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Figure 1.2.  Transporters, receptors and second messenger systems involved in the effects of antidepressants.
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Figure adapted from Belmaker and Agam.79 The left half of the presynaptic neuron represents
a serotonergic neuron, the right half a norepinephrinergic neuron. 

In the presynaptic neuron, serotonin is synthesized from tryptophan by tryptophan
hydroxylase and stored in vesicles. Likewise, norepinephrine is synthesized from tyrosine by
tyrosine hydroxylase. These vesicles merge with the cell membrane when the neuron is
depolarized, thereby releasing their contents into the synaptic cleft. 

After release, serotonin and norepinephrine are transported back into the presynaptic neuron
by serotonine and norerepinephrine transporters. Furthermore, serotonin and norepinephrine
are catabolized by the monoamine-oxidase A (MAO-A) enzyme. 

In the synaptic cleft, serotonin and norepinephrine affect both the pre-and post-synaptic
neuron. The pre-synaptic 5-HT1A and 5-HT1B auto-receptors decrease serotonin release by
inhibitory feedback; the α2-adrenergic receptor does the same for the release of norepinephrine. 

Post-synaptically, serotonin and norepinephrine bind to G-protein-coupled monoamine
receptors (MARs): the cyclicAMP (cAMP)-coupled receptor, which activates protein kinase A
(PKA), and the Phosphatidylinositol (PI)-coupled receptor, which activates phospholipase C (PLC)
which thereafter form inositol triphosphate (IP3) and diacylglycerol (DAG). IP3 and DAG activate
protein kinase C (PKC). Both PKA and PKC finally activate cAMP responsive element binding
(CREB) protein, which stimulates DNA transcription. For example, this might result in the
production of brain derived neurotrophic factor (BDNF).
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DELPHI-SPECT and DELPHI-fMRI represent sub-studies nested within the total study. For these
2 sub-studies drug-free patients were recruited and treated in the Academic Medical Center.
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Figure 2.1. Design of the DELPHI-study.
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Figure 2.3. Regions of Interest (RoI) for Midbrain, Cerebellum and Diencephalon.
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Example of SPECT images after 3D reconstruction. Templates with fixed RoIs are shown in
green. 

A. Midbrain (circle) and cerebellum. B. Striatum (for demarcation midbrain-diencephalon) and
diencephalon (circle). RoIs were positioned by hand and situated based on anatomy and
maximum concentration of activity/ml in the RoI. 
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Negative faces contrast. Week 6 and 12 scans and response status were combined in a full
factorial model.

A. SPM-results showing design matrix, contrast and activation in right amygdala (MNI 18,-2,-
18).

B.  Activations of left (MNI -22,2,-18; blue) and right (MNI 18,-2,-18; red) amygdala stratified for
non-response and response at 6 and 12 weeks. Significant difference between non-responders
and responders (F1,32= 4.591; p<0.0001); no significant lateralization (F1,32= 0.1517; p= 0.70).

C. Plot of contrast estimate by HDRS17-score (centralized to mean). Significant positive
correlations for left (0.33 ±0.12 [SE]; F1,31= 7.076; p= 0.0123; r2= 0.19; shown in blue) and right (0.38
±0.14 [SE]; F1,31= 6.929; p= 0.0131; r2= 0.18; shown in red) amygdala. Regression lines for left and
right amygdala are not significantly different (F1,62= 0.0683; p= 0.79).
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Figure 10.1. Amygdala response relative to clinical response (HDRS17 ≥50% decrease) after 6 and 12 
weeks of treatment with paroxetine.
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