PhiMiSci

Philosophy and the Mind Sciences

2l
I

Serotonin, Predictive Processing, and
Psychedelics

Matteo Colombo® (m.colombo@uvt.nl)

Abstract

Letheby’s Philosophy of Psychedelics relies on Predictive Processing to try and find unifying
explanations relevant to understanding how serotonergic psychedelics work in psychiatric
therapy, what subjective experiences are associated with their use and whether such experiences
are epistemically defective. But if Predictive Processing lacks genuinely explanatory unifying
power, Letheby’s account of psychedelic therapy risks being unwarranted. In this commentary,
I motivate this worry and sketch an alternative interpretation of psychedelic therapy within the
Reinforcement Learning framework.
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This article is part of a symposium on Chris Letheby’s book “Philosophy of
Psychedelics” (OUP 2021), edited by Chiara Caporuscio and Sascha Benjamin Fink.

Chris Letheby’s (2021b) Philosophy of Psychedelics relies on Predictive Processing
(PP) to try to find unifying explanations that could bridge computational function,
neural mechanism and phenomenological analysis relevant to understanding how
serotonergic psychedelics work in psychiatric therapy, which subjective experi-
ences are associated with their use and whether these experiences are epistem-
ically defective. But if PP lacks genuinely explanatory (counterfactual support-
ing) unifying power, then Letheby’s account of psychedelics will rest on fragile
bridges between computation, mechanism and phenomenology; and with such
fragile bridges, one might worry that Letheby’s interpretation of psychedelic ther-
apy in terms of PP is unwarranted. In this commentary, I motivate this worry and
sketch an alternative interpretation of psychedelic therapy within a computational
framework different from PP.
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Virtually all researchers working within the PP framework agree that some
psychiatric conditions originate in and are maintained by the malfunctioning of
precision-weighted prediction error signalling (Colombo & Fabry, 2021; see e.g.,
Corlett et al., 2009). This disruption would result in too much (or too little) weight
being given to sensory evidence compared with prior “beliefs”; and due to this
misallocation, people would form delusional beliefs that could explain away overly
salient perceptions (or would tend to perceive only what they are expecting to
perceive).

In particular, PP models such as Carhart-Harris & Friston’s (2019) “RElaxed
Beliefs Under pSychedelics” and Letheby & Gerrans’s (2017) self-binding model of
psychedelic ego dissolution share the idea that serotonergic psychedelics disrupt
“predictive models implemented in high-level cortical networks... and this disrup-
tion creates an opportunity to revise these models in beneficial ways” (Letheby,
2021a, p. 9). For Letheby, psychedelics weaken the precision of maladaptive self-
representations (i.e., mental representations of one’s self), which are often associ-
ated with anxiety disorders, depression and addiction; and this weakening would
provide psychiatrists with an opportunity for therapeutic interventions aimed at
“changing how patients see themselves and relate to their own minds and lives”
(Letheby, 2021a, p. 12).

One set of questions relevant to evaluate the empirical adequacy of this sug-
gestion, as well as the extent to which PP provides us with a genuinely unifying
explanatory bridge for understanding the workings of psychedelic therapy is this:
What’s the function of serotonin, which is the primary target of psychedelics?
What kind of information does serotonergic neuromodulation carry? Does sero-
tonin implement precision estimates, precision-weighted high-level priors or some
other aspects of precision-weighted computing?

Researchers relying on PP have made different suggestions about these ques-
tions. Some posit that the computation of precision estimates is implemented by
the activity of dopaminergic neurons (FitzGerald et al., 2015; Friston et al., 2014).
Others suggest that increased acetylcholine activity enhances sensory precision
by amplifying bottom-up signals when external stimuli are predictable (Moran et
al., 2013); other researchers that both noradrenaline and dopamine are implicated
in implementing estimates of the precision of sensory evidence and in tracking the
volatility of the environment (Yon & Frith, 2021); and others yet hypothesise that
precision estimates are computed and manipulated by the orchestrated activity of
dopamine, acetylcholine and serotonin neurons (Adams et al., 2013; Clark, 2013).

These different suggestions within the PP literature could be taken to indicate
that computational posits like precision-weighted high-level priors are somehow ill-
defined. But this conclusion is too quick, as the notions of precision and high-level
prior are precisely and explicitly defined within many particular PP models (aka
active inference models) of particular psychiatric phenomena (see e.g., Lawson et
al,, 2017).

More plausibly, the plurality of suggestions within the PP literature could be
taken to highlight that there is a plurality of pathways and mechanisms imple-
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menting precision-weighted computing in the brain. This plurality of pathways
and mechanisms for precision-weighted computing is consistent with the evidence
from the neuroimaging studies that Letheby (2021b, Chapter 5) and Letheby &
Gerrans (2017) review, which indicates the existence of an association between
psychedelic therapy and changes in the Default Mode and Salience networks in
the brain. It is consistent also with the Molecular Neuroplasticity Theory (Letheby,
2021b, Chapter 4) discusses, whereby serotonin and particularly 5-HT2A receptors
(one among a dozen known subtypes of serotonin receptors) have many distinct
effects at several spatial and temporal scales—for example, serotonin activity in-
fluences both excitatory and inhibitory neurotransmission in neural circuits in the
forebrain and midbrain, and modulates the release of other neurotransmitters like
dopamine and acetylcholine, which impact neural plasticity and play various roles
in learning (Hoyer et al., 2002; Jacobs & Fornal, 1999).

While precision-weighted high-level priors might be implemented across dif-
ferent structures of the nervous system, the current lack of knowledge of how they
are actually implemented should not suggest that a computational model posit-
ing precision-weighted representations is untestable or that serotonin cannot con-
tribute to implement those representations. But the lack of consistency within the
PP literature about the computational function of serotonin and the putative phys-
ical realizers of precision estimates and precision-weighted high-level priors could
also indicate that the bridge between computation, mechanism and phenomenol-
ogy offered by PP is gappy and with limited explanatory power, which would call
into question Letheby’s choice to use PP to work out a unified, explanatory account
of psychedelic therapy.

The worry here is that PP offers no more than re-descriptions of mental and
neural phenomena. While these re-descriptions might be consistent with known
empirical data, they would fall short as explanatory accounts that are experimen-
tally tested and empirically evaluated against alternative hypotheses grounded in
different theoretical frameworks (Colombo & Wright, 2017; Litwin & Mitkowski,
2020).

One such alternative framework is Reinforcement Learning (RL), which is in-
creasingly popular in psychiatry (Colombo & Heinz, 2019; Maia & Frank, 2011).
Compared to PP models, RL models have been submitted to experimental testing
more frequently and more stringently, and they have proved themselves to en-
joy a substantial degree of genuinely explanatory unifying power in the sciences
of mind and brain (Colombo, 2014). Like PP models, any RL model of a mental
phenomenon is incomplete, abstracts away from mechanistic details and its sup-
porting evidence is mixed. Unlike PP models, however, RL modelling is grounded
in the notions of value and reward, which PP models eliminate reinterpreting plan-
ning and decision-making as forms of inference (Colombo, 2016).

Now, the posits of value and reward in some RL models have been mapped
onto various aspects of serotonin activity in algorithmic hypotheses about how
the brain generates affective dynamics that drive learning and decision making
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(Dayan, 2012; Doya, 2002). Specifically, according to one of these hypotheses,
serotonin represents expectations about negative outcomes (i.e., punishments or
negative rewards) and, on the basis of these representations, it would compute
appropriate inhibitory motor responses (Dayan & Huys, 2009). If this hypothesis
is true, increased serotonin activity will promote the downregulation of impulsive
emotional reactions to expected punishment or provocation, boosting patience and
coping with anxiety. While this hypothesis has received some empirical corrobo-
ration (Crockett et al., 2009), more recent theoretical and empirical work suggests
that serotonin plays more complicated functions, some in opposition and some in
synergy with the functions played by dopamine in learning and decision making,
depending on the agent’s expectations about the statistical structure and control-
lability of the environment (Boureau & Dayan, 2011; Liu et al., 2020).

According to another hypothesis developed within the RL framework, sero-
tonin computes “the time and resources available for action, learning and develop-
ment” (Doya et al., 2021, p. 121). If this hypothesis is true, then serotonin activity
is involved in computing multi-dimensional representations of the temporal hori-
zon and the value of different outcomes at different time scales in different cog-
nitive and biological tasks. Higher serotonin activity in a decision-making task
would signal that there is enough time available for deeper deliberation, more ex-
plorative choices and longer-term predictions of the likely outcomes of different
choices (Doya et al., 2021, Table 1).

Both RL hypotheses just sketched dovetail computational function, algorith-
mic processes and neural mechanism, while they also integrate affective and tem-
poral dimensions that are central to the phenomenology of psychedelic experi-
ences (Letheby, 2021b, Chapter 3). If we exclude the ecumenical possibility that
separate networks of serotonin neurons and different subtypes of serotonin recep-
tors perform different kinds of computational functions, then those RL hypotheses
are not obviously consistent with the hypothesis that serotonin implements pre-
cision estimates and is involved in the weakening of the precision of high-level
priors. But how would these hypotheses, if true, reconfigure Letheby’s key idea
that “psychedelic therapy works mainly by changing self-representation” (Letheby,
2021b, p. 6)?

One possible answer is that the truth of either of these RL hypotheses would
not change anything in Letheby’s key idea, because time, value and affect are core
aspects of self-representations and self-representations might be implemented in
high-level cortical networks encoding “the most fundamental assumptions con-
cerning self, [but also] space, time, causality, and so forth: the basic parameters of
our phenomenal worlds” (Letheby, 2021a, p. 8). Yet, if different computational hy-
potheses about serotonin are all compatible with Letheby’s idea that psychedelic
therapy mainly works by changing self-representations, then one may conclude
that this idea is too generic to advance existing understanding of psychedelic ther-
apy, or of serotonin function in relation to self-representations.

A different answer is that the truth of either of these RL hypotheses indicates
that psychedelic therapy mainly works not by changing self-representations, but
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by changing one’s representations of time or value, where such changes would
increase or lower, for example, one’s levels of impulsivity and modulate responses
to threat—e.g., if the available time is plenty, then one may cope or avoid threats,
rather than freeze or panic (Seo et al., 2019)—or would enhance or lower aversive
affective reactions to anticipated negative outcomes for self or others (Crockett et
al., 2010). So, if either of the two RL hypotheses I have sketched is correct, then
psychedelic therapies may not mainly “induce different forms of self-modelling”
(Letheby, 2021a, p. 10), but would mainly change the ways humans—and non-
human animals, too—represent time, value and respond to expected punishment.

In summary, one might worry that compared to a RL approach PP lacks gen-
uinely explanatory unifying power and provides us with only a gappy bridge be-
tween computational function, neural mechanism and phenomenology. RL mod-
elling foregrounds temporal experience, threat response and valuation as general
mental functions that serotonin would modulate and that are impaired in anxi-
ety disorders, depression and addiction. Interpreting the effects of serotonergic
psychedelics through the lenses of RL highlights that psychedelic therapy would
be effective mainly when it changes patients’ maladaptive affective responses to
anticipated punishment, temporal representations and value.
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