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A B S T R A C T   

Background: Several new Synthetic Cannabinoids have appeared each year since their introduction into the illicit 
drug market as recreational drugs. Among these, naphtalen-1-yl-(1-pentylindol-3-yl) methanone (JWH-018) is 
one of the most detected compounds in biological samples from patients involved in intoxication or death cases. 
Furthermore, consumption of JWH-018 has been linked to several cases of Driving Under the Influence of Drugs 
(DUID) suggesting that effects induced by this compound can affect individuals’ ability to drive. 
Methods: Given the high spread of polydrug consumption and the wide number of alcohol-related traffic acci
dents, this study aims to investigate the acute effects induced by co-administration of JWH-018 with ethanol on 
sensorimotor and motor responses, grip strength and memory functions in CD-1 male mice. Acute impairments 
induced by JWH-018 and ethanol alone have also been investigated, in order to compare their effects with that 
induced by their concurrent administration. 
Results: In vivo behavioral experiments revealed a worsening of the cognitive and sensorimotor disruption after 
the co-administration of JWH-018 with ethanol compared to single compounds. 
Conclusions: These animal-based findings suggest a potential increased impairment on psychomotor perfor
mances which could be related to driving abilities posed by poly-drug consumption involving SCs and ethanol.   

1. Introduction 

Over the last years, emerging Novel Psychoactive Substances (NPS) 
in the illicit drugs market have been steadily on rise (Luethi and Liechti, 
2020). A large number of NPS is seized every year in European countries 
and, among these, Synthetic Cannabinoids (SCs) currently dominate 
seizures, continuing to emerge and resulting in severe risks for public 
health and regulatory systems (EMCDDA, 2022). Those are usually 
consumed for their cannabis-like effects, owed to their action on 
cannabinoid receptors. Nevertheless, they display greater affinity for 

such receptors with respect to the main psychoactive component of 
Cannabis sativa plant delta-9-tetrahydrocannabinol (Δ9-THC; Alves 
et al., 2020). Therefore, their consumption has been linked to high po
tential risk of intoxication due to their pharmacological effects (Cohen 
and Weinstein, 2018; Adamowicz et al., 2019; Tamama and Lynch, 
2020; Giorgetti et al., 2021). SCs or synthetic cannabinoid receptors 
agonists (SCRAs) are usually sold online under different brand names 
such as ‘Spice’, ‘K2’ or ‘Magic gold’, and include a wide range of com
pounds (Poklis et al., 2012; EMCDDA, 2017). They have been first 
identified as recreational drugs in 2008 (Auwärter et al., 2009) and the 
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well-known JWH-018 is considered as the first SC detected in herbal 
smoking products in Europe (Fattore and Fratta, 2011; EMCDDA, 2017). 
JWH-018 is a napthoylindole that retains nanomolar affinity for CB1 
cannabinoid receptors (Ki=9.5+4.5 nM; Huffman and Padgett, 2005). It 
is still present on the illicit market (Vučinić et al., 2018; Oberenko et al., 
2019) and has been involved in several intoxication and death cases. 
Noteworthy, recent in vitro (Fietzke et al., 2016) and in vivo (Tirri et al., 
2022) metabolic studies have shown it as active metabolite of the syn
thetic cannabinoid JWH-175. Alone or with other psychoactive sub
stances JWH-018 has been related to adverse effects, among which 
anxiety, palpitations, tachycardia, convulsions, and death (Simmons 
et al., 2011; Schneir and Baumbacher, 2012; EMCDDA, 2017; Darke 
et al., 2020; Giorgetti et al., 2020). 

Moreover, it has been pointed out that intoxication by this substance 
can lead to cognitive and psychomotor impairment (Theunissen et al., 
2021; Orazietti et al., 2022). In fact, JWH-018 has been detected in 
biological samples of drivers involved in cases of Driving Under the 
Influence of Drugs (DUID) (Musshoff et al., 2014; Tuv et al., 2014; 
Karinen et al., 2015). 

Driving under the influence of psychoactive substances has been 
among the most significant issues for road safety over the decade 
(EMCDDA, 2012; Ji Kwon and Han, 2019). Particularly, SCs were 
mainly reported in DUID cases registered in several European countries 
between 2013 and 2018 (Jaenicke et al., 2014; Tuv et al., 2014; Ji Kwon 
and Han, 2019) and JWH-018 has been one of the most detected com
pounds (Tuv et al., 2014). On the other hand, driving under the influ
ence of alcohol or alcohol combined with other psychoactive substances 
have been considered as the leading causes of road accidents in the past 
years (WHO, 2018; Ji Kwon and Han, 2019). Already in the early 2000 s, 
the constantly increasing number of fatal events due to polydrugs con
sumption was pointed out and alcohol and cannabinoids accounted for 
more than the 50% of reported combinations of drugs used for recrea
tional purposes on the same night (EMCDDA, 2002). In line with this, 
the recent report states that poly-consumption is a currently common 
behavior. However, the wide-ranging trends of consumption (from oc
casional to chronic) make the evaluation of this phenomenon a chal
lenging issue (EMCDDA, 2021). Moreover, previous findings highlighted 
the significant spread of poly-drug consumption, which can lead to an 
increased risk of suffering driving-related severe injuries or death (Wille 
et al., 2018). Together with other psychoactive drugs , ethanol has been 
notably identified in biological samples from drivers who tested positive 
for SCs (Musshoff et al., 2014; Tuv et al., 2014; Karinen et al., 2015). 

However, experimental data regarding the effects of SCs on psy
chomotor performances relevant for driving and, especially, on the 
impact of the co-consumption of SCs and other drugs are still lacking 
(Orazietti et al., 2022). Human studies are mostly limited to case reports 
and case series, and often scientific evidence has to be drawn, with all 
the possible limitations, from preclinical studies (Orazietti et al., 2022), 
Effects and adverse effects typically induced by SCs are also depending 
on their metabolic features. To date, JWH-018 metabolites which retains 
high activity for both cannabinoid CB1 (Brents et al., 2011) and CB2 
(Rajasekaran et al., 2013) receptors have been identified. On the other 
hand, Seely and colleagues demonstrated that a major glucuronidated 
metabolite of JWH-018 antagonizes parent drug activity on CB1 re
ceptors (Seely et al., 2012). Thus, it could be relevant to better evaluate 
the potential toxicity of these compounds alone or combined with other 
psychoactive substances since further studies have also shown SCs 
interaction with drug-metabolizing enzyme CYP450 and transporters 
activity (Kong et al., 2018; Kim et al., 2020). Along with these findings, 
preclinical studies have previously pointed out that JWH-018 and its 
halogenated derivatives impaired sensorimotor and motor responses, as 
well as affected physiological conditions and short- and long-term 
working memory in mice (Ossato et al., 2015; Barbieri et al., 2016; 
Bilel et al., 2020). Despite this, the lack of information on how SCs and 
poly-drug consumption possibly impact on road safety should be 
considered. Moreover, global epidemiological data concerning the 

Alcohol Use Disorder (AUD) state a higher average previous year and 
lifetime prevalence for male (3.6% and 14.1% respectively) than female 
(0.9% and 3.4% respectively) for all countries (Glantz et al., 2020). 
Again, the lifetime prevalence of use of SCs estimated in surveys among 
young adults in Europe is higher for men (3.5%) than women (2.7%; 
ESPAD, 2019). In line with these findings, previous reports reveal that 
male patients (78%) have required emergency room assistance in the 
past decades more frequently than female patients (22%) after suffering 
from SCs-related intoxications (Bush and Woodwell, 2014). Indeed, a 
recent review article has assessed a higher prevalence for Driving Under 
the Influence (DUI) of cannabinoids among male (3.5%) respect to fe
male drivers (1.6%; Pelletti et al., 2022). Noteworthy, this agrees with a 
significant different gender distribution highlighted in cases of DUID 
registered by a case control study concerning Norway. In particular, 
88.6% of the total cases considered involved men (Jamt et al., 2019). 
Relying on these findings the risk of suffering from intoxication or injury 
related to the use of these compounds appears greater for men. Thereby, 
since 35% of recent fatal road accidents have been associated with 
alcohol consumption (WHO, 2018), the purpose of this study is the 
investigation of acute effects induced by combined administration of 
JWH-018 and ethanol on sensorimotor and motor responses, grip 
strength and short- and long-term working memory of adult male mice. 
Acute impairments induced by JWH-018 and ethanol alone have been 
investigated, in order to compare them with that induced by their 
concurrent administration. 

2. Materials and methods 

2.1. Animals 

Male ICR (CD-1®) mice, 3–4 months old, weighing 25–30 gr 
(ENVIGO Harlan Italy, Italy), were group-housed (8–10 mice per cage; 
floor area/animal: 80 cm2; minimum enclosure height: 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. 
Experimental protocols were performed in accordance with the Euro
pean Communities Council Directive of September 2010 (2010/63/EU) 
a revision of the Directive 86/609/EEC were approved by the Ethics 
Committee of the University of Ferrara and by Italian Ministry of Health 
(license n◦ 223/2021-PR and extension CBCC2.46.EXT.21). Adequate 
measures were taken to reduce the number of employed animals and 
their pain and discomfort. In the analysis of behavioral (sensorimotor 
and motor) responses for each treatment [vehicle, EtOH (0.1 g/kg), and 
co-administration of 2 different JWH-018 doses (0.01 and 0.1 mg/kg) 
with ethanol: 8 mice; 2 different dosages of JWH-018 (0.01 and 0.1 mg/ 
kg): 6 mice] and memory performance for each treatment [vehicle, 
EtOH (0.1 g/kg), 2 different dosages of JWH-018 (0.01 and 0.1 mg/kg), 
and co-administration of 2 different JWH-018 doses (0.01 and 0.1 mg/ 
kg) with ethanol: 8 mice] a total number of 92 mice were used. 

2.2. Drug preparation and dose selection 

Ethanol was purchased from BioUltra (ethanol for molecular biology, 
≥99.8%; Sigma-Aldrich) and was diluted with saline solution (0.9% 
NaCl; Eurospital, S.p.A, Italy) to obtain a dose of 0.1 g/kg (De Giorgio 
et al., 2021) and administered by using oral gavage (o.g.) needles at a 
volume of 4 μl/gr (Arfè et al., 2021). JWH-018 was purchased from LGC 
Standards (LGC Standards, Milan, Italy). The compound was initially 
dissolved in absolute ethanol (final concentration: 2%) and Tween 80 
(2%) and brought to the final volume with saline (0.9% p/v NaCl) and 
the solution made with ethanol, Tween 80 and saline was also used as 
vehicle. JWH-018 was administered by intraperitoneal injection (i.p.) at 
a volume of 4 μl/gr. In order to compare the effect of treatments, doses 
of JWH-018 (0.01 and 0.1 mg/kg; i.p.) and ethanol (0.1 g/kg; o.g.) were 
chosen using interspecies dose scaling (Nair and Jacob, 2016) and 
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basing on our previous studies (Ossato et al., 2015; Bilel et al., 2020; 
De-Giorgio et al., 2021). Mice treated with co-administration of 
JWH-018 and ethanol received an oral gavage dosing and, 10 min later, 
an intraperitoneal injection. Likewise, the vehicle group received saline 
by oral gavage and, 10 min later, saline by intraperitoneal injection. The 
following regimen was tested: saline alone, ethanol alone at a dosage of 
0.1 g/kg, JWH-018 alone at dosages of 0.01 and 0.1 mg/kg, 0.1 g/kg 
ethanol + 0.01 mg/kg JWH-018, and 0.1 g/kg ethanol + 0.1 mg/kg 
JWH-018. 

2.3. Behavioral tests 

In the present study, effect induced by JWH-018 and ethanol on 
sensorimotor responses was investigated using a battery of behavioral 
tests widely used in studies of "safety-pharmacology" and routinely 
adopted in our laboratory for the preclinical characterization of new 
molecules in rodents (Ossato et al., 2015; Bilel et al., 2020; Arfè et al., 
2021). Voluntary and involuntary motor responses of the animal to 
different visual, acoustic, and tactile stimuli were evaluated according to 
the procedure previously described by Ossato et al., 2015. To reduce the 
number of animals used, mice were evaluated in functional observa
tional tests carried out in a consecutive manner according to the 
following time scheme: observation of visual object responses (frontal 
and lateral view), acoustic response, tactile response (vibrissae, corneal, 
and pinnae reflexes) and visual placing response. Behavioral tests were 
conducted in a thermostated (temperature: 20–22 ◦C, humidity: 
45–55%) and light (150 lux) controlled room with a background noise of 
40 ± 4 dB. The apparatus for the visual object, acoustic and tactile 
sensorimotor tests consisted of an experimental chamber (350 
×350×350 mm) with black methacrylate walls and a transparent front 
door. During the week before the experiment, each mouse was placed in 
the box and handled (once a day) every other day, i.e. 3 times, to get 
used to both the environment and the experimenter. To avoid mice ol
factory cues, cages were carefully cleaned with a dilute (5%) ethanol 
solution and rinsed with water. All experiments were performed be
tween 8:30 AM to 2:00 PM and conducted blindly by trained observers 
working in pairs (Ossato et al., 2015). The behavior of mice was vid
eotaped 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 analyzed 
off-line by a different trained operator. 

2.3.1. Evaluation of the visual response 
Visual response was verified by two behavioral tests which evaluated 

the ability of the animal to capture visual information when the animal 
is stationary (the visual object response) or moving (the visual placing 
response). 

Visual object response test was performed to evaluate the ability of the 
mouse to see an object approaching from the front (frontal view) or the 
side (lateral view) that typically induces the animal to shift or turn the 
head or retreat from it. For the frontal visual response, a white hori
zontal bar was moved frontally to the mouse head and the maneuver 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 (Ossato et al., 2015). 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). Sensorimotor tests were performed at 10, 
30, 60, 120, 180, 240, 300 min, and 24 hrs after administrations. 

Visual Placing response test was performed using a tail suspension 
modified apparatus able to bring down the mouse towards the floor at a 
constant speed of 10 cm/sec (Ossato et al., 2015). 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 analyzed off-line by a trained 

operator who was unaware of the drug treatments performed. The 
analysis frame by frame allows evaluating the beginning of the reaction 
of the mouse while it was approaching the floor. The first movement of 
the mouse when it perceives the floor is the extension of the front legs. 
When the mouse started the reaction, an electronic ruler evaluated the 
perpendicular distance in millimeters between the eyes of the mice to 
the floor. Untreated control mice typically perceive the floor and pre
pare to contact at a distance of about 23.6 ± 4.8 mm. Sensorimotor tests 
were performed at 10, 30, 60, 120, 180, 240, 300 min, and 24 hrs after 
the administrations. 

2.3.2. Evaluation of acoustic response 
Acoustic response measures the reflex of the mouse in response to an 

acoustic stimulus produced behind the animal (Ossato et al., 2015). In 
particular, four acoustic stimuli of different intensity and frequency 
were tested. A snap of the fingers (four snaps repeated in 1.5 sec), a 
sharp click (produced by a metal instrument; four clicks repeated in 
1.5 sec), an acute sound (produced by an audiometer; frequency: 
5.0–5.1 kHz) and a severe sound (produced by an audiometer; fre
quency: 125–150 Hz). Each test was repeated 3 times. 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. Sensorimotor tests were 
performed at 10, 30, 60, 120, 180, 240, 300 min, and 24 hrs after 
administrations. 

2.3.3. Evaluation of tactile response 
Tactile response in the mouse was verified through vibrissae, corneal 

and pinnae reflexes (Ossato et al., 2015). Data is expressed as the sum of 
the three above-mentioned parameters. Vibrissae reflex was evaluated by 
touching vibrissae (right and left) with a thin hypodermic 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 thin hypodermic needle and evaluating the response: the 
score assigned was 1 if the mouse moved only the head, 2 if it only closed 
the eyelid, 3 if it closed the lid and moved the head. The procedure was 
conducted bilaterally (overall score: 6). Pinna reflex was assessed by 
touching pavilions (left and right) with a thin hypodermic 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). Sensorimotor tests were performed at 10, 30, 
60, 120, 180, 240, 300 min, and 24 hrs after administrations. 

2.3.4. Motor activity 
Motor activity alterations were measured performing the Drag test 

and the Accelerod test (Ossato et al., 2015). 
The Drag test measures the ability of the animal to balance the body 

posture with the front legs in response to an externally dynamic stimulus 
(Marti et al., 2005). The mouse was lifted by the tail, leaving the front 
paws on the table and dragged backward at a constant speed of about 
20 cm/s for a fixed distance (100 cm). The number of steps performed by 
each paw was recorded by two different observers. For each animal from 
five to seven measurements were collected. The drag test was performed 
at 45, 70, 105, 160, 220, 280, 340 min, and 24 hrs after administrations. 

The Accelerod test measures different motor parameters, such as 
motor coordination, locomotive ability (akinesia/bradykinesia), bal
ance ability, muscular tone and motivation to run. The animals were 
placed on a rotating cylinder that increases velocity automatically in a 
constant manner (0–60 rotations/min in 5 min). The time spent on the 
cylinder was measured. The accelerod test was performed at 40, 65, 95, 
150, 210, 270, 330 min, and 24 hrs after administrations. 
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2.3.5. Evaluation of skeletal muscle strength (grip strength) 
Grip strength test was used to evaluate the skeletal muscle strength of 

mice (Arfè et al., 2021). The grip strength apparatus (ZP-50 N, IMADA) 
is consisted of a wire grid (5 × 5 cm) connected to an isometric force 
transducer (dynamometer). Mice were held by their tails and allowed to 
grasp the grid with their forepaws, to perform the test. Then, mice were 
gently pulled backward by the tail until the grid was released. The 
average force exerted by each mouse before losing its grip was recorded. 
The mean average force was then determined calculating the mean of 
three measurements for each animal. The skeletal muscle strength is 
expressed as gram force (gf), recorded and processed using IMADA 
ZP-Recorder software. Grip strength was measured at 0, 15, 35, 70, 125, 
185, 245, 305 min, and 24 hrs after administrations. 

2.3.6. Novel Object Recognition test 
The NOR test represents a ‘‘pure’’ working memory task entirely 

based on the spontaneous exploratory behavior of rodents towards ob
jects (Ennaceur and Meliani, 1992; Ennaceur et al., 1997). Procedure 
consists of three phases defined as habituation, familiarization and 
choice (Antunes and Biala, 2012; Barbieri et al., 2016). During the 
habituation phase, each animal was placed into the NOR chamber (a 
square open field 60 cm×60 cm x 40 cm, dark PVC plastic box) located 
in a dimly lit (50 lux), sound-attenuated and acclimatized room. Mice 
were allowed to freely explore the box for 20 min/day for three days and 
no objects were placed in during this trial. Twenty-four hours after the 
last habituation trial, the familiarization phase was performed by 
placing the mouse in the field in which two identical objects (A, A) were 
disposed on adjacent corners approximately 6 cm from the walls. Mice 
were placed at the mid-point of the wall opposite to the objects and 
allowed to explore them for 15 min. After 15 min from the familiariza
tion phase, mice were injected with vehicle or drugs and two consecu
tive choice sections were performed 2 hrs (short-term memory) and 24 
hrs (long-term memory) after the administration. During the choice trial 
performed 2 hrs after the injection, one of the two familiar objects (A) 
was replaced with a new one (novel; B), which was different in shape, 
dimension and color. Each mouse was then placed in the apparatus and 
allowed to freely explore the objects (A and B) for 5 min. During the 
choice trial performed 24 hrs after the injection, the mice explored the 
open field for 5 min in the presence of one familiar (A) and one novel 
object (C, different from B). Exploration was defined as the time (sec) 
during which the mouse nose was in touch with the object or directed 
toward it at a close distance (~2 cm). Turning around the object was not 
considered as exploratory behavior. All experimental trials were per
formed using the ANY-maze video tracking system (Ugo Basile, appli
cation version 4.99 g Beta) and subsequently analyzed by an observer 
blind to the mouse treatment and to which object was the novel or 
displaced one (Barbieri et al., 2016). Exploration time of familiar (A) 
and novel (B) object was detected. The novel object preference was 
quantified as Recognition Index (RI) calculated as: (novel B - familiar 
A)/(novel B - familiar A). Scores approaching zero reflects no preference 
(impairment of recognition memory), positive values reflect preference 
for the novel object (good recognition memory) while negative numbers 
reflect preference for the familiar one (impairment of recognition 
memory). Moreover, the total exploration time (sec) spent by the animal 
during the choice phase performed 2 hrs (familiar A - novel B) and 24 hrs 
(familiar A - novel C) after the injection was calculated to investigate the 
effect of drugs on object exploration. During both choice trials, executed 
2 and 24 hrs after administration, spatial memory has been also evalu
ated. After each above-mentioned choice sections, identical objects 
previously employed in the familiarization phases were placed in the 
open-field arena, but one of them was displaced from the original po
sition (Williams et al., 2007). Mice were then tested, and displaced ob
ject preference and total exploration time were quantified as described 
for novel object recognition. Seven sets of novel and familiar objects of 
different material (plastic, glass or ceramic), shape (cube, parallelepiped 
and cylinder), dimension (height: 3×8 cm; width: 6×8) and color (light 

yellow, red and blue) were employed. To prevent object material from 
interfering with mouse preference, objects of different material (plastic, 
glass or ceramic) were randomly used and the use of plastic, glass or 
ceramic objects were balanced among the different groups (doses and 
drugs). The set of objects used in the familiarization phase (two identical 
A, A objects) was used in the subsequent vehicle/drug conditions 2 and 
24 hrs after the administration. The choice of object for novel or familiar 
was counter balanced and the position of each object was also alternated 
between trials to avoid any misinterpretation of data. Objects weight 
enough to not be displaced by mice. To avoid mice olfactory cues, ob
jects and apparatus were carefully cleaned with a dilute (5%) ethanol 
solution and rinsed with water between each animal trials and also 
between familiarization and choice (executed 2 and 24 hrs after the 
familiarization phase) phases. Animals that spent less than 10 s 
exploring both objects were excluded from the study and replaced by 
other animals. 

2.4. Statistical analysis 

In behavioral response experiments data are expressed in arbitrary 
units (visual objects response, acoustic response, overall tactile reflex) 
and percentage of baseline (visual placing response, drag, rotarod and 
grip strength tests). All data are shown as mean ± SEM of 6 or 8 inde
pendent experimental replications. Statistical analysis of the effects of 
each compound at different concentrations over time (Figs. 1A, C,2A, 
C,3A, C and D) was performed by two-way ANOVA followed by Bon
ferroni’s post hoc test for multiple comparisons. Analysis of the total 
average effect induced between 0 and 110–135 min (T1), and between 
145 and 350 min (T2) by treatments (Figs. 1B, D, 2C, D and 3B) was 
performed with one-way ANOVA followed by Tukey’s post hoc test for 
multiple comparisons. Statistical analyses were performed using the 
program Prism software (GraphPad Prism, San Diego CA). 

3. Results 

3.1. Evaluation of the visual object response 

Visual object response did not change in vehicle-treated mice 
(Fig. 1A) and effect was similar to that observed in naïve untreated 
animals (data not shown). Ethanol alone did not affect the visual 
response of mice (Fig. 1A and B). Systemic administration of JWH-018 
(0.01 and 0.1 mg/kg; i.p.) and its co-administration with ethanol 
(0.1 g/kg; o.g.) reduced the visual object response in mice (Fig. 1A; 
significant effect of treatment (F40,360=5.977, p<0.0001), time 
(F8360=133.1, p<0.0001) and time x treatment interaction 
(F5360=89.52, p<0.0001)). Specifically, 0.01 mg/kg of JWH-018 
induced an inhibitory effect during the first 30 min, while the effect 
induced by the dose of 0.1 mg/kg persisted up to 60 min. Similarly, co- 
administration of 0.01 mg/kg of JWH-018 with ethanol produced a 
significant impairment up to 60 min. Otherwise, effects induced by the 
co-administration of the high dose of JWH-018 with ethanol persisted up 
to 180 minutes. Noteworthy, the effect did not persist up to 24 hrs. Total 
average effect across fixed time periods (T1: from 0 to 110–135 min; T2: 
from 145 to 350 min) were then considered, to evaluate the duration of 
effect. High dose of JWH-018 (0.1 mg/kg; i.p.) alone and JWH-018 (0.01 
and 0.1 mg/kg; i.p.) co-administration with ethanol decreased the visual 
object response, during T1 (Fig. 1B; significant effect of treatment 
(F5,40=34.47, p<0.0001)). Only co-administration of the high dose 
tested of JWH-018 (0.1 mg/kg; i.p.) with ethanol impaired visual 
response, during T2 (Fig. 1B, significant effect of treatment 
(F5,40=8.538, p<0.0001)). 

3.2. Evaluation of the visual placing response 

Visual placing response did not change in vehicle-treated mice 
(Fig. 1C) and effect was similar to that observed in naïve untreated 
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animals (data not shown). JWH-018 (0.01 and 0.1 mg/kg; i.p.), ethanol 
(0.1 g/kg; o.g.) and their co-administration long lastingly inhibited the 
visual placing response in mice up to 315 min (Fig. 1C; significant effect 
of treatment (F40.360=5.882, p<0.0001), time (F8360=64.73, p<0.0001) 
and time x treatment interaction (F5360=58.48, p<0.0001)). Note
worthy, the effect did not persist up to 24 hrs. 

Ethanol (0.1 g/kg), JWH-018 (0.01 and 0.1 mg/kg; i.p.) and their co- 
administration long lastingly inhibited the visual placing response of 
mice, during T1 (Fig. 1D; significant effect of treatment (F5,40=13.46, 
p<0.0001)). Co-administration of JWH-018 (0.01 and 0.1 mg/kg; i.p.) 
and ethanol induced impaired visual response, during T2 (Fig. 1D; sig
nificant effect of treatment (F5,40=8.700, p<0.0001)). 

3.3. Evaluation of the acoustic response 

Acoustic response did not change in vehicle-treated mice (Fig. 2A) 
and effect was similar to that observed in naïve untreated animals (data 
not shown). Ethanol alone did not affect the acoustic response of mice 
(Fig. 2A and B). Systemic administration of JWH-018 (0.01 and 0.1 mg/ 
kg; i.p.) and its co-administration with ethanol (0.1 g/kg; o.g.) tran
siently inhibited the acoustic response in mice (Fig. 2A, significant effect 
of treatment (F40,360=5.796, p<0.0001), time (F8360=47.88, p<0.0001) 
and time x treatment interaction (F5360=32.33, p<0.0001)). In partic
ular, JWH-018 alone and co-administration of 0.01 mg/kg of JWH-018 
with ethanol reduced responses up to 60 min. Otherwise, effects induced 

by the co-administration of high dose of JWH-018 (0.1 mg/kg; i.p.) with 
ethanol persisted up to 120 min. Noteworthy, the effect did not persist 
up to 24 hrs. 

Both JWH-018 (0.01 and 0.1 mg/kg; i.p.) alone and its co- 
administration with ethanol impaired acoustic response of mice, dur
ing T1 (Fig. 2B, significant effect of treatment (F5,40=16.82, p<0.0001)). 
On the other hand, JWH-018 and its co-administration with ethanol did 
not affect the acoustic response of mice during T2. 

3.4. Evaluation of the overall tactile reflex 

Overall tactile reflex did not change in vehicle-treated mice (Fig. 2C) 
and effect was similar to that observed in naïve untreated animals (data 
not shown). Ethanol alone did not alter overall tactile responses of mice 
(Fig. 2A and B). Systemic administration of JWH-018 (0.01 and 0.1 mg/ 
kg; i.p.) and its co-administration with ethanol (0.1 g/kg; o.g.) promptly 
and transiently inhibited overall tactile reflexes (Fig. 2C; significant 
effect of treatment (F40,360=7.102, p<0.0001), time (F8360=49.81, 
p<0.0001) and time x treatment interaction (F5360=49.87, p<0.0001)). 
In particular, JWH-018 alone and co-administration of 0.01 mg/kg of 
JWH-018 with ethanol reduced responses up to 60 min. Otherwise, ef
fects induced by the co-administration of high dose of JWH-018 
(0.1 mg/kg; i.p.) with ethanol persisted up to 180 min. Noteworthy, 
the effect did not persist up to 24 hrs. 

High dose of JWH-018 (0.1 mg/kg; i.p.) and its co-administration 

Fig. 1. Effect of ethanol (0.1 g/kg), JWH-018 (0.01 and 0.1 mg/kg) and co-administration of the two substances on the visual object test (A) and visual placing test 
(C) in mice; total average effect of ethanol, JWH-018 and co-administration of the two substances on the visual object test (B) and visual placing test (D), between 
0 and 110–135 min (T1), and between 145 and 350 min (T2). Data are expressed as arbitrary units (a.u.; visual object test) or percentage of the baseline (visual 
placing test) and represent the mean + SEM of 6 or 8 determinations for each treatment. Statistical analysis was performed by two-way ANOVA followed by 
Bonferroni’s test (A and C) for multiple comparison for the dose-response curve of each compound at different time-points. The analysis of the mean overall effect 
induced by each compound and substances co-administration were performed with one-way ANOVA followed by Tukey’s test (B and D). *p < 0.05, **p < 0.01, ***p 
< 0.001 versus vehicle; 

◦◦

p < 0.01, 
◦◦◦

p < 0.001 versus JWH-018 alone; #p < 0.05 versus ethanol + JWH-018 (0.01 mg/kg). 
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with ethanol impaired responses of mice, during T1 (Fig. 2D; significant 
effect of treatment (F5,40=7.990, p<0.0001)). On the other hand, JWH- 
018 and its co-administration with ethanol did not alter the overall 
tactile response during T2 (Fig. 2B, significant effect of treatment 
(F5,40=2.662, p=0.0361)). 

3.5. Evaluation of number of steps 

Number of steps remains unchanged in vehicle-treated mice over the 
5 hrs observation (Fig. 3A) and effect was similar to that observed in 
naïve untreated animals (data not shown). Ethanol alone, JWH-018 
alone and co-administration of 0.01 mg/kg of JWH-018 with ethanol 
did not alter the number of steps (Fig. 3A and B). Systemic adminis
tration of the high dose of JWH-018 (0.1 mg/kg; i.p.) with ethanol 
(0.1 g/kg; o.g.) reduced the number of steps between 50 and 110 min 
(Fig. 3A; significant effect of treatment (F40,360=0.6530, p<0.9497), 
time (F8360=3.140, p=0.0019) and time x treatment interaction 
(F5360=3.655, p=0.0031)). Noteworthy, the effect did not persist up to 
24 hrs. 

Co-administration of the high dose of JWH-018 (0.1 mg/kg; i.p.) 
with ethanol induced a significant decrease of the number of steps 
during T1 (Fig. 3B, significant effect of treatment (F5,40=6.782, 
p=0.0001)), but the effect did not persist up to T2. 

3.6. Evaluation of grip strength 

Grip strength did not change in vehicle-treated mice (Fig. 3C) and 
effect was similar to that observed in naïve untreated animals (data not 
shown). Ethanol (0.1 g/kg; o.g.) alone, JWH-018 (0.01 and 0.1 mg/kg; i. 
p.) or their co-administration did not affect the muscular strength of 

mice (Fig. 3C). 

3.7. Evaluation of time on rod 

Time on rod did not change in vehicle-treated mice over the 5 hrs 
observation (Fig. 3D) and effect was similar to that observed in naïve 
untreated animals (data not shown). Ethanol (0.1 g/kg; o.g.) alone, 
JWH-018 (0.01 and 0.1 mg/kg; i.p.) alone and its co-administration did 
not affect time on rod (Fig. 3D). 

3.8. Evaluation of Novel Object Recognition 

In order to evaluate the effect on the object and spatial memory 
retention in mice, Novel Object Recognition (NOR) test was performed 
(Barbieri et al., 2016). During the familiarization phase, time spent by 
mice investigating the objects did not change (data not shown). There 
was no difference between vehicle-treated and control mice in the NOR 
test (data not shown). As indicated by the Recognition Index (RI) values, 
object memory was affected both 2 (Fig. 4A; significant effect of treat
ment (F5,42=25.82, p<0.0001)) and 24 hrs (Fig. 4A; significant effect of 
treatment (F5,42=20.97, p<0.0001)) after the administration of the high 
dose of JWH-018 (0.1 mg/kg; i.p.) alone or JWH-018 (0.01 and 
0.1 mg/kg; i.p.) co-administration with ethanol (0.1 g/kg). Similarly, 
spatial memory was affected both 2 (Fig. 4C; significant effect of treat
ment (F5,42=25.78, p<0.0001)) and 24 hrs (Fig. 4C; significant effect of 
treatment (F5,42=13.56, p<0.0001)) from the administration of the high 
dose of JWH-018 or co-administration of JWH-018 (0.01 and 0.1 mg/kg; 
i.p.) with ethanol (0.1 g/kg). 

The Total Object Exploration (TOE) time was then calculated to 
investigate the effects of treatment on mice ability to explore the objects 

Fig. 2. Effect of ethanol (0.1 g/kg), JWH-018 (0.01 and 0.1 mg/kg) and co-administration of the two substances on the acoustic (A) and overall tactile response (C) 
in mice; total average effect of ethanol, JWH-018 and co-administration of the two substances on the acoustic (B) and overall tactile response (D), between 0 and 
110–135 min (T1), and between 145 and 350 min (T2). Data are expressed as arbitrary units (a.u.) and represent the mean + SEM of 6 or 8 determinations for each 
treatment. Statistical analysis was performed by two-way ANOVA followed by Bonferroni’s test (A and C) for multiple comparison for the dose-response curve of each 
compound at different time-points. The analysis of the mean overall effect induced by each compound and substances co-administration were performed with one- 
way ANOVA followed by Tukey’s test (B and D). *p < 0.05, **p < 0.01, ***p < 0.001 versus vehicle; 

◦

p < 0.05, 
◦◦

p < 0.01 versus JWH-018 alone. 
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in the NOR test (Barbieri et al., 2016). TOE did not change in vehicle 
treated mice and effect was similar to that observed in naïve untreated 
animals (data not shown). Concerning the evaluation of the object 
memory, ethanol alone, JWH-018 alone and their co-administration did 
not affect the TOE time 2 and 24 hrs after administration (Fig. 4B). 
Similarly, tested compounds and their co-administration did not affect 
TOE time related to spatial memory 2 and 24 hrs after administration 
(Fig. 4D). 

4. Discussion 

The present study shows that a low ethanol dose, ineffective by itself 
on most of the behavioral parameters used, enhanced the effects of JWH- 
018 on sensorimotor and motor responses, and short- and long-term 
working memory of mice, in a dose-dependent manner. Although it is 
challenging to translate the results of animal experimental studies to the 
humans, both in terms of doses and of psychomotor performances, the 
present research provides evidence of the detrimental effect induced by 
the consumption of SCs combined with other psychoactive substances 
on sensory, motor, and cognitive skills, highlighting their potential 
burden on human health and road safety. JWH-018 and other SCs have 
been linked to impaired driving (Yeakel and Logan, 2013; Karinen et al., 
2015) and previous studies have shown that SCs might act on Central 
Nervous System (CNS) possibly affecting reaction time, as well as 

judgment and processing skills (Walsh et al., 2004; Orazietti et al., 
2022). Furthermore, increased frequency of confusion, disorientation 
and incoherence have been noted in drivers after the intake of these 
illicit drugs (Logan et al., 2017), as well as performance impairments in 
driving and non-driving tasks following the intake of both THC and 
ethanol (Ronen et al., 2008, 2010). It is well known that alcohol impairs 
the handling of the vehicle starting from levels lower than 0.05% of 
Blood Alcohol Concentration (BAC; Howat et al., 1991; Moskowitz and 
Fiorentino, 2000; Martin et al., 2013). Specifically, it has been linked to 
its effect on driving-related skills such as information processing, 
memory, response time, divided attention, and spatial perception (Fin
nigan and Hammersley, 1992; Kerr and Hindmarch, 1998; Liu and Ho, 
2010). Since ethanol has been identified in biological samples from 
drivers involved in cases of driving under the influence of SCs (Musshoff 
et al., 2014; Tuv et al., 2014; Karinen et al., 2015), a better under
standing of the potentially dangerous role played by the 
co-administration of these compounds with ethanol is currently needed. 

4.1. Sensorimotor and motor responses 

JWH-018 alone inhibited visual, acoustic, and tactile responses in 
mice. This is in line with our previous studies, showing that low doses of 
JWH-018 (Ossato et al., 2015) and its halogenated derivatives (Bilel 
et al., 2020) impaired sensorimotor functions in mice possibly via 

Fig. 3. Effect of ethanol (0.1 g/kg), JWH-018 (0.01 and 0.1 mg/kg) and co-administration of the two substances on number of steps (A) and grip strength (C) of 
mice; total average effect of ethanol, JWH-018 and co-administration of the two substances on number of steps (B) and grip strength (D) of mice, between 0 and 
110–135 min (T1), and between 145 and 350 min (T2). Data are expressed as percentage of the baseline and represent the mean + SEM of 6 or 8 determinations for 
each treatment. Statistical analysis was performed by two-way ANOVA followed by Bonferroni’s test (A and C) for multiple comparison for the dose-response curve of 
each compound at different time-points. The analysis of the mean overall effect of each compound and their co-administration were performed with one-way ANOVA 
followed by Tukey’s test (B and D). *p < 0.05, **p < 0.01, ***p < 0.001 versus vehicle; 

◦

p < 0.05 versus JWH-018 alone; #p < 0.05 versus ethanol + JWH- 
018 (0.01 mg/kg). 
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stimulating CB1 receptors located in circuitries designated for sensory 
responsiveness (Price et al., 2003; Tzounopoulos et al., 2007; Hemelt 
and Keller., 2008; Gómez-Nieto et al., 2014; Reig and Silberberg., 2014). 

It has been demonstrated that CB1 receptors are located in the dor
somedial striatum of the basal ganglia (Tsou et al., 1998; Marsicano and 
Lutz, 1999), in which visual information is processed in mice (Reig and 
Silberberg, 2014). However, it has been demonstrated that CB1 re
ceptors are also localized in retina of humans (Straiker et al., 1999a; Le 
Boisselier et al., 2017) and rodents (Straiker et al., 1999b; Yazulla et al., 
1999). Therefore, their potential contribution to the SC-induced effect 
on ocular functions and vision itself should be considered (Järvinen 
et al., 2002; Le Boisselier et al., 2017). This is also in line with the 
identification of affected visuospatial functions in cases of DUI of SCs 
(Orazietti et al., 2022). 

Similarly, Gòmez-Nieto and colleagues have pointed out that 
acoustic startle reflex in mice is induced by the activation of three 
serially connected structures that involve the dorsal cochlear nucleus 
(Gòmez-Nieto et al., 2014), in which CB1 receptors are located (Tzou
nopoulos et al., 2007). Furthermore, it has been revealed that endoge
nous cannabinoids (Tzounopoulos et al., 2007; Zhao et al., 2011), as 

well as exogeneous WIN-55,212–2 (Tzounopoulos et al., 2007) can 
modulate short term synaptic plasticity in dorsal cochlear nucleus of 
mice. 

Likewise, both endogenous cannabinoidergic neurotransmission 
(Patel et al., 2002; Ho et al., 2010) and administration of exogenous 
cannabinoids like Δ9-THC (Pietr et al., 2010) and WIN-55,212–2 
(Bereiter et al., 2002) have been shown to modulate responses to sensory 
stimulation in rodents. In line with these findings, further studies have 
stated that CB1 receptors are expressed in the inferior olive, somato
sensory cortex, superior colliculus (Tsou et al., 1998; Cristino et al., 
2006; Hemelt and Keller, 2008) and trigeminal structures (Herkenham 
et al., 1991; Tsou et al., 1998; Price et al., 2003). 

Although ethanol alone appeared to be ineffective in altering almost 
all sensorimotor responses, a prompt and deep inhibition of visual 
placing responses were observed after its administration. This agrees 
with previous studies showing altered visual placing reflexes in ethanol- 
treated neonates (Ciociola and Gautieri, 1988), suggesting the toxic ef
fect induced by ethanol in brain areas involved in processing these 
stimuli. This different response may be due to the different experimental 
conditions among these behavioral tests, since in the visual placing test 

Fig. 4. Effect of ethanol (0.1 g/kg), JWH-018 (0.01 and 0.1 mg/kg) and co-administration of the two substances on Recognition Index (RI), concerning object (A) 
and spatial memory (C), in the NOR test in mice. Compounds given 15 min after the familiarization phase impaired the short- (at 2 hrs) and long- (24 hrs) memory 
recognition in mice. Data are expressed as RI (see materials and methods) and represent the mean + SEM of 8 determinations for each treatment. Statistical analysis 
was performed with one-way ANOVA followed by Tukey’s test. *p < 0.05, **p < 0.01, ***p < 0.001 versus vehicle; 

◦◦

p < 0.01, 
◦◦◦

p < 0.001 versus JWH-018 alone; 
#p < 0.05, ##p < 0.01, ###p < 0.001 versus ethanol + JWH-018 (0.01 mg/kg). Effect of ethanol (0.1 g/kg), JWH-018 (0.01 and 0.1 mg/kg) and co-administration of 
the two substances on Total Object Exploration (TOE), concerning object (B) and spatial memory (D), in the NOR test in mice. Compounds given 15 min after the 
familiarization phase impaired the short- (at 2 hrs) and long- (24 hrs) memory recognition in mice. Data are expressed as absolute values (sec) and represent the mean 
+ SEM of 8 determinations for each treatment. Statistical analysis was performed with one-way ANOVA followed by Tukey’s test. 
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in mice requires the integration of the visual, tactile (from vibrissae 
stimulation), and vestibular functions in order to prepare the correct 
extension movement of the muscles for contact with the ground 
(Lambert et al., 2016). Specifically, vestibule–spinal pathways play a 
crucial role in the control of posture and movement in rodents (Clarac 
et al., 1998; Cullen, 2012; Tosolini and Morris, 2012; Lambert et al., 
2016). This assumption is supported by already pointed out inhibitory 
effects induced by ethanol in vestibular nucleus neurons of rats (Sasa 
et al., 1987; Ishihara et al., 1998). Moreover, both SCs (Barbieri et al., 
2016; Funada et al., 2020) and ethanol (Costardi et al., 2015) admin
istration in rodents have been linked to depressive effects on CNS. In 
fact, SCs (Ossato et al., 2015; Bilel et al., 2020) as well as ethanol (Martin 
et al., 1985; Cronise et al., 2005; Wu et al., 2014) induces similar in vivo 
effects such as impaired sensory information processing, hypo
locomotion and hypothermia. Particularly, Wu and colleagues have 
shown that ethanol disrupts sensory information processing via acti
vating presynaptic CB1 receptors in cerebellar Purkinje cells of mice (Wu 
et al., 2014) possibly explaining the potential interaction between these 
substances. This is in line with our findings (Fig. 5). Moreover, a 
depressant effect on the CNS has been shown in cases of co-consumption 
of ethanol and SCs in humans, with delayed pupillary reaction, slurred 
speech, bradypsychia and somnolence (Giorgetti et al., 2023). 

It is worth noting that co-administration of the high dose of JWH-018 
with ethanol also provoked a transient impairment of the motor func
tions (Drag test) in mice. This observation agrees with a recent study 
showing that synthetic cannabinoids as JWH-018 enhanced ethanol- 
induced disruption of the motor activity in mice (Funada et al., 2020). 
However, neither JWH-018 and ethanol alone nor their concurrent 
administration have exerted a detrimental action on time on rod and 
grip strength at any dose in the present study. This may confirm that 
these psychoactive substances can impair sensorimotor (visual, acoustic 
and tactile responses) and cognitive (working memory) responses at 
dosages that do not induce altered motor activity in mice (Ossato et al., 
2015) and considered as “threshold dosages” by users (Psychonautwiki, 
2023). Thus, the present results suggest that the consumption of ethanol, 

SCs and even more of their combination may contribute to the general 
impairment typically observed in drivers involved in DUID cases (The
unissen et al., 2021; Orazietti et al., 2022). 

It is also plausible that higher doses of ethanol and SCs might affect 
motor abilities although not primarily motor strength. Indeed, impaired 
motor coordination and slow movement, similar to that induced by Δ9- 
THC (Weinstein et al., 2007), are seen in humans after SCs consumption 
(Theunissen et al., 2021) and in DUID cases (Orazietti et al., 2022), and 
impaired motor coordination is reported in cases of co-consumption of 
ethanol and SCs (Giorgetti et al., 2023). 

4.2. Memory functions 

High dose of JWH-018 alone, as well as its co-administration with 
ethanol, altered short- (2 hrs) and long-term (24 hrs) spatial and non- 
spatial working memory in mice. This is in agreement with the detri
mental effect of JWH-018, its halogenated derivatives (Barbieri et al., 
2016) on memory functions, as previously ascertained in mice. Further 
studies have shown that ethanol impairs both spatial (Melchior et al., 
1993; Givens, 1995; White et al., 1997) and non-spatial (Givens, 1996; 
Givens and McMahon, 1997) working memory in rodents. Effects 
induced by both SCs (Sticht et al., 2015; Ito et al., 2019) and ethanol 
(White et al., 2000) on acquisition and retention of memory may be due 
to their pharmacological action on specific brain regions. Indeed, hip
pocampus and contiguous cortical area, including perirhinal cortex, 
have been shown to be involved in normal memory functions (Baxter, 
2010). Specifically, the deleterious effects of both SCs (Basavarajappa 
and Subbanna, 2014) and ethanol (Blitzer et al., 1990; Givens and 
McMahon, 1995; Givens, 1995; Ludvig et al., 1995) on hippocampal 
functions in rodents has been highlighted, suggesting the potential 
interaction between these psychoactive substances in altering cognitive 
functioning. 

Administration of the high dose of JWH-018 and its co- 
administration with ethanol altered RI value in the NOR test 2 and 24 
hrs after the administrations. Therefore, it should be ruled out the 

Fig. 5. Schematic comparison of the progressive appearance of behavioral effects induced by ethanol (1 g/kg), JWH-018 (0.01 and 0.1 mg/kg) and their co- 
administration in CD-1 male mice. 
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assumption that these effects are related to a reduction in locomotor 
activity. Indeed, only the co-administration of the high dose of the tested 
synthetic cannabinoid with ethanol affected the motor performance of 
mice inducing a brief and transient inhibitory effect (starting from 60 up 
to 110 min). Likewise, administration of JWH-018, ethanol, and their 
co-administration provoked sensorimotor impairment in mice, which 
however completely disappeared 24 hrs after the administration. 
Furthermore, neither compounds nor their co-administration affected 
the TOE time. Thus, these data may confirm that cognitive deficits 
induced by ethanol and JWH-018 are likely related to their effects on 
processes involved in memory formation and retention. 

Noteworthy, co-administration of the high dose of JWH-018 with 
ethanol caused a greater exploration of the familiar object respect to the 
new one (RI reversion) 2 hrs after the injections. Tested compounds 
were administered at a sufficient time (15 min) to acquire memory of the 
objects (A, A) during the familiarization phase. Therefore, this could be 
linked to a drug-induced impairment in the already acquired memory 
(Ennaceur, 2010). As previously assumed for JWH-018 and its haloge
nated derivatives (Barbieri et al., 2016), it cannot be ruled out the 
possibility that this effect could be due to the alterations induced by 
these compounds on sensorimotor responses and further studies could 
be required to investigate this point. 

Long-lasting cognitive and sensorimotor impairments have been 
observed in the NOR and visual response tests, after the concurrent 
administration of JWH-018 and ethanol (Fig. 5). These are likely due to 
the pharmacokinetic features of the compounds. In line with this 
assumption, a recent study investigating new metabolites of 5 F-MDMB- 
PINACA, 5 F-MMB-PINACA, and MMB-FUBINACA in the presence of 
ethanol has suggested the potential augmented toxicity linked to co- 
abuse of SCs and alcohol (Wang et al., 2021). 

5. Conclusions 

The present study showed for the first time a worsening of the 
cognitive and sensorimotor impairment following the concurrent 
administration of JWH-018 and ethanol. Tested compounds provoke a 
disruption of sensory information processing, motor activity and short- 
and long-term working memory of mice, that may possibly result in 
impaired driving skills. Taken together, despite the many limitations 
that reside in the translation from animal models to humans, these 
findings suggest that polydrug consumption involving SCs may affect 
psychomotor performances which are related to driving abilities and 
may pose an increased risk for road accidents. Further studies on ani
mals, testing more recent compounds pertaining to the class of SCs and 
combinations with other psychoactive substances, as well as driving- 
simulation studies on humans are needed to confirm this hypothesis. 
Ultimately, the gender influence on the pharmacodynamic and phar
macokinetic profile of psychoactive substances such as ethanol 
(reviewed in Agabio et al., 2017 and Flores-Bonilla and Richardson, 
2020) and SCs (reviewed in Fattore et al., 2020) should be considered 
for further investigation. 
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