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Introduction
Psychedelics are psychoactive substances known for their ability 
to influence perception, mood, and cognitive processes (Nichols, 
2016), now undergoing renewed scientific interest and explora-
tion in the scientific community (Murnane, 2018; Nutt, 2019), 
particularly within their potential therapeutic applications for 
mental health disorders (McClure-Begley and Roth, 2022).

Psilocybin (4-phosphoryloxy-N,N-dimethyltryptamine) has 
emerged as a leading candidate for therapeutic exploration due to 
its unique pharmacological properties. Psilocybin is a naturally 
occurring compound found in certain species of mushrooms, 
which are popularly referred to as “magic mushrooms” (Lowe 
et  al., 2021). As a tryptamine alkaloid, it primarily targets the 
serotonin receptors in the brain, particularly the serotonin 2A 
receptors (5-HT2AR; Madsen et al., 2019). Upon ingestion, psilo-
cybin is rapidly hydrolyzed into psilocin, the active compound 
responsible for its psychoactive effects (Dinis-Oliveira, 2017).

Research has highlighted psilocybin’s potential therapeutic 
benefits for conditions such as depression, anxiety, post-trau-
matic stress, and addiction, both in clinical and preclinical mod-
els (Bruno et al., 2022; Floris et al., 2024; Goodwin et al., 2022; 
Jeanblanc et al., 2024). Additionally, studies suggest that psilocy-
bin can induce profound psychological experiences, potentially 

leading to lasting improvements in mood and perspective 
(Griffiths et al., 2011; McCulloch et al., 2022).

Unlike most other psychoactive drugs, psychedelics like psil-
ocybin seems to do not induce rewarding (Canal and Murnane, 
2017; Nichols, 2016), even if more research including studies of 
conditioned place preference (CPP), intravenous self-administra-
tion, and drug discrimination are needed to completely rule out 
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this risk. Indeed, it is important to note that some research has 
raised concerns about the potential of some psychedelics, such as 
ayahuasca and 3,4-methylenedioxymethamphetamine (MDMA), 
as well as the dissociative anesthetic drug ketamine, to elicit 
rewarding effects; (Cata-Preta et  al., 2018; Contó et  al., 2022; 
Daza-Losada et  al., 2007), which warrants further exploration 
under specific conditions and paradigms.

Fantegrossi et al. (2004) have explored the effects of psyche-
delics, including psilocybin, in monkeys rhesus using the intrave-
nous self-administration, finding only a transient reinforcing 
property of these substances, even if the doses used in these 
experiments were lower than the doses currently used in clinical 
trials. Moreover, the CPP paradigm is a preclinical model com-
monly used to assess the rewarding effects of stimuli in the con-
text of acquisition, expression, and reinstatement, by associating 
a specific environment with drug administration. Reward is indi-
cated by increased time spent in the drug-paired compartment 
(Tzschentke, 1998). Additionally, behavioral assessments during 
the CPP are essential for understanding the cognitive and neuro-
physiological effects of drugs, as well as for further investigation 
of their mechanisms of action (Gevins et al., 2002).

This study aimed to examine whether four administrations of 
psilocybin at high doses on alternate days exhibit rewarding or 
aversive effects using the CPP paradigm, while also evaluating 
behavioral patterns. The absence of CPP or aversion, along with the 
consistent behavioral clustering over time, suggests that psilocybin 
does not produce rewarding or aversive effects. These findings 
strengthen the evidence that psilocybin has a low liability for abuse 
and support its safe and predictable use in therapeutic contexts.

Materials and methods

Animals

Twenty adult male Sprague-Dawley rats (225–340 g; Charles 
River Laboratories) were housed at 22°C with access to food and 
water ad libitum and maintained under a 12 hours light/dark cycle 
(lights on, 7:00 A.M.; lights off, 7:00 P.M.). Rats were housed in 
pairs which received the same treatment. All procedures were 
approved by the McGill University Ethics Committee and are in 
line with the Canadian Institute of Health Research for Animal 
Care and Scientific Use, the Animal Care Committee of McGill 
University (protocol number 5253). All efforts were made to 
minimize animal suffering, and the 3Rs rule (reduce, refine, 
replace) were applied when possible.

Psilocybin

Psilocybin was obtained from Psygen Labs Inc. (Calgary, AB, 
Canada), dissolved in a 0.9% NaCl (saline) solution, and admin-
istered intraperitoneally (i.p.) at a dose of 10 mg/kg with an injec-
tion volume of 500 μL. Control group received vehicle (0.9% 
saline solution) at the same volume. The dose of 10 mg/kg was 
based on pharmacokinetics studies by Higgins et  al. (2021), 
showing that this dose corresponds to a Cmax of approximately 
1106 ng/mL of psilocin. Moreover, considering Food and Drug 
Administration table of conversion (Nair and Jacob, 2016) and 
considering that rodents have less affinity than human for the 
5-HT2A receptors (Tan et  al., 1999), the 10 mg/kg corresponds 

approximately to the dose used in human studies (Carhart-Harris 
et al., 2021; Goodwin et al., 2022).

Conditioned place preference

The CPP test was conducted in a rectangular box 
(63 cm × 32 cm × 35 cm) divided into two equal-sized chambers 
(30 cm × 30 cm × 30 cm): one with walls featuring black and 
white vertical stripes and the other with walls in a black and 
white checkered pattern. Both chambers had a grid floor (Ugo 
Basile, Italy), as illustrated in Figure 1(a). After each CPP round, 
the apparatus was wiped with a 70% ethanol solution to eliminate 
odor traces before testing the next animal.

All experimental days were videotaped (Sony HDR-CX405); 
the time spent in each compartment and the traveled distance 
were analyzed through the software ANY-maze Video Tracking 
System (Version 7.4, Stoelting Co.). The CPP score was deter-
mined by recording the total time spent in each compartment dur-
ing the test session (Yates, 2023). The preference ratio was then 
calculated as the proportion of time spent in the preferred com-
partment compared to the time spent in the non-preferred com-
partment. Behavioral assessments were conducted while animals 
were in the CPP apparatus. Hallucinogenic-like behaviors (head 
twitches and wet-dog shakes), compulsive or obsessive-like 
behaviors (grooming and body licking), and rearing and defeca-
tion pellets were manually quantified by a single blinded 
observer. These behavioral events were analyzed considering 
bouts of each behavior. Table 1 provides the operational defini-
tions used to identify and quantify each behavioral parameter.

Protocol.  Twenty rats were randomly divided into two groups. 
On the first day, they were habituated in the CPP apparatus to 
minimize novelty or exploratory effect. On the next day, a pre-
conditioning test (preCT) was conducted to assess baseline com-
partment preference. During these 2 days, the CPP door remained 
open, allowing free access to both compartments for 15 minutes 
without drug administration.

A biased conditioning paradigm was applied due to their natu-
ral preference for one of the compartments. Therefore, on the 
third day, 10 rats received psilocybin injections on odd condition-
ing days (CT1, 3, 5, and 7) and were placed immediately into the 
non-preferred compartment, while on even conditioning days 
(CT2, 4, 6, and 8), they received a vehicle injection and were 
placed immediately into the preferred compartment. The remain-
ing 10 rats (vehicle group) received vehicle injections on all con-
ditioning days and were exposed to both compartments in an 
alternating manner, matching the psilocybin group in terms of 
handling, injection procedures, and environmental exposure. 
Additionally, the control group allowed for the interpretation of 
behavioral changes that may have been specifically induced by 
psilocybin throughout the conditioning period. Each condition-
ing session lasted 20 minutes, with the compartment transition 
door closed to confine the rats to the specific compartment.

On the 9th day, the rats were placed in the CPP apparatus with 
the door open to allow free exploration of the compartments for 
15 minutes to assess the potential expression of psilocybin-
induced CPP. After the test, rats were anesthetized with isoflu-
rane and euthanized by decapitation. The timeline protocol is 
illustrated in Figure 1(b).
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Figure 1.  Psilocybin does not induce conditioned place preference. (a) CPP apparatus. (b) Experimental timeline (n = 10 each group). (c) Normalized 
body weight. (d, left) Time spent in the compartments on the preCT day. Two-way ANOVA with repeated measures followed Bonferroni’s test. (d, 
right) Ratio preference (time spent on the checkered-side compartment divided by the time spent in the striped-compartment). Unpaired Student’s 
t-test. (e) Conditioning biased paradigm. (f, left) Time spent in the psilocybin-compartment. Two-way ANOVA with repeated measure. (f, right) 
Latency to the first entry in the psilocybin-paired side. Unpaired Student’s t-test. (g) Time spent in compartments (in percentage) for each group in 
the postCT day. (h) Distance travelled. Two-way ANOVA with repeated measures. Data are expressed as mean ± SEM.
*p < 0.05.

Table 1.  Descriptions of behavioral parameters evaluated during the CPP test.

Behavior Description References

Head twitch Rapid, involuntary side-to-side movement of the 
head

de la Fuente Revenga et al. (2020), Halberstadt (2020), 
Jaster and González-Maeso (2023)

Wet-dog shaking Vigorous, rhythmic body shake resembling a wet 
dog drying off

Bedard and Pycock (1977), Buchborn et al. (2023)

Grooming Stereotyped sequence of self-directed cleaning 
behaviors involving face, head, body, and limbs

Brownstien et al. (2024), Gattuso et al. (2024), Smo-
linsky et al. (2009)

Body licking Specific self-directed behavior involving licking 
of the flanks, back, and hind limbs

Smolinsky et al. (2009)

Rearing Standing on hind legs, typically to explore the 
vertical space of the environment

Chen et al. (2023)
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Statistical analysis

A two-way Analysis of Variance (ANOVA) with repeated meas-
ures (RMs) was applied to compare body weight throughout the 
protocol. The body weight was normalized for each rat, consider-
ing the habituation day as the baseline. For the assessment of the 
basal preference for each compartment and the psilocybin-
induced CPP expression test, a two-way RM ANOVA with 
Bonferroni’s corrected post hoc test was applied. The distance 
travelled on the test day was evaluated by paired Student’s t-test. 
The latency to the first entry in the psilocybin-paired compart-
ment was assessed by unpaired Student’s t-test.

The behavioral assessment during the conditioning sessions 
was analyzed by two-way RM ANOVA with Bonferroni’s cor-
rected post hoc test. To provide an integrated view of the overall 
effect of the tested drug and to explore the relationships between 
variables (behavioral assessment) and groups (treatment), princi-
pal component analysis (PCA) was performed. PCA is a novel 
statistical method that allows the analysis of multiple behavioral 
data points simultaneously, providing an integrated view of the 
overall effect of the tested drug (Greenacre et  al., 2022). The 
principal components (PCs) were derived from eigenvalue 
decomposition of the correlation matrix. Components with eigen-
values greater than 1 were retained based on the Kaiser criterion. 
A PCA biplot was used to simultaneously visualize the scores 
(individuals) and loadings (behavioral assessment). To illustrate 
the dispersion and overlap between groups and behaviors, 95% 
confidence interval ellipses were overlaid on the biplot. A corre-
lation matrix was conducted to evaluate the relationships among 
behavioral parameters under acute and repeated psilocybin treat-
ment conditions. PCA and correlation matrix were performed 
using RStudio (version 2024.04.2+764; Posit Software, PBC, 
Boston, MA, USA), employing the Comprehensive R Archive 
Network (CRAN) packages FactoMineR  and factoextra for PCA 
and the Hmisc and corrplot for the correlation matrix. A heat map 
visualizing individual performance across behaviors was gener-
ated using data normalized by their respective maximum values.

A time chart was generated in RStudio using the CRAN pack-
ages ggplot2, hms, and dplyr to visualize the temporal distribu-
tion of hallucinogen- and compulsive or obsessive-like behaviors 
across individuals from different experimental groups. Behavioral 
events were plotted as horizontal segments over time, enabling 
the identification of patterns in the occurrence of each behavior.

The behavioral assessment on the postCT day was analyzed 
by unpaired Student’s t-test. Statistical analyses were performed 
using GraphPad Prism (version 10.2.3; GraphPad Software, 
LLC, San Diego, CA, USA), considering a significance level of 
α < 0.05. Numerical data are presented as mean ± SEM.

Results

Psilocybin fails to induce rewarding or 
aversive effects in the CPP paradigm

A two-way RM ANOVA on body weight (Figure 1(c)) revealed 
no significant days × treatment interaction (F(6, 108) = 0.5701; 
p = 0.05), nor a significant main effect of treatment (F(1, 

18) = 0.0740; p > 0.05). A significant main effect of days (F(6, 

108) = 392.9; p < 0.0001) indicated that psilocybin treatment did 
not influence the body weight of the animals.

Prior to CPP exposure, we evaluated the baseline preference of 
animals for each compartment. A two-way repeated-measures 
ANOVA revealed no significant effects for group × compartment 
interaction (F(1, 18) = 0.0009; p > 0.05) or main effect of group (F(1, 

18) = 1.000; p > 0.05). However, a significant effect of compartment 
was observed (F(1, 18) = 14.28; p = 0.0014), indicating a preference 
for the checkered compartment (Figure 1(d), left). The preference 
ratio analysis showed no significant difference in the degree of 
preference for the checkered compartment between the vehicle and 
psilocybin groups (t(18) = 0.3221; p > 0.05; Figure 1(d), right). 
Given the baseline preference of both groups for the checkered 
compartment, the conditioning protocol was adjusted accordingly. 
On odd conditioning days, rats were confined to the striped com-
partment (the non-preferred chamber) following psilocybin injec-
tion. Conversely, on even conditioning days, they were confined to 
the checkered compartment (the preferred chamber) after vehicle 
injection, as illustrated in Figure 1(e).

To assess the expression of psilocybin-induced CPP (Figure 1(f), 
left), a two-way RM ANOVA revealed no significant effects for 
days × treatment interaction (F(1, 18) = 0.0117; p > 0.05), main effect 
of days (F(1, 18) = 3.947; p > 0.05) or main effect of treatment (F(1, 

18) = 0.02453; p > 0.05). Moreover, an unpaired Student’s t-test 
showed no difference in the latency to the first entry into the psilocy-
bin-paired compartment (t(18) = 0.8212; p > 0.05; Figure 1(f), right). 
The percentage of time spent in the vehicle- or psilocybin-paired 
compartment for each group is represented in Figure 1(g). 
Concerning the distance travelled (Figure 1(h)), a two-way RM 
ANOVA showed no significant effects for treatment × compartment 
interaction (F(1, 18) = 0.0576; p > 0.05), treatment (F(1, 18) = 0.2237; 
p > 0.05), or compartment (F(1, 18) = 0.1857; p > 0.05). These results 
indicate that psilocybin did not induce either CPP or aversion.

Behavioral changes resulting from psilocybin 
treatment

Behavioral assessment was evaluated during the conditioning ses-
sions using a two-way RM ANOVA analysis. Head twitch 
response analyses (Figure 2(a)) showed significant effects for 
days × treatment interaction (F(3, 27) = 4.5323; p < 0.05) and main 
effect of days (F(3, 27) = 5.989; p < 0.01) and treatment (F(1, 

9) = 59.83; p < 0.0001). Bonferroni’s test showed a higher score on 
head twitch performance by the psilocybin group compared to the 
vehicle group (p < 0.0001 for CT1, 5, and 7; p < 0.001 for CT3 
days). Additionally, we observed a progressive increase in head 
twitch events on the psilocybin group from CT1 to CT7 (p < 0.01) 
and from CT3 to CT5 and CT7 (p < 0.05 and p < 0.001, respec-
tively). Wet-dog-shaking analyses (Figure 2(b)) revealed signifi-
cant effects for days × treatment interaction (F(3, 27) = 4.578; 
p = 0.0102), main effects of days (F(3, 27) = 5.713; p = 0.0037), and 
treatment (F(1, 9) = 47.09; p < 0.0001). Bonferroni’s test indicated 
no significant differences in the amount of wet-dog shaking per-
formed by the vehicle group throughout the conditioning period. 
Significant differences were found within the psilocybin group 
throughout the protocol, as follows: the psilocybin group per-
formed more wet-dog shaking on CT5 and CT7 compared to CT1 
(p < 0.001 and p < 0.01, respectively) and on CT5 compared to 
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CT3 (p < 0.05). Additionally, the psilocybin group exhibited more 
wet-dog shaking than the vehicle group on CT1 (p < 0.05), CT3 
(p < 0.01), CT5, and CT7 (p < 0.0001 for both days).

Grooming behavior analyses (Figure 2(c)) revealed no signifi-
cant effects for the days × treatment interaction (F(3, 27) = 2.957; 
p = 0.0502). However, it was found a main effect of days (F(3, 

27) = 4.664; p = 0.0094) and treatment (F(1, 9) = 26.57; p = 0.0006). 
Bonferroni’s post hoc test showed an increase in grooming on 
CT7 compared to the previous days (CT5, p < 0.05; CT3, 
p < 0.001; and CT1, p < 0.01) within the group treated with vehi-
cle; meanwhile, animals treated with psilocybin did not show dif-
ferences in grooming throughout the days. Moreover, the vehicle 
group performed more grooming than the psilocybin group on 
CT1 (p < 0.01), CT5 (p < 0.01), and CT7 (p < 0.0001). Body lick-
ing behavior analyses (Figure 2(d)) showed significant effects for 
days × treatment interaction (F(3, 27) = 4.015; p = 0.0174), days (F(3, 

27) = 4.189; p = 0.0148) and treatment (F(1, 9) = 6.602; p = 0.0302). 
Bonferroni’s post hoc test revealed that the number of body lick-
ing performed by the vehicle group was higher on CT7 compared 
to CT5, CT3, and CT1 (p < 0.01 for all). On the other hand, there 
were no differences in the amount of body licking performed by 
the psilocybin group throughout the conditioning period. 
Consequently, the vehicle group performed more body licking 
than the psilocybin group on CT1 (p < 0.01) and CT7 (p < 0.0001).

Rearing behavior (Figure 2(e)) showed no differences for 
days × treatment interaction (F(3, 27) = 0.5645; p > 0.05) and days 
(F(3, 27) = 0.0601; p > 0.05), but a difference for treatment  
(F(1, 9) = 9.682; p = 0.0125), indicating that psilocybin induce a 
reduction in rearing behavior. The number of defecation pellets 
(Figure 2(f)) showed no significant effects for days × treatment 
interaction (F(3, 27) = 0.5403; p > 0.05) and days (F(3, 27) = 1.017; 
p > 0.05), but found a main effect of treatment (F(1, 9) = 10.44; 
p = 0.0103). Distance traveled within the compartments (Figure 
2(g)) showed no effects for days × treatment interaction (F(3, 

27) = 0.2870; p > 0.05) and treatment effect (F(1, 9) = 0.0647; 
p > 0.05), but a day effect (F(3, 27) = 10.07; p = 0.0001). Means and 
SEM are displayed in Table 2.

Our findings indicate that psilocybin treatment progressively 
increased the number of head twitches and wet-dog-shaking 
behaviors, while simultaneously reducing the frequency of 
grooming, body licking, and rearing events.

Alternate psilocybin administration induces 
stable and distinct behavioral clusters

To assess the relationship between behavioral outcomes and 
treatment, a PCA was applied. The PCA explained 72.06% of 
total results of the acute effects of psilocybin (CT1; Figure 3(a)). 

Figure 2.  Behavioral assessment during conditioning period (n = 10 each group). Analysis of (a) head twitch, (b) wet-dog shaking, (c) grooming, 
(d) body licking, (e) rearing, (f) defecation pellets, and (g) distance travelled performed by the groups. Two-way RM ANOVA followed Bonferroni’s 
test. Data are expressed as mean ± SEM.
*Highlights the differences within a group, whereas # compares between groups. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. #p < 0.05, ##p < 0.01, ###p < 0.001, 
####p < 0.0001.
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The PCA biplot analysis revealed that head twitch and wet-dog-
shaking behaviors, along with pellets of defecation, were more 
closely associated with the psilocybin cluster. In contrast, body 
licking, grooming, and rearing behaviors were more correlated 
with the vehicle group (Figure 3(b)). An unpaired Student’s t-test 
demonstrated that PC1 was significantly more effective in sepa-
rating the clusters (t(18) = 8.123, p < 0.0001, Figure 3(c)) com-
pared to PC2 (t(18) = 0.190, p > 0.05, Figure 3(d)), showing that, 
for PC1, positive loading coefficients were more associated with 
the vehicle group, while negative loading coefficients were more 
associated with the psilocybin group Indeed, head twitch, wet-
dog shaking, and defecation exhibited negative loading coeffi-
cient for PC1, whereas grooming, body licking, and rearing had 
positive loading coefficient (Figure 3(e)). A correlation matrix 
(Figure 3(f)) highlighted significant correlations between several 
behavioral measures, including head twitch × wet-dog shaking 
(r = 0.73, p < 0.001), head twitch × grooming (r = −0.77, 
p < 0.0001), head twitch × body licking (r = −0.58, p < 0.01), 
head twitch × rearing (r = −0.59, p < 0.01), head twitch × defeca-
tion (r = 0.55, p < 0.05), wet-dog shaking × rearing (r = −0.46, 
p < 0.05), grooming × body licking (r = 0.81, p < 0.001), groom-
ing × rearing (r = 0.47, p < 0.05), grooming × defecation 
(r = −0.54, p < 0.05), and body licking × rearing (r = 0.46, 
p < 0.05). A heat map was built to further visualize the behavioral 
performance of each rat (Figure 3(g)).

PCA explained 72.30% of the total variance of CT7 (after 
receiving the 4th dose) results (Figure 3(h)). Like the acute 
effects, the PCA biplot analysis showed that head twitch, wet-dog 
shaking, and defecation were more strongly associated with the 
psilocybin cluster, while body licking, grooming, and rearing 
were more correlated with the vehicle group (Figure 3(i)). An 
unpaired Student’s t-test indicated that PC1 was significantly bet-
ter at separating the clusters (t(18) = 7.068, p < 0.0001, Figure 3(j)) 
compared to PC2 (t(18) = 0.446, p > 0.05, Figure 3(k)), showing 
that, for PC1, positive loading coefficients were more associated 
with the vehicle group, while negative loading coefficients were 
more associated with the psilocybin group. Indeed, head twitch, 
wet-dog shaking, and defecation exhibited negative loading coef-
ficient for PC1, whereas grooming, body licking, and rearing had 
positive loading coefficient (Figure 3(l)). The correlation matrix 
(Figure 3(m)) revealed statistical associations between behav-
iors, such as head twitch × wet-dog shaking (r = 0.89, p < 0.0001), 
head twitch × grooming (r = −0.46, p < 0.05), head twitch × body 
licking (r = −0.48, p < 0.05), grooming × body licking (r = 0.87, 
p < 0.0001), grooming × rearing (r = 0.16, p < 0.05), and body 
licking × rearing (r = 0.49, p < 0.05). A heat map displayed the 

behavioral performance of each rat (Figure 3(n)). The time chart 
(Figure 3(o)) highlights the frequency of hallucinogenic-like 
events (head twitch and wet-dog shaking), and compulsive or 
obsessive-like behaviors (grooming and body licking) performed 
on CT1 and CT7.

Taken these results together, behavioral clusters formed on 
the first conditioning day (CT1) remained consistent until the last 
psilocybin administration day (CT7), suggesting that alternate 
psilocybin administration induces stable and reproducible behav-
ioral patterns over time, with no apparent development of toler-
ance to its behavioral effects.

Behavioral changes induced by psilocybin are 
not long-lasting

To evaluate the long-lasting effect of psilocybin, behavioral 
assessment was conducted 2 days after the last psilocybin injec-
tion (postCT day). An unpaired Student’s t-test showed no differ-
ences between groups for head twitch (t(18) = 0.4243; p > 0.05; 
Figure 4(a)), wet-dog shaking (t(18) = 0.0000; p > 0.05; Figure 
4(b)), body licking (t(18) = 1.870; p > 0.05; Figure 4(c)), grooming 
(t(18) = 1.380; p > 0.05; Figure 4(d)), rearing (t(18) = 0.5957; 
p > 0.05; Figure 4(e)), and defecation pellets (t(18) = 0.9962; 
p > 0.05; Figure 4(f)). These results reveal that the behavioral 
changes resulting from psilocybin administration are not long-
lasting. Means and SEM are displayed in Table 3.

Discussion
This study investigated the effects of high-dose psilocybin using 
the CPP paradigm. Our findings demonstrate that psilocybin at 
10 mg/kg does not produce rewarding or aversive effects in male 
Sprague-Dawley rats. However, this administration regimen, 
compared to control animals, induced a distinctive behavioral 
pattern: increase in head-twitch and wet-dog-shaking responses, 
while reducing grooming and body-licking behaviors without 
changes in locomotor activity.

Rewarding effects

It is well established that drugs of abuse, such as cocaine (Caffino 
et al., 2021; Camarini et al., 2019; Itzhak and Martin, 2002; Zhou 
et al., 2019), heroin (O’Neal et al., 2022), and ethanol (Carrara-
Nascimento et  al., 2014; Rae et  al., 2018, 2024) induce CPP, 
demonstrating their rewarding effects, which are key contributors 

Table 2.  Behavioral assessment performed during conditioning days. Data are expressed as mean ± SEM.

Days Groups Head twitch Wet-dog shaking Grooming Body licking Rearing Defecation Distance travelled

  CT1 Vehicle 0.00 ± 0.00 0.00 ± 0.00 4.40 ± 0.90 3.50 ± 0.96 18.60 ± 3.82 3.10 ± 0.86 683.87 ± 106.34
Psilocybin 2.00 ± 0.33 1.00 ± 0.30 0.40 ± 0.22 0.30 ± 0.15 7.40 ± 1.01 6.50 ± 0.72 722.24 ± 35.38

  CT3 Vehicle 0.40 ± 0.16 0.40 ± 0.16 3.80 ± 0.66 3.20 ± 0.68 17.60 ± 2.25 3.60 ± 0.85 659.11 ± 84.81
Psilocybin 1.80 ± 0.49 1.80 ± 0.49 2.40 ± 1.26 3.20 ± 1.91 9.90 ± 2.26 5.80 ± 0.51 633.03 ± 54.14

  CT5 Vehicle 0.00 ± 0.00 0.00 ± 0.00 5.20 ± 1.07 3.80 ± 1.03 17.20 ± 3.26 2.70 ± 1.02 483.40 ± 77.33
Psilocybin 3.00 ± 0.52 3.00 ± 0.52 1.60 ± 0.34 1.90 ± 0.35 9.40 ± 1.51 5.70 ± 0.94 469.80 ± 31.68

  CT7 Vehicle 0.44 ± 0.24 0.50 ± 0.22 9.50 ± 1.83 7.70 ± 1.17 15.80 ± 2.91 2.80 ± 0.73 614.30 ± 64.52
Psilocybin 3.40 ± 0.45 2.70 ± 0.50 2.90 ± 0.59 2.40 ± 0.60 10.30 ± 1.43 4.60 ± 0.76 542.24 ± 35.26
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Figure 3.  Alternate psilocybin administration induces stable and distinct behavioral clusters. Behavioral patterns for the acute effects of psilocybin 
(CT1): (a) eigenvalue and cumulative percentage for the PCA biplot, (b) PCA biplot, (c) PC1 (d) and PC2 values for the groups, (e) loading 
coefficient for PC1 and PC2, (f) correlation matrix, (g) heat map displaying the behavioral performance. Behavioral patterns for the repeated doses 
of psilocybin (CT7): (h) eigenvalue and cumulative percentage for the PCA biplot, (i) PCA biplot, (j) PC1 and (k) PC2 values for the groups, (l) 
loading coefficient for PC1 and PC2, (m) correlation matrix, and (n) heat map displaying the behavioral performance. (o) Time chart of the frequency 
of hallucinogenic- or compulsive/obsessive-like behaviors movements.
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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to the development and maintenance of substance use disorders. 
However, although psychedelics are not associated with the 
development of substance use disorder (Canal and Murnane, 
2017; Nichols, 2016), LSD (Meehan and Schechter, 1998; Parker, 
1996), ayahuasca (Cata-Preta et al., 2018; Reis et al., 2020), keta-
mine (Contó et al., 2022; Guo et al., 2016), and MDMA (Daza-
Losada et  al., 2007; García-Pardo et  al., 2021; Roger-Sánchez 
et al., 2013) may produce rewarding effects and are classified as 
weakly reinforcing agents (NIDA, 2024). To assess the potential 

rewarding effects of psilocybin, we conducted an alternate-ses-
sion CPP protocol, using a high-dose psilocybin during the con-
ditioning sessions, and found that psilocybin did not induce CPP 
in male Sprague-Dawley rats. This finding aligns with Wang 
et al. (2023), who examined the effects of 1 mg/kg psilocin (the 
active metabolite of psilocybin) with a similar conditioning regi-
men, observing no rewarding effects. Notably, psilocybin is pre-
ferred to use in preclinical studies over psilocin because it offers 
greater stability and water solubility compared to psilocin, which 

Figure 4.  Behavioral assessment on the postCT day (48 hours after the last psilocybin injection, n = 10 each group). Analysis of (a) head twitch, (b) 
wet-dog shaking, (c) body licking, (d) grooming, (e) rearing, and (f) defecation pellets performed by each group. Unpaired Student’s t-test. Data are 
expressed as mean ± SEM.

Table 3.  Behavioral assessment on postCT day. Data are expressed as mean ± SEM.

Groups Head twitch Wet-dog shaking Grooming Body licking Rearing Defecation

  Vehicle 0.80 ± 0.42 0.50 ± 0.22 6.40 ± 1.01 4.20 ± 0.83 25.1 ± 2.77 2.50 ± 0.89
  Psilocybin 0.60 ± 0.22 0.50 ± 0.22 8.30 ± 0.93 6.50 ± 0.91 28.0 ± 4.00 3.70 ± 0.80



Bruno et al.	 9

is rapidly degrades when exposed to oxygen at room temperature 
(Wulff et  al., 2023). Additionally, using the same conditioning 
regimen, ibogaine, a psychedelic extracted from the plant 
Tabernanthe iboga Baill, (10 or 30 mg/kg i.p.) also did not induce 
CPP (Henriques et al., 2021). However, using self-administration 
model, Fantegrossi et al. (2004) have reported that psychedelics 
like psilocybin, N,N-dimethyltryptamine, and mescaline can 
exhibit transient reinforcing effects in non-human primates with 
a history of MDMA self-administration.

Drugs of abuse primarily share a common pathway on rein-
forcing and addictive effects by increasing the firing of dopamine 
(DA) neurons in the ventral tegmental area leading to an increased 
DA release in the nucleus accumbens (Nutt et al., 2015; Volkow 
et al., 2011; Wise and Robble, 2020). However, while DA neuro-
circuitry plays a central role in addiction, it is also well-estab-
lished that the serotonergic system contributes as a supportive 
mechanism (Canal and Murnane, 2017; Kirby et al., 2011; Müller 
and Homberg, 2015). Beyond their role as 5-HT2AR agonists, 
psychedelic substances also exhibit high affinity and functional 
activity at other serotonin receptors, including the 5-HT2CR 
(Canal and Murnane, 2017; Custodio et  al., 2023; Erkizia-
Santamaría et al., 2022: 2; Müller and Carey, 2006). Moreover, 
Canal et  al. (2010) argue that contrasting effects have been 
reported between the 5-HT2C and 5-HT2A receptor subtypes. 
Specifically, 5-HT2AR activity is associated with enhanced DA 
neurotransmission, whereas 5-HT2CR activation inhibits DA 
release, thereby potentially reducing the risk of addiction.

Hallucinogenic-like behaviors

Even though the present results indicated a lack of psilocybin-
induced CPP, a more detailed analysis of the behavior during the 
conditioning sessions was made. We observed significant behav-
ioral changes induced by psilocybin, allowing us to identify a 
distinct pattern through PCA analysis. Notably, the psilocybin 
treatment is linked to an increased head twitches and wet-dog-
shaking responses, while reducing grooming, body licking and 
rearing behaviors.

Head twitches and wet-dog shaking are particularly relevant 
because they serve as primary behavioral markers to assess hal-
lucinogenic-like effects in preclinical experiments (Canal and 
Morgan, 2012; de la Fuente Revenga et al., 2020; Halberstadt, 
2020; Jaster and González-Maeso, 2023). In fact, 5-HT2AR ago-
nists dose-dependently increase head twitch response (Jefferson 
et  al., 2023; Wallach et  al., 2023). Moreover, when pretreated 
with a 5-HT2A antagonist ketanserin (Shao et  al., 2021), 
MDL11939 (Erkizia-Santamaría et  al., 2022), or genetically 
blocked as in 5-HT2A knockout mice (Canal and Morgan, 2012; 
Halberstadt et al., 2011), the head twitch is abolished. However, 
this complex behavior is also mediated by 5-HT 1A and 5-HT2C 
receptors and trace amine-associated receptors activity (Canal 
et al., 2010; Custodio et al., 2023; Shahar et al., 2022; Zhu et al., 
2024). In addition, Buchborn et  al. (2023) and Brockett and 
Francis (2024) showed that shaking behaviors, including wet-
dog shaking, are likely mediated by serotonin 2A receptors on 
cortical pyramidal cells.

These findings align with previous studies demonstrating that 
wet-dog-shaking behavior is closely tied to serotonergic activity 
(Bedard and Pycock, 1977; Yap and Taylor, 1983). Interestingly, 
the expression of wet-dog shaking appears to involve specific 

brain regions, including the brainstem and diencephalon, further 
emphasizing its role as a behavioral model for central serotoner-
gic activity (Bedard and Pycock, 1977).

Every other day injection of psilocybin progressively 
increased the frequency of head twitches and wet-dog-shaking 
responses. Interestingly, Smith et  al. (2014) investigated the 
effects of different injection regimens of 1 mg/kg i.p. DOI 
(2,5-dimethoxy-4-iodoamphetamine) in mice. They found that 
daily or an alternate-day administration led to tolerance and a 
reduction in head twitches over time, whereas no changes were 
observed with weekly administration. However, this tolerance 
might be reversed by increasing the dose on the second consecu-
tive day of injection (de la Fuente Revenga et al., 2022). At a high 
dose (5 mg/kg i.p.), DOI injection exhibited tolerance when 
administered daily, but no changes were observed with adminis-
tration every 48 hours. Similarly, tolerance was observed with 
daily administration of 0.2 mg/kg i.p. LSD for four consecutive 
days. In contrast, when the tryptamines N,N-dipropyltryptamine 
(3 mg/kg i.p.) or N,N-diisopropyltryptamine (10 mg/kg i.p.) was 
administered for four consecutive days, no tolerance or sensitiza-
tion was observed (Smith et al., 2014). Therefore, the pattern of 
behavioral effects and changes in subsequent sensitivity depend 
on the dose, frequency of administration, and the time elapsed 
since the last injection. To our knowledge, no studies have exam-
ined the effects of psilocybin administered every other day at 
high doses to determine whether sensitivity is maintained over 
time.

Anti-compulsive effects

We found that psilocybin decreases the frequency of grooming 
and body licking behaviors. Self-grooming is a complex behavior 
that serves critical biological functions and is particularly rele-
vant to various pathological conditions (Xie et  al., 2022). 
Generally, grooming behavior is followed by a chain pattern, 
which is followed by body licking (Smolinsky et  al., 2009). 
While our results align with the effects of MDMA (Pálenícek 
et  al., 2007), acute LSD injection has been found to increase 
grooming frequency or duration (Kyzar et al., 2016; Rodriguiz 
et al., 2021). Brownstien et al. (2024) and Gattuso et al. (2024) 
used a SAPAP3 knockout mouse model of compulsive-like 
behavior and also showed that psilocybin reduced grooming fre-
quency. Interestingly, substances associated with abuse, such as 
amphetamines and cocaine, have been shown to decrease the fre-
quency or duration of grooming (Carey et al., 2005; Earley and 
Leonard, 1978; Moy et al., 2014).

Moreover, grooming behavior has been shown to respond to 
various genetic and pharmacological interventions and is highly 
sensitive to stress (Audet et al., 2006; Jia et al., 2023; Mu et al., 
2020; Smolinsky et  al., 2009) and anxiety (Kalueff and 
Tuohimaa, 2005; Nin et al., 2012). However, the impact of psil-
ocybin in anxiety in a preclinical model seems very controver-
sial. Some studies suggest that psilocybin may induce 
anxiogenic-like behavior (Harari et  al., 2024), while others 
report anxiolytic response (Hibicke et  al., 2020; Jones et  al., 
2023).

Recent preclinical studies have further highlighted psilocy-
bin’s therapeutic potential in addressing substance use disorders. 
In self-administration models, psilocybin has been shown to 
reduce ethanol self-administration (Jeanblanc et  al., 2024), as 
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well as reduce heroin-seeking behavior (Floris et  al., 2024). 
Additionally, psilocybin suppressed the acquisition of metham-
phetamine-induced CPP through D2R-mediated ERK signaling 
(Wang et al., 2023).

Therapeutic outcomes observed with psilocybin treatment 
align with effects reported for other psychedelic substances. In 
the CPP paradigm, the rewarding effects of ethanol were attenu-
ated or blocked by ibogaine (Henriques et  al., 2021) and aya-
huasca (Cata-Preta et al., 2018; Gianfratti et al., 2022). A 1:1 ratio 
of cannabidiol:tetrahydrocannabinol attenuated methampheta-
mine-CPP (Nukitram et  al., 2023). Ayahuasca prevented the 
methylphenidate-CPP (Reis et al., 2020).

In conclusion, our study demonstrates that conditioning pro-
tocol with 4 doses of psilocybin administered on alternate days 
does not induce rewarding effects in rats but generates a unique 
behavioral profile, characterized by an increase in head-twitch 
and wet-dog-shaking responses and a decrease in rearing, 
grooming, and body-licking behaviors, with no effect on loco-
motor activity. However, post-conditioning assessment revealed 
no long-lasting behavioral effects, supporting current perspec-
tives on the tolerability and safety profile of psilocybin. Further 
research exploring alternative models of addiction-like behav-
ior, particularly those involving chronic exposure, and incorpo-
rating molecular and neurocircuitry analyses, is essential to 
characterize in depth the rewarding-related effects associated 
with psilocybin. However, our findings bring valuable insights 
to the understanding of behavioral effects of psychedelics, 
offering a foundation for future studies on their therapeutic 
potential and safety in addressing substance use disorders.
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