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ABSTRACT

The main neurotrasmitter involved in psychosis is dopamine, but recent findings show that the alteration of the dopami-
nergic neurotransmission may be secondary to Nitric Oxide (NO) dysfunction. LSD Hallucinations are due to a dimin-
ished cerebral blood flow (CBF) in some brain regions, such the ones belonging to the Default Mode Network (DMN), and
an enhanced CBF in regions which usually don’t communicate. This is the reason why the brain works in a chaotic way
under the effect of LSD. The main molecule which controls the physiology of Cerebral Blood Flow is Nitric Oxide, which
is necessary altered in a brain under the effect of LSD.

Since LSD Hallucinations can be seen as an experimental model of induced psychosis, this paper extends such a role of
NO in determining unconventional neural pathways also in psychosis, providing for the first time a possible mechanism

beneath this pathological condition.
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HALLUCINATIONS BY LSD

LSD-25 (Lysergic Acid Diethylamide) is a hallucinogenic mole-
cule capable to heavily alter the human consciousness.

Hofmann synthesized LSD in 1938, but only in 1943 he acci-
dentally (probably throught his hands) took a small quantity
which determined visions of “an uninterrupted flow of fantastic
figures, extraordinary shapes which revealed intense kaleido-
scopic colour effects’(Albert Hofmann, 2015). After few days,
Hofmann decided to voluntarily assume the substance in order
to experiment its effects, taking a 250 micrograms dose (without
his knowledge a high dose, since the minimum dose for hallu-
cinations in order to happen is 25 micrograms) and after half
an hour referred about very colorful and wonderful, monstrous,
geometric, grotesque visions, perception of parallel worlds, ter-
ror, euphoria, hypersensitivity and detachment from reality.

Initially, LSD was used as a psychiatric drug, since the sub-
stance was capable to induce an “Experimental psychosis”.
There were also two therapeutic approaches based on the use
of LSD as a drug:

«  The psycholitic therapy, which involved the fragmented ad-
ministration of low doses of LSD togheter with psychoanal-
ysis

* The psychedelic therapy, which involved a single admin-
istration of a high dose of LSD within a psychotherapeutic
session

The highly entheogenic features of LSD, togheter with the
pleasantness of the induced hallucinations, quickly transformed
it in a recreational substance, which was banned due to its
enormous diffusion, especially among young people (Agnese
Codignola, 2018).

Nowadays, LSD is the subject of numerous researches, pre-
cisely for its properties as a psychedelic, a term coined in 1956
by Humphry Osmond whose etymology indicates a substance
capable of “manifesting the psyche”.

In 2016 Carhart-Harris recruits twenty healthy people and ad-
ministers 75 micrograms of LSD or placebo into a vein, mea-
suring the Resting State Functional Connectivity (RSFC) by
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magnetoencephalography (MEG) and functional magnetic res-
onance imaging (fMR), the oxygen contnent of the blood by the
BOLD-contrast imaging and the cerebral blood flow (CBF)(Rob-
in L. Carhart-Harris, 2016).

This paper shows three important results:

+ The first is that LSD binds to the serotonin receptors 5HT-
2A, highly expressed in brain areas involved in cognitive
functions and in the visual cortex (V1)

+ The second is the neuroscientific explanation of hallucina-
tions: neurons of the visual cortex, which usally have very
limited pathways and stimulate only small cortical areas in-
voled in images’ processing, under the effect of LSD are
capable to stimulate the whole brain, offloading inputs to
other nerve cells that have never received and reacted to
visual information

« The third is that LSD constrict the veins of the brain and so
the cerebral blood flow is reduced in some areas (e.g. the
DMN, see next session) and enhanced in others (Figure 1)

V1 RSFC (Placebo)

V1 RSFC (LSD)

e

Figure 1: Significant between-condition differences (orange=in-
creases) in RSFC between the V1 seed region (purple) and the
rest of the brain

THE ROLE OF NITRIC OXIDE IN LSD HALLUCINATIONS
AND PSYCHOSIS

A hierarchical organization exists in the brain: there is a main
system called Default Mode Network (DMN), with the function
of command, supervision and coordination center, with the aim
of integrating and ordering the large traffic of information always
present (Agnese Codignola, 2018) The DMN includes areas of
the thalamus, of the posterior cingulate cortex and of the medial
prefrontal cortex which consists to a significant extent of sero-
tonergic neurons, whose oscillatory and synchronized activa-
tion always has an inhibitory effect, since the brain has to make
thousands of choices every second and cannot simultaneously
take into account all the stimuli that bombard it.

LSD, binding to serotonin receptors of the DMN, prevents the
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serotonin to bind, temporarily abolishing the hierarchical orga-
nization of the brain.

The DMN can represent the Ego, conceived as a mechanism
of coercion, superimposed on the rest of the brain and condi-
tioned starting from childhood, which decides what can reach
consciousness and what must be removed (Richard Louis Mill-
er, 2017).

The brain in physiological conditions uses well-established
neural conduction patterns formed through different learning
modalities. These ones can be considered as software which
makes use of a neural connection hardware whose computing
potential is much higher than that required by the physiological
conditions of the brain. Under the effect of LSD, new neural
connections appear, exploiting the great potential of the neural
networks when they are not interconnected by the physiological
patterns of neural firing.

This process can lead to the dissolution of pathological neural
circuits that underlie many mental pathologies: in thie way LSD
is capable to “reset’ the brain, which turns into a blank slate
capable of learning new patterns that can replace the patho-
logical ones (Agnese Codignola, 2018). For this reason LSD is
now studied as a psychiatric drug which could be available very
soon for clinical purposes.

The effect of LSD is due to the fact that, as all the psychedel-
ics in general, it reduces the blood supply to the DMN regions,
allowing the entire brain to communicate in a new and physi-
ologically anarchic way. Since the main regulator molecule of
the cerebral blood vessels is Nitric Oxide (NO) (Edelman and
Gally, 1992, Philippu, 2016), | claim that this molecule is highly
involved in the process. In particular where the veins constrict,
there’s a lack of NO.

On the other hand, in other brain regions the blood flow increas-
es, due to an increased concentration of NO, and with more
blood, more oxygen and glucose are available, so that the neu-
ral cells can interact more energetically and chaotically, causing
the sensation of consciousness expansion typical of the psy-
chedelic experience (Richard Louis Miller, 2017).

Since LSD hallucinations are very similar to clinical psychosis, |
speculate for the first time that this also could be the pathophys-
iological mechanism beneath of such a mysterious pathological
condition. My statement can be supported by evidences of the
abnormalities of Nitric Oxide concentration in the schizophrenic
brain (. Das et al. 1996, |. Das et al.1995, Akbarian S et.al,
1993, Vinuela A et al., 1933, Hans-Gert Bernstein et al. 2005).

Auditory verbal hallucinations (AVHSs), i.e. “to hear the voices” in
jargon, are a typical psychotic symptom associated with deficits
in auditory and speech-related networks. Has been shown that
this condition is caused by an increased CBF in the auditory
and striatal areas and a reduced CBF in the visual and parietal
areas: this suggests that there exists a CBF redistribution asso-
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ciated with AVHs (Zhuo et al., 2017). | claim that the molecule
that determines this altered (with respect to the physiological)
CBF redistribution is Nitric Oxide.

Another fact that supports my theory is that in shizophrenics the
restingstate cerebral blood flow (rCBF) is significantly increased
in the striatum and decreased in the prefrontal cortex: this fact
is correlated to the findings that LSD enhances the connectivity
of certain brain areas due to an incresed CBF, and silences oth-
er areas reducing their CBF, infact the increased striatal rCBF
determines an increased striatal dopaminergic activity, while a
decresed rCBF in the prefrontal cortex implies a decreased pre-
frontal functioning (Kindler et al., 2018).

Plus, althought is well now that the main neurotransmitter in-
volved in psychosis is dopamine; Nitric Oxide is capable to
influence the dopaminergic neurotransmission and has been
shown that the dopaminergic abnormalities found in psychotic
disorders may be secondary to Nitric Oxide dysfunction (De Ol-
iveira et al., 2016).
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