
VU Research Portal

An Adaptive Cognitive Temporal-Causal Model for Extreme Emotion Extinction Using
Psilocybin
Mohammadi Ziabari, Seyed Sahand; Treur, Jan

published in
Computational Statistics and Mathematical Modeling Methods in Intelligent Systems
2019

DOI (link to publisher)
10.1007/978-3-030-31362-3_18

document version
Publisher's PDF, also known as Version of record

document license
Article 25fa Dutch Copyright Act

Link to publication in VU Research Portal

citation for published version (APA)
Mohammadi Ziabari, S. S., & Treur, J. (2019). An Adaptive Cognitive Temporal-Causal Model for Extreme
Emotion Extinction Using Psilocybin. In R. Silhavy, P. Silhavy, & Z. Prokopova (Eds.), Computational Statistics
and Mathematical Modeling Methods in Intelligent Systems: Proceedings of 3rd Computational Methods in
Systems and Software 2019 (Vol. 2, pp. 176-186). (Advances in Intelligent Systems and Computing; Vol. 1047).
Springer. https://doi.org/10.1007/978-3-030-31362-3_18

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://doi.org/10.1007/978-3-030-31362-3_18
https://research.vu.nl/en/publications/1b94504a-1eed-4417-8a1f-0af38d834fa2
https://doi.org/10.1007/978-3-030-31362-3_18


An Adaptive Cognitive Temporal-Causal
Model for Extreme Emotion Extinction

Using Psilocybin

Seyed Sahand Mohammadi Ziabari(&) and Jan Treur

Social AI Group, Vrije Universiteit Amsterdam, De Boelelaan 1105, Amsterdam,
The Netherlands

sahandmohammadiziabari@gmail.com, j.treur@vu.nl

Abstract. In this paper, an adaptive cognitive temporal-causal model using
psilocybin for a reduction in extreme emotion is presented. Extreme emotion has
an effect on some brain components such as visual cortex, auditory cortex,
gustatory cortex, and somatosensory cortex as well as motor cortex such as
primary motor cortex, and premotor cortex. Neuroscientific literature reviews
show that using psilocybin has a significant effect mostly on two brain com-
ponents, cerebral cortex, and thalamus. Network-oriented modeling via
temporal-causal network-oriented modeling is presented to show the influences
of using psilocybin on the cognitive part of the body, same as the brain com-
ponents. Hebbian learning used to show the adaptivity and learning section of
the presented model.

Keywords: Network-oriented modeling � Extreme emotion � Psilocybin �
Temporal-causal network

1 Introduction

An intense stimulus, life-threatening phenomena such as an accident, war, leads to a
well-known impact on the brain called stress. Based on the psychological peace of
researches, 5 to 8% of men and 10 to 14% of women and up to 25% of combat veterans
are involved in post-traumatic stress disorder (PTSD) in their lives. Extreme emotions
such as stress have a significant impact on both cognitive and psychological func-
tionality on the patient’s brains [27].

In this paper, the influence of using psilocybin on patients with anxiety and
depression disorders has been investigated. Neuroscience literature review shows a
significant role of using psilocybin on two main brain components namely thalamus
and cerebral cortex. The aim of this paper is to show the effect of using this drug on the
brain components and having prediction of activity of those on patient. In [9] the
definition and performance of using aforementioned drug has been mentioned as
follows.

‘Psilocybin is the prodrug of psilocybin (4-hydroxy-dimethyltryptamine), the pri-
mary hallucinogenic component of magic mushrooms, and a classic psychedelic
(‘mind-manifesting’) drug. Psilocybin has been used for centuries in healing
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ceremonies (1) and more recently in psychotherapy (2); it is capable of stimulating
profound existential experiences (3), which can leave a lasting psychological impres-
sion (4).’

The use of psilocybin goes back to many years ago in religious rituals and medical
usages [11]. There are several network-oriented modelings via the temporal-causal
network for therapies or drugs taking to decrease the extreme emotion [13–26]. In this
paper, the effect of using psilocybin has been used to demonstrate this event.

The paper is organized as follows. In Sect. 2 the underlying neurological principles
concerning the parts of the brain involved in stress and in the suppression of stress are
addressed. In Sect. 3 the integrative temporal-causal network model is introduced. In
Sect. 4 the results of the simulation model are discussed, in Sect. 5 the mathematical
analysis of the model is presented and eventually in the last section a conclusion is
presented.

2 Underlying Neurological Principles

Psilocybin remarkably decreases brain blood flow and venous oxygenation in a way
that related to the subjective impacts on the brain. Psilocybin based on the dose of use
has different effects in other words it is dose-dependently and has a huge influence on
changing the mood, perception, self-experience and thought and based on the result
appeared in [10] experienced pleasurable moments, and non-threatening situations.

Neuroscience research shows that psilocybin has a significant agonist 5-HT (sero-
tonergic) pathways and receptors located in the Thalamus and the cerebral cortex [1].
Triggering receptors such as 5-HT2A in the thalamus by using, which is responsible for
sensory input, decreases the activity of the thalamic performance. Having decreased the
thalamic activity, leading to hallucinations [2, 3]. As far as anxiety disorders and
depression cause abnormalities in sensory perception of individuals, psilocybin has an
impact on these areas in line with serotonin hormone. In [4] the moderate advantages of
the effect of using psilocybin on patients in the Netherlands have been discussed. In [5]
also the influence of periodical use of psilocybin and the psychological disorders
investigated and also the playing role of psilocybin on decreasing the sense of com-
mitting suicide and improvement of moods have been highlighted. In comparison to
methylphenidate the effective role of psilocybin on increasing social activity, behavior
and positive behavior have been noted [6]. Some medical experiments [7, 8] have been
done to show the positive effect of using psilocybin on patients with depression and
anxiety due to tough diseases such as cancer. The reduction in an anxiety in patients with
cancer was remarkable during the period between 1 to 3 months of posttreatment with
psilocybin and had lower negative effect comparing to patients who used niacin [6].

Decreased activity in thalamus, cerebral cortex has been mentioned in [1, 9].
Cerebral cortex contains some brain components such as gustatory cortex, visual
cortex, somatosensory cortex, and auditory cortex. These cortices received information,
and input from thalamus when a patient uses psilocybin. Other components of cerebral
cortex involved in decreasing anxiety consists of primary motor and premotor cortex.
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The timing process of the effect of using psilocybin mentioned in [9] precisely:

‘The subjective effects began toward the end of the infusion period and reached a sustained
peak after * 4 min (5). The first level results were entered into higher level analysis, con-
trasting cerebral blood flow (CBF) after placebo for all 15 subjects.’

In [10] acute, short and long-term subjective effect of using psilocybin in healthy
individuals have been examined. The remaining cognitive parts of the model namely
sensory representation state, preparation state, feeling state are based on the cognitive
behavior of mind during extreme emotion.

3 The Temporal-Causal Network Model

First the Network-Oriented Modelling approach used to model the integrative overall
process is briefly explained. As discussed in detail in [11, Ch 2] this approach is based
on temporal-causal network models which can be represented at two levels: by a
conceptual representation and by a numerical representation. A conceptual represen-
tation of a temporal-causal network model in the first place involves representing in a
declarative manner states and connections between them that represent (causal) impacts
of states on each other, as assumed to hold for the application domain addressed. The
states are assumed to have (activation) levels that vary over time. In reality, not all
causal relations are equally strong, so some notion of strength of a connection is used.
Furthermore, when more than one causal relation affects a state, some way to aggregate
multiple causal impacts on a state is used. Moreover, a notion of speed of change of a
state is used for timing of the processes. These three notions form the defining part of a
conceptual representation of a temporal-causal network model:

• Strength of a connection xX,Y. Each connection from a state X to a state Y has a
connection weight value xX,Y representing the strength of the connection, often
between 0 and 1, but sometimes also below 0 (negative effect) or above 1.

• Combining multiple impacts on a state cY(..). For each state (a reference to) a
combination function cY(..) is chosen to combine the causal impacts of other states
on state Y.

• Speed of change of a state ηY. For each state Y a speed factor ηY is used to
represent how fast a state is changing upon causal impact.

Combination functions can have different forms, as there are many different
approaches possible to address the issue of combining multiple impacts. Therefore, the
Network-Oriented Modelling approach based on temporal-causal networks incorpo-
rates for each state, as a kind of label or parameter, a way to specify how multiple
causal impacts on this state are aggregated by some combination function. For this
aggregation a number of standard combination functions are available as options and a
number of desirable properties of such combination functions have been identified.

Figure 1 represents the conceptual representation of the temporal-causal network
mode. The components of the conceptual representation shown in Fig. 1 are explained
here. The state wsc shows the world state of the contextual stimulus c. The states ssc
and ssee are the sensor state for the context c and sensor state of the body state ee for the
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extreme emotion. The states srsc and srsee are the sensory representation of the con-
textual stimulus c and the extreme emotion, respectively. The state srsee is a stimulus
influencing the activation level of the preparation state. Moreover, psee is the prepa-
ration state of an extreme emotional response to the sensory representation srsc of the
context c, and fsee shows the feeling state associated to this extreme emotion. The state
esee indicates the execution of the body state for the extreme emotion. All these relate
to the affective processes. The (cognitive) goal state shows the goal for using psilo-
cybin in the body. The (cognitive) state pspsil is the preparation state of taking a
psilocybin. The state espsil is the execution state of taking psilocybin. The other states
relate to biological brain parts, cerebral cortex which consists of two major components
namely sensory areas (gustatory cortex, visual cortex, somatosensory cortex, auditory
cortex) and motor areas (primary motor cortex, premotor cortex), thalamus, hip-
pocampus, medial prefrontal cortex, and amygdala which are involved in the stress
condition, and in the influence of the psilocybin applied (Table 1).

The connection weights xi in Fig. 1 are as follows. The sensor states ssee, sscc have
two incoming connections from wsee and wsc (weights x1, x2). The world state of
extreme emotion wsee has one arriving connection from esee, x11 as a body-loop with
weight. The sensory representation state of an extreme emotion srsee has an incoming

Table 1. Explanation of the states in the model

X1 wsee World (body) state of extreme emotion ee
X2 ssee Sensor state of extreme emotion ee
X3 wsc World state for context c
X4 ssc Sensor state for context c
X5 srsee Sensory representation state of extreme emotion ee
X6 srsc Sensory representation state of context c
X7 fsee Feeling state for extreme emotion ee
X8 psee Preparation state for extreme emotion ee
X9 esee Execution state (bodily expression) of extreme emotion ee
X10 goal Goal of using psilocybin
X11 pspsil Preparation state of using psilocybin
X12 espsil Execution of using psilocybin
X13 Gustatory cortex Brain part
X14 Visual cortex Brain part
X15 Somatosensory cortex Brain part
X16 Auditory cortex Brain part
X17 Thalamus Brain part
X18 Hippocampus Brain part
X19 Medial prefrontal cortex Brain part
X20 Amygdala Brain part
X21 Primary motor cortex Brain part
X22 Premotor cortex Brain part
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connection weights x8 from state preparation state of an extreme emotion psee. The
feeling state fsee has one outgoing connection weight x5 from srsee and also five other
connections from sensory areas of cerebral cortex such as gustatory cortex, visual
cortex, somatosensory cortex, and auditory cortex, x22–x25, respectively, these con-
nection weights are considered as the hallucination connections as it has been men-
tioned earlier in Sect. 2 as a neurological principles. The preparation state of an
extreme emotion psee has three incoming connection weights x6, x7, and x55 from
states srsc and fsee, Primary cortex, respectively.

The goal has one arriving connection weight from the sensory representation srsee
(x12) and preparation state pspsil has an entering connection from the goal with weight
x13. The execution of taking the drug (psilocybin) is called espil, and has an entering
connection weight x14 from preparation state of taking pspsil. The state Thalamus has
two entering connection weights x15, x17 from espsil, and Hippocampus, respectively.
The sensory area in the cerebral cortex has four components, gustatory cortex, visual
cortex, somatosensory cortex, and auditory cortex. All aforementioned components
have outgoing connection to srsee, with connection weights, x26–x29. The Hip-
pocampus in the brain has one incoming connection weight, x16 from Thalamus. The
Amygdala has two incoming connection weights from Hippocampus, and medial
Prefrontal cortex, with the weights x31, x33 and it has two outgoing connection weights
x32, x36, x37 to mPFC, Premotor cortex, and Primary cortex, respectively. Note that
the connection weight between states medial Prefrontal Cortex and Hippocampus is
adaptive and using Hebbian learning means through time will be changed, in this case
the patient learned to cope with the stress and after some period of time she does not
need to intake psilocybin. The state espsil has also two outgoing connection weights to
Premotor Cortex state and Primary cortex with x37 and x38. Eventually, the state
Primary motor cortex has an outgoing connection weight to psee.

This conceptual representation was transformed into a numerical representation as
follows [11, Ch 2]:

• at each time point t each state Y in the model has a real number value in the interval
[0, 1], denoted by Y(t)

• at each time point t each state X connected to state Y has an impact on Y defined as
impactX,Y(t) = xX,Y X(t) where xX,Y is the weight of the connection from X to Y

• The aggregated impact of multiple states Xi on Y at t is determined using a com-
bination function cY(..):

aggimpactYðtÞ ¼ cYðimpactX1;YðtÞ; . . .; impactXk;YðtÞÞ¼ cYðxX1;YX1ðtÞ; . . .;xXk ;YXkðtÞÞ

where Xi are the states with connections to state Y
• The effect of aggimpactY(t) on Y is exerted over time gradually, depending on

speed factor ηY:

Yðt þ DtÞ ¼ YðtÞ þ gY ½aggimpactYðtÞ � YðtÞ�Dt
or dYðtÞ=dt ¼ gY ½aggimpactYðtÞ � YðtÞ�
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• Thus, the following difference and differential equation for Y are obtained:

YðtþDtÞ ¼ YðtÞþgY ½cYðxX1;YX1 tð Þ; . . .;xXk ;YXk tð ÞÞ � Y tð Þ�Dt
dY tð Þ=dt ¼ gY ½cYðxX1;YX1 tð Þ; . . .;xXk ;YXk tð ÞÞ � Y tð Þ�

For states the following combination functions cY(…) were used, the identity
function id(.) for states with impact from only one other state, and for states with
multiple impacts the scaled sum function ssumk(…) with scaling factor k, and the
advanced logistic sum function alogisticr,s(…) with steepness r and threshold s.

id(V) = V
ssumk(V1, …, Vk) = (V1 + … + Vk)/k

Fig. 1. Conceptual representation of the temporal-causal network model
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alogisticr;sðV1; . . .;VkÞ ¼ ½ð1=ð1 + e�rðV1 þ ...þVk�sÞÞÞ�1=ð1þ ersÞ� ð1þ e�rsÞ

Here first the general Hebbian Learning is explained which is applied to x40 and
x41 for (X5, X23). In a general example model it is assumed that the strength x of such a
connection between states X1 and X2 is adapted using the following Hebbian Learning
rule, taking into account a maximal connection strength 1, a learning rate g[ 0 and a
persistance factor l� 0, and activation levels X1(t) and X2(t) (between 0 and 1) of the
two states involved [10]. The first expression is in differential equation format, the
second one in difference equation format:

dx tð Þ=dt ¼ g X1 tð ÞX2 tð Þ 1� x tð Þ � 1� lð Þx tð Þð Þ½ �
x tþDtð Þ ¼ x tð Þþg X1 tð ÞX2 tð Þ 1� x tð Þð Þ 1� lð Þx tð Þ½ �Dt

4 Example Simulation

The simulation results of the cognitive temporal causal network model, which was
constructed based on the neurological science which contains qualitative empirical
information (such as fMRI) both for the mechanism by which the brain components
work and for emerging result of the processes, has been shown in Fig. 2.

Therefore, one can imply that the best option for declining the stress level has been
chosen, given the usage of psilocybin. The model used the Matlab codes which have
been implemented in [12]. Using appropriate connections weights make the model
numerical and adapted to qualitative empirical information. Table 2 illustrates the
connection weights that has been used, where the values for are initial values as these
weights are adapted over time. The time step was Dt = 1. The scaling factors ki for the
nodes with more than one arriving connection weights are mentioned in Table 2. At

Fig. 2. Simulation results for temporal-causal network modeling of the therapy by psilocybin
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first, an external world state of an extreme emotion-stimuli context c (represented by
wsc) will influence the affective internal states of the individual by influencing the
emotional response esee (via ssc, srsc, and psee) conducted to show the extreme emotion
by body state wsee. As a consequence, the stressed individual senses the extreme
emotion (and at the same time all the biological brain components increased over time),
so as a cognitive process, as a next step the goal (using psilocybin) becomes active to
decrease this stress level by using psilocybin at time around 10.

As a biological process, the goal and in further steps, execution of taking psilocybin
activates the alterations and suppression of execution of stress at the first state and this
affects other brain components to be less active around time 10. The environment is
constant, external input for the model is only the constant world state wsc. Therefore,
based on the simulation results it is illustrated that the model for the drug therapy
psilocybin works as expected.

Table 2. Connection weights and scaling factors for the example simulation

Connection weight ω1 ω2 ω3 ω4 ω5 ω6 ω7 ω8 ω10 ω11 ω12 ω13 
Value 1 1 1 1  1 1 1 1 1 1 1 1 

Connection Weight ω14 ω15 ω16 ω17 ω18 ω19 ω20 ω21 ω22 ω23 ω24 ω25

Value 1 -0.5 1 1 1 1 1 1 0.01 0.01 0.01 0.01 
Connection Weight ω26 ω27 ω28 ω29 ω30 ω31 ω32 ω33 ω34 ω35 ω36 ω37

Value 1 1 1 1 1 0.4 0.4 1 1 0.1 0.1 -0.5
Connection Weight ω38 ω39 ω40 ω41 ω42 ω43 ω44 ω45 ω46 ω47 ω48 ω49

Value −0.5 1 1 1 1 1 1 1 1 1 1 1
Connection Weight ω50 ω51 ω52 ω53 ω54

Value −0.5 1 1 1 1

state  X5 X8 X14 X15 X17 X18 X19 X20 X21

λi 2.04 3 3.4 3 1.4 2 2 2 2

Fig. 3. Simulation results for adaptivity connection weight between amygdala and medial
Prefrontal Cortex
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The adaptivity connection (Hebbian learning) between two brain parts; Amygdala
and medial Prefrontal Cortex (mPFC) is shown in Fig. 3. As it is indicated in the figure
the adaptivity, learning to cope with stress and decreasing that over time starts at time
around 50 and continues until time 70 to remain constant.

5 Conclusion

In this paper, an adaptive cognitive temporal causal-network model for extreme
emotion extinction using psilocybin for patients under extreme emotion is presented.
The proposed model can be used to test different hypothesis and neurological principles
about the influences of the brain components and hormones and the effects that dif-
ferent brain components have the extinction of extreme emotion, but also on other
processes such as fear.

Some simulations have been implemented, one of which was presented in the
paper. This model can be used to predict human behavior dynamically in different
conditions such as extreme emotion to get insight in such processes and to bring up a
certain cure or treatment of individuals to perform the therapies of extreme emotions
for post-traumatic disorder individuals. Future of this work can be analysis of other
treatments together with this therapy.
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