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Abstract
Repeated mild traumatic brain injury (RmTBI) can produce lasting cognitive, emotional, and social deficits
(e.g., persistent post-concussion symptoms; PPCS). Despite the prevalence of RmTBI in sports, military, and
domestic violence settings, effective treatments to alleviate the neurological consequences of RmTBI
remain limited. Psilocybin, a serotonergic psychedelic, can enhance neuroplasticity and reduce
neuroinflammation and has shown efficacy in psychiatric conditions that share overlapping
pathophysiological and symptomatic features with RmTBI and PPCS. Here we examined whether delayed
administration of psilocybin after RmTBI could improve long-term recovery in rats. Adult male rats received
either five mTBIs delivered once daily via a lateral impactor or underwent sham procedures. After an 8-week
recovery period, rats were administered psilocybin (1 mg/kg, i.p.) or saline. Behavioural testing began 24
hours later to evaluate psilocybin’s potential therapeutic effects. Afterwards, rats were perfused for
immunohistochemical analysis of Cd11b and doublecortin to assess the density and morphology of
microglia and newborn neurons, respectively, in the dorsal dentate gyrus. RmTBI produced persistent
behavioural deficits across affective, social, and cognitive domains. Psilocybin treatment reversed several
of these alterations, exhibiting antidepressant-like effects in the forced swim and sucrose preference tests,
promoting pro-social behaviour, and increasing nociceptive thresholds in the hot plate test. Psilocybin also
partially recovered RmTBI-induced increases in microglial density and, while RmTBI had minimal impact on
the number of newborn neurons, psilocybin increased their abundance and enhanced their dendritic
complexity. These results support the potential of psilocybin as a novel intervention for the enduring
consequences of RmTBI.

1. Introduction
Mild traumatic brain injury (mTBI; e.g., concussion), is a major public health concern associated with
persistent cognitive, emotional, and behavioural impairments [1, 2]. Repeated mTBI (RmTBI), which
commonly occurs in contact sports, military settings, falls, and intimate partner violence, confers an
elevated risk of persistent post-concussion symptoms (PPCS) and increases vulnerability to psychiatric and
neurodegenerative and disorders, including depression, anxiety, and dementia [3–6]. Despite these
substantial long-term consequences, effective treatments that promote recovery in the chronic stage
remain limited.

RmTBI can induce a sustained neuroinflammatory response marked by chronic microglial activation –
associated with a retraction of branches and enlarged soma size – which contributes to secondary injury
cascades and long-term neural dysfunction [7–9]. In parallel, RmTBI may also disrupt neuroplasticity [10],
including adult hippocampal neurogenesis, leading to aberrant proliferation, survival, and maturation of
newborn neurons in the dentate gyrus [11–13]. Because neurogenesis is tightly regulated by microglial
phagocytosis, trophic support, and inflammatory signalling [14, 15], chronic microglial dysregulation likely
amplifies neurogenic impairments. Thus, interventions that restore both microglial function and
neuroplasticity – including neurogenesis – may offer a complementary avenue to support recovery.
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Psilocybin, a serotonergic psychedelic, has demonstrated clinical efficacy in disorders such as depression,
anxiety, and post-traumatic stress disorder, conditions that share symptoms, as well as impairments in
neuroplasticity and elevated neuroinflammation, with RmTBI [16–18]. Evidence also suggests that
psilocybin may improve cognition [19, 20], reduce headache burden and chronic pain [21–24], and decrease
substance use [25–27]. Psilocybin’s therapeutic effects are thought to arise primarily through activation of
5-HT2A and TrkB receptors, which engage intracellular pathways that promote neuroplasticity, including
dendritic growth, spinogenesis, and synaptic strengthening [28–35]. Given the plasticity of adult
hippocampal neurogenesis, these mechanisms support a role for psilocybin in promoting neuron generation
and maturation. Consistent with this possibility, preclinical work suggests that psilocybin exerts dose-
dependent effects on neurogenesis, although evidence remains limited – particularly in the context of brain
injury [36]. Additionally, psilocybin treatment has been shown to reduce neuroinflammation, lower pro-
inflammatory cytokine expression and oxidative stress, modulate microglial activation [37–40], and extend
cellular lifespan [41]. Together, these complementary effects position psilocybin as a promising candidate
for restoring neuroimmune balance and improving long-term outcomes following RmTBI. However, its
therapeutic potential in this domain remains largely unexplored.

To address this knowledge gap, we examined whether delayed administration of psilocybin after RmTBI
could improve long-term recovery in a rat model.

 

2. Methods
2.1 Animal husbandry

Male Sprague-Dawley rats (N=48), aged 6 weeks, were obtained from the Alfred Medical and Education
Precinct Animal Services (AMREP) in Melbourne, Australia, and housed in groups of three under a 12 hour
light-dark cycle with ad libitum food and water. Bedding was changed weekly. After a 7-day habituation and
1 week of handling, experimental procedures began. All procedures were approved by the AMREP Ethics
Committee (E/8029/2021/M) and conducted in accordance with the Australian National Health and Medical
Research Council’s Code of Practice for the Care and Use of Animals for Scientific Purposes. The
experimental design is depicted in Figure 1A.

2.2 Repeated mild traumatic brain injury

To model RmTBI, rats were subjected to a lateral impact once a day for five consecutive days, or a sham
procedure, as previously described [42, 43]. First, the rats were lightly anesthetized with 5% isoflurane
inhalation (until non-responsive to toe-pinch; ~ 90 seconds) and placed chest down on a Teflon® board,
with the left temporal region of its head positioned against a helmet-like aluminium plate (30 × 13 × 3 mm³)
that was facing the impactor. The impactor used pneumatic pressure to propel a 50-gram weight at the
plate at an average speed of 11 m/s. The sham procedure was identical but did not include the weight being
propelled. After the procedure, the rat was placed into a clean cage and latencies to toe pinch and self-
righting were measured.
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2.3 Acute behavioural testing

Sensorimotor functioning

Five minutes after each injury, we assessed the rat’s startle response and their ability to traverse a beam
and hold on to a rotating beam [44–46]. Each test was scored 0-3, where 0 indicated poor performance (no
sound response, inability to cross the beam within 10 seconds, or failure to hold after one rotation) and 3
indicated superior performance (sound response, beam crossing with ≤1 slip within 10 seconds, and
remaining on the beam after four rotations).

Beam-walk

Sensorimotor function was evaluated with a beam-walk test 1-hour, 1-day, and 2-days post-final injury [47,
48]. Initially, rats underwent beam training the day before the first injury, completing 5 trials on a 100 cm
long × 4 cm wide beam, then 5 trials on a narrower 100 cm long × 2 cm beam. Testing consisted of 10 trials
on the 2 cm beam, with a 60 second limit per trial. Traversal time, slips, and falls were recorded, and rats that
fell or failed to hold the beam were assigned 60 seconds for that trial.

T-maze

Spatial memory was evaluated 3 days after the final injury, as previously described [46]. This test relies on
the rats’ natural preference for novel stimuli. Rats explored a T-shaped arena with 2 accessible arms for
10 minutes, then returned 1 hour later to explore all 3 arms for 5 minutes. TopScan™ software (v3.0; Clever
Sys., USA) quantified time spent and entries into each arm.Additionally, the pattern of arm alternations was
recorded to assess spatial working memory using the following formula: Spontaneous alternation % =
(number of complete sequences ÷ (total number of alternations – 2) × 100). For example, in the following
pattern of arm visits, the underlined arms are the start of complete non-repeating 3-arm sequences:
Start→Familiar→Novel→Familiar→Start→Novel.

2.4 Psilocybin administration

After an 8-week recovery period – selected to model the chronic phase of injury and align with the clinical
timeframe for PPCS [49] – the rats received an intraperitoneal injection of either psilocybin (1 mg/kg,
dissolved in saline at a volume of 1 mg/ml) or saline control. This dose of psilocybin was chosen based on
previous work demonstrating its positive behavioural and neurochemical effects in various rodent models
and is thought to be equivalent to a clinical high dose [32, 34, 43, 50]. Psilocybin induces a transient, 5-HT2A

receptor-dependent head-twitch response in rodents that peaks 6-8 minutes post-administration [34, 51].
Accordingly, to confirm successful dosing, rats were placed individually into a bedded cage immediately
after psilocybin or saline treatment, and the number of head-twitches were recorded for 15 minutes [43].
After an hour, the rats were returned to their original home-cage.

2.5 Chronic behavioural testing
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Beginning 24 hours after psilocybin administration, rats underwent behavioural tests assessing anxiety- and
depression-like behaviour, motor function, pain sensitivity, cognition, and sociability. All tests were
conducted and scored by researchers blinded to treatment. Where possible, we utilized video tracking
software (TopScanTM 3.0; Clever Sys., Inc., USA) to automatically quantify relevant metrics, minimizing
experimenter bias.

Elevated-plus maze

Rats were tested in the elevated-plus maze to make inferences about anxiety-like behaviour 24 hours after
treatment [44]. Rats explored a 50 cm by 10 cm “+”-shaped arena with two of the opposing arms open and
two enclosed arms for 5 min, while time spent and entries into each arm were recorded.

Forced swim

The forced swim test, which assesses coping responses to inescapable stress, is widely used as a standard
assay of antidepressant-like efficacy [52]. Rats were first placed in a 24 cm-diameter, 40 cm-high cylinder
filled with 30 cm of water (23–25 °C) for 10 minutes to familiarize them with the inescapable stress. Twenty-
four hours later, rats were reintroduced for 5 minutes while swimming, climbing/struggling, and immobility
were manually scored from video recordings.

Hot and cold plate

Pain sensitivity was assessed using a hot/cold plate test [43]. Rats were habituated to the enclosed
temperature-controlled plate the day before psilocybin. Four days post-treatment, latency to paw lick or
jump was recorded on a 52 °C plate, then repeated 1 hour later on a 2 °C plate. A maximum time of 2
minutes was allowed for each trial. Shorter latencies indicated increased pain sensitivity

Open field

Five days post-psilocybin, the open field test assessed exploratory behaviour as an indicator of anxiety [47,
48]. Rats were placed in the centre of a 100 cm-diameter well-lit arena for 5 min, with less time spent in the
central 66 cm zone indicating higher anxiety-like behaviour.

T-maze

Spatial memory was re-assessed using the T-maze test 6-days post-psilocybin treatment, following the
same procedure as described for the acute T-maze test.

Rotarod

The rotarod test, conducted 7 days post-psilocybin, assessed motor function [43]. Rats were habituated at
4 rpm for 2 min, followed by two trials with speed increasing from 4-40 rpm over 5 minutes. The test session
included another 3 consecutive trials, with speed progressively increasing from 4-40 rpm within the allotted
5-minute duration, with fall time recorded by a sensor. Any rat remaining on the rotarod for 5 minutes was
returned to their home cage. Longer latencies indicate better motor performance.
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Social interaction

The social interaction test, conducted 8 days post-treatment, assessed sociability based on rats’ preference
for novel over familiar conspecifics [53]. Rats explored a three-chamber arena (100 × 100 × 50 cm) with
stimulus rats confined in mesh cages in the outer chambers. The test included a 10 minute habituation,
followed by two 10 minute trials: trial 1 measured preference for a single stimulus rat, and trial 2 assessed
interaction with a novel rat in the previously empty chamber. Time spent in each chamber and the “sniff
zone” indicated social behaviour.

Water maze

Spatial cognition was assessed using the water maze 9–10 days post-treatment [42, 53]. Rats navigated a
163 cm-diameter pool (26–28 °C) to locate a hidden platform, guided by four visible cues positioned around
the pool's perimeter at north, east, south, and west. During acquisition (day 1), each rat completed 10 trials
with randomized start points; latency to find the platform was recorded. Rats failing to find the platform
within 60 seconds were guided to it for 15 seconds. A reversal session 24 hours later relocated the platform
to the opposite quadrant, with latency again measured as an index of learning and memory.

Sucrose preference

The sucrose preference test assessed anhedonia-like behaviour [54]. Throughout the study as the rats were
housed in groups of 3, they had access to two water bottles. The day before the test, they were given two
bottles of 1% sucrose for 24 hours. On testing day, 11 days after treatment, rats were singly housed with
one water bottle and one 1% sucrose bottle for 24 hours, with positions switched after 12 hours to control
for side preference. Sucrose consumption as a percentage of total fluid intake was calculated, with reduced
preference indicating anhedonia-like behaviour.

2.6 Tissue preparation and immunohistochemical analyses

After behavioural testing, the rats were transcardially perfused with ~450 ml of ice-cold 0.1 M phosphate
buffer (PB; pH 7.4) followed by ~450 ml of ice-cold 4% (w/v) paraformaldehyde in 0.1 M PB (pH 7.4). The
brains were then removed and post-fixed in 4% paraformaldehyde (w/v) for 48 hours at 4°C. Thereafter, the
brains were suspended in a 30% sucrose solution for 72 hours and then suspended in OCT and flash frozen
with liquid nitrogen before being sectioned at a thickness of 40 µm using a cryostat.

Microglial and adult-born neurons were assessed by immunohistochemical detection of Cd11b and
doublecortin (DCX), respectively, in the dorsal hippocampus using methods described previously [55]. Every
6th tissue section (i.e., spaced 240 µm apart) was processed for immunohistochemistry. Sections
underwent antigen retrieval in sodium citrate buffer (pH 6.0) at 85 °C for 30 minutes, then incubated for 24
hours at room temperature with either a mouse anti-CD11b primary antibody (1:500; Millipore, USA) or a
rabbit anti-DCX primary antibody (1:1000; Cell Signaling, Danvers, MA), both diluted in a blocking solution
consisting of Tris-buffered saline, 0.5% Triton X-100, 1% bovine serum albumin, and 5% normal horse serum
for CD11b staining or normal goat serum for DCX staining. Endogenous peroxidase activity was quenched
with 10% H₂O₂ for 30 minutes, followed by a 2-hour incubation with either a biotinylated horse anti-mouse
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(1:500; Sigma-Aldrich) or goat anti-rabbit secondary antibody (1:500; Vector Laboratories) in blocking
solution. Sections were then treated with avidin-biotin complex (ABC; 1:500; Vector Laboratories) for 1 hour
and visualized using 0.025% diaminobenzidine with 4.167% nickel sulphate and 0.002% H₂O₂ in 0.175 M
sodium acetate buffer (pH 6.8). Finally, sections were mounted onto glass slides, air-dried overnight,
dehydrated through graded ethanol (70%, 95%, and 100%), cleared in xylene, and coverslipped using
Permount mounting medium.

2.7 Cd11b- and DCX-positive cell counts and morphological analyses

All quantification was conducted by an experimenter blinded to experimental conditions using an Olympus
BX51 microscope equipped with a motorized stage and linked to a computerized image analysis system
(Stereo Investigator, MicroBrightField). Measurements were obtained from both hemispheres across four
tissue sections at 40× magnification.

The estimated number of CD11b-positive microglia was determined using unbiased stereology with a
modified optical fractionator method to minimize oversampling, as previously described [43]. The total cell
count (Ntotal) was calculated using the following formula:

Ntotal: ΣQ− × 1 / 𝑠𝑠𝑓 × 𝐴(𝑥, 𝑦 𝑠𝑡𝑒𝑝) / 𝑎(𝑓𝑟𝑎𝑚𝑒) × 𝑡/ℎ,

where ΣQ− is the number of counted cells; ssf is the section sampling fraction (1 in 6); A(x,y step) is the
area associated with each x,y movement (90000 μm2); a(frame) is the area of the counting frame (7500
μm2); t is the weighted average section thickness; and h is the height of the dissector (30 μm). A guard zone
of 4 μm was used to avoid counting sectioning artefacts.

DCX-positive neurons were quantified using a profile-based counting approach. Immunolabeled neurons
were manually counted within the granule cell layer and subgranular zone. Profile counting involved
identifying and counting only DCX-positive neurons with a clearly stained soma to minimize overestimation
from dendritic fragments or partial profiles. Neuron counts were area-normalized and expressed as a
percentage change relative to the sham/saline group.

The morphology of 10 randomly selected CD11b- and DCX-positive cells per rat were traced using
Neurolucida software (MicroBrightField) at 100× magnification with oil immersion. Cells were selected
based on the presence of a clearly defined soma, well-resolved processes or intact primary dendrite, and
minimal overlap with neighbouring cells. Quantitative analyses of the soma and process branching
parameters were performed using NeuroExplorer software (MicroBrightField). Process complexity was
further assessed using Sholl analysis, in which concentric circles spaced at 10 μm intervals were centered
on the soma of each traced cell. This approach enabled quantification of morphological features including
process intersections, branching nodes, terminal endings, and cumulative process length within each radial
segment.

2.8 Statistical analyses
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An a priori power analysis indicated that a minimum of 10 rats per group would be required to detect a large
effect size (Cohen’s f = 0.4) across four groups (k = 4), with a significance level of α = 0.05 and a desired
statistical power of 80% (1 – β = 0.8). To ensure adequate power and account for potential attrition, we
included 12 rats per group. This sample size aligns with previous psilocybin studies in rodents that have
demonstrated significant effects using comparable or even smaller group sizes [32, 34, 56].

Bodyweight, measured throughout the experiment, was analysed with a repeated measures ANOVA, with
injury as the between-subject factor (sham vs RmTBI) and time (week) as the within-subject factor.

Acute injury and behavioural data were analysed using independent t-tests or Mann–Whitney U tests,
depending on the outcome of the Shapiro-Wilk test for normality, to compare sham and RmTBI groups. 

Chronic behavioural and neurobiological data was analysed with two-way ANOVAs, with injury (sham vs
RmTBI) and treatment (saline vs psilocybin) as factors. Tukey multiple comparison post-hoc tests were
used if significant main or interaction effects were observed at p<0.05. Non-normally distributed data were
analysed using Kruskal-Wallis tests, followed by Dunn’s post-hoc tests where appropriate (p<0.05).

3. Results
3.1 Bodyweight and acute injury severity measures

A repeated measures ANOVA analysis of body weight (Figure 1B) revealed a significant main effect of time
[F(3.010, 138.444)=929.996, p<0.001], with both injury groups gaining weight over the course of the
experiment. However, there was no significant main effect of RmTBI [F(1, 46)=0.610, p=0.439], nor a
significant time × RmTBI interaction [F(3.010, 138.444)=0.849, p=0.470].

To confirm injury induction, we demonstrated that RmTBI rats took longer to self-right after each injury
(Figure 1C; day 1: t(46)=-7.090, p<0.001; day 2: t(46)=-8.128, p<0.001; day 3: t(46)=-11.879, p<0.001; day 4:
t(46)=-12.841, p<0.001; day 5: t(46)=-12.050, p<0.001) and exhibited significantly impaired performance on
sensorimotor assessments conducted five minutes after each injury (Figure 1D; day 1: U=-6.051, p<0.001;
day 2: U=-5.801, p<0.001; day 3: U=-6.052, p<0.001; day 4: U=-6.052, p<0.001; day 5: U=-6.071, p<0.001).

Additionally, RmTBI rats took significantly longer to traverse a beam 1-hour [t(46)=-4.074, p<0.001], 1-day
[t(46)=-4.202, p<0.001], and 2-days [t(46)=-3.058, p=0.004] post-final injury (Figure 1E). RmTBI also led to a
greater number of slips and falls at the 1-hour (U=-4.736, p<0.001) and 1-day (U=-3.102, p=0.002)
timepoints, although performance returned to baseline by 2 days post-injury (U=-1.620, p=0.105).

As well, rats subjected to RmTBI spent significantly less time in the T-maze novel arm [t(46)=3.539,
p=0.001], and significantly more time in the familiar arm [t(46)=-2.300, p=0.026], compared to sham controls
3-days post-injury (Figure 1F). Time spent in the start arm was also reduced in RmTBI rats, approaching
statistical significance [t(46)=2.008, p=0.051]. However, RmTBI had no significant effect on the number of
entries into the novel (U=-1.614, p=0.107), start (U=-1.804, p=0.071), or familiar (U=-1.334, p=0.182) arms.



Page 9/30

Notably, there were no significant differences in acute injury severity measures between the psilocybin or
saline treatment groups that were assigned thereafter, confirming comparable baseline impairment prior to
intervention.

[insert Figure 1 here]

3.2 Psilocybin improved behavioral outcomes

Head-twitch response

Head-twitch behaviour, a 5-HT2A receptor-mediated response to psilocybin [43], was assessed following
treatment to confirm successful drug delivery (Figure 2A). A Kruskal-Wallis test revealed a significant effect
of group (H=39.410, p<0.001), and Dunn’s post-hoc tests confirmed that psilocybin-treated rats, regardless
of injury group, exhibited significantly more head twitches compared to their respective saline-treated
counterparts (p<0.001).

Elevated plus-maze

Analysis of elevated plus-maze performance revealed no significant main effects of RmTBI [F(3, 44)=1.760,
p=0.191], psilocybin treatment [F(3, 44)=1.138, p=0.292], or their interaction [F(3, 44)=0.866, p=0.357] on
time spent in the open arms (Figure 2B). Similarly, the number of entries into the open arms was not
significantly affected by RmTBI [F(3, 44)=1.140, p=0.291], psilocybin treatment [F(3, 44)=1.993, p=0.324], or
their interaction [F(3, 44)=0.324, p=0.572].

Forced swim

There was a significant main effect of RmTBI [F(3, 44)=16.339, p<0.001] and psilocybin [F(3, 44)=10.870,
p=0.002] on forced swim immobility (Figure 2C), but no significant RmTBI × psilocybin interaction [F(3,
44)=2.335, p=0.134]. Tukey post-hoc analyses revealed that RmTBI/saline rats were immobile for
significantly longer periods than both sham/saline (p=0.002) and RmTBI/psilocybin (p=0.007) rats.

Additionally, there was a significant RmTBI effect on latency to first immobility [F(3, 44)=22.942, p<0.001],
but no psilocybin [F(3, 44)=2.696, p=0.108] or interaction effect [F(3, 44)=1.415, p=0.241]. Tukey post-hoc
comparisons showed that RmTBI/saline rats became immobile significantly faster than sham/saline rats
(p=0.001) but not significantly faster than RmTBI/psilocybin rats (p=0.132).

Hot/cold plate

Reaction time in the hot plate test (Figure 2D) was unaffected by RmTBI [F(3, 44)=0.497, p=0.484]. However,
a significant main effect of psilocybin treatment was observed [F(3, 44)=4.766, p=0.034], along with a
significant RmTBI × psilocybin interaction [F(3, 44)=5.787, p=0.020]. Tukey post-hoc analyses revealed that
psilocybin significantly increased reaction time in RmTBI rats (p=0.012). In the cold plate test (Figure 2E), a
Kruskal-Wallis test showed no significant group differences in reaction time (H=6.508, p=0.089).

Open field
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There were no significant effects of RmTBI [F(3, 44)=0.665, p=0.419], psilocybin [F(3, 44)=1.853, p=0.180],
or their interaction [F(3, 44)=0.046, p=0.831] on time spent in the centre of the open field arena (Figure 2F).
Similar non-significant effects were observed for the number of entries into the centre (RmTBI: [F(3,
44)=0.624, p=0.434]; psilocybin: [F(3, 44)=1.670, p=0.203]: RmTBI x psilocybin: [F(3, 44)=0.253, p=0.618])
and total distance travelled (RmTBI: [F(3, 44)=0.321, p=0.574]; psilocybin: [F(3, 44)=0.005, p=0.946]: RmTBI
x psilocybin: [F(3, 44)=0.004, p=0.949]).

T-maze chronic

There were no significant main effects of RmTBI [F(3, 44)=0.001, p=0.981], psilocybin [F(3, 44)=0.785,
p=0.380], or their interaction [F(3, 44)=1.737, p=0.194] on percentage of time spent in the novel arm (Figure
2G).

Rotarod

There was a significant main effect of RmTBI [F(3, 44)=4.241, p=0.045] on motor function in the Rotarod
test (Figure 2H), but no effect of psilocybin [F(3, 44)=0.982, p=0.327] or their interaction [F(3, 44)=1.492,
p=0.228]. Tukey post-hoc analyses revealed no significant individual group differences.

Social interaction

In trial 1 of the social interaction test (Figure 2I), where the subject rat could interact with a single
conspecific, there were no significant main effects of RmTBI [F(3, 44)=1.886, p=0.177], psilocybin [F(3,
44)=0.001, p=0.990], or their interaction [F(3, 44)=2.828, p=0.100] on social preference. However, in trial 2,
which assessed novel rat preference, significant main effects were observed for RmTBI [F(3, 44)=4.161,
p=0.047], psilocybin [F(3, 44)=7.145, p=0.011], and their interaction [F(3, 44)=5.976, p=0.019]. Tukey post-
hoc tests revealed that RmTBI/saline rats showed significantly reduced preference for the novel rat
compared to both sham/saline (p=0.014) and RmTBI/psilocybin (p=0.004) rats.

Water maze

In the acquisition phase of the water maze test (Figure 2J), Kruskal-Wallis tests revealed a significant effect
of group in trial 6 (H=8.613, p=0.035), although post-hoc testing revealed no significant group differences.

In the reversal phase, Kruskal-Wallis tests revealed a significant effect of group in trial 2 (H=10.018,
p=0.018), 7 (H=14.178, p=0.003), 9 (H=12.054, p=0.007), and 10 (H=9.413, p=0.024). Dunn’s post-hoc
testing revealed that RmTBI/saline rats took significantly longer to locate the hidden platform than
sham/saline rats in trial 9 (p=0.022). Similarly, RmTBI/psilocybin rats were slower than sham/psilocybin
rats in trial 7 (p=0.027).

Sucrose preference

There was a significant effect of RmTBI [F(3, 44)=6.210, p=0.017] on sucrose preference (Figure 2K), but not
psilocybin [F(3, 44)=2.700, p=0.108]. The interaction effect of RmTBI x psilocybin approached statistical
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significance [F(3, 44)=4.062, p=0.050]. Tukey post-hoc analyses revealed that sham/saline rats had an
increased preference for sucrose than sham/saline rats (p=0.014).

 [insert Figure 2 here]

3.3 The effect of RmTBI and psilocybin on Cd11b-positive cell counts and morphology

Statistical data for Cd11b-positive cell counts and morphological measurements are presented in Table 1.
Therefore, below we report detailed statistics only for post-hoc group comparisons. Sham/saline rats had
an increased number of Cd11b-positive cells in the hippocampal molecular layer compared to RmTBI/saline
rats (p=0.034; Figure 3A). There were no significant main effects of RmTBI, psilocybin treatment, or their
interaction on soma perimeter and roundness, but psilocybin significantly reduced soma area in RmTBI rats
(p=0.046; Figure 3B). Although RmTBI produced significant main effects on process quantity, number of
process endings, total process length, and process surface area, these effects did not translate into
significant pairwise differences between groups in post-hoc testing (Figure 3C).

Sholl analyses were conducted to further assess microglial process arborization across radial distance
segments. RmTBI significantly reduced the number of process nodes within 20 µm of the soma in saline-
treated rats (p=0.007), as well as intersections within 10 µm of the soma in psilocybin-treated rats (p=0.044;
Figure 3D).

[insert Figure 3 here]

3.4 The effect of RmTBI and psilocybin on DCX-positive neuron counts and morphology

Statistical data for DCX-positive neuron counts and morphological measurements are presented in Table 2.
Therefore, below we report detailed statistics only for post-hoc group comparisons. Despite a significant
main effect of psilocybin on DCX-positive neuron profile counts (Figure 4A), there were no significant post-
hoc group differences. There were no significant main effects of RmTBI, psilocybin treatment, or their
interaction on soma area, perimeter, and roundness measurements (Figure 4B). However, a Kruskal-Wallis
test revealed a significant group effect on dendritic complexity (Figure 4C), with post-hoc analyses revealing
that psilocybin significantly increased dendritic complexity in RmTBI rats (p=0.032). Although there was a
significant main effect of psilocybin on dendritic surface area and total length – with psilocybin increasing
these measurements – post-hoc comparisons did not reveal significant differences between individual
groups.

Sholl analyses were conducted to further assess the complexity of dendritic arborization across radial
distance segments. Although there was no RmTBI main effects on Sholl measurements, there was a
significant main effect of psilocybin on dendritic length in the 90-110, 110-130, and 150-170 µm segments;
dendritic nodes in the 90-110 and 110-130 µm segments; dendritic endings in the 110-130 and 170-190 µm
segments; and the number of intersections in the 90-110 µm and 110-130 µm segments (Figure 4D).
However, post-hoc comparisons did not reveal statistically significant differences between individual
groups. There was also a significant interaction effect of RmTBI x psilocybin treatment on nodes in the 30-
50 and 70-90 µm segments, but no post-hoc individual group differences.
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[insert Figure 4 here]

4. Discussion
This study investigated the therapeutic potential of psilocybin on long-term behaviour, microglial dynamics,
and hippocampal neurogenesis following RmTBI in rats. We found that psilocybin: 1) produced
antidepressant-like and pro-social effects; 2) decreased hippocampal microglial density; and 3) enhanced
hippocampal neurogenesis.

To model RmTBI, we employed a lateral impact paradigm [44, 48] developed to mirror the biomechanics of
sports-related concussions [57]. We then allowed an 8-week recovery period designed to reflect the chronic
phase of injury and mirror the clinical course of PPCS. Thereafter, psilocybin was administered and elicited
an acute head-twitch response, a hallmark of 5-HT2A receptor activation [34]. Subsequently, we showed that
psilocybin reversed RmTBI-induced increases in forced swim test immobility and partially restored
reductions in sucrose preference, indicating antidepressant-like effects. Psilocybin also restored RmTBI-
induced reductions in novel rat preference in the social test. Social impairments following RmTBI are
associated with alterations in 5-HT2A receptor activity, and agonising this receptor mitigates these
deficits [58]. Our findings are promising since depression symptoms, including anhedonia and social
withdrawal, are commonly reported after mTBI and are difficult to treat [59–62]. Cognitive deficits in the
water maze induced by RmTBI were not reversed by psilocybin. Neither RmTBI nor psilocybin produced
chronic behavioural changes in the elevated plus-maze, open field, T-maze, or rotarod tests, suggesting that
alternative injury models, recovery timepoints, dosing regimens, or more sensitive outcome measures may
be required to determine whether psilocybin improves anxiety-like behaviour or sensorimotor performance
following RmTBI. Indeed, psilocybin has demonstrated anxiolytic properties in previous preclinical [50,
63] and clinical studies [64–68], though clinical trials typically involve psychotherapy and often multiple
dosing sessions.

Hippocampal microglial density was increased after RmTBI in rats treated with saline, but not those treated
with psilocybin. Psilocybin also reduced microglial soma area, consistent with a shift toward a more
surveillant, less inflammatory phenotype [69]. These findings align with our recent work showing reduced
hippocampal microglial density following psilocybin administration four months after RmTBI combined with
hypoxic non-fatal strangulation in a female rat model of intimate partner violence [43]. Excessive microglial
activation is known to amplify chronic neuroinflammatory signalling and synaptic dysfunction [70]. Thus,
normalizing microglial populations may, in turn, reduce neuroinflammation and promote neuronal plasticity
and circuit repair. Microglial changes likely involve 5-HT2A receptor activation [38, 71, 72]; however, future
studies should examine serotonergic, neuroimmune, and plasticity-related pathways to clarify the
underlying mechanisms.

Rodent studies demonstrate that adult-born dentate neurons are critical for stress resilience, emotional
regulation, and adaptive behaviour [73–75]. Disruption of their survival, maturation, or functional integration
– as observed following chronic RmTBI – is associated with depression-like phenotypes, including reward
sensitivity, social withdrawal, cognitive deficits, and maladaptive coping [11, 76]. Psilocybin enhanced
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hippocampal neurogenesis, evidenced by more DCX-positive neurons and greater dendritic complexity.
Thus, psilocybin’s behavioural effects may arise from broader hippocampal plasticity, with recovery of
neurogenic output after RmTBI representing one contributing mechanism. Notably, our cell counts differ
from prior reports showing reduced newborn neurons following the same dose of psilocybin, whereas a
lower dose (0.1 mg/kg) enhanced neurogenesis, highlighting the potential to optimize dosing for maximal
benefit [36]. However, methodological differences, including species, age, disease model, histological
markers, and post-administration interval, may account for these discrepancies.

Given psilocybin’s complex polypharmacology, identifying the precise mechanisms related to its
neuroplastogenic and behavioural effects is challenging. These outcomes may involve several pathways,
including activation of 5-HT2A and other serotonin receptors, BDNF release and TrkB allosteric modulation,
and mTOR-dependent cascades [28, 29, 31, 43]. Immature dentate neurons minimally express 5-HT2A

receptors, which are mainly localized to cortical pyramidal neurons and GABAergic interneurons [77]. This
suggests psilocybin acts indirectly via network plasticity, modulation of the neurogenic niche, or shifts in
inflammatory tone. Other psychedelics like NN-DMT and 5-MeO-DMT also stimulate neurogenesis [78, 79],
suggesting the involvement of 5-HT2A receptors, but these effects could be mediated by activating sigma-1

receptors [80], which psilocybin does not target.

This study has several limitations. First, the cellular mechanisms underlying the psilocybin’s effects remain
unexamined, yet are crucial for understanding its behavioural, anti-inflammatory, and neuroplastic actions.
Notably, although psilocybin reduced microglial density, cell counts alone do not confirm anti-inflammatory
activity, which depends on dynamic cytokine and chemokine signalling. Second, neurogenesis was
assessed using DCX alone, which does not fully capture the entire neurogenic process. Inclusion of
additional markers for proliferation and maturation (e.g., Ki-67, BrdU, NeuN, calretinin) would help determine
where psilocybin acts along the neurogenic timeline and clarify its effects on neuronal survival, maturation,
and integration, providing deeper insight into psilocybin’s therapeutic potential and limitations in supporting
long-term neuroplasticity. Third, intervention timing remains understudied. While psilocybin was
administered in the chronic phase to model PPCS, the efficacy of earlier or alternative dosing schedules is
unknown, highlighting the need to define optimal therapeutic windows across injury stages. Lastly, our
findings may not generalize to females, given sex differences in mTBI outcomes, neuroplasticity, and
serotonergic signalling [76, 81–88]. However, male rats were selected to reflect the higher incidence of
sports-related concussions in men [49], while our previous work examined psilocybin’s effects in a female
model reflecting intimate partner violence-related brain trauma, which disproportionately affects
women [43]. Clarifying psilocybin’s effects across sex-relevant and clinically distinct forms of brain injury is
essential for assessing translational potential and developing targeted interventions. Nevertheless,
evaluating psilocybin’s effects in a female model of RmTBI remains an important future direction.

In summary, our findings indicate that psilocybin may improve behavioural deficits following RmTBI,
accompanied by changes in microglial density and neurogenesis. These findings support its therapeutic
potential for chronic TBI and support future clinical trials to investigate this.
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Tables
Table 1. Effects of RmTBI and psilocybin treatment on Cd11b-positive microglia.
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Cd11b-mciroglia RmTBI Psilocybin Interaction

Microglial counts F(1, 33)=9.989,
p=0.003**

F(1, 33)=2.705,
p=0.110

F(1, 33)=0.916,
p=0.346

Soma area F(1, 33)=1.125,
p=0.296

F(1, 33)=2.953,
p=0.095

F(1, 33)=4.420,
p=0.043*

Soma perimeter F(1, 33)=1.220,
p=0.277

F(1, 33)=3.460,
p=0.072

F(1, 33)=2.923,
p=0.096

Soma roundness F(1, 33)=0.163,
p=0.688

F(1, 33)=0.895,
p=0.351

F(1, 33)=0.094,
p=0.761

Process quantity Kruskal-Wallis: H=8.583, p=0.035*

Process nodes F(1, 33)=4.039,
p=0.052

F(1, 33)=0.421,
p=0.521

F(1, 33)=1.984,
p=0.168

Process endings F(1, 33)=5.651,
p=0.023*

F(1, 33)=0.320,
p=0.575

F(1, 33)=2.002,
p=0.166

Total process length F(1, 33)=5.067,
p=0.031

F(1, 33)=0.088,
p=0.768

F(1, 33)=1.566,
p=0.219

Process surface area F(1, 33)=5.032,
p=0.031*

F(1, 33)=0.104,
p=0.748

F(1, 33)=1.587,
p=0.216

Process complexity F(1, 33)=2.216,
p=0.146

F(1, 33)=0.372,
p=0.545

F(1, 33)=2.216,
p=0.146

Sholl number of nodes 10 µm F(1, 33)=2.043,
p=0.162

F(1, 33)=0.979,
p=0.330

F(1, 33)=2.720,
p=0.109

Sholl number of nodes 20 µm F(1, 33)=6.189,
p=0.018*

F(1, 33)=0.577,
p=0.767

F(1, 33)=6.524,
p=0.015*

Sholl number of nodes 30 µm F(1, 33)=0.226,
p=0.638

F(1, 33)=0.585,
p=0.450

F(1, 33)=1.732,
p=0.197

Sholl number of nodes 40 µm F(1, 33)=0.022,
p=0.882

F(1, 33)=1.311,
p=0.260

F(1, 33)=0.022,
p=0.882

Sholl number of nodes 50 µm Kruskal-Wallis: H=2.346, p=0.504

Sholl number of endings
10 µm

F(1, 33)=3.646,
p=0.065

F(1, 33)=0.594,
p=0.446

F(1, 33)=1.222,
p=0.277

Sholl number of endings
20 µm

F(1, 33)=6.795,
p=0.014*

F(1, 33)=1.803,
p=0.188

F(1, 33)=0.156,
p=0.695

Sholl number of endings
30 µm

F(1, 33)=1.203,
p=0.281

F(1, 33)=1.101,
p=0.302

F(1, 33)=3.548,
p=0.068

Sholl number of endings
40 µm

Kruskal-Wallis: H=1.621, p=0.655

Sholl number of endings
50 µm

F(1, 33)=2.889,
p=0.099

F(1, 33)=2.123,
p=0.155

F(1, 33)=0.001,
p=0.999
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Sholl process length 10 µm F(1, 33)=9.195,
p=0.005**

F(1, 33)=0.023,
p=0.880

F(1, 33)=0.036,
p=0.851

Sholl process length 20 µm F(1, 33)=3.863,
p=0.058

F(1, 33)=0.152,
p=0.699

F(1, 33)=1.714,
p=0.200

Sholl process length 30 µm F(1, 33)=0.595,
p=0.446

F(1, 33)=0.090,
p=0.767

F(1, 33)=3.012,
p=0.092

Sholl process length 40 µm F(1, 33)=1.861,
p=0.182

F(1, 33)=1.210,
p=0.279

F(1, 33)=0.026,
p=0.874

Sholl process length 50 µm Kruskal-Wallis: H=3.104, p=0.376

Sholl number of intersections
10 µm

F(1, 33)=8.288,
p=0.007**

F(1, 33)=0.499,
p=0.485

F(1, 33)=0.962,
p=0.334

Sholl number of intersections
20 µm

F(1, 33)=1.006,
p=0.323

F(1, 33)=0.276,
p=0.603

F(1, 33)=1.918,
p=0.175

Sholl number of intersections
30 µm

F(1, 33)=0.846,
p=0.364

F(1, 33)=3.565,
p=0.068

F(1, 33)=0.084,
p=0.773

Sholl number of intersections
40 µm

Kruskal-Wallis: H=2.483, p=0.478

Sholl number of intersections
50 µm

Kruskal-Wallis: H=0.480, p=0.923

 

Table 2. Effects of RmTBI and psilocybin treatment on DCX-positive neurons.
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DCX-positive neurons RmTBI Psilocybin Interaction

Neuron counts F(1, 26)=1.844,
p=0.186

F(1, 26)=7.557,
p=0.011*

F(1, 26)=0.366,
p=0.550

Soma area F(1, 26)=0.021,
p=0.885

F(1, 26)=1.326, p=0.260 F(1, 26)=0.057,
p=0.813

Soma perimeter F(1, 26)=0.019,
p=0.893

F(1, 26)=0.458, p=0.504 F(1, 26)=0.044,
p=0.836

Soma roundness F(1, 26)=0.0004,
p=0.984

F(1, 26)=0.128, p=0.723 F(1, 26)=0.757,
p=0.392

Dendritic nodes F(1, 26)=0.152,
p=0.650

F(1, 26)=3.701, p=0.065 F(1, 26)=1.105,
p=0.303

Dendritic endings F(1, 26)=0.373,
p=0.546

F(1, 26)=3.546, p=0.071 F(1, 26)=1.094,
p=0.305

Dendrite length F(1, 26)=0.592,
p=0.449

F(1,
26)=6.217, p=0.019*

F(1, 26)=0.595,
p=0.447

Dendrite surface area F(1, 26)=0.940,
p=0.341

F(1, 26)=6.569,
p=0.017*

F(1, 26)=0.581,
p=0.453

Dendrite complexity Kruskal-Wallis: H=8.015, p=0.046*

Sholl nodes 10-30 µm F(1, 26)=0.590,
p=0.449

F(1, 26)=0.039, p=0.844 F(1, 26)=0.039,
p=0.844

Sholl nodes 30-50 µm F(1, 26)=1.145,
p=0.295

F(1, 26)=0.038, p=0.846 F(1, 26)=4.929,
p=0.035*

Sholl nodes 50-70 µm F(1, 26)=0.004,
p=0.950

F(1, 26)=0.054, p=0.818 F(1, 26)=0.110,
p=0.743

Sholl nodes 70-90 µm F(1, 26)=1.130,
p=0.297

F(1, 26)=0.898, p=0.352 F(1, 26)=6.821,
p=0.015*

Sholl nodes 90-110 µm F(1, 26)=0.129,
p=0.723

F(1, 26)=6.309,
p=0.019*

F(1, 26)=0.966,
p=0.335

Sholl nodes 110-130 µm F(1, 26)=0.068,
p=0.796

F(1, 26)=9.433,
p=0.005**

F(1, 26)=0.013,
p=0.912

Sholl nodes 130-150 µm Kruskal-Wallis: H=2.729, p=0.435

Sholl nodes 150-170 µm Kruskal-Wallis: H=4.568, p=0.206

Sholl nodes 170-190 µm Kruskal-Wallis: H=1,965, p=0.580

Sholl nodes 190-210 µm Kruskal-Wallis: H=2.750, p=0.432

Sholl nodes 210-230 µm Kruskal-Wallis: H=3.286, p=0.350

Sholl nodes 230-250 µm No variability

Sholl endings 10-30 µm Kruskal-Wallis: H=1.765, p=0.623
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Sholl endings 30-50 µm Kruskal-Wallis: H=1.520, p=0.678

Sholl endings 50-70 µm F(1, 26)=0.671,
p=0.420

F(1, 26)=0.841, p=0.367 F(1, 26)=0.841,
p=0.367

Sholl endings 70-90 µm F(1, 26)=0.017,
p=0.896

F(1, 26)=01.867,
p=0.184

F(1, 26)=0.561,
p=0.460

Sholl endings 90-110 µm F(1, 26)=0.169,
p=0.684

F(1, 26)=1.919, p=0.178 F(1, 26)=2.235,
p=0.147

Sholl endings 110-130 µm F(1, 26)=0.085,
p=0.773

F(1, 26)=6.658,
p=0.016*

F(1, 26)=0.223,
p=0.641

Sholl endings 130-150 µm F(1, 26)=0.894,
p=0.353

F(1, 26)=1.262, p=0.272 F(1, 26)=0.121,
p=0.731

Sholl endings 150-170 µm F(1, 26)=0.165,
p=0.688

F(1, 26)=2.836, p=0.104 F(1, 26)=1.165,
p=0.290

Sholl endings 170-190 µm F(1, 26)=0.794,
p=0.381

F(1, 26)=4.729,
p=0.039*

F(1, 26)=1.269,
p=0.270

Sholl endings 190-210 µm Kruskal-Wallis: H=1.529, p=0.678

Sholl endings 210-230 µm Kruskal-Wallis: H=1.681, p=0.641

Sholl endings 230-250 µm Kruskal-Wallis: H=7.483, p=0.058

Sholl length 10-30 µm F(1, 26)=0.223,
p=0.641

F(1, 26)=0.077, p=0.784 F(1, 26)=0.113,
p=0.740

Sholl length 30-50 µm F(1, 26)=0.128,
p=0.280

F(1, 26)=0.117, p=0.735 F(1, 26)=0.847,
p=0.186

Sholl length 50-70 µm F(1, 26)=0.195,
p=0.662

F(1, 26)=0.365, p=0.551 F(1, 26)=2.204,
p=0.150

Sholl length 70-90 µm F(1, 26)=0.137,
p=0.714

F(1, 26)=2.398, p=0.134 F(1, 26)=1.761,
p=0.196

Sholl length 90-110 µm F(1, 26)=0.951,
p=0.338

F(1, 26)=7.396,
p=0.011*

F(1, 26)=0.539,
p=0.470

Sholl length 110-130 µm F(1, 26)=0.056,
p=0.816

F(1, 26)=7.275,
p=0.012*

F(1, 26)=0.030,
p=0.864

Sholl length 130-150 µm F(1, 26)=0.007,
p=0.936

F(1, 26)=3.666, p=0.067 F(1, 26)=0.013,
p=0.911

Sholl length 150-170 µm F(1, 26)=0.041,
p=0.840

F(1, 26)=4.318,
p=0.048*

F(1, 26)=0.057,
p=0.813

Sholl length 170-190 µm F(1, 26)=0.419,
p=0.523

F(1, 26)=1.724, p=0.201 F(1, 26)=0.018,
p=0.894

Sholl length 190-210 µm F(1, 26)=1.585,
p=0.219

F(1, 26)=0.227, p=0.637 F(1, 26)=0.430,
p=0.518

Sholl length 210-230 µm Kruskal-Wallis: H=1.788, p=0.618
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Sholl length 230-250 µm Kruskal-Wallis: H=1.777, p=0.620

Sholl intersections 10-
30 µm

F(1, 26)=0.975,
p=0.332

F(1, 26)=3.705, p=0.409 F(1, 26)=0.022,
p=0.883

Sholl intersections 30-
50 µm

F(1, 26)=1.662,
p=0.209

F(1, 26)=0.280, p=0.602 F(1, 26)=4.200,
p=0.051

Sholl intersections 50-
70 µm

F(1, 26)=0.071,
p=0.792

F(1, 26)=0.460, p=0.504 F(1, 26)=2.289,
p=0.142

Sholl intersections 70-
90 µm

F(1, 26)=0.262,
p=0.613

F(1, 26)=4.166, p=0.052 F(1, 26)=2.329,
p=0.139

Sholl intersections 90-
110 µm

F(1, 26)=0.809,
p=0.377

F(1, 26)=7.060,
p=0.013*

F(1, 26)=0.142,
p=0.709

Sholl intersections 110-
130 µm

F(1, 26)=0.045,
p=0.833

F(1, 26)=6.481,
p=0.017*

F(1, 26)=0.118,
p=0.734

Sholl intersections 130-
150 µm

F(1, 26)=0.008,
p=0.931

F(1, 26)=3.214, p=0.085 F(1, 26)=0.039,
p=0.844

Sholl intersections 150-
170 µm

F(1, 26)=0.138,
p=0.714

F(1, 26)=3.465, p=0.074 F(1, 26)=0.176,
p=0.678

Sholl intersections 170-
190 µm

F(1, 26)=0.754,
p=0.393

F(1, 26)=0.735, p=0.399 F(1, 26)=0.0002,
p=0.987

Sholl intersections 190-
210 µm

F(1, 26)=1.688,
p=0.205

F(1, 26)=0.086, p=0.772 F(1, 26)=0.417,
p=0.524

Sholl intersections 210-
230 µm

Kruskal-Wallis: H=2.879, p=0.411

Sholl intersections 230-
250 µm

Kruskal-Wallis: H=2.298, p=0.513

 

Figures
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Figure 1

Experimetnal design and acute injury severity measures. A)Experimental design: male rats were subjected
to five mild traumatic brain injuries given one day apart, followed by an 8 week recovery period, then
psilocybin administration, then behavioural testing. B) RmTBI had no effect on bodyweight. C) RmTBI rats
took longer to self-right after each injury. D) RmTBI rats performed poorer in the neurological assessments
after each injury. E) RmTBI rats perfomred poorer in the beam-walk task 1 hr, 1 day, and 2 days post-final
injury. F) RmTBI impaired spatial memory in the T-maze test. Data is presented as mean ± 95% confidence
interval.*p<0.05/**p<0.01/***p<0.001 RmTBI effect.
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Figure 2

The effects of RmTBI and psilocybin on behaviour and cognition. A) Psilocybin elicited head-twitch
responses in both sham and RmTBI rats, consistent with 5-HT2A receptor activation. B) No significant
effects of RmTBI or psilocybin were observed in the elevated plus-maze. C) Psilocybin attenuated RmTBI-
induced increases in immobility in the forced swim test, indicating potential antidepressant-like effects. D)
Psilocybin significantly increased reaction latency in the hot plate test, suggesting altered nociceptive
processing. E) No significant effects of RmTBI or psilocybin were found in the cold plate test. F) Open field
activity was unaffected by either RmTBI or psilocybin. G) Spatial memory in the T-maze was not significantly
influenced by RmTBI or psilocybin. H) There were no effects of RmTBI or psilocybin in the Rotarod test. I)
Psilocybin mitigated deficits in novel rat preference induced by RmTBI. J) RmTBI impaired spatial learning
in both the acquisition and reversal phases of the water maze, reflected by longer platform search times. K)
RmTBI decreased sucrose preference, suggesting anhedonia, in saline-treated rats. Data is presented as
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mean ± 95% confidence interval. *p<0.05/**p<0.01/***p<0.001 RmTBI effect;
+p<0.05/++p<0.01/+++p<0.001 psilocybin treatment effect.

Figure 3

Effects of RmTBI and psilocybin on Cd11b-positive microglial counts and morphology. A) RmTBI increased
Cd11b-positive microglial counts in the absence of psilocybin. B) Psilocybin reduced soma area in RmTBI
rats. C) RmTBI decreased microglial process arborization. D) Sholl analysis revealed that RmTBI decreased
the number of process nodes, the number of process endings, process length, and the number of Sholl
intersections. E) Representative photomicrographs of Cd11b-positive microglia in the hippocampal
molecular layer and representative microglial tracings. Data is presented as mean ± 95% confidence
interval. *p<0.05/**p<0.01 RmTBI effect; +p<0.05 psilocybin treatment effect. Scale bar = 100 µm.
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Figure 4

Effects of RmTBI and psilocybin on DCX-positive neuron counts and morphology. A) Psilocybin increased
DCX-positive neuron profile counts. B) There was no effect of RmTBI or psilocybin on soma morphology. C)
Psilocybin increased dendritic maturation. D)Sholl analysis revealed RmTBI had no effect on dendritic
arborization across several radial segments, but psilocybin treatment increased the number of dendritic
nodes, the number of dendritic endings, dendrite length, and the number of Sholl intersections. E)
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Representative photomicrographs of DCX-positive neurons in the dentate granule cell layer and subgranular
zone and corresponding tracings. Data is presented as mean ± 95% confidence interval. +p<0.05/++p<0.01
psilocybin treatment effect. Scale bar = 100 µm.


