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ABSTRACT

Background: The global diffusion of illicitly manufactured fentanyl repre-
sents a critical intersection between neuroscience, law, and public health.
Originally developed as a potent analgesic in the XX century, fentanyl’s
low production cost, chemical adaptability, and high lethality have ena-
bled its rapid proliferation through transnational criminal networks. While
North America remains the epicenter of the crisis, with synthetic opioids
accounting for the majority of overdose deaths, recent evidence indicates
the gradual expansion of fentanyl and its analogues into Europe, where
emerging threats include nitazenes and xylazine-adulterated compounds.
Methods: This study adopts a multidisciplinary approach combining neuro-
scientific, criminological, and legal perspectives to analyze the roots and
repercussions of fentanyl use and distribution. Through a systematic review
of biomedical and legal literature, the research outlines the neurobiologi-
cal mechanisms underlying opioid dependence, particularly the role of
craving and impaired reward circuitry involving the mesolimbic dopamin-
ergic system.

Results: These findings reveal structural and functional brain alterations
that significantly affect volitional control, thereby challenging the tradi-
tional legal assumption of free will as a prerequisite for culpability.
Epidemiological data from 2019-2025 demonstrate a continuous rise in
fentanyl-related mortality, particularly among adolescents and first-time
users exposed to adulterated substances.

Conclusions: Although harm-reduction strategies, such as naloxone distri-
bution, fentanyl test strips, and medication-assisted treatment, have
yielded measurable benefits, they remain insufficient to counter the evolv-
ing complexity of synthetic opioid markets. Overall, the findings underscore
the urgent need to align legal and criminal policy frameworks with neuro-
scientific evidence, promoting a balanced paradigm that integrates public
health, justice, and human rights in addressing the global fentanyl crisis.
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Introduction

In the last two decades, the spread of lllicitly Manufac-
tured Fentanyl (IMF) and other synthetic opioids has gen-
erated one of the most serious health and social crises in
the recent history of the United States and North Amer-
ica.! Fentanyl and its derivatives are starting to appear
in the European drug market as well.2 25 kg of fentanyl
precursors were confiscated in the Netherlands in Decem-
ber 2024.3 In ltaly, fentanyl smuggling is often associated
with stolen medications from public hospitals.4 With anal-
gesic potency 50 to 100 times greater than that of mor-
phine, fentanyl was initially developed for clinical use in
hospital settings, but its extreme effectiveness, ease of
synthesis, and low production cost have favored its rapid
expansion in the illegal drug market.5 Starting from the
2010s, fentanyl has progressively supplanted heroin as
the main cause of overdose deaths in the United States,
contributing to an escalation that exceeded 109,000
deaths in 2023 alone.b This phenomenon, commonly de-
fined as the "opioid crisis", is now configured as a true
multifactorial epidemic, in which economic, political,
health, and criminal dynamics converge on a global scale.
Compared to other substances, fentanyl trafficking ex-
hibits distinctive characteristics: it is based on a frag-
mented and transnational value chain, which starts from

the production of chemical precursors in Asia (mainly in
China), continues with synthesis and distribution in Mexico,
and concludes with capillary distribution in the United
States, and increasingly in Canada as well.” Investiga-
tions conducted by federal agencies and international or-
ganizations highlight how Asian criminal networks and
Mexican cartels collaborate steadily, exploiting regula-
tory gaps and the high market value of the finished prod-
uct. Artificial Intelligence plays a crucial role in the devel-
opment of new drugs. It is used not only by Chinese la-
boratories to design innovative chemical synthesis pro-
cesses, but also by inexperienced dealers who leverage
it to quickly learn the principles necessary for processing
substances using legally obtained materials and equip-
ment.8 This contribution aims to analyze, through a multi-
disciplinary approach, the origins, trajectories, and impli-
cations of the fentanyl phenomenon, with particular at-
tention to geopolitical dynamics, transformations in pro-
duction and distribution models, as well as impacts on
public health and the social fabric. Furthermore, emerg-
ing risks for Europe and ltaly will be examined, where
the phenomenon has so far remained marginal but is po-
tentially expanding. In light of current evidence, strength-
ening international cooperation and rethinking policies
for combating, preventing, and treating synthetic opioid
addictions is essential.

Fentanyl trafficking starts from the production of chemical precursors in Asia (mainly in China)

CHINA

1 The majority of pharmaceutical-grade fentanyl entering the
United States originates in China and arrives as a finished
product. This legitimate supply chain remains largely distinct
from the networks involved in the production and trafficking of
illicit fentanyl.

Fig. 1. Representative map of fentanyl trafficking

USA

MEXICO

China serves as the principal supplier of precursor chemicals
used in the synthesis of illicit fentanyl. Once exported - most
often to Mexico - these precursors are transformed into powder
or pill form before being trafficked across the border into the
United States.

Based on https://www.heritage.org/ china/report/holding-china-and-mexico-accountable-americas-fentanyl-crisis

THE ROLE OF CRAVING IN DRUG USE

In psychiatric literature, craving is defined as an intense,
impulsive, and obsessive desire to consume a substance
or engage in a particular behavior to which one is ad-
dicted; as defined in the Diagnostic and Statistical Man-
ual of Mental Disorders (5th ed.) “craving (Criterion 4) is
manifested by an intense desire or urge for the drug that

may occur at any time but is more likely when in an envi-
ronment where the drug previously was obtained or
used.”® Craving represents a genuine psychophysical
urge that compels individuals to engage in behaviors that
are often counterproductive, if not outright harmful to
themselves.'0 This multifaceted phenomenon encompasses
affective, cognitive, and behavioral dimensions. The af-
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fective component involves emotional distress and dys-
phoria in the absence of the substance, while the cognitive
dimension manifests as intrusive thoughts, preoccupation,
and attentional bias toward drug-related stimuli.'® Be-
haviorally, craving drives persistent drug-seeking activi-
ties despite awareness of negative consequences.!'! From
a neurobiological perspective, craving involves the
dysregulation of reward circuitry, particularly the meso-
limbic dopaminergic system, which becomes hypersensi-
tive to drug-associated cues while showing diminished re-
sponse to natural rewards. Neuroimaging studies have
demonstrated that exposure to drug-related stimuli acti-
vates the prefrontal cortex, amygdala, and nucleus ac-
cumbens, regions implicated in motivation, emotional pro-
cessing, and reward anticipation.’? As mentioned by
Schembri in the research conducted in 2018, “Chronic ex-
posure to fentanyl results in the downregulation and de-
sensitization of opioid receptors in key brain regions, such
as the thalamus and amygdala. Over time, these changes
contribute to structural and functional alterations in the
white matter of the frontal and temporal lobes, resulting
in cognitive and emotional impairments.”!3 The literature
distinguishes between reward craving, driven by positive
reinforcement expectations; relief craving, motivated by
withdrawal symptom alleviation; and cue-induced crav-
ing, triggered by environmental contexts associated with
previous use. The intensity and persistence of craving ep-
isodes represent critical predictors of relapse vulnerabil-
ity, making craving management a central therapeutic
target in addiction treatment.

THE EMERGENCE OF NEW SYNTHETIC OPIOIDS IN EU-
ROPE: FENTANYL AND RELATED SUBSTANCES

While fentanyl remains the most prominent synthetic opi-
oid associated with overdose deaths in North America, its
diffusion in Europe has been more limited and heteroge-

neous.' In several European countries, seizures and toxi-
cological reports indicate sporadic but concerning epi-
sodes of fentanyl circulation, often involving diverted
medical preparations rather than large-scale illicit pro-
duction.’> However, other synthetic opioids, either struc-
turally related or pharmacologically comparable, have
begun to appear more frequently across the continent. A
key example is nitazenes, a class of highly potent ben-
zimidazole-derived opioids first synthesized in the mid-
20th century but recently re-emerging on the illicit drug
market. Nitazenes, substances such as isotonitazene,
metonitazene, and protonitazene, have been detected in
forensic casework and linked to fatal intoxications in
countries including Sweden, Germany, and the United
Kingdom. ¢ Their extreme potency, in some cases exceed-
ing that of fentanyl, raises significant challenges for both
public health systems and law enforcement agencies.
Alongside these developments, buprenorphine, a semi-
synthetic opioid widely prescribed for opioid substitution
therapy, has also been subject to diversion and misuse.”
Although less lethal than fentanyl or nitazenes, non-med-
ical use of buprenorphine has been reported across Scan-
dinavia, France, and Central Europe, sometimes in combi-
nation with benzodiazepines or alcohol, thereby increas-
ing overdose risks.'8 It is evident from these trends that
Europe’s opioid landscape is shaped not only by the
threat of fentanyl but also by the growing availability of
alternative cheap synthetic opioids. By 2024, new nita-
zenes were more commonly reported than new fentanyl
analogues by Member States to UNODC and accounted
for almost 50 per cent of all reported opioid NPS (New
Psychoactive Substances). 9 In 2024, the most frequently
identified nitazenes in forensic institutes worldwide were
protonitazene (38 per cent), followed by N-pyrrolidino
protonitazene (24 per cent), N-desethyl isotonitazene (10
per cent) and metonitazene (8 per cent).'®

Some nitazenes can be 500 times more potent

relative to heroin
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Fig. 2. Comparative potency of common synthetic opioids

© 2025 European Society of Medicine 3



A Review on Fentanyl and The Neuroscientific Roots of Criminal Behaviour

MOLECULE CHEMICAL NAME COMMON NAME MOLECULAR WEIGHT
i S N-PHENYL-N-[1-(2
N e e PHEMYLETHYL)PIPERIDIN-4 FENTANYL - 336.47 G/MOL
h> YLIPROPANAMIDE
(s
—~ M,N-DIETHYL-5-NITRO-2-[(4
N PROPOXYPHENYL)METHYL]-1 PROTONITAZENE (ALSO 41051 GIMOL
OaN,@:N H-BENZIMIDAZOL-1 “PROPOXYNITAZENE") s
ETHANAMINE
[s]
T
{
n-! N,N-DIETHYL-2-(2-(4
N ISOPROPOXYBENZYL)-5
,G[ NITRO-1H ISOTONITAZENE = 41051 G/MOL
o N BENZO[D]IMIDAZOL-1
YLIETHAN-1-AMINE
o
{_s
~ N,N-DIETHYL-2-[2-(4
METHYLTHIO)BENZYL]-5 METHIONITAZENE (ALSO .
= - 382.46 G/MOL
. \[:f% NITRO-1H-BENZIMIDAZOL-1 METHYLTHIONITAZENE") R
: Q AMINE
-

Fig. 3. Summary table of the studied substances

WHEN VOLITION BECOMES COMPULSION

Opioid use disorder can be partly categorized as a de-
cision-making disorder, among other things.2° The role of
decision-making in fentanyl addiction has been examined
thoroughly by several academic studies. Two major, and
opposing, theoretical perspectives have emerged: the
habit theory and the relative value theory.2! According
to the former, addiction erodes the capacity to exercise
one’s free will, while for the supporters of the latter,
PWUD (people who use drugs) are still able to choose
and exercise their free will, but they disproportionately
favor drugs over healthier choices. This mechanism has
been explored extensively in a 2023 thesis by T.
Shaver.20 The study investigated whether escalated fen-
tanyl intake alters decision-making processes by con-
trasting habit theory with relative value theory. Using an
allomorphic concurrent choice task in Sprague-Dawley
rats, the authors observed that extended (6-hour) access
to fentanyl led to clear escalation of intake, while limited
(1-hour) access did not. Despite this escalation, choice be-
havior between drug and food rewards remained stable
across groups, and model comparisons indicated that
value-based rather than habitual processes best ac-
counted for the observed data.2° These findings suggest
that even under conditions of escalated opioid use, deci-
sion-making capacities remain intact, thereby challenging
habit theory and supporting the relative value frame-
work. Obviously, these findings have important legal re-
percussions; given that the capacity to exercise free will

remains intact, fentanyl users convicted of a crime would
have to face the full consequences of their actions.

NEUROSCIENTIFIC CONSIDERATIONS

The neurobiological impact of fentanyl extends beyond
its well-documented effects on pain modulation and re-
ward to include profound cognitive and structural brain
alterations.?? Acute and chronic opioid exposure pro-
duces converging patterns of neurotoxicity, neurovascular
compromise, and functional dysregulation across cortical
and subcortical systems.23 Acute hippocampal injury fol-
lowing non-fatal overdose has been consistently associ-
ated with deficits in episodic and working memory, yet
chronic opioid use disorder (OUD) produces a broader
constellation of neuropsychological impairments.24 A com-
prehensive meta-analysis by Wollman et al. (2019)
demonstrated significant reductions in cognitive flexibil-
ity, verbal working memory, verbal fluency, decision-
making, attention, and processing speed in chronic OUD
patients, suggesting widespread disruption of fronto-pa-
rietal and limbic networks critical for executive function-
ing.2> These deficits parallel findings from imaging stud-
ies show altered prefrontal—striatal connectivity and
blunted neural responsivity to reward-related cues.

STRUCTURAL AND FUNCTIONAL ALTERATIONS

Evidence of structural compromise has been directly ob-
served in individuals with a history of opioid overdose.26
An exploratory whole-brain voxel-based morphometry
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analysis revealed reduced gray matter volume in parie-
tal and temporal regions among individuals with prior
non-fatal overdoses.24 These cortical reductions may re-
flect hypoxic—ischemic injury following repeated respira-
tory depression episodes, consistent with the neuropatho-
logical profile of opioid toxicity.?” The parietal and tem-
poral cortices, regions involved in spatial awareness, sen-
sory integration, and episodic recall, are particularly sus-
ceptible to hypoxic injury.28 Functional neuroimaging
studies conducted on primates further support dysregula-
tion in reward and salience networks, depending on sub-
stance use frequency, genetics, sex, and other factors.2?
Positron emission tomography (PET) studies have identi-
fied fentanyl-associated decrease in regional cerebral
blood flow (rCBF) within the thalamus and altered meta-
bolic activity in the anterior cingulate cortex and striatum,
regions central to arousal, pain regulation, and reinforce-
ment learning.3° These abnormalities align with the moti-
vational deficits and impaired risk evaluation commonly
observed in chronic opioid users.

MECHANISTIC BASIS: BRAIN HYPOXIA AND CELLULAR
STRESS

At the physiological level, fentanyl’s potent U-opioid re-
ceptor activation triggers pronounced respiratory de-
pression, reducing cerebral oxygen availability.31 Exper-
imental work by Solis and colleagues demonstrated a
dose-dependent decrease in brain oxygen with ~30-sec-
ond latency, reaching nadir within 90 seconds and ac-
companied by parallel declines in glucose metabolism.32
These hypoxic events were most pronounced in the nucleus
accumbens (NAc), a hub of the mesolimbic reward circuit,
and the amygdala, both critical to emotional regulation
and reinforcement processing. Chronic cycles of hypoxia
and hyperglycemia may lead to neuronal oxidative
stress, mitochondrial dysfunction, and glial activation,
providing a plausible biological substrate for enduring
cognitive deficits.33 Human studies corroborate these
physiological mechanisms. Tamargo et al. found that in-
dividuals using heroin and fentanyl exhibited marked
cognitive impairments across multiple domains, support-
ing the notion that fentanyl-induced brain hypoxia con-
tributes to lasting neuropsychological dysfunction.33

GENETIC SUSCEPTIBILITY AND NEUROPHARMACOGE-
NOMICS

Molecular evidence indicates that interindividual varia-
bility in fentanyl neurotoxicity is strongly mediated by
genetic polymorphisms influencing receptor sensitivity,
metabolism, and transport.34 As detailed by Barletta et
al. (2025), variants in CYP3A4 and CYP3AS5 modulate
the rate of fentanyl clearance, while the OPRM1 A118G
polymorphism affects J-opioid receptor binding affinity
and downstream signaling efficacy. Individuals carrying
the GG genotype exhibit decreased receptor sensitivity,
potentially requiring higher doses for analgesic efficacy
but simultaneously exposing the brain to greater hypoxic
and excitotoxic stress.'2 Further, ABCB1 (P-glycoprotein)
gene variants alter blood—brain barrier transport effi-
ciency, influencing fentanyl’s central bioavailability, while
COMT Val158Met modulates dopaminergic tone and ex-
ecutive control.35 These genetic factors may partially ex-
plain the heterogeneity in cognitive outcomes and vulner-
ability to addiction observed among fentanyl users.

NEURAL CIRCUITRY AND BEHAVIORAL CORRELATES
Chronic fentanyl use results in functional reorganization
across the thalamic—striatal—cingulate circuitry, which
governs alertness, reward valuation, and pain percep-
tion.3¢ Alterations in dopaminergic and glutamatergic
transmission within the NAc and prefrontal cortex com-
promise reinforcement learning and impulse control, fa-
voring habitual over goal-directed behavior.3” The con-
vergence of neurohypoxia, receptor desensitization, and
synaptic remodeling generates a neurobiological milieu
conducive to compulsive drug-seeking and cognitive ri-
gidity, hallmarks of advanced OUD.38 Taken together,
neuroscientific data reveal that fentanyl’s neurotoxicity
arises from intertwined molecular, vascular, and genetic
mechanisms.3? Acute respiratory depression induces tran-
sient yet cumulative hypoxic injuries, while chronic expo-
sure drives receptor downregulation, white matter deg-
radation, and dopaminergic imbalance. The resultant
cognitive and emotional disturbances not only perpetuate
addiction but also hinder recovery potential.3 Future
neuroimaging and longitudinal studies are warranted to
clarify the temporal progression of these alterations and
to identify potential neuroprotective strategies.

Methods

A comprehensive literature search was conducted to iden-
tify relevant studies on fentanyl. The search strategy em-
ployed a systematic exploration of multiple databases to
ensure thorough coverage of the available biomedical
literature. The primary databases searched included
PubMed and Ovid MEDLINE, which were selected for
their extensive coverage of peer-reviewed biomedical
and clinical research. These databases were queried us-
ing a combination of Medical Subject Headings (MeSH)
terms and keywords related to fentanyl. The keywords
used included, but were not limited to, “fentanyl”, “fenta-
nyl use”, “opioid”, “opioid use disorder”, “crime”, “antiso-
cial behavior”. To supplement the biomedical database
search and capture additional grey literature, conference
proceedings, and interdisciplinary research, Google
Scholar was also utilized as a secondary search engine,
using the same list of keywords. This approach enabled
the identification of studies that may not be indexed in
traditional biomedical databases, thereby enhancing the
comprehensiveness of the literature review. The search
was limited to articles published in English. No restrictions
were placed on publication date to ensure a complete
historical perspective on fentanyl research. All database
searches were performed between July and October
2025, and duplicate records were removed prior to
screening. The search results were systematically
screened and evaluated according to predetermined in-
clusion and exclusion criteria to identify studies relevant
to the research objectives of this paper. The study was
conducted at the headquarters of Neurolntelligence - In-
stitute for Ethical Criminological Research, situated in Va-
rese, ltaly.

Results

EPIDEMIOLOGICAL AND FORENSIC FINDINGS

The analysis of recent review and modeling studies re-
veals a complex and evolving landscape of opioid over-
dose prevention, highlighting both the effectiveness and
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limitations of current public health strategies. Data col-
lected between 2019 and 2025 indicate an alarming
rise in synthetic opioid—related mortality, particularly
among adolescents and young adults, and underscore the
need for integrated, community-based interventions. Ac-
cording to Calihan et al. (2024), opioid overdose is now
the third leading cause of death among adolescents in
the United States.40 Between 2010 and 2021, adolescent
overdose deaths increased by 121%, primarily due to
the infiltration of fentanyl and its analogues into the illicit
drug market.#0 Notably, 65% of adolescents who died
between 2019 and 2021 had no prior history of opioid
use, and naloxone was administered in only 33% of fatal
cases.4! This evidence suggests that overdose fatalities
are no longer confined to chronic opioid users but increas-
ingly affect naive or experimental users exposed to fen-
tanyl-adulterated substances. Thus, fentanyl can be par-
ticularly fatal especially in first time users.42

The review identified several barriers limiting youth ac-
cess to naloxone, including pharmacy restrictions, pro-
vider stigma, and insufficient training among pediatri-
cians.43 Although most pediatricians recognize overdose
prevention as part of their clinical responsibility, only
10% report ever prescribing naloxone, and fewer than
15% of pediatric emergency physicians provide it after
an opioid-related visit.44 Such findings point to critical
systemic gaps in early intervention and harm reduction
for young populations. Recent legislative efforts have be-
gun addressing these deficiencies. In 2024, 36 U.S. states
allowed schools or school staff to store and administer
naloxone on campus, while a smaller subset mandates its
availability in all high schools.45 Proposed bills such as the
School Access to Naloxone Act (2023) and the Helping
Educators Respond to Overdoses (HERO) Act aim to ex-
pand these initiatives nationally. Preliminary pilot pro-
grams, including Safety First and Rx for Addiction and
Medication Safety (RAMS), demonstrated improvements
in student knowledge, confidence in using naloxone, and
understanding of overdose risk factors.4¢ However, evi-
dence-based evaluations of their long-term effectiveness
remain limited.

Zang et al. (2024) conducted a simulation study in Rhode
Island using the PROFOUND (Prevention and Rescue of
Fentanyl and Other Opioid Overdoses Using Optimized
Naloxone Distribution Strategies) model to forecast the
effects of opioid settlement—funded naloxone distribu-
tion. Their projections estimated that distributing an ad-
ditional 50,000 naloxone kits per year could reduce an-
nual opioid overdose deaths (OOD:s) by up to 9% under
an optimized demand-based approach.44 More strik-
ingly, the model predicted that increasing the proportion
of witnessed overdoses by 60%, for example, through
supervised consumption sites or social-use interventions,
could further reduce annual OODs by 37%. When com-
bined, these interventions were projected to achieve a
synergistic reduction of over 30% in total fatalities.44
These findings suggest that while naloxone expansion re-
mains essential, its full potential depends on addressing
solitary drug use, a growing contributor to fatal over-
doses. Complementary to these trends, recent forensic
and toxicological evidence indicates a steady rise in fen-
tanyl-adulterated polysubstance mixtures, often involving

xylazine or nitazene analogues. In 2023, 20 different
nitazenes were reported by 28 countries to the UNODC
Early Warning Advisory on New Psychoactive Substances
(NPS), 12 of which are now under international control.4”
Such combinations have been associated with partial or
delayed response to naloxone, raising concerns about the
limitations of traditional overdose reversal protocols. Pre-
liminary reports from emergency departments across
North America show an increasing proportion of over-
doses resistant to standard naloxone doses, necessitating
repeated administrations or adjunctive respiratory sup-
port. Harm-reduction research has also highlighted the
growing utility of fentanyl test strips (FTS). In a 2025 mul-
ticenter study, Vickers-Smith et al. demonstrated that in-
dividuals who received positive FTS results were signifi-
cantly more likely to engage in overdose risk-reduction
behaviors, such as using smaller doses, avoiding solitary
use, and keeping naloxone nearby.#® However, FTS utili-
zation did not significantly reduce the incidence of non-
fatal overdoses, suggesting that behavioral changes,
though beneficial, require complementary structural inter-
ventions. The Network for Public Health Law (2023) fur-
ther documented similar behavioral adaptations among
PWUD including discarding contaminated supplies and
using drugs in the presence of others. According to the
World Drug Report 2025, opioids continue to represent
the most lethal class of substances globally, accounting
for over 70% of all overdose deaths in 2023.7? Fentanyl
and its analogues dominate this category, with North
America responsible for nearly 84% of fatalities. Nota-
bly, poly-substance use involving stimulants or sedatives
was present in approximately half of all overdose cases,
further reducing the effectiveness of naloxone reversal.
In North America, Fentanyl accounts for a large number
of drug-related deaths, where 48,422 deaths in the
United States of America in 2024 were estimated (data
published 13 June 2025) to be related to synthetic opi-
oids (fentanyl). In Canada in 2023, fentanyl was involved
in 7,057 deaths, and fentanyl analogues were involved
in 3,356 deaths. Nonetheless, in both the United States
and Canada, there were initial signs of a decrease in the
number of deaths resulting from fentanyl in the second
half of 2023 and in 2024. In Mexico, by contrast, fenta-
nyl use has been associated with a significant increase in
the number of individuals entering treatment and care for
drug use disorders between 2018 and 2023.1°?

Global surveillance data also highlight an alarming
500% increase in fentanyl-related mortality among ad-
olescents since 2015, largely attributed to counterfeit
pills and non-medical consumption. In parallel, the traf-
ficking of synthetic opioid precursors surged by 80% be-
tween 2020 and 2023, underscoring the growing trans-
national dimension of the crisis. Collectively, these figures
contextualize the modeling and clinical data presented
by Calihan et al. (2024) and Zang et al. (2024), confirm-
ing that while naloxone and harm-reduction programs re-
main indispensable, they are insufficient to counter the
expanding fentanyl supply and evolving patterns of drug
consumption. Despite notable progress in policy and com-
munity engagement, the evidence suggests that fentanyl-
related mortality continues to rise, driven by the diffusion
of synthetic analogues, limited bystander presence, and
systemic barriers to naloxone accessibility.
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LEGAL OUTCOMES

The comparative analysis of national and international
legal responses to fentanyl trafficking and misuse reveals
persistent reliance on punitive, prohibitionist frameworks
with limited deterrent effectiveness. In several jurisdic-
tions, particularly in North America, stricter penalties and
“drug-induced homicide” laws have not reduced opioid-
related deaths but have instead contributed to systemic
inequities, racial disparities in arrests, and elevated post-
incarceration overdose risk. Conversely, evidence from
harm-reduction and treatment-based initiatives, such as
diversion programs and the application of Medication for
Opioid Use Disorder (MOUD) in correctional settings, in-
dicates more positive outcomes in terms of rehabilitation
and public health protection. In Italy, where large-scale
fentanyl trafficking has not yet emerged, legislative ac-
tion is focused on prevention and monitoring. The inclusion
of fentanyl analogues in Table | of controlled substances
(Decree of 28 July 2020) and the adoption of the Na-
tional Prevention Plan Against the Misuse of Fentanyl and
Other Synthetic Opioids (2024-2025) mark a strategic
effort to strengthen early detection, interinstitutional co-
ordination, and international cooperation.

Discussion

CRIMINOLOGICAL AND LEGAL PERSPECTIVES: INTRO-
DUCTORY CONTEXT

In the international context, the phenomenon of fentanyl
consumption and illicit trafficking is situated within a com-
plex framework that presents significant legal and crimi-
nological implications. The spread of this substance —
highly potent and inexpensive to produce — is sustained
by a dense network of illicit trafficking orchestrated by
increasingly sophisticated criminal organizations, techno-
logically advanced and capable of adapting to the shift-
ing dynamics of the global market.4?

Within this framework, European ports, now true strategic
hubs of international smuggling, constitute a key logistical
fulcrum for the clandestine trade of fentanyl and its de-
rivatives. This trade is fueled by dynamic maritime and
air routes, as well as by digital tools such as the dark web
and drones used for anonymous retail delivery.

Faced with such a transnational threat, legislative re-
sponses often remain anchored to anachronistic prohibi-
tionist models — heirs to the repressive strategies of North
American origin developed between the 19th and 20th
centuries — whose limits, in terms of deterrent effective-
ness and containment capacity, are widely documented.

The adoption of a purely repressive paradigm, moreo-
ver, reinforces circuits of systemic violence, intensifying
the criminogenic dynamics inherent in illicit drug mar-
kets.50 A shift in approach is therefore necessary: the fight
against fentanyl trafficking cannot disregard the imple-
mentation of multilevel strategies grounded in interna-
tional cooperation, the regulation of chemical precursors,
particularly in key production areas such as China, India,
and Tirkiye, and preventive measures aimed at curbing
demand in destination countries such as those in Europe.
In this regard, the role of supranational bodies such as
the United Nations Office on Drugs and Crime (UNODC)
and the Commission on Narcotic Drugs could prove crucial
in harmonizing both repressive and preventive efforts. At

the same time, criminological analysis suggests that the
violence connected to synthetic opioid markets is an inev-
itable by-product of a system removed from any form of
legal control. In this sense, the dimension of drug-related
violence represents the most visible symptom of an under-
ground ecosystem that thrives precisely because of the
illegality of the market itself.

A LOOK AT THE NATIONAL AND INTERNATIONAL LE-
GAL LANDSCAPE

For scholars and researchers operating in ltaly, the anal-
ysis of national data has served as a starting point for
extending research to the international level.

In Italy, fentanyl abuse has become an emerging public
concern. Between 2018 and 2023, law enforcement
agencies seized quantities of fentanyl powder equivalent
to thousands of lethal doses, along with tablets and other
formulations.

Acknowledging the seriousness of the issue, a decree en-
acted on 28 July 2020 included structural analogues and
derivatives of fentanyl in Table | of controlled and psy-
chotropic substances under Presidential Decree 309/90,
specifying their structural characteristics to facilitate iden-
tification, prevention, and enforcement efforts.

As of October 2025, an update meeting was held at the
headquarters of the Italian Government concerning the
implementation of the National Prevention Plan Against
the Misuse of Fentanyl and Other Synthetic Opioids, ini-
tially presented in March 2024.

The Plan was designed to implement an integrated and
multidisciplinary strategy involving the active cooperation
of several ministries and institutions through a coordi-
nated series of actions. From a research and policy stand-
point, particular attention has been devoted to criminal
policy strategies aimed at prevention and enforcement.
Among the activities implemented under the Plan are: the
acquisition of data to monitor illicit fentanyl and precur-
sor trade, as well as new opioid adulterants (including
xylazine and nitazenes); the engagement of poison con-
trol centers and forensic toxicology professionals in train-
ing healthcare workers and promoting fentanyl screen-
ing; inspections by the Ministry of Health and enforce-
ment actions by the Carabinieri’s NAS units, which have
resulted in seizures and precautionary measures across
various provinces; prevention campaigns in schools; pro-
fessional training for law enforcement personnel; and the
strengthening of analytical capacities for the identifica-
tion of synthetic opioids, supported also by international
collaboration.

International experience underscores the importance of
anticipating the problem, particularly since Italy has not
yet experienced large-scale fentanyl trafficking, through
targeted preventive strategies adaptable to the rapid
evolution of the phenomenon.

Indeed, at the international level, while the misuse of fen-
tanyl has been documented since its discovery, its abuse
has reached alarming proportions due to illegal traffick-
ing and its replacement of traditionally common opioids
such as heroin.
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In the United States alone, fentanyl-related deaths num-
bered approximately 70,000 in 2022.5' Globally, pre-
ventive and enforcement measures have become inevita-
ble; however, the proliferation of fentanyl analogues, of-
ten capable of evading current regulations due to chem-
ical variability, continues to complicate law enforcement
efforts.12

While numerous studies have analyzed the relationship
between criminalization, substance use, and overdose,52
few have conducted qualitative research to examine the
perspectives of communities directly affected by sub-
stance use, research that is in fact a necessary precursor
for designing interventions and policies aimed at disrupt-
ing the cycle of criminal justice involvement among people
who use drugs.>3

Beyond the preventive and enforcement measures men-
tioned above, it is worth recalling the introduction of laws
increasing penalties for opioid use and possession, alt-
hough such criminalization strategies have predictably
failed to achieve the desired outcomes.53 For example,
several U.S. states have intfroduced harsh sanctions for the
production and distribution of fentanyl (including the Wis-
consin Legislature, 2021), for its transportation across
state lines (Kentucky Legislature, 2022), or for supplying
fentanyl to individuals who subsequently experience fa-
tal overdoses (Mississippi Legislature, 2022).

Similarly, in 2023, the U.S. House of Representatives ap-
proved Bill HR 467, which placed all fentanyl-based sub-
stances in Schedule | of the Controlled Substances Act,
thereby enabling the imposition of harsher criminal pen-
alties.

Empirical evidence shows, however, that a predominantly
punitive criminal law approach has not led to a reduction
in fentanyl use but has instead resulted in increased racial
profiling in arrests — disproportionately affecting the Af-
rican American community — and consequent prison over-
crowding. Moreover, incarceration itself has been shown
to heighten the risk of overdose upon release, with rates
up to 40 times higher than those observed in the general
population.>4

Nonetheless, several alternatives to incarceration have
demonstrated positive outcomes. For instance, diversion
programs and the application of Medication for Opioid
Use Disorder (MOUD) in correctional facilities help miti-
gate, though not completely offset, the rise in mortality
and imprisonment rates.43

DRUG ADDICTION AND FREE WILL: BETWEEN SCIENCE
AND LAW

The debate on free will represents «((the most discussed
question in all of metaphysics», as Hume aptly main-
tained.>3 In the field of criminal law, following the well-
known opposition between the Classical School and the
Positivist School, legal doctrine has progressively con-
verged toward an intermediate position between deter-
minism and indeterminism. This stance acknowledges that,
although an absolute freedom of self-determination does
not exist, a relative or conditioned form of freedom none-
theless serves the regulatory purposes of criminal law.

Law, in fact, does not assume freedom of will as an onto-
logical given, but rather as a practical prerequisite indis-
pensable for social coexistence. Such an approach, how-
ever, risks reducing the concept of freedom to a mere
legal fiction, detached from any empirical foundation.
Given the problematic nature of this issue, legal scholars
have frequently questioned the implications of conceiving
criminal law as an instrument grounded in a purely hypo-
thetical notion of freedom: an instrument that, in effect,
constitutes the mechanism through which society legiti-
mizes the use of coercion. Consequently, within the judicial
system, numerous “legal fictions” have been constructed
to justify the attribution of culpability and, therefore, the
imposition of punishment upon offenders who have, albeit
not accidentally, placed themselves in a state of incapac-
ity, such as that resulting from chronic intoxication by nar-
cotic substances. Such a legal model appears entirely
anachronistic and misaligned with the scientific and natu-
ralistic frameworks that conceptualize substance abuse as
a behavioral disorder. The discussion becomes even more
complex when one considers that, from a clinical, symp-
tomatological, anatomopathological, and psychological
perspective, there exists a substantial difference be-
tween alcohol intoxication and intoxication caused by
narcotic substances. As observed by the most authorita-
tive scientific literature, in contrast to alcohol abuse,
where the somatic, neurological, and psychiatric patholo-
gies exhibit permanent characteristics and remain readily
observable even after cessation of consumption, acute
and chronic psychotic disorders resulting from substance
abuse are difficult and controversial to classify. These lat-
ter conditions, though capable of affecting volitional ca-
pacity by diminishing or excluding it, do not necessarily
produce permanent and/or irreversible effects, except in
particular cases (for instance, those associated with heroin
or morphine abuse). It follows that substance addiction
does not fall within the normative parameters that allow
for the exclusion of criminal responsibility. Such exclusion
would apply in cases of chronic intoxication, but, as noted,
this is difficult to ascertain, since it is rare to identify the
kind of “permanent psychic alterations” necessary to es-
tablish it. These normative provisions have been the sub-
ject of criticism, particularly concerning their inconsistency
with the principle of personal responsibility and with the
rehabilitative purpose of punishment.

The principle of personal criminal responsibility requires
a close link between culpability and the individual’s free
will, understood as the capacity to choose among several
possible alternatives and to act otherwise, a notion that
proves particularly difficult to define in cases of sub-
stance dependence.

Likewise, the imposition of punishment aimed at general
deterrence would inevitably sacrifice the rehabilitative
function of the penalty, namely the reintegration of the
individual into society.

INTEGRATION OF HABIT THEORY AND RELATIVE VALUE
THEORY

The present findings align more closely with relative value
theory than with habit theory. Although extended fenta-
nyl access produced clear escalation of intake, choice be-
havior remained sensitive to changes in magnitude and
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reward probability.20 According to habit theory, such
prolonged exposure should have yielded rigid, stimulus—
response behavior independent of outcome valuation.5¢
Instead, rats continued to allocate responding in accord-
ance with relative reinforcement rates, consistent with the
predictions of the generalized matching law5” and sup-
porting the notion that decision-making remained value-
based despite escalation. This preservation of value sen-
sitivity parallels prior findings that individuals with opioid
use disorder still adjust behavior according to reinforcer
magnitude and delay.58 These results suggest that chronic
exposure alters what is valued rather than abolishing val-
uation altogether, a view we find compatible with the in-
centive sensitization theory of addiction.’® Heightened
salience of opioid-related cues may amplify the per-
ceived relative value of the drug, driving compulsive use
without eliminating goal-directed processes. Recent trans-
lational data reinforce this interpretation. Zang et al.
(2024) demonstrated that interventions modifying con-
textual contingencies, such as naloxone distribution and
peer presence, significantly reduced overdose mortality,
while Calihan et al. (2024) emphasized early reinforce-
ment of non-drug alternatives through education.4044 To-
gether, these studies highlight that even under high levels
of drug exposure, choice remains dynamically governed
by comparative reward structures. In summary, integrat-
ing both theories suggests that fentanyl addiction involves
not the replacement of valuation by habit, but a patho-
logical re-weighting of values within an intact decision
system. This implies that therapeutic strategies, behav-
joral, pharmacological, or social, should aim to recali-
brate the reward hierarchy rather than merely suppress
habitual behavior.

PREVENTION AND POLICY INTEGRATIONS

This rapidly ascending use of fentanyl, or of its associated
compounds, leads to the urgent need for preventive
measures, which are aimed at reducing risk, incidence of
substance use /overdose, or harm. One of the most com-
mon preventive measures is the ongoing OEND (Over-
dose Education Naloxone Distribution) training. This pro-
gram aims to implement short courses and provide con-
tinuous updates on overdose recognition and naloxone
use (OEND — Overdose Education and Naloxone Distri-
bution). Additionally, it focuses on educating law enforce-
ment on the risks associated with exposure to even mini-
mal amounts of the substance and establishing protocols
for the safe use of naloxone in the community.¢© Another
strategy would be to ensure broad and proactive nalox-
one distribution within law enforcement and emergency
response services. Since the decision-making models indi-
cate that targeted increases in naloxone availability can
reduce deaths by up to ~9%, with even greater impact
in scenarios involving witnessed overdoses, it would be
optimal to expand naloxone distribution quantities and
channels, ensuring the availability of operational kits
across all police forces, emergency posts, and mobile
emergency units. Simultaneously, incorporate neurophys-
iological education modules regarding the action of na-
loxone and the importance of timely intervention in rela-
tion to the duration of cerebral anoxia.®® Nowadays, the
distribution of Fentanyl Test Strips (FTS), with usage train-
ing, is one of the most widespread preventive methods.
FTS should be provided with practical instructions and

harm reduction messages; legislative frameworks should
be reviewed and updated to remove barriers to distribu-
tion (de-paraphernalization). Nonetheless, FTS use is as-
sociated with safer consumption behaviors and reduced
overdose risk, while clear regulatory frameworks facili-
tate broader access and adoption.48

Limitations and future directions

Several limitations regarding this work must be acknowl-
edged. The limited inclusion of genetic, sex-based, and
environmental variability may underestimate the hetero-
geneity of fentanyl’s behavioral and neurobiological ef-
fects. It is crucial to further assess the difference in fenta-
nyl usage and consequences in various populations. As
fentanyl is primarily a major issue in North America only,
most research efforts were concentrated in this specific
area. Methodologically, the use of value-based decision
tasks provides insight into choice behavior but does not
encompass the broader motivational and affective com-
ponents of drug seeking. The absence of direct neural or
molecular data also restricts mechanistic interpretation,
particularly concerning the modulation of corticostriatal
circuits implicated in habit formation.¢! Future research in-
tegrating behavioral paradigms with electrophysiologi-
cal or imaging techniques could help clarify these pro-
cesses. Additional studies are required on the relation be-
tween neural pathways and fentanyl/opioid use. Future
studies should also extend beyond fentanyl to include
other emerging synthetic opioids such as isotonitazene,
metonitazene, and protonitazene, whose pharmacody-
namic profiles differ in duration and receptor affinity.
Comparative approaches could reveal whether the esca-
lation-induced transition from goal-directed to habitual
control generalizes across opioid classes. Translational
research combining preclinical evidence with human neu-
roimaging and behavioral studies will be essential to test
the applicability of theoretical models to clinical opioid
use disorder (OUD). Finally, at the public health level, the
growing presence of ultra-potent opioids underscores the
urgency of combining neurobehavioral findings with edu-
cational and preventive initiatives. As highlighted by Ca-
lihan and colleagues in 2024, implementing school-based
overdose education and naloxone distribution (OEND)
programs may help mitigate mortality among young
populations increasingly exposed to synthetic opioids. In-
tegrating laboratory and population-level research rep-
resents a crucial next step toward bridging neuroscience
and prevention.

Conclusions

The findings of this review highlight fentanyl as a para-
digmatic case in which neuroscientific, forensic, and legal
domains converge on a global public health emergency.
Evidence from neuroimaging and molecular studies
demonstrates that fentanyl induces profound alterations
in brain structure and function, including cortical atrophy,
disrupted fronto—striatal connectivity, and persistent hy-
poxic injury. These pathophysiological mechanisms under-
lie impaired executive control, emotional regulation, and
decision-making, yet experimental evidence suggests
that volitional capacity is not entirely lost, challenging the
deterministic assumptions of habit theory. From a policy
standpoint, simulation modeling and epidemiological
data confirm that the effectiveness of harm-reduction
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strategies, such as naloxone distribution and punitive ap-
proaches, depends on their integration with interventions
addressing solitary use, early education, and community
supervision.

At the legal and criminological level, current punitive
frameworks appear inadequate to contain the complex-
ity of synthetic opioid markets and their neurobehavioral
consequences. The evidence supports a paradigm shift to-
ward prevention, and treatment-oriented governance, in-
formed by neuroscientific insights into addiction and de-
cision-making. Aligning criminal policy with empirical
knowledge, through the expansion of OEND programs,
youth-targeted education, and neuro-informed rehabili-
tation models, offers a pragmatic path to reducing mor-

tality and recidivism. Ultimately, the fentanyl crisis re-
quires an integrated response that reconciles the princi-
ples of justice, ethics, and public health, recognizing ad-
diction as both a neurobiological disorder and a societal
responsibility.
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