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Abstract

Auditory steady-state responses (ASSRs), particularly at 40 Hz, are promising biomarkers for psychiatric disorders involving dys-
regulated neural synchronization. Although most ASSR studies have focused on the glutamatergic system, the serotonergic sys-
tem, specifically 5-HT2A receptor signaling, has received limited attention. Psilocin, the active metabolite of psilocybin and a
known 5-HT2A receptor agonist, alters cortical oscillatory activity, but its effects on ASSR dynamics remain unclear. In this study,
we examined psilocin’s effects on ASSRs in eight adult male Wistar rats implanted with 21 cortical electrodes. The rats were
exposed to 40 Hz and 80 Hz click-train stimulation before and 30 min after subcutaneous psilocin administration (4 mg/kg). EEG
signals were analyzed using time-frequency decomposition to extract phase-locking index (PLI) and event-related spectral pertur-
bation (ERSP) values from frontal and temporal regions of both hemispheres. Psilocin selectively decreased PLI at 40 Hz stimula-
tion in the right temporal cortex, with no significant changes in the frontal or left temporal regions, nor in response to 80 Hz
stimulation. ERSP analysis revealed a global reduction in spectral power after psilocin administration in response to 80 Hz stim-
uli, but no consistent effects at 40 Hz. These results indicate that psilocin induces region- and frequency-specific alterations in
auditory neural synchronization, characterized by right-lateralized disruption of 40 Hz phase-locking. This highlights the sensitiv-
ity of low-gamma oscillations to serotonergic modulation and supports the use of ASSR paradigms in translational models of
altered perceptual and cognitive states.

NEW & NOTEWORTHY This is the first preclinical study to demonstrate that psilocin selectively disrupts auditory steady-state
responses (ASSRs) in rats in a frequency- and region-specific manner. The findings indicate a right-lateralized reduction in phase-lock-
ing at 40 Hz, along with a global suppression of spectral power at 80 Hz. These results provide new insights into the serotonergic
modulation of neural synchrony and support the use of ASSRs as a translational biomarker for altered perceptual states.
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INTRODUCTION

In recent years, there has been a growing interest in iden-
tifying biomarkers for psychiatric disorders that can help
predict andmonitor brain states. One promising candidate is
the auditory steady-state response (ASSR), which demon-
strates good translational validity between animal models
and humans (1).

ASSR resembles a periodic response to auditory periodic
stimulation and is used to test the capabilities of the brain
to generate activity in a certain frequency range (2). The

40 Hz ASSR is particularly relevant, as impairments in this
frequency have been consistently documented in patients
with schizophrenia (3) and bipolar disorder (4). In con-
trast, the evidence surrounding ASSR in individuals with
autism spectrum disorder remains less definitive, with
results exhibiting considerable variability (5, 6). Moreover,
investigations have revealed that patients with schizo-
phrenia (7–9) and bipolar disorder (10) also demonstrate
altered responses at elevated frequency ranges exceeding
80 Hz. This altered neural activity is believed to originate
from distinct cortical networks, where local superficial
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networks are implicated in the generation of low-gamma
range ASSRs (30–50 Hz) (11), while subcortical structures,
including the brainstem and thalamus, contribute to the
modulation of 80 Hz ASSRs (12–14). Consequently, the
exploration of both lower and higher frequency ASSRs
may provide critical insights into the complex electro-
physiological alterations observed in various neuropsychi-
atric conditions.

Due to the simplicity of the ASSR paradigm for human sub-
jects and the ease of its translational aspects, this response is
frequently studied in animalmodels as well (15). Nevertheless,
the neurochemical mechanisms of the gamma-range ASSRs
are still not fully understood. Previous studies on the neuro-
chemical background of ASSR have mostly focused on the
NMDA system that is implicated in psychosis (16, 17). 40 Hz
ASSRs were shown as a possible biomarker of cortical NMDA
function, supporting the glutamatergic hypothesis of schizo-
phrenia (17, 18). NMDA antagonists (ketamine, MK-801, and
phencyclidine) were shown both to reduce low gamma-range
ASSR (17, 19–21) and to increase it (15, 22, 23) in a dose-depend-
ent manner. However, studies utilizing high-frequency range
ASSR are scarce and inconclusive. At the same time, the recent
view on the neurochemical alterations in psychosis suggests
the important involvement of dopamine (24) and serotonin
(25) systems, whose contribution to ASSRs is not clear. This
knowledge is important for the correct interpretation of the
findings and estimation of a better relationship to disorder-
related alterations.

In this study, we address the local (electrode-level) effects
of 5-HT2A receptor agonist psilocin on the low (40 Hz) and
high (80 Hz) frequency ASSRs. We hypothesize that a disrup-
tive effect on ASSR will be evident based on previous reports
in animal models on the broadband gamma activity (26),
similar to the effect on 40 Hz ASSR reported in humans (27).
We are specifically interested in evaluating response in fron-
tal and temporal regions, as several reports demonstrated
differential behavior of ASSR in these two regions in animal
models (15, 16, 28). We also aimed to assess potential lateral-
ity-related effects of the response, as in humans, right-sided
dominance of ASSRs was demonstrated (29, 30), and rats
have a well-pronounced functional laterality of the auditory
cortex (31, 32). Thus, we hypothesize that ASSRs will be
affected by psilocin administration and the neural response
itself, with the psilocin effects beingmore pronounced in the
temporal regions, potentially exhibiting lateralization.

MATERIALS AND METHODS

Animals

All procedures were conducted in accordance with the
Guiding Principles for the Care and Use of Vertebrate Animals
in Research and Training, and approved by the Czech
National Committee for the Care and Use of Laboratory
Animals. Experiments were performed on 8 adult maleWistar
rats (RRID: RGD_13508588), weighing�300 g at the start of the
experiment (SPF animals; Velaz, Czech Republic). Each animal
was used in one experimental session only. Animals were
housed individually postsurgery in standard cages, main-
tained on a 12-h light/dark cycle with ad libitum access to food
and water. Daily handling was carried out for habituation to
minimize stress.

Drugs

Psilocin was synthesized and supplied by the Forensic
Laboratory of Biologically Active Compounds, University of
Chemistry and Technology, Prague, Czech Republic. The
compound was dissolved in 0.9% NaCl (B. Braun, Germany)
with the addition of glacial acetic acid (Penta Chemicals,
Czech Republic; 5 μL/20mL) to enhance solubility. The solu-
tionwas prepared fresh each experimental day. A subcutane-
ous injection of 4 mg/kg psilocin was administered at a
volume of 2 mL/kg.

Surgery

Seven days before EEG recording, animals were anesthe-
tized with isoflurane (2.5%, Isoflurane Vetpharma) and stereo-
tactically implanted with 21 epidural gold-plated electrodes
(Mill-MaxMfg. Corp., NY) positioned over the cortical surface
using coordinates from the Paxinos andWatson rat brain atlas
(33). Electrodes targeted homologous regions of the frontal,
temporal, and parietal cortex in both hemispheres. The refer-
ence electrode was placed over the olfactory bulb, and the
ground electrode was implanted subcutaneously in the occi-
pital region. All electrodes were fixed to the skull with dental
cement (Dentalon Plus, Heraeus Kulzer). Postoperative anal-
gesia was provided via ketoprofen (5 mg/kg, sc, Bioveta,
Czech Republic), which was administered once per day for
four days following surgery. Rats were housed individually
postsurgery to prevent damage to the implant, and connec-
tors were attached under brief anesthesia the day before
recording.

Auditory Stimulation and EEG Recording

Rats were habituated for three consecutive days to the
recording conditions and auditory stimulation. Habituation
consisted of exposure to a full 20-min ASSR stimulation
sequence played in the same room, under identical acoustic
and environmental conditions as used during the actual
EEG recordings. Although the animals were connected to an
EEG amplifier during this sham stimulation, no EEG data
were recorded. The purpose of this procedure was to famil-
iarize the animals with the auditory stimuli and experimen-
tal environment, thereby reducing novelty- and stress-
related confounds during the recording sessions. Recordings
were performed in the home cage while animals were freely
moving. Auditory stimuli were delivered via stereo speakers
positioned on both sides of the cage. The ASSR protocol con-
sisted of 1-s trains of auditory clicks (90 dB SPL) delivered
at 40 and 80 Hz with randomized interstimulus intervals
(2–4 s). Each frequency was presented in pseudo-random-
ized blocks in two 20-min sessions separated by a 10-min
pause. In total, 120 trains per frequency were delivered per
session. The schematic representation of the experiment
flow is presented in Fig. 1. After the baseline session, psilocin
was injected, and the same protocol was repeated 30 min
later. EEG recordings were performed using a tethered
recording system. Animals were connected via a lightweight,
flexible cable to a BioSDA09 standard 32-channel digital
EEG amplifier (M&I Ltd., Prague, Czech Republic), allowing
free movement within the home cage during recording.
Signals were acquired at a sampling rate of 5000 Hz and
stored for offline analysis. All EEG recordings were
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conducted between 7:00 PM and 11:00 PM, corresponding to
the active (dark) phase of the rats’ circadian cycle.

EEG Preprocessing

EEG data were processed using BrainVision Analyzer 2
(Brain Products GmbH, Germany). Raw data were filtered (1–
200 Hz, 8th-order IIR bandpass filter) and a 50 Hz notch filter
applied. Artifact rejection was performed via visual inspection
by a trained researcher. Channels were rereferenced to the
average of all non-noisy electrodes. Stimulus-locked epochs
from �700 to þ 1500ms were extracted, and trials were con-
catenated for each stimulation frequency to create continuous
signals. These were then exported in EEGLAB format for fur-
ther analysis.

Time-Frequency Analysis

Analysis was conducted in MATLAB (R2021a, MathWorks
Inc.) using the ERPWAVELAB toolbox. Data from four elec-
trodes (Fp1, Fp2, T3, T4) were analyzed. A complex Morlet
wavelet transform (7-cycle) was applied to obtain power and
phase measures from 1 to 100 Hz in 1-Hz steps. We focused
on two outcome measures: 1) Phase-locking index (PLI),
indexing inter-trial phase consistency, and 2) Event-related
spectral perturbation (ERSP), reflecting amplitude modula-
tions induced by stimulation. To isolate late-latency gamma
activity (34), mean values were extracted from 200 to 900
ms poststimulus. For 40 Hz stimuli, 35–45 Hz frequency
bands were analyzed; for 80 Hz stimuli, 75–85 Hz bands.
Both PLI and ERSP were baseline-corrected relative to the
�500 to�100ms prestimulus period.

Statistical Analysis

Statistical analyses were restricted a priori to frontal (Fp1,
Fp2) and temporal (T3, T4) electrodes based on predefined
hypotheses supported by the observed topographical pat-
terns (Fig. 2). To assess the effect of psilocin on ASSR,
repeated-measures ANOVA (RM-ANOVA) was used with
three within-subject factors: Psilocin (Pre, Post), Region
(Frontal, Temporal), and Hemisphere (Left, Right). A priori
planned contrasts were defined as follows: 1) Psilocin effect:
Pre versus Post difference across all conditions; 2) Psilocin �
Region: Differential drug effect in frontal versus temporal
regions; 3) Psilocin � Region � Hemisphere: Lateralized
regional effects of drug. Each contrast was tested using
paired-sample t-tests. Effect sizes were reported using
Cohen’s d and 95% confidence intervals. For significant
interactions involving Hemisphere, separate comparisons
were conducted per region. Pearson correlation was used to

assess relationships between baseline values and drug-
induced changes. Analyses were conducted in MATLAB and
JASP (version 0.19.1; https://jasp-stats.org).

RESULTS
This study examined the effects of psilocin administration

on neural synchronization, as measured by the phase-lock-
ing index (PLI) and event-related spectral perturbation
(ERSP) in response to 40 Hz and 80 Hz auditory steady-state
stimulation. Descriptive statistics are summarized in Table 1,
and results of repeated-measures ANOVA are summarized in
Table 2.

For 40 Hz PLI, a repeated-measures ANOVA revealed a
significant main effect of region [F(1,7) ¼ 18.675, P ¼ 0.003,
g2
p ¼ 0.727], indicating higher synchronization in temporal

than frontal areas. The interaction between psilocin and
region was not significant [F(1,7) ¼ 0.740, P ¼ 0.418, g2

p ¼
0.096]. No significant main effects were observed for psilo-
cin [F(1,7) ¼ 0.560, P ¼ 0.479, g2

p ¼ 0.074] or hemisphere
[F(1,7) ¼ 0.096, P ¼ 0.766, g2

p ¼ 0.013], suggesting that nei-
ther overall psilocin administration nor hemispheric lateral-
ity had a global effect on PLI. However, we found a
significant psilocin � hemisphere interaction [F(1,7)¼ 6.601,
P ¼ 0.037, g2

p ¼ 0.485], and a significant psilocin � region �
hemisphere interaction [F(1,7) ¼ 7.576, P ¼ 0.028, g2

p ¼
0.520], indicating that psilocin’s effects were spatially spe-
cific and varied across hemispheres and regions. Descriptive
values (Table 1) indicate that these interactions were driven
by a reduction in 40Hz PLI in the right temporal hemisphere
following psilocin administration, whereas no corresponding
change was observed in the left hemisphere.

Planned contrasts supported these observations. The
main effect of psilocin on PLI was not significant (t7 ¼
�0.748, P ¼ 0.479, d ¼ �0.230, 95% CI [�0.722, 0.375]), nor
was the psilocin � region interaction (t7 ¼ 0.860, P ¼ 0.418,
d ¼ 0.441). However, the psilocin � region � hemisphere
interaction contrast was significant (t7 ¼ �2.753, P ¼ 0.028,
d ¼ �1.584, 95% CI [�2.227, �0.169]), confirming that psilo-
cin’s influence on PLI was spatially and laterally specific.

To further localize these effects, we performed separate
ANOVAs for frontal and temporal electrodes. In the temporal
region, we observed a significant psilocin � hemisphere
interaction [F(1,7) ¼ 7.446, P ¼ 0.029, g2

p ¼ 0.515], indicating
that psilocin effects differed across hemispheres. No signifi-
cant effects were observed in the frontal region. Follow-up
paired-sample t-tests showed no significant change in left
temporal PLI (t7 ¼ �0.556, P ¼ 0.596, d ¼ �0.196, 95% CI
[�0.890, 0.511]), but a significant decrease in right

Figure 1. Experimental timeline of the auditory steady-state
response (ASSR) protocol. Rats underwent baseline ASSR
recording (120 click trains at 40 Hz), followed by psilocin
administration (4 mg/kg, sc) and a second ASSR session
after a 30-min interval.
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temporal PLI following psilocin (t7 ¼ 2.603, P ¼ 0.035, d ¼
0.920, 95% CI [0.060, 1.738]), indicating lateralized reduc-
tion in synchronization.

For 80Hz PLI, the repeated-measures ANOVA revealed a sig-
nificant main effect of region [F(1,7) ¼ 13.089, P ¼ 0.009, g2

p ¼
0.652], with higher values in temporal than frontal areas.

However, the main effect of psilocin [F(1,7) ¼ 0.000364, P
¼ 0.985, g2

p ¼ 5.20e-05] was not significant, nor were the
psilocin � region [F(1,7) ¼ 0.320, P ¼ 0.589, g2

p ¼ 0.045] or
psilocin � hemisphere [F(1,7) ¼ 0.105, P ¼ 0.755, g2

p ¼
0.015] interactions. The three-way psilocin � region �
hemisphere interaction was also not significant [F(1,7) ¼
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2.323, P ¼ 0.171, g2
p ¼ 0.249]. Planned contrasts confirmed

these results, with no significant change in PLI following
psilocin administration (t7 ¼ �0.019, P ¼ 0.985, d ¼
�0.007, 95% CI [�0.507, 0.502]).

For 40 Hz ERSP, a repeated-measures ANOVA showed a
significant main effect of region [F(1,7) ¼ 14.179, P ¼ 0.007,
g2
p ¼ 0.669], indicating higher evoked spectral power in tem-

poral areas. The psilocin � region � hemisphere interaction
was also significant [F(1,7) ¼ 6.273, P ¼ 0.041, g2

p ¼ 0.473].
However, the main effect of psilocin [F(1,7) ¼ 1.079, P ¼
0.333, g2

p ¼ 0.134] and the psilocin � region interaction
[F(1,7) ¼ 0.197, P ¼ 0.670, g2

p ¼ 0.027] were not significant.
The planned contrast for the three-way interaction was sig-
nificant (t7 ¼ �2.505, P ¼ 0.041, d ¼ �1.451, 95% CI [�2.177,
�0.057]), suggesting region- and hemisphere-dependent psi-
locin effects. When analyzing regions separately, the frontal
region showed a trend-level main effect of psilocin [F(1,7) ¼
4.767, P ¼ 0.065], and the temporal region showed a trend-
level psilocin � hemisphere interaction [F(1,7) ¼ 4.264, P ¼
0.078], suggesting potential spatial specificity in psilocin’s
influence on spectral power.

Finally, for 80 Hz ERSP, we found a significant main effect
of drug [F(1,7) ¼ 9.014, P ¼ 0.020, g2

p ¼ 0.563], indicating a
global decrease in spectral power following psilocin adminis-
tration. Region [F(1,7) ¼ 4.728, P ¼ 0.066, g2

p ¼ 0.403] and
hemisphere [F(1,7) ¼ 0.00021, P ¼ 0.989, g2

p ¼ 3.00e-05]
effects were not significant, and there were no significant

interactions involving these factors. The planned contrast
confirmed a significant decrease in ERSP postpsilocin (t7 ¼
�3.002, P¼ 0.020, d¼ �1.261, 95% CI [�2.180,�0.269]), sup-
porting a general suppressive effect of psilocin at 80 Hz that
was not spatially specific.

DISCUSSION
We aimed to evaluate the effect of a single acute dose of psi-

locin on the ability to generate evoked responses at 40Hz and
80 Hz in Wistar rats. The utilization of the ASSR approach
allowed us to assess the generation capacity of both low and
high gamma activity, similar to studies performed in humans,
where both low and high gamma were demonstrated to be
impaired in conditions associated with psychosis (6–9) and
associated with the severity of hallucination in patients with
schizophrenia (35, 36). In our study, psilocin induced a selec-
tive, frequency- and region-specific modulation of auditory
steady-state responses in rats. The psilocin reduced 40 Hz
phase-locking specifically in the right temporal cortex, indi-
cating lateralized disruption of low-gamma neural synchrony,
whereas 80 Hz phase-locking remained preserved. In con-
trast, 80 Hz spectral power was reduced in both frontal and
temporal regions, revealing dissociation between phase preci-
sion and amplitude.

Previously, psilocin has been shown to induce a global
reduction of broadband EEG activity, including low-gamma
power, in rats at the same dosage as used in the present

Figure 2. Group-level results of auditory steady-state responses (ASSRs) at 40 Hz and 80 Hz. A: grand-average time courses of PLI in response to 40 Hz
(top) and 80 Hz (bottom) stimulation, shown separately for frontal (Fp1, Fp2) and temporal (T3, T4) electrodes before (Pre) and after (Post) psilocin admin-
istration. Traces represent averages across all animals and trials; values are expressed as ratios relative to the prestimulus baseline. B: mean PLI values
(means ± SE) averaged across the late response window (200–900 ms) and frequency bands of interest (35–45 Hz for 40 Hz stimulation; 75–85 Hz for
80 Hz stimulation). Data are shown separately for frontal and temporal electrodes and for left and right hemispheres. Points represent group means
from all animals (n¼ 8). C: topographical distribution of PLI across the full electrode array for 40 Hz (top) and 80 Hz (bottom) stimulation before and after
psilocin administration. The four electrodes included in the statistical analysis (Fp1, Fp2, T3, T4) are highlighted. Color scales represent relative PLI values
and were independently scaled to the minimum and maximum values within each condition to emphasize spatial patterns. D: grand-average time
courses of ERSP in response to 40 Hz (top) and 80 Hz (bottom) stimulation for frontal and temporal electrodes before and after psilocin administration.
ERSP values are expressed as ratios relative to baseline. E: mean ERSP values (means ± SE) averaged across the same time–frequency windows as in
B, shown separately for region and hemisphere (n ¼ 8). F: topographical maps of ERSP for 40 Hz (top) and 80 Hz (bottom) stimulation before and after
psilocin administration. As in C, the four analyzed electrodes are highlighted, and colormaps were scaled to the minimum and maximum values within
each condition. ERSP, event-related spectral perturbation; PLI, phase-locking index.

Table 1. Descriptive statistics of PLI and ERSP values

PLI ERSP

Drug Region Hemisphere Means SE Means SE

40 Hz ASSR Pre Frontal Left 1.459 0.109 1.341 0.038
Right 1.469 0.113 1.335 0.041

Temporal Left 2.244 0.32 1.744 0.1
Right 2.83 0.358 1.936 0.106

Post Frontal Left 1.493 0.182 1.146 0.077
Right 1.421 0.187 1.184 0.078

Temporal Left 2.544 0.441 1.957 0.394
Right 1.85 0.233 1.53 0.131

80 Hz ASSR Pre Frontal Left 1.209 0.078 1.562 0.09
Right 1.151 0.061 1.535 0.077

Temporal Left 2.11 0.271 1.654 0.105
Right 2.082 0.362 1.706 0.085

Post Frontal Left 1.208 0.106 1.112 0.09
Right 1.252 0.118 1.081 0.089

Temporal Left 2.147 0.336 1.367 0.142
Right 1.932 0.351 1.376 0.113

Means and standard error (SE) values for PLI and ERSP in response to 40 Hz and 80 Hz auditory steady-state stimulation, reported
separately for each condition (Pre/Post), brain region (Frontal/Temporal), and hemisphere (Left/Right). ASSR, auditory steady-state
response; ERSP, event-related spectral perturbation; PLI, phase-locking index.
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study (26). Our results extend these findings by demonstrat-
ing frequency-, region-, and hemisphere-specific modulation
of auditory steady-state responses, supporting the involve-
ment of serotonergic mechanisms and 5-HT2A receptor–
mediated modulation of ASSR circuits, in line with our
recent human study (27). Importantly, no global effect of psi-
locin on phase-locking indices was observed. Instead, psilo-
cin selectively affected low-gamma synchronization, with a
significant lateralized reduction of 40 Hz PLI in the right
temporal region but not in frontal sites, indicating regionally
specific disruption of temporal coordination. Although psilo-
cin is primarily considered a 5-HT2A receptor agonist (37),
receptor specificity was not directly tested in the present
study, as no selective antagonists were used. Therefore, the
receptor-level interpretation remains inferential and war-
rants future validation.

Notably, ERSP and PLI capture complementary aspects of
ASSRs: ERSP reflects overall oscillatory power and is more
sensitive to noise and amplitude fluctuations, whereas PLI
indexes the temporal precision of phase-locked neural
responses and is more stable over time (38, 39). Consistent
with this distinction, the lack of psilocin effects on PLIs at 80
Hz suggests that higher-frequency gamma synchronization
is relatively resistant to serotonergic desynchronization.
Nevertheless, a reduction in 80 Hz ERSP was observed, in
agreement with previously reported broadband EEG attenu-
ation following psilocin administration (26). Within the
ASSR framework, however, these effects were not global but
instead frequency- and region-specific.

Low-gamma ASSRs around 40 Hz are generated predomi-
nantly within superficial cortical networks, whereas high-
gamma responses near 80Hz relymore strongly on subcortical
and thalamocortical circuits (12–14). Although 5-HT2A
receptors are expressed in both cortex and thalamus (40,
41), our results indicate that psilocin selectively disrupts
cortically generated 40 Hz synchronization while sparing
the temporal coordination of subcortically supported 80
Hz responses. Importantly, despite reduced 80 Hz ASSR
power, phase-based synchronization metrics remained

preserved, indicating attenuation of oscillatory strength
without disruption of temporal precision. The lack of effect
on 80 Hz PLI, despite the ERSP reduction, raises questions
about whether higher gamma frequencies are less susceptible
to serotonergic modulation. The effects observed at 40 Hz but
not 80 Hz may relate to differential serotonergic modulation
of inhibitory interneurons, where psilocin’s influence on
5-HT2A receptor-mediated disinhibition may preferentially
impact lower gamma frequencies. Alternatively, the pre-
served 80 Hz phase-lockingmay reflect greater robustness of
high-gamma synchronization rather than reduced serotoner-
gic sensitivity per se, a distinction that cannot be resolved
within the present design.

Overall, only a few studies to date have utilized the ASSR
approach to study serotonergic modulation, with almost all
being conducted in humans, making it difficult to discuss
the observed outcomes. Apart from our previous study in
humans, which demonstrated reduced PLIs after a single
dose of psilocybin, whose active metabolite psilocin acts pri-
marily as a 5-HT2A receptor agonist with additional affinity
for 5-HT1A receptors (27), Nissen et al. reported a reduction
in gamma-band evoked power after serotonin reuptake
inhibitors, including vortioxetine and escitalopram (42). In a
Fragile X Syndromemouse model, the selective 5-HT1A ago-
nist NLX-101 was recently reported to restore 40 Hz PLI (43).
No effect of the selective 5-HT3R antagonist CVN058 was
observed on 40 Hz ASSR in humans (44). This indicates the
need for further research.

We observed a right-lateralized decrease in 40 Hz PLI,
whereas the response in the left temporal region remained
statistically unchanged. This pattern is consistent with prior
studies demonstrating hemispheric asymmetries in auditory
neural dynamics in rats. Functional lateralization of the
rodent auditory system has been reported previously, with
the left auditory cortex preferentially involved in detecting
fine temporal elements, such as gap durations (45) or specific
vocalization features (46), while the right auditory cortex
integrates broader spectro-temporal information (45, 46).
Notably, an asymmetric distribution of 40 Hz ASSRs is also

Table 2. Results of repeated-measures ANOVA for PLI and ERSP

PLI ERSP

Effect F P g2p F P g2p

40 Hz ASSR Drug 0.56 0.479 0.074 1.079 0.333 0.134
Region 18.675 0.003� 0.727 14.179 0.007� 0.669
Hemisphere 0.096 0.766 0.013 0.352 0.572 0.048
Drug � Region 0.74 0.418 0.096 0.197 0.67 0.027
Drug � Hemisphere 6.601 0.037� 0.485 2.923 0.131 0.295
Region � Hemisphere 0.008 0.932 0.001 0.438 0.529 0.059
Drug � Region � Hemisphere 7.576 0.028� 0.52 6.273 0.041� 0.473

80 Hz ASSR Drug 0.000364 0.985 5.20e-05 9.014 0.02� 0.563
Region 13.089 0.009� 0.652 4.728 0.066 0.403
Hemisphere 0.122 0.737 0.017 0.00021 0.989 3.00e-05
Drug � Region 0.32 0.589 0.044 1.291 0.293 0.156
Drug � Hemisphere 0.105 0.755 0.015 1.613 0.245 0.187
Region � Hemisphere 0.106 0.754 0.015 0.528 0.491 0.07
Drug � Region � Hemisphere 2.323 0.171 0.249 0.259 0.626 0.036

F values, P values, and partial eta-squared (g2
p) are reported for main effects and interactions of Drug, Region, and Hemisphere in

response to 40 Hz and 80 Hz auditory steady-state stimulation. Asterisks (�) indicate statistically significant effects (P < 0.05).
Significant Drug � Hemisphere and Drug � Region � Hemisphere interactions at 40 Hz are driven by a postdrug reduction in phase-
locking in the right temporal hemisphere (Table 1 and Fig. 2). ASSR, auditory steady-state response; ERSP, event-related spectral pertur-
bation; PLI, phase-locking index.
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well-documented in humans, with responses typically more
pronounced over the right hemisphere (29, 30, 47).

Psilocin, the active metabolite of psilocybin, is known to
induce psychotic-like perceptual alterations in humans (48).
In our previous human study, greater hallucinogenic inten-
sity was associated with reduced 40 Hz ASSR PLI following
psilocybin administration (27). At the same psilocin dosage
used here (4 mg/kg), hallucination-like behavior has also
been reported in rats (49). Moreover, human studies have
demonstrated associations between altered 40 Hz phase-
locking and auditory hallucination severity, with aberrant
and often lateralized ASSR responses observed in patients
with schizophrenia (36, 50, 51). Given that gamma oscilla-
tions, and gamma-range ASSRs in particular, are closely
linked to cognitive processing (52), perceptual integration
(53), and altered states of consciousness (54, 55), the selective
modulation of 40 Hz synchronization observed here may
reflect functionally meaningful changes in neural dynamics
and stand as a translationally relevant neural signature asso-
ciated with psychotic-like perceptual and cognitive altera-
tions across species. However, as we did not assess
behavioral correlates of psychosis-like states after psilocin,
these links should be considered hypothesis-generating
rather than conclusive.

A limitation of the present study is that the primary effects
emerged through region- and hemisphere-specific interac-
tion terms rather than global main effects, which may
increase statistical uncertainty in a small-sample preclinical
design relying on a single electrophysiological modality.
These findings should therefore be interpreted with appro-
priate caution. Nevertheless, the observed effects were asso-
ciated with relatively large effect sizes. Moreover, the
behavioral and neurophysiological effects of this psilocin
dose are well characterized in rodent models, and the pres-
ent work was designed to provide a translational analogue of
human ASSRmeasurements rather than to comprehensively
characterize behavioral ormultimodal outcomes.

Conclusions

This study demonstrates that psilocin selectively modu-
lates auditory steady-state responses in rats in a frequency-
and region-specificmanner. Althoughnoglobal changeswere
observed inphase-locking at 40Hz, a significant right-lateral-
ized reduction in temporal synchronization was detected,
indicating localized sensitivity of low gamma oscillations to
serotonergic modulation. In contrast, 80 Hz phase-locking
remained unaffected, though spectral power in this range
decreased globally. These results suggest that psilocin affects
the precision and amplitude of auditory-driven neural oscilla-
tions throughdistinctmechanisms, likely reflectingdifferential
involvement of cortical and subcortical generators and their
receptor-level modulation. The lateralized disruption at
40Hzmay be particularly relevant tomodels of altered per-
ception and consciousness, supporting the utility of rodent
ASSRs as translational biomarkers for investigating seroto-
nergic contributions to psychiatric symptomatology.
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