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Abstract. The pubertal crisis constitutes a critical developmental stage in which neurobio-
logical transformations, new hormonal configurations, and unprecedented relational experiences
intertwine, shaping the conditions for a progressive redefinition of identity. From a neurobiologi-
cal standpoint, selective synaptic pruning and progressive myelination reshape the reward cir-
cuits — the mesocorticolimbic system with the nucleus accumbens (NAc) and the ventral tegmen-
tal area (VTA) — influencing motivation, emotional regulation, and behavior. The reduction in
baseline dopaminergic tone generates a mesolimbic-prefrontal asymmetry that is adaptive but
that also exposes, among other things, to massive vulnerability to addiction. The endocanna-
binoid system, a key mediator of pleasure requlation and synaptic plasticity, takes on particular
relevance in adolescence. Early Life Stress experiences interfere with the maturation of these sys-
tems, predisposing to lasting alterations. Alongside the neurobiological dimension, the pubertal
crisis must be read as a complex relational process: the peer group takes on a rewarding function
comparable to biologically salient stimuli. An interdisciplinary reading offers tools to guide pre-
vention, care, and educational support.
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The Greek term krisis — a key term in the context of the SIPNEI 2026 congress
year — etymologically indicates the concept of a crossroads, discernment, the possi-
bility of choice. It is in this original sense, and not in its meaning closer to danger,
that the pubertal crisis should be read: an obligatory passage toward a new possi-
ble form. A laboratory, a suspended time of continuity and antithesis.

Puberty, together with the adolescence that follows, constitutes one of the most
extraordinary and most exposed periods of an entire existence. Neurobiological
transformations of comparable proportions occur only in the context of perinatal
neurodevelopment, and they intertwine with an affective, relational, and identity-
related reorganization without precedent in life. The brain reshapes itself, the body
transforms, the world changes meaning. Young people find themselves having to
become something that has not yet existed, while at the same time ceasing to be
something that already was.

This paper offers an integrated reading of these processes, moving from neuro-
biology, passing through psychological and clinical aspects, and dwelling on some
of the most characteristic and urgent expressions of adolescent suffering in our
time: the hikikomori phenomenon, the world of psychonauts, and the question of
gender fluidity. Phenomena that are apparently distant from one another, but unit-
ed by a certainly useful interpretive possibility.

Peripubertal Metamorphosis from a PNEI Perspective

From a neurobiological standpoint, puberty represents the second critical win-
dow of brain development — the first being the perinatal one — characterized by
processes of selective pruning and progressive myelination (Fagiolini & Hensch,
2000). Synaptic pruning is a process of eliminating weak synapses and optimizing
the most used and efficient neural networks, according to the principle of use it or
lose it. An intelligent pruning, guided by experience, that consolidates the most ac-
tive circuits and eliminates the least efficient ones, sculpting the neural architecture
that will support adult functioning in its best possible version.

The protagonist of this transformation is the mesocorticolimbic reward system.
It is here that the most important game of this stage of life is played, because it is
here that the capacity to attribute motivational salience to stimuli, to feel pleasure,
to desire, and therefore to choose, is built or diverted. It is, in the fullest sense, the
very essence of the crossroads (Barendse et al., 2024).



The Mesocorticolimbic Reward Circuit: Anatomy and
Function

The reward circuit refers to the group of neural structures responsible for the
motivation to seek, desire, and crave rewarding stimuli, as well as for learning pos-
itive emotions in association with the experiences themselves. The system chiefly
involves the basal ganglia in the mesencephalic portion, the prefrontal cortex
(PFC), and a large part of the limbic system, with the nucleus accumbens (NAc)
and the ventral tegmental area (VTA) as main stations (Nair-Roberts ef al., 2008).

The primary role belongs to dopaminergic neurons, which give rise to the
mesolimbic, mesocortical, nigrostriatal, and tuberoinfundibular pathways, each
with specific functions that contribute, synergistically and in a coordinated way, to
structuring the emotional and behavioral disposition — as well as the entire system-
ic configuration — for which dopamine is responsible, given its specific biological
significance, which has to do with taste, with the gratification deriving primarily
from social behavior and, even earlier, from the primary relationship. The associa-
tion between a stimulus and the gratification that derives from it motivates the
search for the stimulus itself, encoding its salience: the motivational urgency, the
more or less strong drive to act on a behavior in response. The pathophysiology of
many conditions related to impulse dyscontrol and addiction is conditioned pre-
cisely by a deviation from the physiology of these structures (Tan et al., 2012).

Dopaminergic Reorganization in Puberty: Mesolimbic-
Prefrontal Asymmetry

During puberty and into adolescence, dopaminergic neurotransmission under-
goes a profound reorganization (McNeilly et al., 2022). There is a progressive re-
duction in baseline dopamine tone, with a consequent, paradoxical reduction in the
capacity to feel gratification from ordinary stimuli, associated with increased reac-
tivity to highly rewarding stimuli, novelty, and social stimuli. This condition —
analogous, in a way, to the dopaminergic dysregulation observed in Attention Def-
icit Hyperactivity Disorder (ADHD) — generates a mesolimbic-prefrontal asym-
metry that does not constitute a developmental defect: it is the biological drive that
pulls the human cub away from the family of origin, that opens it to exploration,
that allows it to feel attracted to what is new, big, intense. It is, in a word, adaptive.

A role of great interest in the regulation of the reward system is played by the
GABAergic neurons of the VTA, which act as a gating mechanism for dopaminer-
gic activity, proving sensitive to stress — therefore to Early Life Stress — but also to
early exposure to highly potent rewarding stimuli, such as psychoactive substanc-



es. Each of these transformations affecting the neurotransmission systems carries a
fine biological meaning that is still open to interpretation: it is one of the areas of
research in which the PNEI perspective is most prolific.

The Endocannabinoid System: A Crucial Player in
Adolescence

Alongside that of dopamine, a role of extraordinary interest — and still largely un-
explored in clinical practice — must be recognized for the endocannabinoid system
(Pacher et al., 2006). This system operates according to a logic with no equivalent in
classical neurotransmission: it is a retrograde system. Its endogenous ligands, anan-
damide (AEA) and 2-arachidonoylglycerol (2-AG), are synthesized on demand by
the postsynaptic neuron and migrate backward toward the presynaptic terminal,
where they bind to CB1 and CB2 receptors, modulating neurotransmitter release. It is
an arbiter of synaptic excitability, a fine feedback system that, in adolescence, finds
itself managing one of the most active neural construction sites of existence.

CB1 receptors in the prefrontal cortex reach, at this stage, the highest density of
the entire lifespan: a feature necessary to facilitate prefrontal plasticity during the
critical window, but one that also makes this very young brain extraordinarily sen-
sitive to exogenous interference. 2-AG actively drives synaptic pruning and the
transition of NMDA glutamate receptor subunits — a fundamental biochemical
process for the emergence of certain mature cognitive functions — which exogenous
cannabinoids, and even more so synthetic cannabinoids, can disturb in a lasting
way if exposure occurs during this critical window.

Anandamide shows a peak in the prepubertal phase, then decreases as puberty
progresses: this decrease is part of the mechanism that unlocks the hypothalamic-
pituitary-gonadal axis, serving as a neuroendocrine gate on the onset of puberty.
Estradiol cyclically reduces the activity of certain enzymes involved in this process,
producing sex-specific oscillations in endocannabinoid tone, which help explain
some gender differences in anxiety regulation and stress response that emerge pre-
cisely with puberty (Bigos et al., 2009; Taylor et al., 2000). In the basolateral amyg-
dala, moreover, 2-AG is necessary for the extinction of conditioned fear — that ca-
pacity to learn safety which, in many adolescents with a history of Early Life
Stress, is structurally compromised.

Endocannabinoids, Dopamine, and Cortisol: A PNEI Triad

The endocannabinoid system directly intersects the dopaminergic system,
through CB1 receptors on the GABAergic interneurons of the VTA. Their activa-



tion reduces the inhibitory tone on dopaminergic neurons, producing a net effect
of increased dopamine release in the NAc. This mechanism is the pathway through
which biologically significant experiences activate the reward circuit. It is also the
mechanism that explains the rewarding effect of exogenous cannabinoids and its
amplification in adolescents with a hypersensitive NAc and an immature PFC. A
polymorphism of the FAAH enzyme (C385A), present in about 30% of the Cauca-
sian population, produces systematically higher anandamide levels and an ampli-
fied mesolimbic response to pleasurable stimuli, with a reward-sensitivity profile
that, in adolescence, translates into greater vulnerability to addictive conditioning
(Calipari et al., 2017).

The third link in this triad of effects is the dialogue with the hypothalamic-
pituitary-adrenal axis. Under physiological conditions, elevated cortisol induces
the production of 2-AG in the hippocampus and PFC, which acts retrogradely on
CRH neurons, suppressing their release: an endocannabinoid buffer that allows a
return to homeostasis after every acute stress. Early Life Stress structurally alters
this system, reducing CB1 receptor density and lowering anandamide tone — a hy-
potonic endocannabinoid system, unable to dampen cortisol and unable to help
produce an adequate level of gratification through physiological pathways.

The adolescent with a history of trauma arrives at the window of maximum
vulnerability with a biologically determined deficit in pleasure regulation, and the
path of external reward becomes proportionally more attractive (Penia et al., 2019).

Sleep in Puberty: A Multiplier of Vulnerability

These aspects cannot be addressed without any reference to sleep regulation,
which is systematically sacrificed in young people. Puberty involves a physiologi-
cal shift in circadian rhythm, mediated by changes in melatonin secretion and by
modifications of clock genes (McClung et al., 2005), together with a slowing of ho-
meostatic sleep pressure that tends to delay sleep onset and compress the duration
of rest. What is sometimes mistakenly attributed to laziness is the expression of a
circadian reprogramming of neurobiological origin.

The VTA and NAc are true extra-suprachiasmatic-nucleus (SCN) oscillators
with intrinsic circadian properties, and their regulation is closely connected to
sleep quality (Eban-Rothschild et al., 2016). Sleep deprivation in adolescence reduc-
es PFC activity and increases ventral striatum activity in response to rewarding
stimuli, amplifying precisely that mesolimbic-prefrontal asymmetry already char-
acteristic of this stage. It reduces D2/D3 receptors in the NAc, lowering the thresh-
old for seeking intense gratification. It dysregulates the HPA axis, with alterations
in the cortisol profile that constitute an independent risk factor for the develop-



ment of mood disorders and addictive behaviors. A further consideration must be
added regarding evening exposure to electronic devices: light stably alters sleep
architecture, and the continuous stimulation of the dopaminergic system produced
by digital content — through a variable-interval reinforcement mechanism — further
amplifies sleep-onset insomnia. Sleep deprivation in adolescence is, in short, a mul-
tiplier of vulnerability: a brain already physiologically predisposed to seeking
strong stimuli, deprived of rest, becomes even more vulnerable to any source of
immediate and intense gratification.

The Two-Speed Brain: The Developmental Paradox

The maturational asymmetry between the limbic system, expanding and hyper-
reactive to emotional and rewarding stimuli, and the prefrontal cortex, still devel-
oping until about age 25, produces what can be defined as a two-speed brain. The
PEC is the neurological substrate of some of the most sophisticated executive func-
tions: impulse control, planning, risk assessment, delay of gratification. In adoles-
cence it works less well not because it is damaged, but because it has not yet com-
pleted its development.

This imbalance serves the precise evolutionary purpose mentioned above: to
make the human cub bold enough to move away from the family, sensitive enough
to peer-group signals to find new systems of belonging, reactive enough to stimuli
to invest in new and potentially rewarding experiences. It is the biologically neces-
sary price of acquiring independence and, under conditions of vulnerability, the
ideal ground for the development of addictions of every kind.

Dopaminergic neurons, in adolescence, respond to rewards differently than in
adulthood, with amplified sensitivity to rewarding stimuli and a greater ease in
structuring new and lasting adaptations, including addictive ones. Epigenetic
modifications at the level of histone tails in several regions of the mesolimbic sys-
tem, induced by exposure to intense rewarding stimuli at this stage of life, can
have long-lasting molecular consequences, forming the neurobiological basis of
addiction and making the scale of risk in the developmental age significantly high-
er than in later periods.

Dopamine does not discriminate: it is activated in the same way in the face of
meaningful human contact or compulsive activity on social networks, in response
to a strongly significant stimulus in an affective relationship or to the intake of a
synthetic cannabinoid. Addictions generate feelings of gratification that overlap
with those obtained from authentic relational experiences, building reward sys-
tems that are progressively more autonomous and self-referential, with significant
consequences for clinical framing and treatment strategies.



Early Life Stress, Oxytocin, and Glucocorticoids

Early adverse experiences — from neglect to abuse, from insecure attachment
patterns to genuine relational traumas, including early and particularly marked
sleep dysregulation — interfere with the maturation of the VTA and NAc, altering
the morphology and functioning of dopaminergic circuits, GABAergic inhibition of
dopaminergic neurons, and the dopaminergic response to stress (Baram et al., 2012;
Gunnar & Quevedo, 2007). The neurobiological consequence is a reduced sensitivi-
ty to natural rewarding stimuli, with states of anhedonia and chronic dysphoria,
alongside an amplified reactivity to intense rewarding stimuli (Hanson et al., 2017):
a documented ground of predisposition to addictions and mood disorders.

Examining the reciprocal relationships between the oxytocin affiliative system,
the dopamine reward system, and the glucocorticoid stress-response system — a
cornerstone of the PNEI paradigm - is the way to understand how early affective
experience becomes inscribed in the neural architecture and conditions, for years,
how the young person seeks and finds gratification (Siegel, 2001; Nakazawa, 2015).
Oxytocinergic neurons, which connect the hypothalamus with the mesocorticolim-
bic system, facilitate reward responses to affective and social cues: the secure bond
is neurobiologically protective, and its absence or discontinuity increases the risk
that the adolescent will seek elsewhere the gratification that the relationship failed
to provide adequately.

The Self Under Construction

Alongside the neurobiological dimension, the pubertal crisis must be read as a
relational and affective process of extraordinary complexity. The new sexed body
becomes the site of identity redefinition, through phases of discontinuity and, at
times, of estrangement from oneself.

The adolescent is called upon to come to terms with the mourning of childhood
objects (Winnicott, 1965), to renegotiate attachment bonds with primary figures, to
build a self-image that confronts and often clashes with a radically transformed body.
Professor Gustavo Pietropolli Charmet, who has devoted his entire professional life to
understanding the emotional movements of adolescents, teaches how intensely this
process is experienced, an intensity that adults often underestimate: boredom, shame,
enthusiasm, a sense of omnipotence, and narcissistic collapse alternate with a speed
that defies any attempt at categorization (Pietropolli Charmet, 2008).

The progressive loosening of dependence on primary objects does not proceed
linearly: it is accompanied by regressive movements, sudden idealizations and de-
valuations, and new affective investments that primarily involve the peer group.



The peer group activates the reward circuits to an extent comparable to biological-
ly salient stimuli: social approval is a primary reinforcer, mediated by dopamine,
which in the adolescent takes on an almost imperative valence (Erikson, 1968).
Where the adult’s normative function becomes fragile — where the parent struggles
to maintain the function of limit-setting and containment — the search for recogni-
tion within the peer group or in virtual communities takes on the character of a
genuine urgency.

Hikikomori: When Withdrawal Becomes the Solution

Among the turmoils of adolescence, the hikikomori phenomenon deserves spe-
cific attention today, since it embodies, in an emblematic way, the trajectory that
runs from isolation to addiction, passing through the identity crisis. The Japanese
term — literally “to stay apart, to isolate oneself” — describes the condition of very
young people, but also young adults, who withdraw from social life in a radical
and prolonged way, confining themselves to their own room for months, some-
times years, living a parallel and solitary existence, mediated almost exclusively by
the internet and electronic devices. Italy’s National Centre for Addictions and Dop-
ing at the National Institute of Health (Istituto Superiore di Sanita) estimated in
2024 around 66,000 cases in Italy, with a significant prevalence in the 11-to-13 age
bracket, placing this phenomenon precisely in the peripubertal period.

From the young person’s point of view, withdrawal is not a symptom, it is a so-
lution. A strategy to regulate a reward system and a stress-response system that
cannot be managed in any other way. The outside world — school, comparison with
peers, family expectations — becomes a source of unbearable suffering, while the
room, the screen, and the permanent connection offer a form of gratification that is
accessible, extremely rapid, predictable, and controllable. Gaming, social networks,
streaming platforms, and virtual worlds operate on a variable-interval reinforce-
ment mechanism — the same scheme used by slot machines — in which the unpre-
dictability of the next rewarding stimulus produces a dopaminergic response that
is intermittent but intense, highly resistant to extinction.

Internet and gaming addiction, in these young people, is a superstructure built
on pre-existing suffering, which nonetheless progressively reinforces it, making the
return to real contact ever more distant and intolerable. From the family’s point of
view, the hikikomori young person is a painful and often misunderstood enigma:
parents oscillate between overprotective attitudes and a paralyzing sense of guilt.
The parental function of limit-setting and containment, essential to the structuring
of the Self at this stage of life, risks being completely suspended, aggravating the
withdrawal process instead of containing it.



The on-life dimension — that is, life lived indistinguishably between the physical
and the virtual, without interruption — is a generational specificity that cannot be
ignored in the clinical reading of these cases. For these young people, identity is
sometimes built online even before it is built in the body: relationships, sense of be-
longing, and social recognition pass through screens, profiles, and above all filters.
When this space is the only one left, dependence on it stops being a choice and be-
comes an adaptive response to a context that has made contact with reality un-
bearable.

Psychonauts and New Psychoactive Substances

The phenomenon of psychonauts introduces an even more specific and neuro-
biologically relevant variant: that of the adolescent — sometimes even pre-
adolescent — who explores altered states of consciousness through New Psychoac-
tive Substances (NPS), always alone and at home, in an experimental intent that
has its own distinctive characteristics and generates a wholly peculiar form of ad-
diction. The term psychonaut, from the Greek psycheé (soul) and nautés (sailor),
evokes an image used with pride within the relevant community: the navigator of
the mind, the explorer of inner spaces through the skillful use of chemistry.

NPS constitute a continuously expanding universe: to date, more than 4,000
synthetic psychotropic molecules have been identified, belonging to different
pharmacological categories. Hallucinogens act on 5-HT2A serotonin receptors,
producing perceptual alterations of extraordinary intensity. Dissociatives block
NMDA glutamate receptors, inducing states of depersonalization and derealiza-
tion. Synthetic cathinones act on dopamine and noradrenaline reuptake. Synthetic
cannabinoids bind to CB1 and CB2 receptors with an affinity far greater than natu-
ral THC, producing much more potent and unpredictable effects. New synthetic
opioids act on mu and kappa receptors. New-generation entactogens modulate the
release of serotonin, dopamine, and noradrenaline.

The reason these experiences are particularly attractive to adolescents lies in the
specific neurobiological configuration already described: a still-immature PFC, a
dopaminergic system hyperreactive to rewarding stimuli, but above all a natural
tendency to search for meaning and for answers to the great existential questions —
who am I? what really matters in life? The adolescent is not merely seeking a high;
not infrequently, they are seeking meaning (Frankl, 1963). And when a substance
produces what the young person experiences as an inner illumination, a sudden
understanding of self and world, the risk that it will be attributed a motivational
salience of the very highest order is very high.

To this is added a clinically crucial identity dynamic: the psychonaut becomes



the expert. In the psychonaut community, active in forums and online groups, ex-
pertise about substances builds a paradoxical form of functional identity. In an era
in which identity is by definition fragile, the possibility of being recognized as an
expert answers the real need to feel like someone, to have a place, to be seen. It is
the same neurobiological logic of social reinforcement, with the difference that the
recognition is built on expertise in a potentially deadly domain.

Gender Fluidity and New Identity Guises

The topic of gender fluidity in pre-adolescence is among the most debated, and
most poorly framed, in contemporary public and clinical discourse. It is necessary
to distinguish precisely, and without prejudice, between different phenomena that
are too often confused, with consequences that are not without risk for the young
people encountered in clinical practice.

Gender dysphoria, according to the clinical meaning attributed to it by the DSM-5,
describes a marked and persistent incongruence between experienced or expressed
gender and gender assigned at birth, accompanied by clinically significant distress
and clear impairment of functioning. It is a real condition, with identifiable neurobio-
logical bases, but certainly not as frequent as the number of young people who today
present to services requesting transition would suggest. Data from specialized clinics
indicate that early-onset dysphoria, the kind that manifests clearly in early childhood,
undergoes spontaneous reorganization in 80% of cases before puberty (Zucker, 2017).
It is late-onset dysphoria — the kind that begins or intensifies with puberty — that re-
quires more structured attention, with careful clinical evaluation of any associated
comorbidities: social phobia, depression, eating disorders, among others.

What is observed with increasing frequency, and which should not be confused
with dysphoria, is a broad gallery of expressions of fluidity in the experience of
one’s own gender, readable through the concept of an identity gymnasium: at-
tempts by the transforming Self to find forms of coherence and recognition, to ex-
plore one’s own sense of belonging, to give voice and shape to an identity that
does not yet have defined contours. The PNEI perspective offers a specific contri-
bution here: the adolescent nervous system is extraordinarily sensitive to social
validation, and the approval of a particular identity by the community powerfully
and directly activates the reward circuits. In an era in which online communities
make identity solutions immediately available — identities that are, to a certain ex-
tent, similar to one another in terms of aesthetics, language, and self-narratives — it
is understandable that many adolescents try on this broad and colorful gallery of
guises the way one tries on a garment, in a healthy and lively search for the one
that best fits a Self still far from being defined.
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The clinical risk is not fluidity itself, but that the identity fragility it may conceal
goes unrecognized, and that a purely medicalizing response obscures a need for
care with deeper roots. Clinical work with these young people requires a double
gaze: recognizing and respecting the exploratory process underway, while at the
same time carefully assessing the presence of any structured dysphoria or comor-
bidities that might benefit from a psychotherapeutic path, before any intervention
on the body.

Crisis as Therapeutic Space

The pubertal crisis is the second developmental window, after the perinatal
one, in which the brain is extraordinarily plastic, experiences leave deep traces,
and preventive and therapeutic interventions can have a significant impact on the
future trajectory. Understanding how the reward systems function at this stage, the
vulnerability of the immature PFC in the face of highly rewarding stimuli, the role
of all the neurotransmitter systems in regulating pleasure and stress, the centrality
of social recognition in identity construction, and the weight of early attachment as
a neurobiological programmer, is the foundation for guiding prevention and
treatment strategies that are effective and respectful of the specificity of this stage
of life.

On the therapeutic side, what emerges strongly from the evidence is the prima-
ry role of relationship. Addiction — to a substance, to a device, to a closed room —
builds reward systems that progressively exclude authentic relationship. Care can-
not do without relational exchange: it must contribute to the development of a new
experience in which the feeling of well-being can again be achieved within the con-
text of ongoing relationships. The body of work highlighting the countless facets
and importance of the oxytocin system, at any age, and its complex interaction
with the dopamine system and numerous other neurotransmission systems, in
support of a powerfully health-promoting effect of relationship, is becoming ever
more detailed.

Work with the family remains essential. The parental function — the one most at
risk of fragility in the current cultural and social context — is the first tool of preven-
tion. A parent who manages to maintain the limit-setting function, who is able to
tolerate the child’s anguish without removing or amplifying it, who offers a con-
taining space in the right measure, is the most powerful protective factor known to
the literature.

Finally, the body must not be forgotten. In an era in which most anxieties and
uncertainties coalesce around the body, physical activity — especially when carried
out in nature and in a group, in a dimension of pleasure rather than performance —
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is an extraordinary therapeutic tool, PNEI in the fullest sense of the term. Setting
the body in motion restores endorphin, dopaminergic, and endocannabinoid bal-
ance, generating experiences of pleasure not mediated by technology. Physical ex-
ercise increases circulating endocannabinoid levels, helping to generate a sense of
well-being that reactivates the perception of the body as a place of belonging to
oneself, a biologically grounded response to the hardship of the crisis.

Conclusions

The pubertal crisis, multiform and dissonant, remains what it has always been:
a fundamental space for the construction of the Self. The crossroads, in its fullest
sense, possibility. It is essential that clinical, educational, and relational interven-
tions, whatever the need, be timely, calibrated, and respectful of the neurobiologi-
cal and psychological specificity of this stage. Our task, as clinicians, as researchers,
and as health professionals working from a PNEI perspective, is to contribute with
strength and confidence to keeping this space of transformation open: with the
strength needed to hold the limit firm, and the confidence essential to preserving
young people’s freedom to explore who they are and who they can become.
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