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The evolution of antidepressant medicines

All work on monoamines though through different mechanisms

Little difference in efficacy – large differences in safety and tolerability

Probable site of action is sub-cortical systems e.g. amygdala

Theory = reduce stress reactivity so allow the brain to recover 

All work slowly – 4-8 weeks to full effects – due to need to overcome neurotransmitter 
feedback mechanisms or because don’t actually target the core of depression 



Full information on all in your phone!
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Available 
as an App 
on 
Android or 
i-phone

130 drugs 
so far 

Child and 
Adolescent version 
also now available 



Visualizing Psychotropic Medicine 

Receptors

Transporters

Enzymes

Ion channels

Available on the BAP  and Neurotorium websites 
Free downloads 



Transporter Receptor Enzyme Ion 
channel

Multimodal

Mode of action disc colours

A worked antidepressant example 



Each neurotransmitter has a different colour 

Dopamine

Serotonin

Noradrenaline

GABA

Opioid

Histamine

Acetylcholine

Melatonin

Glutamate

Ion channel 
Ca+

Ion channel 
Na+

Neurotransmitter colours



Affinity determines position on page



“Tricyclics” 

Important for clinical 
effects
Contributes to other 
effects

Off target effects lead to toxicity 
especially in overdose 



New fast acting antidepressants

• (Ketamine*) and esketamine 

• Psilocybin* (in trials)

• Brexanalone

• * unlicensed
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The ketamine story - serendipity 

Krystal at Yale uses i.v. ketamine as an 
experimental model of psychosis in healthy 
volunteers  à notes some mood elevation 
afterwards

Zarate at Yale takes this up and does first trial of 
i.v. ketamine in depression à positive and 
immediate clinical effects 

Zarate et al (2006) : JAMA Psych
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The esketamine story - refinement 

Janssen develop esketamine for clinical use 
intra-nasallyà full safety package and clinical 
trial data as augmentation therapy for  
antidepressant treatment failures

1. Popova V, et al. Am J Psychiatry 2019;176(6):428-438

ESK + AD (n=101)  Placebo + AD (n=100)

Pr
op

or
tio

n 
of

 p
at

ie
nt

s 
(%

)

TRANSFORM 2 remission rates1

Spravato is licensed un UK 2021



How does (es)ketamine work?

Theories

• Suppress depression-generating centre (CG 25) 1

• Disrupt depression thinking processes – default mode network (DMN)2

• Neuro-plasticity/ synaptic regeneration through growth factors 3

MORE ON THIS LATER 

References 1. Deakin et al. 2008. 2. Spies et al  2019   3. Garcia et al 2008
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Liberty cap magic 
mushrooms 



Carhart-Harris  et al Lancet Psychiatry 2016

Psilocybin in resistant depression

Effects of a 
single 25mg 
dose of 
psilocybin 



Psilocybin attenuates activity 
in the brain region linked to 
depression 
Carhart-Harris PNAS 2012

fMRI BOLD image

Psilocybin decreases in brain fMRI activity 

As do many other treatments for 
depression 

SSRIs Kennedy et al. 01
CBT Goldapple et al. 04
Sleep deprivation   Gillin et al. 01
ECT Bonne et al. 96
Placebo Mayberg et al. 02
Deep brain stimulation   Mayberg et al. 05
Ketamine Deakin et al. 08



Medial visual

Lateral visual

Auditory

Sensorimotor

Default mode

Executive control

Beckmann, C. F., M. DeLuca, et al. 2005.  Phil. Trans. Roy. Soc.  B 

Functional networks of brain activity 

Networks define different disorders 



Psilocybin uncouples frontoàparietal connectivity (DMN)

possibility that the effects observed in this study were driven by
nonneural physiological changes, physiological variance (i.e., heart
rate, respiration rate, and respiration depth) was regressed from
the functional data before repeating the BOLD analyses described
above. This correction step did not signi!cantly alter the statistical
parametric maps (Fig. S3), suggesting that changes in physiological
parameters were not responsible for the positive outcomes.
Furthermore, to test the possibility that psilocybin had acted

directly on the cerebral vasculature, we included a blocked breath-
hold paradigm at the end of each BOLD scan. Hypercapnia is
known to signi!cantly increase the BOLD signal via CO2-induced
vasodilation (see ref. 7 and Fig. S4); thus, it was reasoned that
a direct effect of psilocybin on brain vasculature would cause an
altered BOLD response to breath-hold. However, no difference
was found in the BOLD response to breath-hold under psilocybin
and placebo, implying that the drug had not acted directly on the
vascular system.

Discussion
The fMRI studies reported here revealed signi!cant and consistent
outcomes. Psilocybin signi!cantly decreased brain blood "ow and
venous oxygenation in a manner that correlated with its subjective
effects, and signi!cantly decreased the positive coupling of two key
structural hubs (the mPFC and the PCC). Our use of fMRI to
measure resting-state brain activity after a psychedelic is unique, and
because the results are unexpected, they require some explanation.
The effect of psilocybin on resting-state brain activity has been

measured before with PET and glucose metabolism (8). This study
found a global increase in glucosemetabolism after oral psilocybin,
which is inconsistent with our fMRI results. One possible expla-
nation for this discrepancy relates to the fact that the radiotracer
used to measure glucose metabolism (18F-"uorodeoxyglucose) has
a long half-life (110 min). Thus, the effects of psilocybin, as
measured by PET, are over much greater timescales than indexed
by our fMRImeasures. It is therefore possible that phasic or short-
term effects of psilocybin show some rebound that is detected by
longer-term changes in glucose metabolism. More direct measures
of neural activity will help inform this hypothesis, but in support of
the inference that psilocybin does decrease neural activity, direct
recordings of cortical local !eld potentials (LFPs) in rats found
broadband decreases in resting state LFP power after psilocybin

infusion—including !-power (9)—changes in which are known to
correlate with changes in the BOLD signal (10).
It has been commonly assumed that psychedelics work by in-

creasing neural activity; however, our results put this into question.
Psilocin is a mixed serotonin receptor agonist, but there is a general
consensus that the characteristic subjective and behavioral effects
of psychedelics are initiated via stimulation of serotonin (5-Hy-
droxytryptamine, 5-HT) 2A receptors (11). It is possible that the
deactivations observed in the present studies were caused by
stimulation of 5-HT receptors other than 5-HT2A; however, this
seems unlikely given that the af!nity of psychedelics for the 5-
HT2A receptor correlates with their potency (12) and 5-HT2A
antagonists block the subjective effects of psychedelics (13). There
is a large body of preclinical evidence that stimulation of 5-HT2A
receptors increases GABAergic transmission and pyramidal cell
inhibition (14–21), which may explain the deactivations observed
here (Figs. 2 and 4). fMRI studies with serotonergic compounds
that stimulate other 5-HT receptors, such as the 5-HT2C (22) or
(mainly) the 5-HT1A receptor (23), have not found comparable
results to those shown here, and 5-HT2A receptors are present
in high concentrations in the cortical regions that were signi!cantly
deactivated and decoupled after psilocybin (Table S2).
Stimulation of the 5-HT2A receptor increases excitation in the

host cell by reducing outward potassium currents (24). Thus, if the
5-HT2A receptor did mediate the observed deactivations, then it
may have been via 5-HT2A-induced excitation of fast-spiking
interneurons terminating on pyramidal cells (e.g., ref. 24) or
5-HT2A-induced excitation of pyramidal cells projecting onto
interneurons (25).
Regardless of how these effects were initiated at the receptor

level, it is necessary for us to offer a functional explanation for
them. It is noteworthy that the regions which showed the most
consistent deactivations after psilocybin (e.g., the PCC andmPFC)
are also those that show disproportionately high activity under
normal conditions (26). For example, metabolism in the PCC is
!20% higher than most other brain regions (27), yet psilocybin
decreased its blood "ow by up to 20% in some subjects. There is

Fig. 4. Brain deactivations after psilocybin. (Upper) Regions where there
was a signi!cant decrease in the BOLD signal after psilocybin versus after
placebo (z: 1.8–3). Mixed-effects analysis, z > 1.8, P < 0.05 whole brain cluster
corrected, n = 15. (Lower) Regions where there was a consistent decrease in
CBF and BOLD after psilocybin. For display purposes, signi!cant BOLD
decreases were calculated within a mask based on the ASL result (Fig. 2) at
an uncorrected voxel level threshold of P = 0.05. Note, we observed no
increases in CBF or BOLD signal in any region.

Fig. 5. Psilocybin-induced changes in vmPFC (red) functional connectivity.
(Top) Regions where activity was positively coupled to that of the vmPFC are
shown in orange and regions where activity was “negatively” coupled to
activity in the vmPFC are shown in blue (it should be noted however, that the
appearance of negative connectivity is forced by regression of the global
signal). (Middle) Signi!cant increases (orange) and decreases (blue) in func-
tional connectivity after psilocybin infusion. (Bottom) Increases and decreases
in functional connectivity after psilocybin that were signi!cantly greater than
any connectivity changes after placebo. All analyses were mixed effects, z >
2.3, P < 0.05 whole-brain cluster corrected, n = 15. Note: The signi!cant
psycho-physiological interactions in the posterior PCC and left lateral parietal
region suggest that the positive coupling (under placebo) has decreased
signi!cantly. This !nding should not necessarily be interpreted as a negative
coupling, simply a signi!cant decrease in a positive coupling.

4 of 6 | www.pnas.org/cgi/doi/10.1073/pnas.1119598109 Carhart-Harris et al.

Saline – strong 
correlations in 

activity in these 
regions

Psilocybin –
correlations lost or 

even negative  

Seed regionCarhart-Harris et al PNAS 2012



The default mode network & depression

A) PCC functional connectivity

B) Greater PCC to SCC (subgenual cingulate 
cortex) connectivity in depression

PCC - SCC functional connectivity 
predicts rumination 

Berman et al. 2011



Esketamine decreases functional connectivity in the DMN also  

Spies et al  Nature Scientific reports 2019

Resting state functional connectivity 



https://www.bap.org.uk/vpmlibrary

Licensed  for post-partum depression 
as a 60hr i.v. infusion

Synthetic allopregnanolone that 
replaces endogenous neurosteroids 
that falls precipitously after childbirth

allopregnanolone

Enhance effects of endogenous 
GABA at the GABA-A receptor 

Other variants with oral 
activity under 

development for 
depression  - Zuranolone



How drugs compare on MEG 

Courtesy of Suresh Muthukumaraswamy

GABA                       Glutamate 5-HT2A agonists 

Spectral power 
changes 
Hot = more power 
Cold = less power  

Freiss et al 1997 Allopregnanolone - EEG only



Psilocybin –v-escitalopram – outcomes  

Carhart-Harris  et al NEJM 2021

Reductions in depression 
Improvements in wellbeing

Scale Psilocybin Escitalopram 

QIDS 57 29

BDI 58 18

HAMD 49 10

MADRS 29 7

Remission rates % patients  

Maybe this is the consequence 
of increased cortical 

connectivity? 



Carhart-Harris  and Nutt 2017 Journal of Psychopharmacology 

5-HT  in depression: a tale of 2 receptors?



Neuroplasticity 

Both ketamine and psilocybin enhance neural–plasticity
à more synaptic spines 
Probably through  increased  BDNF (brain derived neurotrophic factor)

à Restore deficits induced by – or causative of  - depression 



Normal                   Depressed               Recovered

Neurotrophic mechanisms in depression à hippocampal shrinkage 
and synapse loss in depression and recovery with BDNF

Nestler EJ, et al. Neuron 2002;34(1):13-25.

Ketamine  and psychedelics also  increase 
BDNF

Psychedelics may directly stimulate 
plasticity  



Conclusions 
Fast-acting antidepressants are becoming a reality

Esketamine – licensed for resistant depression  - ketamine off-license
Brexanolone – licensed for post-partum depression

Psilocybin (and other 5-HT2A agonist psychedelics e.g. DMT and LSD ) in research for 
resistant depression

• Neurotransmitter interactions understood
• Brain mechanisms becoming revealed by neuroimaging 
• Neuroplasticity effects may contribute to response and subsequent resilience  for 

(es)ketamine and psychedelics



Thanks & questions?
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https://neurotorium.org

https://www.bap.org.uk/vpmlibrary
https://neurotorium.org/

