patients. 

Study Aim 
Testing the 5-HT hypothesis of depression in patients 

“The main areas of serotonin research provide no  

consistent evidence of there being an association  

between serotonin and depression, and no support 

for the hypothesis that depression is caused by  

lowered serotonin activity or concentrations” 

To compare the release of 5-HT in the living 

human brain between patients with depression 

and healthy controls 

Objective 



Materials and Methods 
Positron Emission Tomography (PET) 
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Materials and Methods 
Positron Emission Tomography (PET) 

5-HT targets challenged in human PET studies: 

5-HT2A  

• MDL 

• Altanserin 

• Setoperone 

 

5-HT4  

• SB207145  

 

• SSRIs  

• Ketamine 

• Clomipramine 

• d-Fenfluramine 

• Tryptophan depletion 

SERT 

• DASB 

 

5-HT1A  

• WAY-analogues 

• CUMI-101 

 

5-HT1B  

• AZ10419369  
All 

antagonists 

1 of 6    5-HT1A 

0 of 1    5-HT1B  

0 of 6    5-HT2A  

1 of 2    5-HT4  

0 of 2    SERT 

. 

Challenges Targets Studies with  

expected direction 

In dopamine research it was found that the D2/D3 agonist 

[11C]PHNO is 1.5 times more sensitive to acute fluctuations  

in synaptic dopamine induced by d-amphetamine challenge 

than the D2/D3 antagonist [11C]raclopride.    

Active vs Inacitve receptor states 

Shotbolt, Paul, et al. "Within-subject comparison of [11C]-(+)-PHNO and [11C] raclopride sensitivity to acute amphetamine challenge in healthy humans." Journal of Cerebral Blood Flow & Metabolism 32.1 (2012): 127-136. 



Materials and Methods 
The radioligand [11C]Cimbi-36  

11CH3 

[11C]Cimbi-36 

(25B-NBOMe) 

5-HT type 2A receptor 

(5-HT2AR) 

Nutt, David, David Erritzoe, and Robin Carhart-Harris. "Psychedelic psychiatry’s brave new world." Cell 181.1 (2020): 24-28. 

• 5-HT2AR highly expressed in cortical regions 

• Agonism at the 5-HT2AR induces alteration of consciousness 

• Main mechanism of action of classic psychedelics 
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d-amphetamine 
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release 

Materials and Methods 

Using d-amphetamine challenge 
to measure 5-HT release 

Erritzoe, David, et al. "Serotonin release measured in the human brain: a PET study with [11C] CIMBI-36 and d-amphetamine challenge." Neuropsychopharmacology 45.5 (2020): 804-810. 

“Data from 17 healthy males suggest that 

[11C]Cimbi-36 is sensitive to synaptic 5-HT 

release in the human brain, and combined 

with a d-amphetamine challenge can enable 

the evaluation of the human brain 5-HT 

system in neuropsychiatric disorders” 



• 12 medication-free patients with Major 

Depressive Disorder (MDD) 

     [9 males, mean age 40 ± 11]. 

• 5 medication-free patients with comorbid Major 

Depressive Disorder and Parkinson’s Disease 

(MDPD) [All males, mean age 55 ± 9]. 

• 20 Healthy Controls (HC) 

     [17 males, mean age 32 ± 9]. 

• [11C]CIMBI-36 PET pre and 3 hours post oral 

d-amphetamine [0.5 mg/kg, p.o.]. 

• Scale: Beck Depression Inventory (BDI). 

• Dynamic PET data with metabolite, arterial 

plasma input function, acquired over 90 

minutes, corrected for attenuation, scatter and 

motion. 

Materials and Methods 

Erritzoe, David, et al. "BRAIN SEROTONIN RELEASE IS REDUCED IN PATIENTS WITH DEPRESSION: A [11C] Cimbi-36 PET STUDY WITH A D-AMPHETAMINE CHALLENGE." Biological Psychiatry (2022). 

Brain serotonin release is reduced 
in patients with depression  

1 participant in the MDD group 

was identified as an outlier for 

ΔBPND using the Tukey’s rule 

and was not included in all the 

parametric statistics involving 

ΔBPND   

Outlier exclusion 



1. 5-HT release (or ΔBPND) in Frontal Cortex: 

• In 20 HC : 15±14%, p<0.001 

• In 12 MDD: 3±20%, ns 

• In 5 MDPD: 4±15%, ns 

  

Conclusion – MDE patients have lower 

serotonin release capacity (SRC) in the 

frontal cortex than non-depressed controls 

Reduced [11C]CIMBI-36 displacement in patients 

with major depressive episode (MDE) 

Erritzoe, David, et al. "BRAIN SEROTONIN RELEASE IS REDUCED IN PATIENTS WITH DEPRESSION: A [11C] Cimbi-36 PET STUDY WITH A D-AMPHETAMINE CHALLENGE." Biological Psychiatry (2022). 

One-way ANCOVA* 

Results 

Brain serotonin release is reduced 
in patients with depression  



UNPUBLISHED 

Results 

Relationship between 5-HT2A receptor availability (Baseline BPND) and 

SRC (ΔBPND) with psychometric measures in the MDD sub-group. 

Brain serotonin release is reduced 
in patients with depression  



Discussion 

Brain serotonin release is reduced 
in patients with depression  

1. Reduced serotonin release capacity (SRC) in the frontal cortex of 

depressed patients as compared to healthy controls. 

 

2. No correlation with severity of depression or treatment outcome. 

 

3. Negative correlation between baseline 5-HT2AR availability and trait 

connectedness among depressed patients (scale not administered to 

healthy controls). 

 

• Small effect size of the between-group difference in ΔBPND.  

 

• Study underpowered to detect interpretable correlations. 

 

• Results to be replicated in a bigger sample size and using a 

selective 5-HT pharmacological challenge. 

 

 

Summary 

Limitations 
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