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Abstract: Background: Piperazines, synthetic compounds known for their stimulant and hallucino-
genic effects, have gained prominence among novel psychoactive substances (NPS) and are frequently
associated with adverse psychiatric outcomes, including psychosis. Methods: A systematic review of
the literature available up to 23 May 2024 was conducted, using the PubMed, Scopus, and Web of
Science databases, in addition to the related gray literature, utilizing the following search strategy:
“piperazines” AND (“psychosis” OR “hallucination” OR “delusion” OR “schizophrenia” OR “delu-
sional” OR “schizoaffective”) NOT review NOT animal. Data collection adhered to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The research
methods were registered with PROSPERO (CRD42024549204). Results: Out of a total of 4547 articles
identified, 4 met the inclusion criteria. We observed an important relationship between piperazine
abuse and the onset of acute psychotic episodes, marked by symptoms such as paranoia, auditory,
and visual hallucinations. Conclusion: The complex polyreceptor action mechanism of piperazines
may explain these psychopathological effects, similar to those observed with other NPS. Although
studies confirm a link between piperazine use and psychosis, data on long-term outcomes are limited.
Recovery is common following cessation and treatment. Further research into the effects of piper-
azine abuse and the development of specific treatment protocols for substance-induced psychosis
is necessary.

Keywords: NPS; piperazine; psychosis; drug misuse; drug abuse; schizophrenia; substance
induced-psychosis

1. Introduction

The misuse of psychoactive substances has escalated into a major public health concern
globally in recent years. Alongside traditional substances of abuse, the prevalence of New
Psychoactive Substances (NPS) has been increasingly documented [1,2]. NPS encompass
a varied array of unregulated compounds engineered to replicate the effects of regulated
drugs such as cannabis, cocaine, ecstasy, and lysergic acid diethylamide (LSD) [3]. These
substances are frequently synthesized to circumvent existing drug laws, complicating
their detection and regulation [4]. The primary groups of NPS include aminoindanes
(e.g., MDAI), synthetic cannabinoids, synthetic cathinones, phencyclidine-type substances,
phenethylamines, piperazines, tryptamines, and plant-based substances (e.g., kratom,
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salvia divinorum, and khat). Additionally, this category can also encompass substances
derived from fauna or animal body parts, such as lizard tails and the venom of specific
reptiles or amphibians (e.g., bufotenin) [5–7].

From the 1950s and 1960s onward, a distinct “drug culture” emerged, forming a
subculture centered on the shared experience of substance use, with its own unique values,
beliefs, customs, and language. This culture gained traction through various channels, such
as music and art, which often glamorized the associated lifestyle. For instance, marijuana
was linked with jazz musicians in the 1920s, and MDMA with the rave scene in the 1990s.
These subcultures provide social support and reinforce drug use behaviors, creating a strong
sense of identity and belonging for those who feel marginalized by mainstream society [8].
In recent decades, a distinct subtype of “drug culture” has emerged, referred to as the
“psychonauts”. Psychonauts, or “e-psychonauts”, are individuals who intentionally induce
altered states of consciousness through the use of various psychoactive substances, aiming
to explore their own minds and address spiritual or existential questions. These individuals
typically possess high levels of pharmacological and pharmaceutical knowledge and are
deeply involved in the online dissemination of their drug experiences [9]. This behavior
aligns with broader postmodern cultural tendencies characterized by individualization, an
emphasis on the present moment, and a significant influence of the internet on social and
cultural practices [10,11]. In this context, the phenomenon of “psychonauts” has emerged
as a unique aspect of contemporary substance use. NPS also play a significant role in two
distinct phenomena characteristic of postmodern “drug culture”; their use in chemsex,
particularly within the LGBTQ community [12,13], and their use as “club drugs” to enhance
the experience at parties and raves [14,15].

The internet plays a crucial role in the behavior and practices of psychonauts. They
utilize the internet as a primary platform for the exchange of information regarding the use
of psychoactive substances [9,16]. Online forums, social media platforms, and specialized
websites enable these individuals to share detailed accounts of their experiences, provide
advice on safe usage, and discuss the effects of various substances. This digital interaction
fosters a global community where psychonauts can access a vast repository of knowledge
and insights that would otherwise be inaccessible [16,17].

Moreover, the internet facilitates the availability of novel psychoactive substances
(NPS) by providing easy access to online pharmacies and marketplaces that sell these
substances. The anonymity and convenience of online purchasing further encourage
psychonautic exploration [16]. This digital ecosystem supports the continuous evolution
of substance use trends, as psychonauts experiment with new compounds and share
their findings in real-time, contributing to a dynamic and rapidly changing landscape
of psychoactive substance use [17]. The easy availability of NPS on the internet is likely
one of the major factors that contributed to their widespread use during the COVID-19
pandemic, where forced isolation and difficulties in mobility and access to illegal substances
significantly impacted the behavior of drug users [18,19].

The rapid expansion of NPS, propelled by the Internet and online marketplaces, has
created a constantly changing drug abuse environment, presenting unique challenges
to law enforcement and healthcare providers [20–22]. NPS have emerged as a global
issue, with reports from 141 countries and territories worldwide indicating the presence
of one or more NPS. By November 2023, a total of 1230 substances have been reported to
the European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) on NPS by
various governments, laboratories, and partner organizations [23]. These consist of various
classes of substances such as synthetic cannabinoids, synthetic cathinones, tryptamines,
phenethylamines, synthetic opioids, phencyclidine-like dissociatives, and piperazines [1].

Accompanying the proliferation of NPS is the phenomenon known as “pharming”.
This term denotes the recreational use of prescription and over-the-counter (OTC) drugs,
either singly or in combination with other substances, including NPS [24]. Pharming has
become popular, particularly among youths and vulnerable groups, due to an easy access
to these medications and the belief that they are safer than illicit drugs. Nonetheless, the
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misuse of these substances can result in severe health consequences such as dependence,
overdose, and the development of psychiatric disorders [24,25].

An especially alarming aspect of these new substance abuse trends is the profound
psychopathological impact these substances exert [26], with risks of developing psychotic
disorders [26,27], self-harm and suicide [28], dependence and withdrawal [29], and death
from intoxication and poisoning [30,31]. In particular, the development of psychotic
disorders poses a significant concern, especially regarding the induction of ex novo psy-
chosis in vulnerable individuals [26,32] and the potential to trigger schizophrenia or other
disorders within the psychotic spectrum [33]. Additionally, concerns persist regarding
enduring substance-induced psychoses, known as SREP (Substance-Related Exogenous
Psychosis) [10].

Among the various classes of these substances, piperazines are a group of synthetic
compounds with significant psychoactive effects [20]. Piperazine (1,4-hexahydropyrazine)
is a cyclic organic compound characterized by a six-membered heterocyclic ring con-
taining two nitrogen atoms positioned opposite each other. This structure serves as the
foundation for various piperazine derivatives, which are commonly used as recreational
drugs and typically include an aromatic ring attachment. Piperazine derivatives can be
categorized into two main types: benzyl-piperazines, where a methyl group links the
piperazine to an aromatic ring, and phenyl-piperazines, where a phenyl group is attached
to the piperazine structure [34]. Initially synthesized for potential therapeutic applications
and marketed as an anthelmintic [35], piperazines such as benzylpiperazine (BZP) and
trifluoromethylphenylpiperazine (TFMPP), as well as more than 20 analogs, had gained
popularity as recreational drugs due to their stimulant and especially euphoric proper-
ties until the first decade of the 2000s [36,37]. The appeal of piperazines as recreational
substances stems from their ability to cause the cumulative release of dopamine and
serotonin, producing effects similar to those of amphetamines and methylenedioxymetham-
phetamine (MDMA), including increased energy, sociability, euphoria, and hallucinogenic
effects [34,38]. However, these perceived benefits are overshadowed by numerous adverse
effects. Acute intoxication can manifest as agitation, anxiety, nausea, and hallucinations
instead, and chronic use has been linked to serious psychological and physiological issues,
including dependence, cognitive deficits, and cardiovascular problems [20,36,37]. One of
the most concerning psychopathological consequences of NPS abuse is their potential to
induce psychotic symptoms, such as delusions, hallucinations, and disorganized think-
ing [28]. Although the precise mechanisms through which piperazines provoke psychosis
are not fully understood, it is speculated that their interaction with serotonin and dopamine
receptors plays a pivotal role [26].

Aims of the study: This article aims to explore the relationship between piperazine
abuse and the onset of psychosis, drawing on the existing literature and clinical reports;
by examining the pharmacological properties of piperazines, their patterns of abuse, and
the resultant psychological effects, we aim to elucidate the underlying mechanisms and
potential risk factors contributing to piperazine-induced psychosis. In particular, the cur-
rent review, aimed to achieve the following: (i) examine the association between piperazine
abuse and psychosis; (ii) characterize these psychotic episodes from a psychopathological
perspective; (iii) investigate the outcomes to determine whether this psychotic symptoma-
tology represents a form of substance-induced transient psychosis or if there is a risk of
transition to schizophrenia or another chronic form of psychosis.

2. Materials and Methods
2.1. Systematic Review Procedures

A systematic electronic search was performed on 23 May 2024 on the PubMed, Scopus,
and Web of Science (WoS) databases. AMo combined the search strategy of free text terms
with an expanded range of MeSH headings related to piperazine and psychotic disorders.
These include Schizophrenia Spectrum Disorders, particularly schizophrenia, schizoaf-
fective disorder, schizophreniform disorder, brief psychotic disorder, delusional disorder,
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Substance-induced psychotic disorder, as well as affective psychoses. The following search
strategies were used, respectively, in PubMed and WoS: “piperazines” AND (“psychosis”
OR “hallucination” OR “delusion” OR “schizophrenia” OR “delusional” OR “schizoaf-
fective”) NOT review NOT animal; in Scopus: (TITLE-ABS-KEY (“piperazines”) AND
TITLE-ABS-KEY (“psychosis”) OR TITLE-ABS-KEY (“hallucination”) OR TITLE-ABS-KEY
(“schizophrenia”) OR TITLE-ABS-KEY (“delusional”) OR TITLE-ABS-KEY (“schizoaffec-
tive”) AND NOT TITLE-ABS-KEY (animals) AND NOT TITLE-ABS-KEY (review).

The systematic review was structured following PRISMA [39,40] and PROSPERO [41]
guidelines. Identified studies were assessed at the title/abstract and the full text screening
against eligibility criteria. The eligibility criteria included the selection of exclusively
original articles written in English that report data on the correlation between piperazine
and psychosis (delusion, hallucination, or schizophrenia spectrum disorders or affective
psychoses). All studies that are not original, not written in English, report the misuse of
other substances, or do not relate to psychosis were excluded.

2.2. Data Synthesis Strategy

The selection and eligibility phase of the articles was carried out independently by
n = 3 investigators (AMi, GM, and CC), then subjected to a last cross-check by AMo
and SC. All discordant cases were evaluated by PM, GM, and FS. Any unsolved doubts
by the team on any of the topics covered in the article were clarified directly from the
author, if contactable. The data were collected in a Word table that included the first
author’s name, year of publication, study design, demographic variables (gender, age,
and psychiatric and medical history), details of the substance used (specific molecule,
dosage, and route of administration), and information on poly-abuse. Additionally, it
captured non-psychotic psychiatric symptoms (e.g., depression, anxiety), types of thought
and ideation disturbances, presence and type of hallucinations, and presence or absence
(yes or no) of a psychedelic experience to distinguish a true psychotic episode from a
sensory-perceptual alteration of psychedelic nature. Finally, the outcome was noted to
differentiate between an acute psychosis with remission and a chronic form of psychosis.
The exclusion criteria for both selection phases were as follows: (1) non-original research
(e.g., review, metanalysis, commentary, editorial, letter to the editor without data available,
and book chapter); (2) non-full-text articles (e.g., meeting abstract); (3) language other than
English; (4) animal/in vitro studies; (5) articles not dealing with the misuse of piperazines;
and (6) articles not dealing with psychotic symptom or schizophrenic spectrum disorder.
The selection process utilized Excel spreadsheets.

All these research methods were approved by PROSPERO (identification code
CRD42024549204). For Supplementary Materials, see the relevant section.

3. Results

Removing duplicate articles (n = 1532) from a total of 4547 papers (PubMed = 1590;
Scopus = 1381; WoS = 1576), 3015 records were screened, and, among these, some 2105
were irrelevant to the subject reading title and abstract (animal/in vitro studies; articles
not dealing with the misuse of piperazines; no psychotic symptoms reported; a number of
304 were not written in English; and 347 were non-original articles (e.g., review, metanal-
ysis, commentary, letter to the editor without data available, and book chapter)). Of the
259 full-text articles assessed for eligibility, some 255 did not match the inclusion criteria
for our review. Finally, four articles were included (Figure 1; Table 1).

Within the four articles selected for evaluation, the types included two observational
studies [42,43], one case report [44], and one randomized, double-blind, placebo-controlled
trial [45]. Regarding the substances abused, BZP and TFMPP were reported in three ar-
ticles [42,44,45], and meta-chlorophenylpiperazine (mCPP) in another. Demographically,
most subjects were males aged between 20 and 24 years [44,45], with two articles omitting
sociodemographic data [42,43]. No pre-existing psychiatric or medical comorbidities were
reported. Administration was oral except in one study where it was not specified [42].
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Regarding polydrug use, BZP was combined with cannabis and nitrous oxide in one in-
stance [44], and piperazines were taken with alcohol and benzodiazepines in another [45].
The most commonly reported non-psychotic psychiatric symptoms were anxiety [43–45],
followed by agitation [43,45], and insomnia [42,45]. Notably, irritability, feelings of aggres-
sion, and suicidal thoughts were reported in one case [42]. All articles described thought
and ideation disturbances, particularly paranoia and persecution delusions [42–44]; one did
not specify the type of thought alteration [45], and one reported poisonous delirium [46].
Hallucinations were mentioned in all articles; specifically, auditory and visual in two
studies [42,44], unspecified hallucinations in two [42,45], and olfactory in one [44]. Three
out of four cases described a psychedelic experience due to piperazine use [42–44]. In
terms of outcomes, two cases were noted as acute psychosis with remission, indicative of
substance-induced psychosis [44,45], while the other two did not report any outcomes.
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Table 1. Summary of retrieved studies.

Name,
Year Substance Study Design Population

(N, M, F)

MA ±
Standard
Deviation

Psychiatric
Comorbidity

Medical
Comorbidity

(Yes/No)
Administration Poly-Abuse

(Substance)

Non-Psychotic
Psychiatric
Symptoms

Thought and
Ideation

Disturbances
Hallucinations

Psychedelic
Experience

(Yes/No)
Outcome

Austin and
Monasterio
et al., 2004

[44]

“Rapture”
(BZP) in

addition to
small

quantities of
cannabis and
nitrous oxid

Case report M = 1 20 No NA Oral Cannabis,
nitrous oxide Anxiety

Persecution
delusions,
poisonous
delirium

Auditory,
visual, and

olfactory hal-
lucinations

Yes

Acute
psychosis

with
remission

Bossong
et al., 2010

[43]
mCPP Observational

study N = 79 NA NA NA Oral NA
Anxiety,

dizziness,
agitation

Unspecified
delusion,
paranoia

Unspecified
hallucina-

tions
NA NA

Thompson
et al., 2010

[45]

BZP,
TFMPP

Randomized,
double-blind,

placebo-
controlled

trial

N = 35
(M = 22
F = 13)

MA = 24 No No Oral Alcohol, ben-
zodiazepines

Anxiety,
agitation,
insomnia

Present but
unspecified

Unspecified
hallucina-

tions
Yes

Acute
psychosis

with
remission

Wilkins et al.,
2008 [42]

BZP and
TFMPP

Observational
study NA NA NA NA NA NA

Mood swings,
insomnia, poor

appetite,
hot/cold

flushes, heavy
sweating,
confusion,
irritability,
feelings of
aggression,

suicidal
thoughts

Paranoia
Auditory and
visual halluci-

nations
Yes NA

Abbreviation: BZP: benzylpiperazine; F: female; M: male; MA: mean age; mCPP: meta-chlorophenylpiperazine; NA: not applicable; TFMPP: trifluorophenylmethylpiperazine.
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4. Discussion

To the best of our knowledge, this work represents the first review to investigate the
association between piperazine abuse and psychosis. This systematic review highlights
an important relationship between piperazine abuse and the onset of psychosis, affirming
the need for heightened awareness and understanding within both clinical and public
health domains. Our research demonstrates that the misuse of piperazines is associated
with psychotic episodes featuring paranoia, as well as auditory and visual hallucinations.
This corroborates the existing literature that highlights paranoia as a typical consequence
of NPS usage [26] and identifies both types of hallucinations as frequent symptoms of
their abuse, especially with other drugs [10]. The outcomes of these studies mirror those
observed with other NPS due to similar interactions with serotonin and dopamine re-
ceptors [38,46]. Indeed, the literature consistently highlights that NPS significantly affect
psychopathology [26], presenting substantial risks for substance-induced psychosis [26,32]
and the potential to trigger schizophrenia or other disorders within the psychotic spec-
trum [33]. Moreover, enduring concerns about substance-induced psychoses, known as
SREP (Substance-Related Exogenous Psychosis) [10], are notably exemplified by synthetic
cannabinoids, often referred to as “Spiceophrenia” [33], or by methamphetamine, which is
capable of inducing Methamphetamine-Associated Psychosis (MAP) [47,48].

Our findings indicate that piperazines are more commonly associated with substance-
induced psychotic episodes, with substantial recovery upon cessation of the substance and
appropriate clinical treatment. Unfortunately, the outcomes of psychotic episodes were
not documented in all the articles included in our review; in fact, we could not assess the
outcome in half of the cases. Thus, although a significant association between piperazine
abuse and the onset of psychosis is clear, we are unable to definitively determine whether,
in addition to substance-induced episodes, piperazines can trigger the onset of a psychotic
spectrum disorder or lead to chronic SREP. In this context, it is important to note that
the pharmacological properties of piperazines, particularly their effects on neurotransmit-
ters, highlight the risks they pose especially to individuals with pre-existing psychiatric
vulnerabilities [37]. In this analysis, more than half of the cases involved polydrug use,
combining piperazines with substances such as cannabis, nitrous oxide, alcohol, and ben-
zodiazepines [44,45]. This pattern of polydrug use likely enhanced the psychopathological
effects of piperazines and increased the risk of psychosis [38]. Additionally, demographic
data indicate that young adults are especially susceptible to piperazine misuse, a vul-
nerability attributed to prevalent recreational drug use and ongoing brain development
during early adulthood. Despite some countries’ efforts to regulate piperazines, their legal
status remains a contentious issue, with ongoing debates about their classification and the
adequacy of existing drug laws to manage new psychoactive substances effectively [27,46].
The ease of accessing these drugs through online platforms complicates enforcement ef-
forts and underscores the need for robust international cooperation in monitoring and
regulation [20].

The abuse pattern, often characterized by polydrug use and high dosages as observed
in the reviewed studies, increases risk factors significantly. The literature consistently notes
that the typical pattern of piperazine abuse, involving polydrug use (like alcohol, cannabis,
and benzodiazepines) and high doses, not only complicates the clinical presentation but also
markedly exacerbates the severity of ensuing psychosis [38]. Furthermore, demographic
data indicating a higher prevalence among young adults suggests that this group may
be particularly at risk, likely due to a combination of greater recreational drug use and
developmental brain changes that occur during this life stage, underscoring the need for
targeted educational and preventative interventions [49].

The current literature points to a critical gap in longitudinal research concerning the
long-term psychiatric impacts of piperazine use. There is a pressing need for studies that
explore both the acute and sustained psychiatric disorders associated with these substances,
but also explore the effectiveness of specific interventions for piperazine-induced psychosis,
aiding in the development of evidence-based treatment protocols [38]. Additionally, future
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research should focus on the chronic effects of these substances, particularly the potential
for developing sustained psychotic disorders beyond initial use.

Currently, specific treatments for NPS-induced psychosis are lacking. Therefore,
the authors refer clinicians to therapeutic recommendations from the literature on dual
diagnosis [50–53] as well as on managing acute substance-induced psychosis [54–56].

Given the severe outcomes associated with piperazine abuse, there is an urgent need
for targeted interventions. Healthcare providers need training to better recognize and
manage substance-induced psychosis, particularly in emergency settings where individuals
with acute presentations are likely to initially present [57]. Public health strategies should
include education campaigns focused on the risks of NPS use, especially highlighting the
potential for enduring psychotic disorders [58]. Addressing the proliferation of Novel
Psychoactive Substances (NPS) requires comprehensive legislative and social management
strategies due to the rapid development and dissemination of these substances. Traditional
regulatory frameworks struggle to keep pace with new compounds, leading to significant
public health challenges [59].

The effective management of NPS necessitates a multi-faceted approach. Legislatively,
this includes the implementation of flexible drug scheduling laws that can quickly adapt
to new substances. Governments and regulatory bodies must enhance their capacity for
real-time monitoring and rapid response to emerging NPS trends, leveraging international
cooperation to tackle the global distribution of NPS [60].

Socially, public education campaigns are crucial to raise awareness about the dangers
of NPS. Healthcare providers and emergency services need specialized training to effec-
tively recognize and manage NPS-related incidents. Additionally, online platforms play a
pivotal role in both the spread and mitigation of NPS use, making collaboration with tech
companies essential to monitor and regulate the sale and promotion of NPS online [61,62].

The European Union (EU) has implemented measures to improve the detection, risk
assessment, and regulation of NPS. These legislative actions include temporary bans and the
categorization of NPS based on risk levels, facilitating quicker responses to emerging threats.
Public health strategies focus on harm reduction, such as public awareness campaigns
and evidence-based interventions. However, despite these efforts, there remains a need
for greater harmonization of policies across EU member states and more proactive risk
minimization measures to effectively address the challenges posed by NPS [61]. In the
United States, similar challenges are addressed through the Controlled Substances Act and
the temporary scheduling of new substances by the Drug Enforcement Administration
(DEA). Furthermore, global initiatives led by the United Nations Office on Drugs and Crime
(UNODC) aim to standardize NPS regulation and promote international cooperation. Much
work remains to be carried out to fully contain the problem [63]. It is also important to note
that some of these substances, such as MDMA and psychedelics, are being explored for
therapeutic applications [64–66]. This development could potentially shift the paradigm of
“drug culture”, leading to a new balance in the perception of these substances, navigating
between the reinforcement of drug use behaviors, stigma, and legitimate therapeutic
uses [8]. Despite these concerted efforts, continuous advancements in legislation, education,
and international collaboration are essential to mitigate the evolving risks associated with
NPS and to protect public health effectively.

Study Limitations

The reviewed articles primarily rely on observational data and case reports which,
although important, restrict the ability to gather comprehensive data and develop accurate
psychopathological insights. Furthermore, the inconsistency in the purity and compo-
sition of street drugs marketed as piperazines further challenges the generalization of
these results.
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5. Conclusions

Piperazine abuse poses a significant risk for the induction of psychosis, with strong
implications for mental health services and policy. It represents a significant public health
issue, with substantial implications for mental health services and societal well-being.
Addressing this emerging threat requires a concerted effort from clinicians, researchers,
and policymakers to mitigate the impact of these substances on public health. Enhanced
surveillance, research, and educational outreach are crucial steps toward understanding
and managing the risks associated with piperazine and other NPS.
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