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A B S T R A C T

Alpha-Pyrrolidinohexanophenone (α-PHP) is a synthetic pyrovalerone derivative with structural characteristics 
and stimulant effects on humans comparable to α-PVP and MDPV. Since its pharmaco-toxicological effects have 
been poorly investigated, the aim of this study was to evaluate the acute effects of α-PHP (0.1–30 mg/kg; i.p.) on 
behavioral responses in CD-1 male and female mice. Sex-related differences in pharmacokinetic profile of α-PHP 
(30 mg/kg; i.p.) in mice were evaluated by analyzing i) the urine concentration of α-PHP and its metabolites at 
different time points, and ii) α-PHP levels in plasma, brain, and kidneys at 35 min after the injection. Clinical 
data related to α-PHP intoxications, recorded by the Pavia Poison Control Centre (PCC) are also described. The 
present study shows that female mice were more sensitive to the effects of α-PHP on visual object, tactile, 
mobility time, and hypothermia, but males showed a deeper effect on visual placing. Both sexes developed 
analgesia to the mechanical stimulation, but only males showed a slight increase in enduring the thermal 
stimulation. Male mice showed higher plasma levels of α-PHP and a different elimination of α-PHP and me
tabolites than females. Case reports highlighted severe toxidromes characterized by Central Nervous System 
alterations (psychomotor agitation, tremors/fasciculations, hallucinations), cardiovascular toxicity signs 
(tachycardia, tachypnoea, thoracic pain) and other peripheral symptoms (hyperthermia, rhabdomyolysis). Our 
findings highlight the importance of the in vivo investigation of the effects and pharmacokinetic differences in 
male and female mice, to make contribution to the translational toxicological and forensic sex-related value.

1. Introduction

Over the last years, the number of Novel Psychoactive Substances 

(NPS) newly introduced to the European clandestine drug market has 
dramatically risen, sharply posing a public health and regulatory chal
lenge of worldwide concern (EMCDDA, 2020). Surveys conducted 
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during 2020 showed an estimated average of use of NPS of about 1.1 % 
among young adults (15–35 years old) and highlighted that the syn
thetic cannabinoids and cathinones represented almost 60 % of NPS 
seized in Europe (EMCDDA, 2021). The latest European School Survey 
Project on Alcohol and Other Drugs (ESPAD) report showed the infor
mation on students’ experience with NPS and revealed that on average 
the prevalence of use for both synthetic cannabinoids (boys 3.5 % versus 
girls 2.7 %) and cathinones (boys 1.4 % versus girls 0.8 %) was slightly 
higher for boys than girls (ESPAD Group, 2020). Synthetic cathinones 
(usually sold as ‘bath salts’ or ‘plant food’), also called β-keto amphet
amines (Zawilska and Wojcieszak, 2017), are chemical analogues of a 
natural stimulant (cathinone) found in the leaves of a psychoactive plant 
which mimic the stimulant effect of cocaine (Carlier et al., 2020).

Alpha-pyrrolidinohexanophenone (α-PHP; Fig. 1) is a pyrovalerone 
derivate synthetic cathinone characterized by a pyrrolidine ring and a 
long side chain linked to the α-carbon (Zawilska and Wojcieszak, 2017). 
α-PHP appeared in the illicit market of NPS around 2014 and has been 
identified for the first time in Japan (Uchiyama et al., 2014). Generally, 
it’s sold in the form of beige or brown powder, otherwise transparent, 
white or yellow crystallized shards (Majchrzak et al., 2016). Chemically, 
α-PHP structure is related to α-PVP and MDPV (Fig. 1), two of the most 
popular amphetamine-like psychostimulants which have gained regard 
on the internet (Giannotti et al., 2017). Therefore, it may be assumed 
that α-PHP acts similarly to α-PVP, MDPV and other pyrovalerone de
rivatives on the central nervous system, producing euphoria and inten
sification of sensory experience, increased sociability, talkativeness, 
alertness and awareness, reduced appetite, and insomnia (Zawilska and 
Wojcieszak, 2017). These compounds selectively and very potently 
inhibit the dopamine (DA) and norepinephrine (NE) reuptake with 
lower affinity for the serotoninergic transporter (SERT) and do not 
enhance neurotransmitters release (Zawilska and Wojcieszak, 2017; 
Rickli et al., 2015). Specifically, α-PHP is in the top 5 among the com
pounds that selectively block the DA and NE reuptake transporters 
(hDAT Ki = 0.0160±0.0044 µM; hNET Ki = 0.339± 0.037 µM; Eshle
man et al., 2017). Furthermore, functional release assays results pro
vided by Drug Enforcement Administration confirmed that α-PHP does 
not induce release of neurotransmitters (Janowsky and DEA, 2016), 
similarly to MDPV. In fact, α-PHP effects and dosage on humans have 
been reported by subjects on internet forums and its action has been 
indicated similar to the well-known one of α-PVP, MDPV and 3, 
4-MDPHP (bluelight.org; hyperreal.info; psychonautwiki.org).

It is important to highlight that the effects listed in the forums are 
based on anecdotal reports of people after the consumption of these 
drugs. The duration of the effect is closely related to the dose taken, 
which in turn varies from 1 to 40 mg depending on the route of 
administration chosen: smoked, oral or insufflate (psychonautwiki.org).

Besides these reports, few information is available in scientific 
literature regarding α-PHP effects. Substitution experiments in male rats 
pointed out that α-PHP fully replaced for the discriminative stimulus of 
methamphetamine and cocaine (Gatch et al., 2017). In a recent in vitro 

study, Roda and colleagues demonstrated that α-PHP provokes toxicity 
in murine neural stem/progenitor cell cultures, beside the depolariza
tion of the resting membrane potential and the activation of apoptoti
c/autophagic/necroptotic pathway (Roda et al., 2023). Yet, data on its 
pharmacokinetics is scarce, since the available literature mainly relies 
on an in vitro study (Carlier et al., 2020) and on analysis performed on 
human samples (Paul et al., 2015; Fujita et al., 2018; Matsuta et al., 
2018) or collected during autopsy (Vignali et al., 2019). It has been 
reported a fetal death in which α-PHP has been identified in fetus blood, 
thus disclosing its capability to cross the placental barrier (Adamowicz 
and Hydzic, 2019). In addition, nine incidents with α-PHP have been 
registered by Incident Communication System (WHO, 2019) and the 
compound has been reported as a significant contributory cause of death 
in suicide and overdoses linked to poly-drug use (Klavž et al., 2016; 
Adamowicz and Hydzic, 2019). Hence, it underlies the potential 
use-related risk of this pyrovalerone derivate. Despite this, the exact 
toxic dosage or concentration are unknown, and the pharmacological 
properties and toxicity of α-PHP must be clarified. Furthermore, 
knowledge on sex-related differences and similarities in responses 
induced by NPS is relevant (Fattore et al., 2020).

On this basis, this preclinical study aims to evaluate the effect of the 
acute administration of α-PHP on behavioral responses in CD-1 male and 
female mice. Moreover, it is well-known that sex can affect the phar
macokinetic profile of drugs (Tanaka, 1999; Schwartz, 2003). The lack 
of data on α-PHP concerning this aspect drove us to investigate. Thus, we 
administrated α-PHP (30 mg/kg; i.p.) in mice and evaluated i) the urine 
excretion of parent drug and its metabolites in males and females, and ii) 
its concentration in plasma, brain, and kidneys of both sexes’ mice at 
35 min after the injection. In addition, we present data about 
α-PHP-related intoxications, which were recorded by the Pavia Poison 
Control Centre (PCC) – National Toxicology Information Centre (Istituti 
Clinici Scientifici Maugeri, IRCCS Pavia, Italy) over a 10-year period 
(2014–2024). Therefore, the final goal of this work is providing a 
comprehensive and high-level translational evaluation of α-PHP, 
through an integrated approach we have employed in previous studies 
(Bassi et al., 2024a; 2024b).

2. Materials and methods

2.1. Animals

A total of 53 male and 53 female ICR (CD-1®) mice, 3–4 months old, 
weighing 25–30 gr (ENVIGO Harlan Italy, Italy; bred inside the Labo
ratory for Preclinical Research (LARP) of University of Ferrara, Italy), 
were used for this study. Mice were group-housed (8 mice per cage; a 
floor area per animal of 80 cm2; a minimum enclosure height of 12 cm 
on a 12:12-h light-dark cycle (light on at 6:30 AM), the temperature of 
20–22 ◦C, the humidity of 45–55 % and were provided ad libitum access 
to food (Diet 4RF25 GLP; Mucedola, Settimo Milanese, Milan, Italy) and 
water. The experimental protocols performed in the present study were 

Fig. 1. Structures of α-PHP (1-phenyl-2-pyrrolidin-1-ylhexan-1-one; alpha-pyrrolidinohexanophenone), α-PVP (1-phenyl-2-(1-pyrrolidinyl)-1-pentanone) and MDPV 
(3,4-metilenediossipirovalerone) modified from the Cayman Chemical website (https://www.caymanchem.com).
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in accordance with the U.K. Animals (Scientific Procedures) Act of 1986 
and associated guidelines and the new European Communities Council 
Directive of September 2010 (2010/63/EU). Experimental protocols 
were approved by the Italian Ministry of Health (license n. 223/2021-PR 
and extension CBCC2.46.EXT.21) and by the Animal Welfare Body of the 
University of Ferrara. According to the ARRIVE guidelines, all possible 
efforts were made to minimise the number of animals used, but espe
cially the pain and discomfort of the subjects.

For the behavioural study, sixteen mice (8 males, 8 females) were 
used for each treatment (vehicle or 4 doses: 0.1 mg/kg, 1 mg/kg, 10 mg/ 
kg and 30 mg/kg). All experiments were performed between 8:30 and 
2:00 PM. For pharmacokinetic study a total of 26 mice were used, 14 (7 
males, 7 females) for urine collection and 12 (6 males, 6 females) for 
plasma, brain, and kidneys collection, respectively.

2.2. Chemicals and reagents: preparation and dose selection

For in vivo study, the α-PHP was purchased from LGC Standards (LGC 
Standards, Milan, Italy), after seizure by the Department of Scientific 
Investigation (RIS) of Arm of Carabinieri and purification of the com
pound. α-PHP was initially dissolved in absolute ethanol (final concen
tration: 5 %) and Tween 80 (2 %) and brought to the final volume with 
saline (0.9 % p/v NaCl). The solution made with ethanol, Tween 80 and 
saline was also used as the vehicle. α-PHP (0.1–30 mg/kg) was admin
istered by intraperitoneal route at a volume of 4 µl/gr and subjected to 
different tests for the complete evaluation of the suspected stimulant 
effect. Doses were chosen based on reports on forum online (psycho
nautwiki.org) and on the interspecies dose scaling (Reagan-Shaw et al., 
2008). Specifically, 0.1 mg/kg in mice corresponds to under-threshold 
dose in human, 1 mg/kg to a light/common dose, 10 mg/kg to a 
heavy dose, and 30 mg/kg exceeds the dose usually consumed, although 
some subjects report consumption of α-PHP in such quantities (erowid. 
org).

For metabolic study, Ketamine D4 (1 mg/ml) was from Chebios 
(Rome, Italy); water, acetonitrile, formic acid and methanol were pur
chased from Sigma-Aldrich (Milan, Italy); ammonium formate was from 
Agilent Technologies (Santa Clara, CA, USA). Working solutions of 
α-PHP and ketamine D4, used as internal standard (IS), were prepared at 
a concentration of 1 μg/ml. Working solutions were stored at � 20◦C 
until use.

2.3. Behavioural tests

In the present study, the effect induced by α-PHP (0.1–30 mg/kg, i. 
p.) on sensorimotor responses was investigated using a routinely adop
ted battery of behavioural tests in rodents known as “Safety Pharma
cology” and widely used in our laboratory for the preclinical 
characterization of new molecules (Ossato et al., 2017, 2018; Vigolo 
et al., 2015; Bilel et al., 2020; Tirri et al., 2022). Voluntary and invol
untary mice sensorimotor responses were evaluated in functional 
observational tests carried out in a consecutive manner (Ossato et al., 
2017; 2018). The battery of tests was conducted at specific time points: 
0 (basal values), 5, 30, 60, 120, 180, 240, 300 min after the treatment.

All experiments were conducted in a thermostated (temperature: 
20–22 ◦C, humidity: 45–55 %), light-controlled room (150 lux) with a 
background noise of 40 ± 4 dB (Ossato et al., 2017). The behavioural 
tests were conducted in blind by trained observers working in pairs and 
videotaped by a camera (B/W USB Camera day&night with varifocal 
lens; Ugo Basile, Italy) placed at the top or on one side of the box and 
analysed offline by a different trained operator (Ossato et al., 2017; 
2018). The battery of tests was conducted at specific time points: 
0 (basal values), 5, 30, 60, 120, 180, 240, 300 min after the treatment.

2.3.1. Evaluation of the visual response
The visual test (Corli et al., 2022; Tirri et al., 2022) was performed in 

order to verify the ability of the animal to capture visual information 

through two different tests: the visual placing response (when the ani
mal is moving) and the visual object response (when it is stationary).

The visual placing test is performed using a tail suspension modified 
apparatus able to bring down the mouse towards the floor at a constant 
speed of 10 cm/sec (Corli et al., 2022; Tirri et al., 2022). The downward 
movement of the mouse was videotaped by a camera (B/W USB Camera 
day&night with varifocal lens; Ugo Basile, Italy) placed at the base of the 
tail suspension apparatus. Movies were analysed off-line by a trained 
operator who was unaware of the drug treatments performed. The 
analysis frame by frame allowed to evaluate the beginning of the reac
tion of the mouse (i.e. the extension of the front legs) while it was 
approaching the floor. When the mouse started the reaction, an elec
tronic ruler measured the perpendicular distance in millimetres between 
the eyes of the mice to the floor.

The visual object test was performed to assess the mice’ ability to 
respond (by retraining or turning the head) to the sight of an object 
approaching them from both the front (frontal view) and side (lateral 
view). For the frontal visual response, a white horizontal bar was moved 
frontally to the mouse head and the manoeuvre was repeated 3 times. 
For the lateral visual response, a small dentist’s mirror was moved into 
the mouse’s field of view in a horizontal arc, until the stimulus was 
between the mouse’s eyes. The procedure was conducted bilaterally and 
was repeated 3 times (Corli et al., 2022; Tirri et al., 2022). The score 
assigned was 1 if there was a reflection in the mouse movement or 0 if it 
was not present. The total value was calculated by adding the scores 
obtained in the frontal with those obtained in the lateral visual object 
response test (overall score: 9).

2.3.2. Evaluation of acoustic response
The acoustic test was performed to evaluate the mice’ response to four 

different acoustic stimuli (by intensity and frequency) produced behind 
the animal (Corli et al., 2022; Tirri et al., 2022): a snap of the fingers, a 
sharp click (produced by a metal instrument), an acute sound (produced 
by an audiometer; frequency: 5.0–5.1 kHz; intensity: 96 dBA) and a 
severe sound (produced by an audiometer; frequency: 125–150 Hz; in
tensity: 86 dBA). Each test was repeated 3 times. Mice typically respond 
to acoustic stimulation by shifting or turning the head, by taking a 
defence position, or by increasing the breath rate (Corli et al., 2022). The 
score assigned was 1 if there was a response or 0 if it was not present, for 
a total score of 3 for each sound. The acoustic total score was calculated 
by adding the scores obtained in the four tests (overall score: 12). The 
background noise (about 40 ± 4 dB) and the sound from the instruments 
were measured with a digital sound level meter.

2.3.3. Evaluation of tactile response
The tactile response is evaluated through vibrissae, corneal and 

pinnae reflexes in mice (Corli et al., 2022; Tirri et al., 2022). Data is 
expressed as the sum of the three above-mentioned parameters.

Vibrissae reflex was evaluated by touching vibrissae (right and left) 
with a gavage needle once for side giving a value of 1 if there was a reflex 
(turning of the head to the side of touch or vibrissae movement) or 0 if 
not present (overall score: 2).

Corneal reflex was assessed by gently touching the cornea of the 
mouse with a gavage needle and evaluating the response: the score 
assigned was 1 if the mouse responded. The procedure was conducted 
bilaterally and repeated 3 times (overall score: 6).

Pinna reflex was assessed by touching pavilions (left and right) with a 
gavage needle: first the interior pavilions and then the external. This test 
was repeated twice for side giving a score of 1 if a reflex was present and 
0 if it was not present (overall score: 4).

2.3.4. Evaluation of temperature
To better assess the effects of the substance on thermoregulation, we 

measured changes in the core (rectal) temperature. The core temperature 
was evaluated by a probe (1 mm diameter) that was gently inserted, 
after lubrication with liquid Vaseline, into the rectum of the mouse (to 
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about 2 cm) and left in position until the stabilization of the temperature 
(about 10 sec; Corli et al., 2022; Tirri et al., 2022). The probe was 
connected to a Cole Parmer digital thermometer, model 8402.

2.3.5. Motor activity assessment
Spontaneous motor activity alterations were measured performing 

the mobility time test (Marti et al., 2019).
For this test the mouse is free to move on a square plastic cage 

(60 ×60 cm) and the observer measures the movement time of the an
imal (when the mouse walks or moves the front legs). The test requires 
the observation of the animal in five minutes. Total time spent on 
movement were measured.

2.3.6. Evaluation of pain induced by mechanical and thermal stimuli (tail 
pinch and tail withdrawal test)

The acute mechanical nociception was evaluated using the tail pinch 
test (Corli et al., 2022; Tirri et al., 2022). A rigid probe connected to a 
digital dynamometer (ZP-50 N, IMADA, Japan) was gently placed in the 
distal portion of mouse tail and a progressive pressure was applied. 
When the mouse flicked its tail, the pressure was stopped, and the digital 
instrument saved the maximum peak of weight supported (g/force). In 
order to avoid damage of mice tail tissues a cut-off of 500 g/force was set 
(Arfè et al., 2021). The test was repeated three times, and the final value 
was calculated with the average of 3 obtained scores.

The acute thermal nociception was evaluated using the tail with
drawal test (Bilel et al., 2021). Mice were restrained in a dark plastic 
cylinder (3 cm long and 6.3 cm diameter) closed at the sides with plastic 
mesh which allowed the mice to breathe normally. Then the tail was 
dipped in water of 48 ◦C and the latency (in seconds) or time that the tail 
was left in water was recorded. A cut off (15 s) was set to avoid tissue 
damage.

2.4. Pharmacokinetic study

2.4.1. Urine collection and analysis
Urine samples were collected from mice individually located in 

metabolic cages (Ugo Basile SRL, Germonio [VA], Italy) provided with 
ad libitum water and food and placed in a room with temperature of 
23–24◦C and humidity of 45–55 %. The test has been conducted using a 
validated protocol previously employed by our laboratory group for 
rodents’ urine collection (Montesano et al., 2017, 2021; Camuto et al., 
2021; Chieffi et al., 2021; Mestria et al., 2021).

Urine specimens were collected before treatment (time 0), then at 2, 
3, 4, 12, and 24 hours after treatment (30 mg/kg α-PHP). A minimum of 
5 mice/group produced the amount of urine needed for collection and 
analysis at the different time points; for both sexes the number of sam
ples varied from 5 to 7.

All samples were collected in 1.5 ml tubes and stored at � 20◦C. Urine 
samples (0.1 ml) were added with I.S. (20 ng/ml) and diluted with 
0.4 ml of Water/formic acid 0.1 %; 10 μl were directly injected in the 
LC-HRMS system. The evolution of α-PHP and its metabolites over time 
was monitored. No enzymatic hydrolysis of glucuronides and sulphates 
was performed on phase II metabolites.

2.4.2. LC-HRMS
The LC–HRMS system was composed of a Thermo ULTIMATE 3000 

system equipped with an analytical column Thermo Acclaim RSLC 120 
C18 (2.1 mm × 100 mm, 2.2 μm particle size), coupled to a Thermo 
single-stage Orbitrap (Exactive) MS system, interfaced with a HESI 
source. The whole equipment and the column were from Thermo Fisher 
Scientific (Milan, Italy).

Mobile phase A was ultrapure water with 5 mM ammonium formate 
and 0.1 % formic acid, mobile phase B was methanol/acetonitrile 1:1 
with 0.1 % of formic acid. All solvents used were LC-MS grade. The 
analytical column was maintained at 40 ◦C. The injection volume was 
10 μL and the flow rate was set at 0.4 ml/min. Mobile phase gradient 

was as follows: 100 % A for 1 min, from 0 % to 10 % of phase B in 
0.1 min, linear gradient to 15 % B in 4 min, linear gradient to 50 % B in 
1.8 min, to 70 % B in 1.7, to 80 % B in 1.1 min, to 100 % in 1 min held 
for 3.5 min. The chromatographic run time was of 14.5 min per analysis.

Mass spectrometer was set as follows: source current was set at 5 μA, 
sheath gas and auxiliary gas (either nitrogen) flow rates at 35 and 18 
arbitrary units, respectively; capillary temperature at 290 ◦C, the 
capillary voltage at 45 V, the tube lens voltage at 90 V, the skimmer 
voltage at 22 V.

Data were acquired in full scan mode over a mass range of 50–750 m/ 
z. The instrument operated in positive ion mode with a resolving power 
of 100.000 FWHM.

2.4.3. Tissue collection and analysis
Blood samples were collected by submandibular blood collection 

technique (Corli et al., 2023) at 35 min after the treatment (30 mg/kg of 
α-PHP). At the end of the procedure the animals were sacrificed, and 
brains and kidneys were collected. Blood samples were added with 
thylendiaminetetracetic acid (EDTA, as preservative and anticoagulant) 
and centrifugated for plasma collection. All samples were collected in 
1.5 ml tubes and stored at � 20◦C. Brain and kidneys samples were 
added with 1 ml phosphate buffer pH 6. Extracts (200 µL) were added 
with 10 µL Amphetamine-D3 (10 ng/µL, internal standard), 200 µL 
Na2SO4, and with 1 ml diethylether ethylacetate. After vortexing and 
centrifugation, the organic phase was collected. The aqueous phase, 
after vortexing and centrifugation, was treated with 100 µL NaOH 1 N 
and then 1 ml diethylether ethylacetate. The organic phases were 
evaporated and then added with 100 µL MeOH and injected in the 
UHPLC-MS/MS.

2.4.4. UHPLC-MS/MS
The UHPLC-MS/MS system was composed of a Waters Acquity UPLC 

I-Class Premier equipped with a Binary Solvent Manager hyphenated to 
Xevo TQ-Absolute mass detector system.

Mobile phase A was ultrapure water with 5 mM ammonium formate 
pH= 3 and mobile phase B Acetonitrile 0.1 % formic acid. All solvents 
used were LC-MS grade. The analytical column Acquity HSS C18, 
2.1x150mm, 1.8um was maintained at 50◦C. The injection volume was 
0.1 µL and the flow rate was set at 0.4 ml/min. Mobile phase A gradient 
was as follows: 87.0 % for 0.5 min, with linear gradient to 50 % in 
10 min, linear gradient to 95.0 % in 0.75 min. held up to 12.25 min, to 
87.0 % in 0.25 min, held for 2.5 min. The total chromatographic run 
time was 15 min per analysis. Data were acquired in MRM to channels 
mode for α-PHP (91.02 and 105.0 fragment from 246.20 parent ion) 
with dwell time of 0.050, Cone Voltage 38 V, and 22.0 V 28.0 V Colli
sion Energy respectively.

2.5. Case reports presentation

In the current investigation we reported clinical data associated with 
human α-PHP-related intoxications over a 10-year period, with the aim 
at bestowing a translational paradigm, also covering the evaluation of 
the Italian clinical scenario.

As regards to the study design, the employed protocol was approved, 
and clinical data were recorded/analysed, inside the National Early 
Warning System (NEWS-D or SNAP – Sistema Nazionale di Allerta Pre
coce - Department for Antidrug Policies-Presidency of the Italian Council 
of Ministers, Rome) actuated in 2008 in accordance with EU Decision 
2005/387/JHA, strictly cooperating with international organisations of 
the EU EWSs related to NPS news and alert, in which the PCC - National 
Toxicology Information Centre (Istituti Clinici Scientifici Maugeri, 
IRCCS Pavia, Italy) is the National Coordinating Centre for clinic- 
toxicological aspects. This interdisciplinary study was also reviewed 
and approved by the Ethic Committee of Istituti Clinici Scientifici 
Maugeri Hospital (1099 CE/2015 and 2615 CE/2022).
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2.5.1. Patients, biological specimens and toxicological examinations
These case reports concerned severely intoxicated subjects admitted 

to Italian Emergency Departments (EDs) and Intensive Care Units (ICUs) 
inside the NEWS-D Project, from January 2014 to January 2024, for a 
clinically suspected use of α-PHP, for which the PCC was contacted. On 
hospital admission, patients were notified about this project and signed 
the consent forms, according to the regulation established by Depart
ment for Antidrug Policies-Presidency of the Italian Council of Ministers 
(Rome). Their biological samples (i.e. blood and urine) were collected 
and immediately stored at � 80◦C until toxicological investigations. The 
typical analytical procedure included non-targeted screening tests of 
urine or serum by GC-MS, followed by high-performance liquid 
chromatography-tandem mass spectrometry (LC-MS/MS) for confirma
tion analyses, also supported by available electronic libraries (Roda 
et al., 2016; Papa et al., 2021).

Data on the known/suspected psychoactive substance/product 
brand name involved, dose, time and route of intake, anamnestic data 
and main outcomes were recorded by PCC physician toxicologists, 
during the initial consultation with EDs caregivers. Subsequently, a copy 
of the medical record with full documentation of symptoms and treat
ment was requested. Clinical/laboratory data were then anonymized for 
the scientific evaluation, using a numerical code associated to each 
single case. This case series was prepared following the CARE reporting 
guidelines (Gagnier et al., 2013).

2.6. Statistical analysis

In sensorimotor response experiments data are expressed in arbitrary 

units (visual objects response, vibrissae, corneal and pinnae reflex) and 
percentage of baseline (visual placing response and mobility time tests). 
Core temperature values were expressed as the difference between 
control temperature (before injection) and temperature following the 
drug administration (Δ ◦C) for each substance. Antinociception (tail 
pinch and tail withdrawal test) is calculated as the percent of maximal 
possible effect {EMax% = [(test� control latency)/(cut of time
� control)]× 100. All data are shown as mean ± SEM of 8 independent 
experimental replications.

Statistical analysis of the effects of α-PHP at different concentrations 
over time was performed by two-way ANOVA followed by Bonferroni 
post hoc test for multiple comparisons. Secondly, doses found to induce 
significant effect in mice were selected to assess the sex-difference over 
time and the three-way ANOVA followed by Bonferroni post hoc test for 
multiple comparisons between sexes at different time points was per
formed. Urine analysis’ data are expressed as concentration (ng/ml, 
α-PHP) and as area ratio (Diidro-α-PHP, OH-α-PHP, oxo-α-PHP; Diidro- 
OH-α-PHP and OH-oxo-α-PHP) and are shown as mean ± SEM of 5–7 
independent samples. Statistical analysis was performed by two-way 
ANOVA followed by Bonferroni’s test for multiple comparisons. For all 
tests, a value of p < 0.05 was considered statistically significant. α-PHP 
quantification in plasma, brain, and kidneys is expressed as µg/ml and 
shown as mean ± SEM of 6 independent samples. Statistical analysis 
was performed using Student’s t-test to compare female and male 
subjects.

All statistical analyses were performed using GraphPad Prism 8 
software for Windows (La Jolla, CA, USA).

Fig. 2. Effect of α-PHP (0.1–1–10–30 mg/kg, i.p.) on the visual object test [in male (panel A) and female (panel B) mice] and on the visual placing test [in male 
(panel D) and female (panel E) mice] observed in 5 hours. Sex differences in the effect of α-PHP (30 mg/kg, i.p.) on the visual object test (panel C) and visual placing 
test (panel F) observed in 5 hours. Data are expressed as mean ± SEM (n = 8/group). Statistical analysis was performed by two-way ANOVA followed by Bon
ferroni’s test (panels A, B, D, E) for multiple comparisons for the dose-response curve at different time points. *p < 0.05, * *p < 0.01, * **p < 0.001 vs vehicle. 
Statistical analysis was performed by three-way ANOVA followed by Bonferroni’s test (panels C, F) for multiple comparisons between males and females at different 
time points. #p < 0.05 vs females.
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3. Results

3.1. Behavioural studies

The vehicle administration did not affect mice responses during the 
five hours of the experiment (Figs. 2–6).

3.1.1. Evaluation of the visual (placing and object) responses
Systemic administration of α-PHP varied both visual object (Fig. 2A- 

B) and placing (Fig. 2D-E) responses in mice. In particular, the variation 
of visual object response in male [Fig. 2A; two-way ANOVA, main effect 
of treatment (F(4,280) = 6.837 and p < 0.0001), time (F(7,280) = 2.903 
and p = 0.0060) and non-significant time x treatment interaction 
(F(28,280) = 1.275 and p = 0.1662)] and female [Fig. 2B; two-way 
ANOVA, main effect of treatment (F(4,280) = 7.375 and p < 0.0001), 
non-significant effect of time (F(7,280) = 1.720 and p = 0.1042), signif
icant time x treatment interaction (F(28,280) = 2.945 and p < 0.0001)] 
mice appears to occur only at the highest dose tested (30 mg/kg). For 
both sexes there was a decrease in mice visual object approaches which 
lasted up to 30 minutes after administration (Fig. 2A-B).

Statistical analysis revealed a significant higher alteration in females 
only at 10 min after the treatment with 30 mg/kg, [Fig. 2C; three-way 
ANOVA, significant effect of time (F(7,224) = 25.94 and p < 0.0001), 
treatment (F(1,224) = 117.1 and p < 0.0001), non-significant effect of sex 
(F(1,224) = 0.6381 and p = 0.4252), significant time x treatment inter
action (F(7,224) = 36.72 and p < 0.0001), time x sex interaction (F(7,224) 
= 6.405 and p < 0.0001), non-significant treatment x sex interaction 
(F(1,224) = 1.615 and p = 0.2051), significant time x treatment x sex 
interaction (F(7,224) = 5.030 and p < 0.0001)].

On the other hand, α-PHP (0.1–30 mg/kg, i.p.) administration 
significantly reduced the visual placing response in both male and 

female mice in a dose dependent manner (Fig. 2D-E). Considerably, in 
both sexes the most marked inhibition was visible after the highest dose 
administrated (30 mg/kg) and the effect persisted for all five hours of 
observation. However, while in female mice at all dosages except the 
highest (0.1–10 mg/kg), the effect began immediately but persisted only 
for an hour and then almost returned to baseline values [Fig. 2E; two- 
way ANOVA, main effect of treatment (F(4,280) = 144.5 and 
p < 0.0001), time (F(7,280) = 19.34 and p < 0.0001) and time x treat
ment interaction (F(28,280) = 3.028 and p < 0.0001)], in males this 
happened only at the lowest dose (0.1 mg/kg), while at the mild dosages 
(1–10 mg/kg) the effects persisted up respectively to 120 and 180 mi
nutes [Fig. 2D; two-way ANOVA, main effect of treatment (F(4,280) 
= 145.5 and p < 0.0001), time (F(7,280) = 29.98 and p < 0.0001) and 
time x treatment interaction (F(28,280) = 5.182 and p < 0.0001)].

Statistical analysis revealed a significant higher effect of α-PHP 
(30 mg/kg; i.p.) in male mice at all time points, excepted at 180 min 
after the treatment [Fig. 2F; three-way ANOVA, significant effect of time 
(F(7,224) = 157.0 and p < 0.0001), treatment (F(1,224) = 7800 and 
p < 0.0001), sex (F(1,224) = 47.37 and p < 0.0001), time x treatment 
interaction (F(7,224) = 143.2 and p < 0.0001), time x sex interaction 
(F(7,224) = 6.405 and p < 0.0001), treatment x sex interaction (F(1,224) 
= 92.60 and p < 0.0001), time x treatment x sex interaction (F(7,224) 
= 5.250 and p < 0.0001)]. For sex differences at other doses and sta
tistical analysis with three-way ANOVA, see Supplementary material
(Fig. S1; Table S1).

3.1.2. Evaluation of the acoustic and overall tactile responses
Systemic administration of α-PHP (0.1–30 mg/kg, i.p.) did not 

significantly affect the acoustic response of both male and female mice 
(Fig. 3A-B).

Systemic administration of α-PHP (0.1–30 mg/kg, i.p.) has not varied 

Fig. 3. Effect of α-PHP (0.1–1–10–30 mg/kg, i.p.) on the acoustic response test [in male (panel A) and female (panel B) mice] and on the overall tactile response test 
[in male (panel D) and female (panel E) mice] observed in 5 hours. Sex differences in the effect of α-PHP (30 mg/kg, i.p.) on the visual object test (panel C) and visual 
placing test (panel F) observed in 5 hours. Data are expressed as mean ± SEM (n = 8/group). Statistical analysis was performed by two-way ANOVA followed by 
Bonferroni’s test (panels A, B, D, E) for multiple comparisons for the dose-response curve at different time points. *p < 0.05, * *p < 0.01, * **p < 0.001 vs vehicle. 
Statistical analysis was performed by three-way ANOVA followed by Bonferroni’s test (panels C, F) for multiple comparisons between males and females at different 
time points. #p < 0.05 vs females.
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considerably the overall tactile response in both male and female mice 
(Fig. 3D-E). In males, only the two highest doses tested (10–30 mg/kg) 
appear to be effective. In particular, while 10 mg/kg reduced the 
response only at 10 minutes after the administration, at the highest dose 
the impairment lasted up to an hour after administration [Fig. 3D; two- 
way ANOVA, main effect of treatment (F(4,280) = 36.96 and p < 0.0001), 
time (F(7,280) = 16.16 and p < 0.0001) and time x treatment interaction 
(F(28,280) = 10.87 and p < 0.0001)]. On the other hand, in females an 
inhibitory effect appeared only at the highest dose (30 mg/kg) and 
persisted up to two hours after administration [Fig. 3E; two-way 
ANOVA, main effect of treatment (F(4,280) = 75.31 and p < 0.0001), 
time (F(7,280) = 9.792 and p < 0.0001) and time x treatment interaction 
(F(28,280) = 10.66 and p < 0.0001)].

A significant difference was observed between males and females at 
30 and 60 min after the treatment with 30 mg/kg of α-PHP, with females 
showing lower responses to tactile stimulus [Fig. 3F; three-way ANOVA, 
significant effect of time (F(7,224) = 232.2 and p < 0.0001), treatment 
(F(1,224) = 1360 and p < 0.0001), sex (F(1,224) = 115.3 and p < 0.0001), 
time x treatment interaction (F(7,224) = 232.2 and p < 0.0001), time x 
sex interaction (F(7,224) = 21.27 and p < 0.0001), treatment x sex 
interaction (F(1,224) = 115.3 and p < 0.0001), time x treatment x sex 
interaction (F(7,224) = 21.27 and p < 0.0001)]. For sex differences at 
other doses and statistical analysis with three-way ANOVA, see Sup
plementary material (Fig. S2; Table S1).

3.1.3. Evaluation of core temperature
Systemic administration of α-PHP (0.1–30 mg/kg, i.p.) didn’t induce 

relevant alteration in core temperature (Fig. 4A-B) mice. In fact, the 
compound did not seem to induce any change in male mice (Fig. 4A), 
while in females the highest (30 mg/Kg) dosage tested appears to induce 
slight reduction of temperature but only at 30 min after the adminis
tration [Fig. 4B; two-way ANOVA, main effect of treatment (F(4,245) 
= 24.66 and p < 0.0001), non-significant effect of time (F(6,245) 
= 0.6852 and p = 0.6617), and non-significant time x treatment inter
action (F(24,245) = 0.9835 and p = 0.4886)].

A significant difference between the two sexes was revealed only at 
60 min after treatment with 30 mg/kg dose [Fig. 4C; three-way ANOVA, 
significant effect of time (F(6,196) = 6.309 and p < 0.0001), treatment 
(F(1,196) = 93.80 and p < 0.0001), non-significant effect of sex (F(1,196) 
= 1.476 and p = 0.2259), significant time x treatment interaction 
(F(6,196) = 10.48 and p < 0.0001), time x sex interaction (F(6,196) 
= 5.513 and p < 0.0001), treatment x sex interaction (F(1,196) = 35.28 
and p < 0.0001), non-significant time x treatment x sex interaction 
(F(6,196) = 1.345 and p = 0.2389)].

3.1.4. Evaluation of spontaneous locomotor activity
Systemic administration of α-PHP (0.1–30 mg/kg, i.p.) varied 

differently male and female response in mice only at higher doses 
(Fig. 5A-B). In fact, while the lowest (0.1 mg/kg) dose tested seems to be 
ineffective, the mild (1 mg/kg) dose appears to have a biphasic effect: 

Fig. 4. Effect of α-PHP (0.1–1–10–30 mg/kg, i.p.) on the core temperature in male (panel A) and female (panel B) mice observed in 5 hours. Sex differences in the 
effect of α-PHP (30 mg/kg, i.p.) on the core temperature (panel C) observed in 5 hours. Data are expressed as mean ± SEM (n = 8/group). Statistical analysis was 
performed by two-way ANOVA followed by Bonferroni’s test (panels A, B) for multiple comparisons for the dose–response curve at different time points. *p < 0.05 vs 
vehicle. Statistical analysis was performed by three-way ANOVA followed by Bonferroni’s test (panel C) for multiple comparisons between males and females at 
different time points. #p < 0.05 vs females.

Fig. 5. Effect of α-PHP (0.1–1–10–30 mg/kg, i.p.) on the mobility time test in male (panel A) and female (panel B) mice observed in 5 hours. Sex differences in the 
effect of α-PHP (30 mg/kg, i.p.) on the mobility time test (panel C) observed in 5 hours. Data are expressed as mean ± SEM (n = 8/group). Statistical analysis was 
performed by two-way ANOVA followed by Bonferroni’s test (panels A, B) for multiple comparisons for the dose–response curve at different time points. *p < 0.05, 
* *p < 0.01 and * **p < 0.001 vs vehicle. Statistical analysis was performed by three-way ANOVA followed by Bonferroni’s test (panel C) for multiple comparisons 
between males and females at different time points. #p < 0.05 vs females.
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during the first 10–30 minutes α-PHP induced a reduction of the spon
taneous motor ability, subsequently the values tended to return to the 
basal (from 60 to 120 minutes), for finally increase from 180 minutes 
until the end of the experiment. On the other hand, the higher doses 
increased the spontaneous motor ability: in male mice from 10 minutes 
to respectively 180 (10 mg/kg) and 240 (30 mg/kg) minutes; while in 
female mice, both 10 and 30 mg/kg doses increased the spontaneous 
motor activity to 300 minutes [Fig. 5; two-way ANOVA, main effect of 
treatment (F(4,280) = 47.09 and p < 0.0001), time (F(7,280) = 57.44 and 
p < 0.0001) and time x treatment interaction (F(24,280) = 7.086 and 
p < 0.0001) for males (panel A); main effect of treatment (F(4,280) 
= 141.3 and p < 0.0001), time (F(7,280) = 35.96 and p < 0.0001) and 
time x treatment interaction (F(24,280) = 9.896 and p < 0.0001) for fe
males (panel B)].

A significant higher increase in the mobility time was observed in 
female mice treated with the highest dose of α-PHP at 60, 120, 180, and 
300 min after the treatment [Fig. 5C; three-way ANOVA, significant 
effect of time (F(7,224) = 273.8 and p < 0.0001), treatment (F(1,224) 
= 2467 and p < 0.0001), sex (F(1,224) = 32.20 and p < 0.0001), time x 
treatment interaction (F(7,224) = 91.92 and p < 0.0001), time x sex 
interaction (F(7,224) = 2.157 and p = 0.0390), treatment x sex interac
tion (F(1,224) = 149.2 and p < 0.0001), time x treatment x sex interaction 
(F(7,224) = 7.650 and p < 0.0001)]. For sex differences at other doses and 
statistical analysis with three-way ANOVA, see Supplementary material
(Fig. S3; Table S1).

3.1.5. Evaluation of pain induced by mechanical (tail pinch) and thermal 
(tail withdrawal) stimuli

Systemic administration of α-PHP (0.1–30 mg/kg, i.p.) varied both 
the tail pinch (Fig. 6A-B) and tail withdrawal (Fig. 6D-E) response in 
mice. In particular, a variation of tail pinch response in both males 
[Fig. 6A; two-way ANOVA, main effect of treatment (F(4,245) = 225.6 

and p < 0.0001), time (F(6,245) = 52.76 and p < 0.0001) and time x 
treatment interaction (F(24,245) = 11.84 and p < 0.0001)] and females 
[(Fig. 6B; two-way ANOVA, main effect of treatment (F(4,245) = 67.73 
and p < 0.0001), time (F(6,245) = 9.970 and p < 0.0001) and time x 
treatment interaction (F(24,245) = 4.844 and p < 0.0001)] appears to 
occur already at the dose of 1 mg/kg. For both groups, there was an 
increase in the ability to endure the mechanical pain inflicted. The effect 
was slightly more profound in males and lasted up to 205 (males) and 
265 (females) minutes after administration (Fig. 6A-B).

Regarding mice treated with 30 mg/kg, the effect was significantly 
higher in males with respect to females at 55, 90, 145, and 265 min 
[Fig. 6C; three-way ANOVA, significant effect of time (F(6,196) = 192.2 
and p < 0.0001), treatment (F(1,196) = 5778 and p < 0.0001), sex 
(F(1,196) = 52.52 and p < 0.0001), time x treatment (F(7,196) = 218.4 and 
p < 0.0001), time x sex interaction (F(6,196) = 19.97 and p < 0.0001), 
treatment x sex interaction (F(1,196) = 141.2 and p < 0.0001), and time x 
treatment x sex interaction (F(6,196) = 20.00 and p < 0.0001)]. For sex 
differences at other doses and statistical analysis with three-way 
ANOVA, see Supplementary material (Fig. S4; Table S1).

On the other hand, α-PHP (0.1–30 mg/kg, i.p.) administration did 
not affect the ability of mice (both sexes; Fig. 6D-E) to resist to the 
inflicted thermal pain, except for the highest (30 mg/kg) dose tested in 
male mice. This effect appears to persist up to 145 minutes after 
administration [Fig. 6D; two-way ANOVA, main effect of treatment 
(F(4,245) = 9.925 and p < 0.0001), non-significant effect of time (F(6,245) 
= 0.2795 and p = 0.9463), significant time x treatment interaction 
(F(24,245) = 1.754 and p = 0.0186)].

The pain tolerance of male mice treated with 30 mg/kg was signifi
cantly higher in male mice until 145 min after the treatment [Fig. 6F; 
three-way ANOVA, significant effect of time (F(6,196) = 9.938 and 
p < 0.0001), treatment (F(1,196) = 189.3 and p < 0.0001), sex (F(1,196) 
= 30.71 and p < 0.0001), time x treatment interaction (F(6,196) = 12.03 

Fig. 6. Effect of α-PHP (0.1–1–10–30 mg/kg, i.p.) on the tail pinch [in male (panel A) and female (panel B) mice] and on the tail withdrawal [in male (panel D) and 
female (panel E) mice] test observed in 5 hours. Sex differences in the effect of α-PHP (30 mg/kg, i.p.) on the tail pinch (panel C) and on the tail withdrawal (panel F) 
observed in 5 hours. Data are expressed as mean ± SEM (n = 8/group). Statistical analysis was performed by two-way ANOVA followed by Bonferroni’s test (panels 
A, B, C and D) for multiple comparisons for the dose–response curve at different time points. *p < 0.05, * *p < 0.01, * **p < 0.001 vs vehicle. Statistical analysis was 
performed by three-way ANOVA followed by Bonferroni’s test (panel C) for multiple comparisons between males and females at different time points. #p < 0.05 
vs females.
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and p < 0.0001), time x sex interaction sex (F(6,196) = 8.894 and 
p < 0.0001), treatment x sex interaction (F(1,196) = 12.64 and p =

0.0005), time x treatment x sex interaction (F(6,196) = 9.924 and 
p < 0.0001)].

3.2. Pharmacokinetic studies

3.2.1. Urine analysis
α-PHP, Diidro-α-PHP, OH-α-PHP, oxo-α-PHP, Diidro-OH-α-PHP, and 

OH-oxo-α-PHP were not detected in urine samples collected before the 
treatment (time 0; Fig. 7A-F).

Concentration of α-PHP [Fig. 7A; ANOVA, main effect of sex (F(1,58) 
= 74.72 and p < 0.0001), time (F(5,58) = 100.2 and p < 0.0001) and 

time x sex interaction (F(5,58) = 12.91 and p < 0.0001)] in urine was 
significantly higher in males than females, specifically at 2, 3 and 
4 hours after the treatment. A peak was detected at 3 hours in males 
(2648.54 ± 216.71 ng/ml) and at 2 hours in females (1449.05 
± 181.27 ng/ml). In both groups, concentration of α-PHP tended to 
decrease during time. At 12 hours, α-PHP was almost not revealed in 
urine of both males and females.

The analysis didn’t reveal differences in area ratios of Diidro-α-PHP 
between males and females [Fig. 7B; ANOVA, non-significant effect of 
sex (F(1,58) = 0.09076 and p = 0.7643), significant effect of time (F(5,58) 
= 19.65 and p < 0.0001) and non-significant time x sex interaction 
(F(5,58) = 2.099 and p = 0.0785)]. In both groups, the metabolite levels 
tended to decrease from 4 to 12 hours after the injection.

Fig. 7. Comparison of α-PHP concentration (panel A) and area ratios of Diidro-α-PHP (panel B), OH-α-PHP (panel C), oxo-α-PHP (panel D), Diidro-OH-α-PHP (panel 
E) and OH-oxo-α-PHP (panel F) in urine of male and female mice after treatment with α-PHP (30 mg/kg; i.p.). Data are expressed as mean ± SEM (n = 5–7/group). 
Statistical analysis was performed by two-way ANOVA followed by Bonferroni’s test multiple comparisons at different time points. *p < 0.05, * **p < 0.001 
vs female.
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The excretion of OH-α-PHP was similar between males and females 
[Fig. 7C; ANOVA, non-significative effect of sex (F(1,58) = 0.9003 and 
p = 0.3466), significant effect of time (F(5,58) = 8.031 and p < 0.0001) 
and non-significant time x sex interaction (F(5,58) = 1.045 and p =

0.4003)]. At 12 and 24 hours almost no OH-α-PHP was detected in both 
sex samples.

The detection of oxo-α-PHP in urine was significantly higher in males 
with respect to females at every time point up to 4 hours [(Fig. 7D; 
ANOVA, main effect of sex (F(1,58) = 198.8 and p < 0.0001), time (F(5,58) 
= 90.76 and p < 0.0001) and time x sex interaction (F(5,58) = 24.06 and 
p < 0.0001]. The maximum excretion has been calculated at 2 hours 
after the treatment in both males (area ratio of 17.33 ± 1.77) and fe
males (area ratio of 6.73 ± 0.5).

Two-way ANOVA detected a statistical difference in Diidro-OH- 
α-PHP excretion between male and female urine samples at 2 hours, 
with females excreting higher levels of the metabolite (area ratio of 0.89 
± 0.37) than males (area ratio of 0.34 ± 0.02) [Fig. 7E; ANOVA, main 
effect of sex (F(1,58) = 4.206 and p = 0.0448), time (F(5,58) = 7.415 and 
p < 0.0001) and non-significant time x sex interaction (F(5,58) = 2.131 
and p = 0.0745)].

Area ratios of OH-oxo-α-PHP [Fig. 7F; ANOVA, main effect of sex 
(F(1,58) = 4.755 and p = 0.0333), time (F(5,58) = 23.69 and p < 0.0001) 
and time x sex interaction (F(5,58) = 4.911 and p = 0.0008)] were 
significantly different between males and females at 2 hours, with 
values respectively of 305.53 ± 31.9 and 909.85 ± 239.83. After that 
peak, OH-oxo-α-PHP detected levels were similar between the two 
groups.

3.2.2. Concentration of �-PHP in body specimens
The analysis revealed a higher plasma concentration of α-PHP in 

males with respect to female group [Table 1; t = 2.761, Df = 10, p =

0.0201]. Differently, concentration in the brain was similar in both 
sexes. Concentration in kidneys was higher in female group, however 
without reaching significance.

3.3. Human poisonings

Over a 10-years gauged period (2014–2024), a total of 7 identified 
α-PHP use cases were recorded, all of them occurring in the last 5 years, 
starting from May 2019 until January 2024 (Table 2). In almost all cases 
α -PHP was consumed in association with other conventional drugs or 
NPS. Subjects were exclusively men (7/7), with mean age of 34 years 
(28/43 years old), often referring occasional (1/7) or habitual/repeated 
(3/7) consumption of NPS. Inhalation was the most frequent route of 
α-PHP exposure (5/7), through smoking or sniffing/snorting (3/7 and 2/ 
7, respectively), but the injection route was also reported (3/7).

The α-PHP was practiced by subjects with polydrug use disorder (5/ 
7); in fact, almost all patients reported consumption of other drugs, such 
as MDMA, mephedrone and other unspecified cathinones etc, contex
tually or even recurrently. Notably, α-PHP was consumed alone in only 
one case, assumed by both inhalation and i.v. injection. One subject (1/ 
7) presented simultaneous alcohol intake. Remarkably, out of the total, 
some patients (3/7) did not intentionally assume α-PHP, thus consuming 
this NPS unaware; in fact, 3 subjects referred unspecified cathinones 
consumption, but confirmatory analyses assessed α-PHP intake.

In almost all cases, α-PHP was consumed in a sexual gay context (6/ 
7), among men who have sex with men (MSM), namely ChemSex 
context, referring α-PHP use to strengthen and prolong sexual perfor
mance. ChemSex is a widespread phenomenon, causing great public 
health concern, associated with a high prevalence of HIV infection, 
presently found to involve more than half of patients (4/7).

Relevant toxidromes were described in almost all patients testing 
positive for α-PHP, even though all recorded cases were intentional, but 
non-fatal intoxications. The clinical manifestations included both cen
tral and peripheral symptoms. In fact, the onset of neurological/psy
chiatric and respiratory symptoms were reported. The occurrence of 
rhabdomyolysis and cardiotoxicity was also documented. Almost all 
cases presented behavioural and neuropsychiatric symptoms, including 
psychomotor agitation (7/7), tremors/fasciculations (2/7), and mental 
confusion/psychosis (4/7). Two patients experienced auditory and vi
sual hallucinations (2/7). An aggressive behaviour, paralleled by res
piratory symptoms (including tachypnoea) and hyperthermia, was 
observed in only one case, tested positive for both α-PHP and MDPHP.

Two cases presented signs of potential cardiac toxicity, including 
tachycardia and chest/retrosternal pain, with one case confirmed posi
tive for α-PHP and Chlorpheniramine, a selective serotonin-reuptake 
inhibitor, and the other for α-PHP + N-Ethyldeschloroketamine (2- 
Oxo-PCE) + hydroxyeticyclidine (OH-PCE). Four patients (4/7) man
ifested rhabdomyolysis, while other peripheral symptoms were 
observed in single cases, e.g. mydriasis, abdominal pain, sweating and 
tongue paraesthesia.

Out of the total, some subjects (3/7) were taken to EDs by police/ 
ambulance staff, due to their violent/aggressive behaviour or psycho
motor agitation condition, whereas in the other cases, patients moved to 
EDs by self-referral or concerns from family or friends.

Supportive care and symptomatic treatment were the mainstay in the 
patients’ management, underlined the crucial need for a rapid handling 
of psychomotor agitation in almost all patients. Pharmacological seda
tion using benzodiazepines (e.g. lorazepam, bromazepam, midazolam, 
diazepam), propofol, and neuroleptic/antipsychotic drugs, e.g. halo
peridol, promazine and tiapride, was recorded in some cases (4/7). Also, 
hydration was reported as supportive care in almost all cases. After 
treatments, the resolution of clinical signs/symptoms occurred quite 
rapidly, with almost patients (4/7) discharged home after 24 h (4/7). 
Differently, in two cases, a prolonged hospital stay was necessary (about 
5 days).

4. Discussion

The current work stems from the collaboration among groups 
involved in the NEWS-D Project of the Antidrug Policies Department – 
Presidency of Minister and comes from the will to fill the gap in the 
scientific literature about the NPS α-PHP, supplying data about a 
possible sex-related difference in the effect and pharmacokinetic profile. 
In fact, this is a topic increasingly studied both in the pharmacological 
and toxicological field since different sex can affect clinical manifesta
tions, even only in terms of sensitivity response, and pharmacokinetics 
(Fattore et al., 2020). Lastly, the final goal is to describes α-PHP human 
intoxications, recorded by the Pavia Poison Control Centre (PCC) - Na
tional Toxicology Information Centre (Istituti Clinici Scientifici Maugeri, 
IRCCS Pavia, Italy) considering a 10-year period (2014–2024).

4.1. Behavioural study

Among the sensorimotor effects observed after the administration of 
α-PHP in both sexes, the most marked one was the inhibition of visual 
responses. In particular, in the visual object test α-PHP seems to be 
effective only at the highest dosage and with a slightly more marked 
response in female than male mice. On the contrary, in the visual placing 
test there is a clear dose-dependent response, with males showing a 
greater impairment than females. Regardless evident sex implications, it 

Table 1 
Concentration of α-PHP in plasma, brain, and kidneys in male and female CD-1 
mice at 35 min after the injection (30 mg/kg). Data are expressed as mean 
± SEM (n = 6/group). Statistical analysis was performed by Student’s t-test. 
*p < 0.05 vs female.

Plasma (µg/ml) Brain (µg/ml) Kidney (µg/ml)

♂ 32.95 � 7.82 
*

44.29 ± 8.95 52.86 ± 7.79

♀ 9.55 � 3.26 43.59 ± 5.26 74.75 ± 7.19
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Table 2 
α-PHP human poisonings (Pavia Poison Centre - National Toxicology Information Centre data) over a 10-year period (2014–2024). All events were recorded in the last 
5 years, starting from 2019. Any intoxication case was documented in the period between 2014 and 2019. All cases were intentional non-fatal intoxications.

Case 
n./ 
Sex, 
Age

EDs 
admission

Reported/ 
suspected 
substance(s)

Reported 
route of 
intake

On-site 
screening 
positivity

Signs/Symptoms Patient Management Blood/Urine: 
confirmatory 
analyses (*) 
(§, ^, ◦◦,●, $, ◆, ⁑)

Anamnestic 
data, 
Annotations, 
Hospital stay/ 
Outcomes

NEWS-D 
alert

#1 
43, 
M

May 2019 α-PHP +
MDMA

smoke � CNS alterations 
(psychomotor agitation, 
hallucinations, psychosis), 
mydriasis, abdominal pain

Symptomatic 
treatment, 
Benzodiazepines, 
Hydration

α-PHP +
MDPHP 
(§)

Known subject 
with substance 
use disorder, 
HIV positive 
Suspected 
sexual context 
(Chem-Sex) 
Unknown 
hospital stay 
duration, 
discharged 
home

SNAP 28/ 
19 
September 
17, 2019

#2 
34, 
M

July 2019 α-PHP +
4F-MPH+

6-APB

iv AMP/ 
MAMP +
MDMA

CNS alterations 
(psychomotor agitation, 
hallucinations, mental 
confusion), 
rhabdomyolysis (CPK>>)

Symptomatic 
treatment, 
Benzodiazepines 
(lorazepam, 
bromazepam, 
midazolam, 
diazepam)

α-PHP +
4F-MPH+

APB 
(^)

Known 
psychonaut, 
tx: 
aripiprazole, 
paroxetine, 
MTD 
Occasional 
assumption of 
tapentadol 
5 days, 
discharged 
home

SNAP. 31/ 
21 July 27, 
2021

#3 
42, 
M

September 
2019

Unspecified 
cathinones +
Ethanol

smoke BZO CNS alterations 
(psychomotor agitation, 
tremors/fasciculation, 
mental confusion, 
aggressiveness), respiratory 
alteration (tachypnoea), 
hyperthermia, 
rhabdomyolysis (CPK>), 
hypertransaminasemia

Symptomatic 
treatment, 
Sedation - 
Benzodiazepines 
(propofol, 
midazolam), 
Neuroleptic/ 
Antipsychotic drugs 
(promazine, 
haloperidol, 
tiapride), Hydration

α-PHP +
MDPHP 
(◦◦)

Subject with a 
long-term 
substance use 
disorder, HIV 
positive, tx: 
BZO 
Aggressive, 
taken to ED by 
police agency 
Suspected 
sexual context 
(Chem-Sex) 
5-days, 
discharged 
home

SNAP 3/20 
February 
11, 2020

#4 
29, 
M

December 
2019

α-PHP iv BZO CNS alterations 
(psychomotor agitation, 
tremors/fasciculation), 
cardiovascular 
(tachycardia, thoracic pain)

Symptomatic 
treatment, 
Benzodiazepines 
(diazepam), 
Hydration

α-PHP +
Chlorpheniramine 
(SSRIs) 
(●)

Occasional 
α-PHP use 
Suspected 
sexual context 
(Chem-Sex) 
24 hours, 
discharged 
home

SNAP. 18/ 
20, July 9, 
2020

#5 
28, 
M

May 2022 Mephedrone 
+

other 
unspecified 
substances

nasal COC CNS alterations 
(psychomotor agitation, 
mental confusion), 
cardiovascular (chest/ 
retrosternal pain), 
mydriasis, sweating, tongue 
paraesthesia, burning 
sensation at mucosa

Symptomatic 
treatment, 
Hydration

α-PHP +
2-Oxo-PCE + OH- 
PCE 
($)

Suspected 
sexual context 
(Chem-Sex) 
Taken to ED by 
police agency 
and ambulance 
staff 
< 24 hours, 
discharged 
home

SNAP. 17/ 
23 April 
26, 2023

#6 
35, 
M

May 2022 Synthetic 
cathinones 
(Mef, PV) +
MAMP+

BZO (Minias 
+ Tavor)

smoke, iv � CNS alterations 
(psychomotor agitation), 
asthenia, rhabdomyolysis 
(CPK>)

Symptomatic 
treatment, 
Hydration

α-PHP 
(◆)

HIV positive, 
suspected 
sexual context 
(Chem-Sex) 
Taken to ED by 
ambulance 
staff 
24 hours, 
discharged 
home

SNAP 05/ 
23 January 
20, 2023

(continued on next page)

M. Bassi et al.                                                                                                                                                                                                                                   Drug and Alcohol Dependence 269 (2025) 112596 

11 

Descargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



turned out that, similarly to methiopropamine, MDPV, and MDPHP 
(De-Giorgio et al., 2020; Bassi et al., 2024b), α-PHP reduces the visual 
placing response more than the object. This is primarily due to the 
different conditions to which animals are subjected during the two tests 
(see material and methods, Section 2.3.1). Indeed, the response to 
approach of the mouse body to the floor is not only derived by the 
activation of the visual system, but also of the vestibular, which is 
involved in generating the motor responses, and controlling body 

posture and spatial orientation (Cullen, 2023). The visual impairment 
observed could be related to the action of α-PHP on monoaminergic 
transporters (Eshleman et al., 2017), and α-PHP in mice could promote 
both cortical and vestibular visual circuits alteration through indirectly 
activating α2 receptors, resulting in mydriasis (Wakita et al., 2017; 
De-Giorgio et al., 2020).

Our results also show that the highest dose tested of α-PHP induces a 
reduction of the overall tactile responses in mice, in accordance with 

Table 2 (continued )

Case 
n./ 
Sex, 
Age 

EDs 
admission 

Reported/ 
suspected 
substance(s) 

Reported 
route of 
intake 

On-site 
screening 
positivity 

Signs/Symptoms Patient Management Blood/Urine: 
confirmatory 
analyses (*) 
(§, ^, ◦◦,●, $, ◆, ⁑) 

Anamnestic 
data, 
Annotations, 
Hospital stay/ 
Outcomes 

NEWS-D 
alert

#7 
28, 
M

January 
2024

PHP nasal � CNS alterations 
(psychomotor agitation), 
rhabdomyolysis (CPK>)

Symptomatic 
treatment, 
Hydration

α-PHP +
α-PiHP 
(⁑)

HIV positive, 
sexual context 
(Chem-Sex) 
24 hours, 
discharged 
home

SNAP alert 
in progress

� : Information missing; nasal: “sniffing” or “snorted”; iv: intravenous injection; AMP: Amphetamines; MAMP: Methamphetamine; 4F-MPH: 4-Fluoromethylphenidate; 
APB: (aminopropyl)benzofurans (APB); tx: pharmacological therapy; BZO: Benzodiazepines; SSRIs: selective serotonin-reuptake inhibitors; 2-Oxo-PCE: N-Ethyl
deschloroketamine (also known as O-PCE), OH-PCE: hydroxyeticyclidine; COC: Cocaine; MTD: Methadone; α-PiHP: alpha-pyrrolidinoisohexanophenone; SNAP: 
Sistema Nazionale Allerta Precoce – Italia.
(*) GC-MS and LC-MS methods (based on standard availability).
($) Tested negative for the following substances: butylone, mephedrone, 4MEC, dimethylcathinone, dimethylmethcathinone, buphedrone, ethcathinone, 4-fluoro
methcathinone, pentedrone, methedrone, mexedrone, etylone, pentylone, 1-naphyrone, 3,4-MDPHP, α-PVP, MDPV, betaK-2CB, PMA, PMMA, 4-fluoroamphetamine, 
4-MTA, ketamine, levamisole, scopolamine, atropine, 5,6-methylenedioxy-2-aminoindane (MDAI), (aminopropyl)benzofurans (APB), methoxetamine, methox
yphenidine, diphenidine, dimethyltryptamine, 2CI, 2CT7, 2CB, 2CT2, 2CE, DOB, 25B-NBOME, 25C-NBOME, 25I-NBOME, 25T7-NBOME, 25H-NBOME, 25D-NBOME, 
25E-NBOME, JWH-007, JWH-016, JWH-018, JWH-019, JWH-073, JWH-081, JWH- 098, JWH-122, JWH-147, JWH-200, JWH-210, JWH-203, JWH-250, JWH-251, 
JWH-302, JWH-307, JWH-398, JWH-48–098, AM-694, AM-2201, WIN48–098, AM-2233, MAM-2201, WIN-55212, RCS-4, RCS-8, XLR-11, UR-144, APINACA, AB- 
FUBINACA, 5F-ADB, MDMB-CHMICA, AB-CHMINACA, MMB2201, 5-Cl AB-PINACA, 5-F CUMYL-PINACA, AB-FUBINACA, 5-F NNEI 2-napthyl isomer, 5-F APP- 
PICA, 5-F APP-PINACA, APP-FUBINACA, CUMYL-PeGACLONE, 5-Cl THJ018.
(^) Tested negative for the following substances: MDMA, butylone, mephedrone, 4MEC, dimethylcathinone, dimethylmethcathinone, buphedrone, ethcathinone, 4- 
fluoromethcathinone, pentedrone, methedrone, mexedrone, etylone, pentylone, 1-naphyrone, 3,4-MDPHP, α-PVP, MDPV, betaK-2CB, PMA, PMMA, 4-fluoroamphet
amine, 4-MTA, ketamine, levamisole, scopolamine, atropine, 5,6-methylenedioxy-2-aminoindane (MDAI), (aminopropyl)benzofurans (APB), phencyclidine (PCP), 
methoxetamine, methoxyphenidine, diphenidine, dimethyltryptamine, 2CI, 2CT7, 2CB, 2CT2, 2CE, DOB, 25B-NBOME, 25C-NBOME, 25I-NBOME, 25T7-NBOME, 
25H-NBOME, 25D-NBOME, 25E-NBOME, Phencyclidine (PCP), JWH-007, JWH-016, JWH-018, JWH-019, JWH-073, JWH-081, JWH- 098, JWH-122, JWH-147, JWH- 
200, JWH-210, JWH-203, JWH-250, JWH-251, JWH-302, JWH-307, JWH-398, JWH-48–098, AM-694, AM-2201, WIN48–098, AM-2233, MAM-2201, WIN-55212, 
RCS-4, RCS-8, XLR-11, UR-144, APINACA, AB-FUBINACA, 5F-ADB, MDMB-CHMICA, AB-CHMINACA, MMB2201, 5-Cl AB-PINACA, 5-F CUMYL-PINACA, AB-FUBI
NACA, 5-F NNEI 2-napthyl isomer, 5-F APP-PICA, 5-F APP-PINACA, APP-FUBINACA, CUMYL-PeGACLONE, 5-Cl THJ018.
(◦◦) Tested negative for the following substances: butylone, mephedrone, dimethylcathinone, dimethylmethcathinone, buphedrone, ethcathinone, 4-fluoromethcathi
none, pentedrone, methedrone, mexedrone, etylone, pentylone, 1-naphyrone, 3,4-MDPHP, α-PVP, MDPV, betaK-2CB, PMA, PMMA, 4-fluoroamphetamine, 4-MTA, 
ketamine, levamisole, scopolamine, atropine, 5,6-methylenedioxy-2-aminoindane (MDAI), (aminopropyl)benzofurans (APB), phencyclidine (PCP), methoxetamine, 
methoxyphenidine, diphenidine, dimethyltryptamine, 2CI, 2CT7, 2CB, 2CT2, 2CE, DOB, 25B-NBOME, 25C-NBOME, 25I-NBOME, 25T7-NBOME, 25H-NBOME, 25D- 
NBOME, 25E-NBOME.
(●) Tested negative for the following substances: butylone, mephedrone, dimethylcathinone, dimethylmethcathinone, buphedrone, ethcathinone, 4-fluoromethcathi
none, pentedrone, methedrone, mexedrone, etylone, pentylone, 1-naphyrone, 3,4-MDPHP, α-PVP, MDPV, betaK-2CB, PMA, PMMA, 4-fluoroamphetamine, 4-MTA, 
ketamine, levamisole, scopolamine, atropine, (aminopropyl)benzofurans (APB), methylphenidate, ethylphenidate, 4-fluoromethylphenidate, phencyclidine (PCP), 
methoxetamine, methoxyphenidine, diphenidine, dimethyltryptamine, 2CI, 2CT7, 2CB, 2CT2, 2CE, DOB, 25B-NBOME, 25C-NBOME, 25I-NBOME, 25T7-NBOME, 
25H-NBOME, 25D-NBOME, 25E-NBOME.
($) Tested negative for the following substances: butylone, eutylone, ephylon, mephedrone, clephedrone, methylcathinone, dimethylcathinone, dimethylmethca
thinone, N-etylpentedrone, MDPEP, buphedrone, ethcathinone, 4-fluoromethcathinone, pentedrone, methedrone, mexedrone, etylone, pentylone, 1-naphyrone, 
methylone, 3,4-MDPHP, α-PVP, MDPV, betaK-2CB, PMA, PMMA, 4-fluoroamphetamine, 4-MTA, ketamine, levamisole, scopolamine, atropine, (aminopropyl)ben
zofurans (APB), methylphenidate, ethylphenidate, 4-fluoromethylphenidate, phencyclidine (PCP), methoxetamine, methoxyphenidine, diphenidine, dimethyltryp
tamine, 2CI, 2CT7, 2CB, 2CT2, 2CE, DOB, 25B-NBOME, 25C-NBOME, 25I-NBOME, 25T7-NBOME, 25H-NBOME, 25D-NBOME, 25E-NBOME, fluoroketamine, OH-PCP, 
MeO-PCE, MeO-PCP, 5-EAPB, 5/6-MAPB, 4-OH-DET, 5-MeO-DALT, 5-Meo-DMT, 5-MeOMiPT, 5-MMPA.
(◆) Tested negative for the following substances: AMP/MAMP, MDMA, butylone, eutylone, ephylon, mephedrone, clephedrone, methylcathinone, dimethylcathi
none, dimethylmethcathinone, N-etylpentedrone, MDPEP, buphedrone, ethcathinone, 4-fluoromethcathinone, pentedrone, methedrone, mexedrone, etylone, pen
tylone, 1-naphyrone, methylone, 3,4-MDPHP, α-PVP, MDPV, betaK-2CB, PMA, PMMA, 4-fluoroamphetamine, 4-MTA, ketamine, levamisole, scopolamine, atropine, 
(aminopropyl)benzofurans (APB), methylphenidate, ethylphenidate, 4-fluoromethylphenidate, phencyclidine (PCP), methoxetamine, methoxyphenidine, dipheni
dine, dimethyltryptamine, 2CI, 2CT7, 2CB, 2CT2, 2CE, DOB, 25B-NBOME, 25C-NBOME, 25I-NBOME, 25T7-NBOME, 25H-NBOME, 25D-NBOME, 25E-NBOME, flu
oroketamine, OH-PCP, OH-PCE, MeO-PCE, MeO-PCP, OXO-PCE, 5-EAPB, 5/6-MAPB, 4-OH-DET, 5-MeO-DALT, 5-Meo-DMT, 5-MeOMiPT.
(⁑) Tested negative for the following substances: GHB, butylone, eutylone, ephylon, 3-CMC, 4-CMC, mephedrone, methylcathinone, dimethylcathinone, dime
thylmethcathinone, N-etylpentedrone, MDPEP, buphedrone, ethcathinone, 4-fluoromethcathinone, pentedrone, methedrone, mexedrone, etylone, pentylone, 1-naph
yrone, methylone, 3,4-MDPHP, α-PVP, MDPV, betaK-2CB, PMA, PMMA, 4-fluoroamphetamine, 4-MTA, ketamine, levamisole, scopolamine, atropine, (aminopropyl) 
benzofurans (APB), methylphenidate, ethylphenidate, 4-fluoromethylphenidate, phencyclidine (PCP), methoxetamine, methoxyphenidine, diphenidine, dimethyl
tryptamine, 2CI, 2CT7, 2CB, 2CT2, 2CE, DOB, 25B-NBOME, 25C-NBOME, 25I-NBOME, 25T7-NBOME, 25H-NBOME, 25D-NBOME, 25E-NBOME, fluoroketamine, OH- 
PCP, OH-PCE, MeO-PCE, MeO-PCP, OXO-PCE, 5-EAPB, 5/6-MAPB, 4-OH-DET, 5-MeO-DALT, 5-Meo-DMT, 5-MeOMiPT, 5-MMP
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previous studies conducted with other stimulants by our research team 
(Marti et al., 2019). In this case, the effect was slightly deeper and longer 
lasting in females in respect to males.

The temperature response to α-PHP administration was different 
between the two groups. Indeed, no changes have been observed in 
males, whereas in females the compound (only at 30 mg/kg) induced a 
slight and transitory effect. These results contrast with those expected, 
as cathinone derivates use is thought to produce greater temperature 
effects (Wright et al., 2012; Miller et al., 2013). Specifically, the mild 
hypothermic response of females is in line with the study conducted by 
Taffe et al. (2021) in female rats. In rodents, beyond 5-HT (Kiyatkin, 
2019; Miliano et al., 2019), also DA and NE are involved in both hy
perthermic and hypothermic mechanisms changes (Clark and Lipton, 
1985;1986; Docherty and Green, 2010; Wright et al., 2012). Moreover, a 
study by Nunes et al. (1991) suggested the possibility that dopamine via 
central D1 and D2 receptor agonism induced hypothermia in rats, and 
other studies (Mallick and Alam, 1992; Fumagalli et al., 1998; Kumar 
et al., 2007; De-Giorgio et al., 2020) align with this evidence.

The immediate increase of the motor performance after the injection 
affected both sexes mice at higher doses (10–30 mg/kg) with a deeper 
effect visible in females than males. A previous study investigated how 
(+)-Methamphetamine induced a sex- and dose-dependent different 
locomotor impairment in rats, including deeper effects in female sub
jects (Milesi-Hallé et al., 2005; 2007). Relevantly, this behaviour, 
together with the increased freezing episodes and appearance of ste
reotypies, suggests that α-PHP causes an alteration of DA transmission in 
the vestibular system, probably via the selective block of DAT (Darrow 
et al., 2006; Inoue et al., 2006). In fact, there are studies showing that 
the striatal DAergic dysfunction activates the vestibulo-thalamo-striatal 
pathway (Shima, 1984; Lai et al., 2000). Moreover, these behaviours 
have already been observed with other stimulants, including cathinones 
(Milesi-Hallé et al., 2007; Marusich et al., 2012; 2014; Giannotti et al., 
2017; De-Giorgio et al., 2020). On the other hand, the dose 1 mg/kg of 
α-PHP induces in both male and female mice a biphasic effect. Low doses 
of α-PHP possibly trigger a mechanism in which DA, NE and 5-HT sys
tems mediate a different response than more massive doses (McQuade 
and Sharp, 1997; Llorca-Torralba et al., 2016; Benarroch, 2018), how
ever more in depth studies are needed to clarify this effect.

Lastly, α-PHP induced analgesia to both mechanical and thermal 
(only at the dose of 30 mg/kg) pain responses, with males showing a 
significant higher effect with the highest dose tested. The locus coeru
leus (LC)-NE system plays a key role with different implications such as 
long-term synaptic plasticity, pain modulation and motor control in 
several neurodegenerative disorders including Parkinson disease 
(Llorca-Torralba et al., 2016; Benarroch, 2018). Consistently, amitrip
tyline has analgesic properties which are reduced by treatment with 
antisense oligonucleotides for the α subunit of Gi1/2/3 coupled to α2 
receptors (Ghelardini et al., 2002). Therefore, the increased pain toler
ance level could be due to the enhancement of NE levels in the 
above-mentioned locus following the NET block caused by α-PHP. Also 
in this case, a previous study is in line with our results (De-Giorgio et al., 
2020).

In summary, the Safety Pharmacology studies show that female mice 
responded slightly more deeply to the following tests: sensorimotor 
(visual object and tactile), physiological (core temperature) and motor 
(mobility time). At the same time, in male mice a more profound effect 
was observed during the visual placing test and the pain sensitivity 
variation assessment test (tail pinch and tail withdrawal). As above 
mentioned, this is the first study evaluating the effects of α-PHP in fe
male and male mice, and at present there are no information on the 
contribution of sexual hormones. It has been seen that sexual hormones 
influence the regulation of serotonin and monoaminergic systems in 
specific brain regions (Zhang et al., 1999; Zhou et al., 2002), which can 
result in a different density of neurons and/or expressions of receptors. 
The role of estrogens in the maintenance of dopaminergic system has 
been revealed, enhancing both pre- and post-synaptic function, the 

production of DAT, the release of DA, and decreasing the degradation of 
D1- and D2- receptors (Lévesque and Di Paolo, 1991; Morissette and Di 
Paolo, 1993; Morissette et al., 2008; Johnson et al., 2010), which 
possibly influence the response to psychostimulants, as suggested by 
studies conducted on ovariectomized rodents (Becker and Ramirez, 
1981; Becker and Hu, 2008; Festa et al., 2006; Walker et al., 2012). 
Similar considerations are viable as regard the noradrenergic system. 
Female Wistar rats show larger LC containing more NE neurons than 
males (Pinos et al., 2001), while the opposite was found in adult 
C57BL/6 J mice, with females showing less NE cells and a higher LC 
excitability than males (Mariscal et al., 2023). Moreover, estrogens 
participate in the regulation of NE synthesis and degradation (Serova 
et al., 2002; Jiang et al., 2003), and treatment with estradiol in ovari
ectomized rats was shown to increase NE levels in brain regions (Alfinito 
et al., 2009; Lubbers et al., 2010). On the other hand, some studies 
suggested that estrogens tend to decrease both α- and β- adrenoceptors 
(Ansonoff and Etgen, 2001; Meitzen et al., 2013). Taking these notions 
into account, it is possible that sensitivity of male and female subjects to 
behavioural effects are driven by these variations between the two sexes.

4.2. Pharmacokinetic study

The analysis of urine samples showed the production of the same 
metabolites of α-PHP in both mice sexes. Notably, urine concentrations 
of α-PHP measured in mice fit in the range reported for human 
(1–300 µg/ml; Beck et al., 2018). Furthermore, our results are consistent 
with those obtained by a recent in vitro study on human hepatocytes 
(Carlier et al., 2020). In vivo studies on human subjects’ urine led to the 
identification of 19 phase I metabolites and 9 glucuronide conjugates. 
Among these, a β-keto-reduced alcohol metabolite and glucuronidated 
ß-keto-reduced alcohols were the most represented (Paul et al., 2015; 
Matsuta et al., 2018). In a more recent study, Grapp and colleagues re
ported dihydroxypyrrolidinyl-α-PHP, dihydro-α-PHP, 2’-oxo-dihy
dro-α-PHP and 2’-oxo-α-PHP as the most prevalent metabolites in urine 
after comsumption of α-PHP (Grapp et al., 2023). Currently there is no 
information on the activity of α-PHP metabolites, but Lenzi and col
leagues recently reported their mutagenic capability, revealing the po
tential toxicity of this compound (Lenzi et al., 2021). Of note, several 
authors (Tseng et al., 2004; Chan et al., 2008; Fonsart et al., 2009; 
Massano et al., 2023) carried out investigations on the sex-based dif
ferences of pharmacokinetics of drugs in murine model, including psy
chostimulants. For instance, it has been demonstrated that 
pharmacokinetics, metabolism, and locomotor responses of (+)-meth
amphetamine varies in female and male rats (Milesi-Hallé et al., 2005). 
A study by Hambuchen and colleagues reported differences in phar
macokinetic parameters for (S)-, (R)-, and (R,S)-MDPV in female and 
male rats (Hambuchen et al., 2017). It is also worth to mention a recent 
in vitro study on metabolism of three synthetic cathinones (4-MMC, 
3-MMC, and 2-MMC) which showed significant variations between male 
and female rat, but not human, liver microsomal incubations (Che et al., 
2023).

Our investigation revealed differences in the excretion of the parent 
drug and its metabolites between the two sexes. On this basis, we can 
assume that α-PHP is subject to sexually dimorphic elimination and, 
possibly, metabolism. Indeed, sex can influence all processes of the 
ADME, including metabolism and clearance of CYP’s substrates 
(Gochfeld, 2007), which is relevant since CYP2C9, CYP2C19, CYP3A4, 
and CYP2B6 were found to take part to α-PHP metabolism (Manier et al., 
2018). Possibly, males tend to eliminate through urine α-PHP mostly in 
unchanged form, whereas females perform a more extensive meta
bolism, as suggested by the higher levels of Diidro-OH-α-PHP and 
OH-oxo-α-PHP. Indeed, these two metabolites, based on the pathway 
postulated by Carlier et al. (2020), are the final products of phase I 
metabolism of α-PHP. This hypothesis could also explain the lower 
concentration of parent drug identified in plasma in female subjects. 
Alternatively, although the lack of significance for the concentration in 
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kidneys, this data could be explained by a major distribution of the 
compound in other body tissues of females. Indeed, drug distribution 
volume is affected by many factors (body composition, percentage of 
adipose tissue, plasma volume, blood flow to organ) in turn influenced 
by sex, and this can result in a sex-tailored distribution of compounds 
(Schwartz, 2003; Gandhi et al., 2004).

The pharmacokinetic study also shows that α-PHP rapidly crosses the 
blood brain barrier (BBB) in concentrations similar between the two 
sexes, and instantly induces its effects, which, as resulted by the 
behavioural study, in some cases are more profound in male than female 
mice, or vice versa. Moreover, some effects (like the impairment of vi
sual placing or the increased locomotory activity) remain for several 
hours after the administration. Despite the results of urine analysis 
suggesting that most of α-PHP is eliminated within the first 4 hours after 
the treatment, the percentage of dose administered excreted is not 
known. Thus, we cannot exclude that α-PHP is still present in brain at 
5 hours after the treatment, inducing its long-lasting effects. Moreover, 
the mechanisms behind α-PHP effects are not completely understood 
and possibly involve the interplay of different systems. In line with this, 
a study by Wojcieszak et al. (2018) showed that pyrovalerone de
rivatives (α-PVP, PV8, PV9) dose-dependently induce an increase in the 
5-HT levels in mouse striatum which is likely secondary to the DA 
elevation. A similar hypothesis can be made for α-PHP, possibly 
explaining the long-term effects.

4.3. Clinical case reports

Presently, we describe α-PHP human poisonings in subjects admitted 
to EDs, inside the NEWS-D Project, from May 2019 to January 2024, 
managed by the PCC. Interestingly, our data showed that, over a 10-year 
evaluated period (January 2014 – January 2024), all intoxications were 
recorded in the last 5 years, starting from May 2019, involving only male 
subjects, often experienced α-PHP in sexual context and with a history of 
NPS use. Notably, any case involving α-PHP was documented in the 
period between 2014 and 2018. A total of 7 analytically confirmed 
α-PHP poisonings are currently reported. Relevantly, all reported re
cords were intentional non-fatal intoxications, involving α-PHP, 
consumed either alone or, in almost all cases, in combination with other 
NPS and/or conventional drugs.

As a matter of fact, the drug market is growing exponentially 
worldwide, continuously offering emerging newly synthetized sub
stances, while others fade over time (Karila et al., 2015; German et al., 
2014; Miliano et al., 2016; Zawilska and Wojcieszak, 2019; EMCDDA, 
2022). Based on this notion and considering that our data reported 
α-PHP use exclusively during last five years, we can reasonably 
hypothesise the occurrence of a change in the consumption trends, in 
which α-PHP could have replace other “older” substances, for example 
α-PVP (Klavž et al., 2016; Umebachi et al., 2016; Karila et al., 2018; 
Taffe et al., 2021).

Also, the reported cases evidence the prevalence of Chemsex phe
nomenon among males, namely the voluntary intake of psychoactive 
drugs, e.g. synthetic cathinones (SCs), in the context of recreational 
settings, as sexually disinhibiting substances to ease and enhance sexual 
experience with other men, often linked to a high rate of HIV infection 
(Giorgetti et al., 2017; Nimbi et al., 2020; Amundsen et al., 2023).

Examining our case records, representative toxidromes were docu
mented, characterized by toxicity signs/symptoms: (i) behavioural/ 
neuropsychiatric (psychomotor agitation, psychosis, aggressiveness), 
including alteration in sensory domain (auditor and visive hallucina
tions), (ii) cardiovascular/respiratory (hypertension, tachycardia, 
tachypnoea) and peripheral (hyperthermia, rhabdomyolysis). These 
findings are in line with existing literature data, describing synthetic 
cathinones (SCs) intoxications (Karila et al., 2016; Klavž et al., 2016; 
Umebachi et al., 2016; Beck et al., 2018; Leyrer-Jackson et al., 2019; 
Grapp et al., 2020; Barbic et al., 2022; Daziani et al., 2023; Arillotta 
et al., 2024). Nonetheless, the α-PHP-induced toxicity is still poorly 

known, and further in-depth investigations are necessary to assess sex- 
and gender-related effects (Fattore et al., 2020).

5. Gender implication and conclusions

Our data highlight a potential sex-difference in the effects induced by 
α-PHP in mice, despite the similar concentration of parent drug found in 
brain after the treatment with 30 mg/kg. Moreover, the pharmacoki
netic study suggests a different excretion/metabolism profile in males 
and females. Preclinical evidence in the literature showed that female 
rats developed more anxiety (Daniel and Hughes, 2016), more loco
motor activity, and more stereotypical behaviour (Milesi-Hallé et al., 
2007) following the treatment with stimulants. On the cardiovascular 
system, despite the natural cathinone (Khat) did not induce different 
effects between male and female rats (Alsufyani and Docherty, 2016), 
the administration of MDPV induced longer lasting and more potent 
effects in male rats (McClenahan et al., 2019). In addition, experiments 
on the Conditioned Taste Avoidance and Conditioned Place Preference 
tests conducted on MDPV-treated rats showed a weaker response in fe
male than male subjects, suggesting an increased susceptibility to use of 
MDPV and to develop substance use disorder in female population (King 
et al., 2015). On the other hand, studies conducted on α-PVP have shown 
rewarding effects (measured in the place preference paradigm), stereo
typical behaviours and temperature variations, more in male than fe
male rats (Nelson et al., 2019).

In line with preclinical data, gender and sex differences are crucial to 
the clinical implications due to substances assumption. Indeed, the 
physiological (e.g. hormonal level) and physiopathological differences 
could lead to different clinical manifestation in men or in women 
(Fattore et al., 2020). Psychoactive drugs may have different implication 
depending on the sex of the subject (Fattore et al., 2008; Fattore and 
Fratta, 2010; Mendrek and Fattore, 2017). Side effects, sensitivity to 
taken substances (Struik et al., 2018), tolerance and addiction phe
nomenon could vary (Fattore, 2015) leading to a different propensity in 
searching and taking substances. Adult men are more likely than women 
to use drugs, developing more addiction (Buccelli et al., 2016). Despite 
this, women mainly consume tranquilizers and sedatives (EMCDDA, 
2006). Moreover, they tend to more rapidly transit from substance use to 
substance dependence and to experience the side-effects of substance 
use (Harvard Health Publishing, 2010; Fonseca et al., 2021).

Concerning NPS, studies carried out in United States in 2016 high
lighted that male adolescents were more likely to consume synthetic 
cannabinoids and synthetic cathinones than females (Palamar et al., 
2016; Patrick et al., 2016). Data derived from the ESPAD also revealed 
that it is male adolescents who consume more NPS, such as synthetic 
cannabinoids and synthetic cathinones (ESPAD Group, 2020). However, 
there are few pre-clinical and clinical studies that correlate the effects 
induced by NPS to the sex of the subject. Information based on sex dif
ferences related to synthetic cathinones consumption are scarce and not 
completely consistent among studies. It remains not clear why most of 
the reported intake/intoxication cases involved male subjects 
(EMCDDA, 2006; Helander and Bäckberg, 2018; Papa et al., 2021; 
Hashim et al., 2022) and if this is linked to the pattern of use of these 
substances, included the propensity to take risky behaviour (such as 
assumption of higher doses, or polysubstance use; EMCDDA, 2006).

Concerning the presently described case study, it has to be taken into 
consideration that, even though all α-PHP intoxications admitted to EDs 
and managed by the PCC were recorded, the number of our case reports 
is limited, i.e. 7 analytically confirmed α-PHP poisonings occurring in 
the last five years, over a 10-year evaluated period. We may suppose that 
this could be ascribable to (i) transformations of the NPS market and 
relative consuming trends, in which α-PHP could have emerged and 
establish itself, while other “older” substances disappeared over time, 
(ii) diverse factors which might possibly have conditioned/dissuaded 
the subjects who have used NPS to seek emergency medical attention, e. 
g. be afraid to face legal consequences or even underestimate the 
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occurrence of potentially severe health outcomes, and (iii) undervalu
ation of α-PHP poisonings, since other cases, diagnosed as conventional 
drugs intoxications or as unknown drug exposure at hospital admission, 
without request for PCC consultation, are not included.

Also, we are aware of the possible limitation of the preclinical study, 
in which we chose not to perform any manipulation to synchronize the 
estrous cycle of female mice and employed subjects likely at different 
phases of the cycle, mimicking as close as possible the overall female 
population. In conclusion, our results taken together highlight the need 
to start more investigation to explore the mechanisms responsible for the 
peculiar behavioral, physiologic, and sensorimotor effects produced by 
α-PHP in male and female mice, and further studies are needed to assess 
the influence of sex hormones on the effects of α-PHP and its related 
pyrovalerone derivates.
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