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Abstract

Background: Psilocybin has shown promising antidepressant effects; however, pharmacokinetic data on psilocybin and the associated
active metabolite, psilocin, remain limited. Thus, this study aimed to develop and validate a liquid chromatography–tandem mass spec-
trometry (LC–MS/MS) method for quantifying psilocin and to investigate the associated pharmacokinetics, tissue distribution, excretory
characteristics in rats, and transmembrane transport properties. Methods: An LC–MS/MS method for determining psilocin in rat plasma
was developed and validated. Male Sprague-Dawley (SD) rats received intravenous (i.v.) psilocybin (1 mg/kg) or oral psilocybin at
low, medium, and high doses (1, 3, and 10 mg/kg, respectively). Plasma psilocin concentrations were measured serially. The medium-
dose group (3 mg/kg psilocybin) included both male and female rats to evaluate sex-related differences. In male rats administered 3
mg/kg psilocybin orally, tissue samples were collected at various time points to quantify psilocin concentrations across numerous tis-
sues. Following oral administration of 10 mg/kg psilocybin to male rats, excretory samples were collected over time to characterize the
excretion profile of psilocin. Additionally, transmembrane transport was assessed using Caco-2 cells and LLC-PK1 cells overexpressing
humanMDR1 (hMDR1). Results: The bioanalytical method employed met all validation criteria. Following intravenous administration,
psilocin demonstrated a clearance of 4.4± 0.4 L/h/kg and an volume of distribution at steady state of 1.5± 0.1 L/kg. Oral administration
of psilocybin resulted in nonlinear pharmacokinetics; dose-normalized psilocin area under the concentration–time curve (AUC) increased
by 63% (medium dose) and 102% (high dose) compared to the low-dose group. No statistically significant differences in pharmacokinetic
parameters were observed between male and female subjects. After oral administration of the medium dose, psilocin was extensively
distributed to the brain and major tissues, with tissue-to-plasma partition coefficient (Kp) values exceeding 1 in all cases (excluding fat).
Psilocin exhibited moderate permeability in vitro (Papp = 12.39 ± 1.31 × 10−6 cm/s). In P-glycoprotein (P-gp)-expressing monolayer
cell models, the efflux ratio was 1.26, which is below the threshold of 2, indicating that psilocin is not a P-gp substrate. Conclusions:
Psilocybin is rapidly metabolized to psilocin in vivo. The pharmacokinetic profile of psilocin is characterized by rapid clearance, ex-
tensive tissue distribution, nonlinear kinetics, and low cumulative recovery. The favorable membrane permeability and P-gp-mediated
efflux resistance of psilocin likely contribute to efficient penetration of the blood–brain barrier and broad tissue distribution.
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1. Introduction

Depression is a highly prevalent mental disorder, af-
fecting over 350 million people globally throughout their
lifetime. It not only contributes to cognitive impairment and
increased suicide risk among patients, but also ranks among
the top three noncommunicable diseases in terms of overall
disease burden. This burden is driven by reduced work-
force participation and elevated healthcare costs, making
depression a condition that harms both individuals and so-
ciety [1]. The pathophysiology of depression has long been
associated with dysregulation of monoamine neurotrans-
mitters, such as serotonin, norepinephrine, and dopamine
[2]. Current clinical treatment relies primarily on selec-
tive serotonin reuptake inhibitors (SSRIs) and serotonin-
norepinephrine reuptake inhibitors (SNRIs). While these

agents can alleviate symptoms in some patients, they
present several limitations: slow onset of action (often re-
quiring several weeks), low response rates, and side effects
such as sexual dysfunction and sedation. These drawbacks
limit their ability to meet diverse clinical needs [3].

In recent years, classical psychedelic drugs such as
psilocybin have shown significant therapeutic potential
for mental health disorders [4], with research progressing
rapidly. Several Phase II clinical trials have demonstrated
that psilocybin produces rapid and sustained antidepres-
sant effects in patients with treatment-resistant depression
[5,6,7]. In light of these promising results, the U.S. FDA
has granted psilocybin Breakthrough Therapy designation
for both treatment-resistant depression and major depres-
sive disorder, recognizing its substantial clinical value [8].
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Fig. 1. The structure and metabolic pathway of psilocybin to psilocin.

Psilocybin (4-phosphoxy-N, N-dimethyltryptamine)
is a naturally occurring serotonergic hallucinogen produced
by mushrooms of the genus Psilocybe [9,10]. As illus-
trated in Fig. 1, following in vivo administration, psilocy-
bin is rapidly dephosphorylated by alkaline phosphatase or
nonspecific esterases to form its active metabolite, psilocin
(4-hydroxy-dimethyltryptamine). Psilocin is subsequently
metabolized primarily via monoamine oxidase-A (MAO-
A), cytochrome P450 enzymes (CYP2D6/3A4), and UDP-
glucuronosyltransferases (UGT1A9/1A10) [11]. Struc-
turally, psilocin closely resembles serotonin. Unlike tradi-
tional antidepressants such as SSRIs, which indirectly mod-
ulate neurotransmission by increasing synaptic serotonin
levels, psilocin acts as a direct agonist at the 5-HT2A recep-
tor. This activation promotes neuroplastic adaptations and
enhances cortical neurogenesis, leading to rapid antidepres-
sant effects [12,13,14,15].

The pharmacokinetics of psilocybin and its active
metabolite psilocin remain inadequately characterized.
Critical parameters, such as dose-dependent pharmacoki-
netic profiles, tissue distribution patterns, excretion charac-
teristics, transmembrane transport mechanisms, and poten-
tial sex differences have yet to be fully elucidated. This
knowledge gap limits a comprehensive understanding of
psilocybin’s antidepressant effects, thereby hindering the
optimization of clinical dosing regimens and the develop-
ment of personalized therapeutic strategies.

To address these knowledge gaps, we developed and
validated a liquid chromatography-tandem mass spectrom-
etry (LC-MS/MS) method for quantifying psilocin in bi-
ological matrices. This method was applied to character-
ize the pharmacokinetic profile, tissue distribution, excre-
tion patterns, and transmembrane transport mechanisms of
psilocin-the active metabolite of psilocybin.

2. Materials and Methods
2.1 Materials

Psilocybin (CAS, 520-52-5, purity ≥96%) and
psilocin hydrochloride (CAS, 520-53-6, purity ≥98.6%)
were synthesized by the Academy of Military Medical
Sciences (Beijing, China). Glipizide (Cat, G70920, pu-
rity ≥98%, internal standard) was purchased from Acmec
Biochemical Technology Co., Ltd. (Shanghai, China).
Dimethyl sulfoxide (Cat, M75382, purity ≥99.7%) was
purchased from Meryer Chemical Technology Co., Ltd.
(Shanghai, China). Acetonitrile (Cat, A998-4, chromatog-
raphy grade) was purchased from Thermo Fisher (Shang-
hai, China).

Digoxin (Cat, S4290), Atenolol (Cat, S4817), meto-
prolol (Cat, S5430) and Topotecan HCl (Cat, S1231) were
purchased from Selleckchem (Houston). RPMI 1640 (Cat,
C11875500CP), fetal bovine serum (Cat, A5256701), and
penicillin-streptomycin solution (Cat, 15140122) were pur-
chased from Gibco (Shanghai, China). Hanks’ balanced
salt solution (HBSS) (Cat, H1025) was purchased from So-
larbio (Beijing, China); Transwell cell culture plates and in-
serts (Cat, 3412) were purchased from Corning (Shanghai,
China). Cell resistance meter was purchased from Beijing
KingTech Technology Co., Ltd. (Beijing, China).

Phoenix WinNonlin (version 8.1) was purchased from
Certara (Princeton, NJ, USA). GraphPad Prism (version
10.1) was purchased from GraphPad Software (Boston,
MA, USA). ChemDraw (version 23) was purchased from
CambridgeSoft (Cambridge, MA, USA).

2.2 Animals and Cells
Sprague-Dawley rats (200–230 g; male and female)

were obtained from Beijing Charles River Laboratory An-
imal Technology Co., Ltd. All animals were housed under
standard laboratory conditions in accordance with animal
welfare guidelines: ambient temperature was maintained
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at 22 ± 2 °C, relative humidity at 45%–60%, and a 12 h
light/dark cycle was implemented. Rats had free access to
standard rodent chow and water throughout the study.

Animals were of specific pathogen-free (SPF) grade,
and their health status was confirmed. Theywerewild-type,
without genetic modification, and no genotyping was per-
formed. All animals were experimentally naïve, with no
prior procedures. They were acclimatized for 1 week.

Caco-2 cells were purchased from the American
Type Culture Collection (ATCC, USA). LLC-PK1 cells
overexpressing the human MDR1 (hMDR1) transporter
(LLC-PK1-MDR1) and LLC-PK1 cells transfected with a
blank plasmid (LLC-PK1-MOCK)were gifted by Professor
Qingcheng Mao at the University of Washington. Caco-2
cells were maintained in 88% DMEM low-glucose (Gibco,
11885084) supplemented with 10% fetal bovine serum
(FBS), 1% penicillin–streptomycin (PS), and 1% MEM
non-essential amino acids (NEAA, 11140-050). LLC-PK1
mock and MDR1 cells were cultured in 89% RPMI 1640
medium containing 10% FBS and 1% PS. Both cell lines
were incubated at 37 ◦C in a humidified atmosphere with
5% CO2. Cells were used at passages below 20 for Caco-2
and below 10 for LLC-PK1 (mock/MDR1). All cell lines
were validated by STR profiling and tested for mycoplasma
contamination using the Mycolor One-Step Mycoplasma
Detector and were found to be negative.

In the animal experiments, a single rat served as the
experimental unit; in the in vitro experiments, a single Tran-
swell well served as the experimental unit. A sample size
of 6 animals per group or 3 wells (for cell-based assays) is
a conventional sample size in pharmacokinetic studies, as
determined based on the ICH M10 guideline and common
practice in the literature.

Pharmacokinetics: four male groups (intravenous 1
mg/kg; oral 1, 3, and 10 mg/kg) plus one female group (oral
3 mg/kg), n = 6 per group, 30 animals in total. Tissue dis-
tribution: five time points (15 min, 1, 4, 6, and 12 h), n =
6 per time point, 30 male animals in total (separate cohort).
Excretion studies: urine/feces in 6 animals and bile in 6
animals, 12 male animals in total (separate cohort). Total
animals: 72 (66 males + 6 females).

P-gp efflux assay: 2 cell lines (MOCK/MDR1) × 2
directions (A→B/B→A) × 3 replicates = 12 wells (test ar-
ticle); metoprolol, atenolol, and digoxin were tested in the
same manner (12 wells each); 48 wells in total. Caco-2
transport assay: psilocin (2 directions × 3 replicates = 6
wells) + metoprolol (6 wells) + atenolol (6 wells) + digoxin
(6 wells) = 24 wells.

In the pharmacokinetic study (24 male rats) and the
tissue distribution study (30 male rats), animals were as-
signed to groups using a random number table. For female
rats, only a single oral mid-dose group was included; there-
fore, no randomization was involved. The excretion study
was conducted as two independent batches; no inter-group
randomization was involved, but cage positions were ran-

domly arranged. For cell-based experiments, wells were
assigned using a randomized block design.

Animal housing conditions were standardized. Sam-
ples were processed uniformly and analyzed in the same
batch, with the LC-MS/MS injection order following ani-
mal number. Uncontrolled factors: Blinding was not ap-
plied; however, because all endpoints were objective con-
centration values and involved no subjective judgment, the
impact is considered minimal.

2.3 LC-MS/MS Detection Conditions and Sample
Preparation

Accurate aliquots of 10 mg/mL stock solutions of
psilocin and glipizide were separately transferred. Each so-
lutionwas serially dilutedwith acetonitrile to achieve a final
concentration of 100 ng/mL. These diluted solutions were
used to establish the liquid chromatography-tandem mass
spectrometry (LC-MS/MS) analytical method.

The concentration of psilocin in various biologi-
cal samples was determined using high-performance liq-
uid chromatography (HPLC-40AD) coupled with a triple
quadrupole mass spectrometer (Shimadzu 8050, Japan).
Chromatographic separation was achieved on a Kinetex-
C18 column (3 mm × 50 mm, 2.6 µm) maintained at 40
°C. The mobile phase comprised (A) an aqueous solution
containing 0.1% formic acid and (B) an acetonitrile solu-
tion containing 0.1% formic acid, with the following gradi-
ent program: 3% B from 0.1 to 0.5 min; increased linearly
from 3% to 97% B between 0.5 and 2.3 min; held at 97%
B from 2.3 to 3.3 min; decreased to 65.7% B by 3.4 min;
further reduced to 3% B by 3.6 min; and re-equilibrated at
3% B from 3.6 to 4.4 min. The injection volume was 5 µL.

Mass spectrometric detection was performed using an
electrospray ionization (ESI) source in positive ion mode.
Operation parameters were set as follows: drying gas and
heating gas flow rates, 10 L/min each; collision gas pres-
sure, 270 kPa; ion source temperature, 200 °C; desolvation
line temperature, 200 °C; and heating module temperature,
400 °C. Quantification was carried out via multiple reaction
monitoring (MRM) using the transition m/z 205.30→58.20
for psilocin and m/z 446.30→321.15 for glipizide as the in-
ternal standard.

All biological samples in this study were pretreated
via protein precipitation. The specific procedures were as
follows: Plasma samples: A 20 µL aliquot of rat plasma
was mixed with 20 µL of acetonitrile, followed by 200 µL
of acetonitrile containing 10 ng/mL glipizide (internal stan-
dard). The mixture was vortexed for 1 min and centrifuged
at 18,000 ×g for 10 min. The resulting supernatant was
collected for LC-MS/MS analysis. Tissue samples: Tissue
homogenates were prepared using an extraction solvent at a
1:4 (w/v) ratio. Liver and kidney tissues were homogenized
in pure acetonitrile, while other tissues were homogenized
in 50% acetonitrile. Subsequently, an aliquot equivalent to
20 µL of plasma volume was taken from each homogenate
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and processed identically to the plasma pretreatment pro-
tocol described above. Cell experiment samples: Samples
from cell-based experiments were processed using the same
pretreatment method as applied to plasma samples. Eu-
thanasia was performed by gradually increasing the CO2

concentration in the chamber to >90% and maintaining it
for 5–6 min; the CO2 used had a purity ≥99%.

2.4 Methodological Validation of Psilocin Quantification
in Rat Plasma

The rat plasma methodology was validated in accor-
dance with ICH harmonized guidance M10 on bioanalyti-
cal method validation and sample analysis to ensure reliable
testing. All samples for the validation were analyzed fol-
lowing the aforementioned sample preparation procedure.

2.4.1 Selectivity
Double blank (DB)matrix samples, containing neither

psilocin nor glipizide, were prepared using blank plasma
pooled from six individual rat sources. To establish the
lower limit of quantitation (LLOQ) calibration point, a
working solution of psilocin was spiked at the LLOQ con-
centration into six separate aliquots of blank rat plasma
from individual sources. All samples, including calibration
standards, were then protein-precipitated using a precipi-
tant solution containing the internal standard. Additionally,
study samples were obtained from rat plasma collected 15
minutes after the oral administration of 3 mg/kg psilocybin.

2.4.2 Calibration Curve and Limit of Quantification
Based on the plasma concentrations from the rat PK

pilot study, the linear range for psilocin in rat plasma was
determined to be 5–500 ng/mL, with a lower limit of quan-
tification of 5 ng/mL.

2.4.3 Accuracy and Precision
Quality control (QC) samples were prepared at con-

centrations corresponding to the lower limit of quantifica-
tion (LLOQ) and low, medium, and high levels (5, 15, 150,
and 400 ng/mL; n = 6 per level). In three independent an-
alytical batches (total n = 18), within-batch and between-
batch precision (expressed as relative standard deviation,
RSD) and accuracy were evaluated using freshly prepared
calibration curves.

2.4.4 Extraction Recovery and Matrix Effects
Matrix Effect: Pooled blank plasma samples from six

individual rats were used. Aliquots (20 µL each) were
spiked with 20 µL of working solution to prepare low-and
high-concentration quality control (QC) samples of psilocin
(15 and 400 ng/mL, n = 6). For comparison, plasma was
replaced with purified water and processed identically, in-
cluding protein precipitation. The matrix effect was calcu-
lated as the ratio of the psilocin peak area in plasma to that
in the purified water matrix.

Extraction Recovery Rate: Blank plasma from six in-
dividual rats was pooled. To determine extraction recovery,
20 µL of pooled plasma was spiked with 20 µL of working
solution either before or after protein precipitation, yielding
low-, medium-, and high-concentration QC samples (15,
150, and 400 ng/mL, n = 6). Recovery was calculated by
comparing the measured psilocin concentrations in samples
spiked before precipitation with those spiked after precipi-
tation.

2.4.5 Stability
Quality control (QC) samples containing low,

medium, and high concentrations of psilocin (15, 150,
and 400 ng/mL; n = 3 per concentration) were prepared.
Their stability was evaluated under the following storage
conditions: room temperature for 4 h, 4 °C for 24 h, and
–40 °C for 14 days.

2.4.6 Linear Dilution
Six plasma samples containing psilocin at 1500 ng/mL

were prepared using blank rat plasma. Each sample was
subsequently diluted with blank rat plasma to a final con-
centration of 150 ng/mL. Accuracy of the test samples was
evaluated using a validated standard curve.

2.5 Rat Pharmacokinetic Study
For pharmacokinetic studies, thirty SPF adult

Sprague-Dawley (SD) rats (24 males and 6 females,
weighing 200–230 g) were employed. The 24 male rats
were randomly assigned to four groups (n = 6 per group).
The 6 female rats constituted a separate medium-dose
oral administration group. The dosing regimens were
as follows: Intravenous injection (i.v., male): 1 mg/kg,
Low-dose oral administration (p.o., male): 1 mg/kg,
Medium-dose oral administration (p.o., male and female):
3 mg/kg, High-dose oral administration (p.o., male): 10
mg/kg. The drug was completely dissolved in physio-
logical saline immediately prior to administration. The
oral psilocybin dose range (1–10 mg/kg, medium dose
3 mg/kg) was determined by integrating literature and
preliminary pharmacokinetic data: the reported effective
intraperitoneal dose in mice is 1–10 mg/kg [16,17,18],
and a 1:2 oral/intraperitoneal peak concentration (Cmax)
ratio in our preliminary mouse studies gave a calculated
oral dose range of 2–20 mg/kg; interspecies scaling to rats
yielded an equivalent 1.3–13.3 mg/kg, from which the final
experimental doses were established.

Rats were fasted for 12 hours before gavage admin-
istration, with free access to water. Normal feeding was
resumed 1 hour post-dosing. Blood samples were collected
from the jugular vein or retro-orbital plexus at the following
time points: pre-dose (0min), and 2min (intravenous group
only), 5, 15, and 30 min, as well as 1, 2, 4, 6, 8, 12, and
24 hours after administration. Anesthesia was maintained
with isoflurane (1.5%–3% in oxygen) throughout the pro-
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cedure. Approximately 200 µL of blood was collected per
sample and immediately transferred into heparinized cen-
trifuge tubes. The tubes were centrifuged at 4 °C and 2500
×g for 10 min to separate plasma. Plasma samples were
stored at –40 °C until quantitative analysis by LC-MS/MS.

An intravenous group (1 mg/kg) was set as the refer-
ence group for calculation of oral bioavailability; oral low,
medium, and high-dose groups (1, 3, and 10 mg/kg) were
used to assess nonlinear pharmacokinetic characteristics;
and a female oral medium-dose group (3 mg/kg) was in-
cluded to assess sex differences.

2.6 Rat Tissue Distribution Study
Thirty adult male SD rats (SPF grade, 200–230 g body

weight) were randomly assigned to five groups (n = 6 per
group). All rats received psilocybin (3 mg/kg) by oral gav-
age. Animals in each group were euthanized at 15 min,
1, 4, 6, and 12 h post-administration using carbon dioxide
(CO2) inhalation. Euthanasia was performed by gradually
increasing the CO2 concentration in the chamber to >90%
and maintaining it for 5–6 min; the CO2 used had a pu-
rity≥99%. Immediately after euthanasia, whole blood was
collected via cardiac puncture into heparinized centrifuge
tubes. Subsequently, the liver, kidneys, brain, small intes-
tine, stomach, heart, spleen, lungs, skeletal muscle, testes,
and adipose tissue were rapidly dissected. All tissue sam-
ples were promptly rinsed with ice-cold saline to remove
residual blood and contaminants, then gently blotted dry
with filter paper. After precise weighing on an electronic
balance, extraction solvent was added at a 1:4 (w/v) ratio
to prepare homogeneous tissue homogenates: pure acetoni-
trile was used for liver and kidney tissues, and 50% acetoni-
trile solution for all other tissues. Homogenates were stored
at –40 °C until further analysis.

Following blood collection, the tubes were cen-
trifuged at 2500 ×g for 10 min at 4 °C to separate the
plasma. The resulting plasma was stored at –40 °C until
subsequent quantitative analysis by LC-MS/MS.

Tissue distribution study (male): a single oral medium
dose (3 mg/kg) was administered; this was a descriptive
study, and no blank control group was included.

2.7 Rat Excretion Study
A total of six male SD rats were utilized in urinary

and fecal excretion studies. The animals were fasted for
12 h before oral gavage with water available ad libitum.
Normal diet was reintroduced 1 h post-dosing. Psilocybin
was administered as a single oral dose of 10 mg/kg. Im-
mediately prior to administration, the compound was com-
pletely dissolved in physiological saline. Following dosing,
rats were housed individually inmetabolic cages for the col-
lection of cumulative urine and fecal samples at predefined
time intervals: 0–6, 6–12, 12–24, 24–36, 36–48, 48–72, and
72–96 h post-administration. Urine volume was accurately
measured and recorded; fecal samples were weighed imme-

diately after collection and homogenized with acetonitrile
(1:4, w/v) for subsequent processing. All collected samples
were stored at –40 °C until subsequent analysis.

An additional six male SD rats were utilized for bile
excretion experiments. The rats were anesthetized with
sodium pentobarbital (2% physiological saline solution, 0.3
mL per 100 g body weight) and underwent bile duct cannu-
lation surgery. Following a 24-hour postoperative recov-
ery period, the cannula was exteriorized via the duodenum.
Normal bile flow was verified prior to drug administration.
A single oral dose of psilocybin (10mg/kg)was then admin-
istered to rats, which were placed in rodent restraint jackets
with free access to water during bile collection. Bile sam-
ples were collected at 0–6, 6–12, 12–24, 24–36, and 36–
48 h post-administration, and their volumes were recorded.
All other experimental procedures were identical to those
described previously.

All psilocybin concentrations in biological samples
were converted to psilocin equivalents for data analysis
based on equimolar conversion.

Excretion study (male): a single oral high dose (10
mg/kg) was administered; urine, feces, and bile were col-
lected; this was a descriptive study, and no blank control
group was included.

2.8 P-Glycoprotein (MDR1)-Mediated Efflux Transport

To assess whether psilocin is a substrate for P-
glycoprotein (P-gp), a bidirectional transport assay
was performed using Transwell inserts and LLC-PK1-
MOCK/MDR1 cell lines. Cells in the logarithmic growth
phase were seeded at a density of 2 × 104 cells per well
into 24-well plates equipped with 6.5 mm Transwell inserts
and cultured in a CO2 incubator at 37 °C for 7 days. On
day 5, transepithelial electrical resistance (TEER) was
measured with a cell resistance meter. The bidirectional
transport experiment was initiated once the TEER value of
LLC-PK1 cells reached or exceeded 70 Ω·cm2.

Based on the maximum concentration of psilocin ob-
served in vivo (820 ng/mL), we selected half of this value
(i.e., 410 ng/mL) for our in vitro experiments. This con-
centration corresponds to approximately 2 µM, which was
intended to better mimic the in vivo experimental condi-
tions in the in vitro environment. Prior to the experiment,
wash the cells three times with pre-warmed HBSS buffer
(containing 10 mMHEPES and 0.1% BSA). After the third
wash, retain the buffer in the chamber and pre-incubate the
system at 37 °C for 30 min. Apical-to-basolateral (A-B)
transport assay: Add 150  µL of buffer containing 2  µM
psilocin to the apical compartment (side A) and 600  µL
of blank buffer to the basolateral compartment (side B).
Basolateral-to-apical (B-A) transport assay: Add 650  µL
of drug-containing buffer to side B and 100  µL of blank
buffer to side A. Immediately after adding the solutions to
both sides, collect 50 µL samples from each compartment
for quantification of the initial dose. Following incubation
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Fig. 2. Analysis of psilocin and glipizide by tandem mass spectrometry and chromatography. (A) Representative tandem mass
spectrometry spectra for psilocin and glipizide. (B) Chromatograms of rat plasma samples. a: Blank plasma; b: Blank plasma spiked
with psilocin and glipizide at 5 ng/mL (working solution); c: Plasma sample collected 15 minutes after oral administration of 3 mg/kg
psilocybin; (a) Psilocin; (b) Glipizide.

at 37 °C for 2 h, aspirate 100 µL samples from both the
donor and receiver compartments. A positive control group
was included in parallel.

P-gp efflux assay: LLC-PK1-MOCK (blank con-
trol) and LLC-PK1-MDR1 (P-gp-overexpressing) cell lines
were compared. Metoprolol (high permeability) and
atenolol (low permeability) served as permeability controls,
and digoxin served as a positive substrate control.

2.9 Transmembrane Transport in Caco-2 Cells
To evaluate the oral transmembrane absorption char-

acteristics of psilocin, a Transwell transport assay was per-
formed using Caco-2 cell monolayers. Caco-2 cells in log-
phase growth were seeded at a density of 2 × 104 cells per
well into 6.5mmTranswell inserts placed in a 24-well plate.
Following 21 days of culture, transepithelial electrical re-
sistance (TEER) was measured with a cell resistance me-
ter. Monolayers exhibiting TEER values greater than 1200
Ω·cm2 were used for transport studies.
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Fig. 3. The calibration curve of psilocin in rat plasma.

Prior to the experiment, aspirate the culture medium
from the chambers and rinse three times with pre-warmed
(37 °C) buffer consisting of Hanks’ solution supplemented
with 10 mMHEPES and 0.1% BSA. During the third rinse,
add 100 µL of buffer to the upper chamber and 600 µL to
the lower chamber. After pre-incubation at 37 °C for 30
min, remove all liquid from both chambers. A-B Transport
Assay: Add 150 µL of pre-warmed drug solution (2 µM
psilocin, or a mixture of 2 µM each of atenolol, metoprolol,
and digoxin) to the upper chamber and 600 µL of buffer to
the lower chamber. B-A Transport Assay: Add 100  µL of
buffer to the upper chamber and 650  µL of drug solution
to the lower chamber. Immediately following drug addi-
tion, collect 50 µL samples from both the upper and lower
chambers to determine the initial (time-zero) concentration.
After incubating at 37 °C for 2 h, withdraw 100 µL samples
from each chamber. All samples were processed by protein
precipitation and analyzed using LC-MS/MS.

Caco-2 transport assay: Metoprolol (high permeabil-
ity) and atenolol (low permeability) served as permeability
controls, and digoxin served as a P-gp functional control.
The Caco-2 transport assay was a permeability assessment,
not an interventional study, and no blank control group was
included.

2.10 Data Processing

This study did not prespecify formal exclusion crite-
ria for animals or data points. All Sprague-Dawley (SD)
rats were purchased from Beijing Charles River Laboratory
Animal Technology Co., Ltd. (Beijing, China). Upon ar-
rival, rats underwent a health examination (no signs of dis-
ease or trauma, body weight 200–230 g, normal activity)
before enrollment; this was a routine animal receipt proce-
dure. Because all study endpoints were objective quanti-
tative measurements (e.g., plasma drug concentrations, tis-
sue concentrations), no prespecified outlier exclusion crite-
ria were established. No data points were excluded during
the data analysis phase.

No animals, experimental units, or data points were
excluded from any experiment. Pharmacokinetics (30 ani-

mals): all animals completed dosing, blood sampling, and
analysis. Tissue distribution (30 animals): all animals
were euthanized on schedule and tissue collection was com-
pleted. Excretion study (12 animals): all collections were
completed; all bile duct cannulation surgeries were success-
ful. In vitro experiments: transport was completed in all
Transwell inserts, TEER valuesmet acceptance criteria, and
no well leakage occurred.

The exact n values at the final analysis for each group
were identical to the initial allocation: n = 6 per group in
the animal experiments, and n = 3 per condition in the cell
experiments.

Key pharmacokinetic parameters were determined us-
ing a non-compartmental approach in WinNonlin soft-
ware (version 8.1, Certara, Princeton, NJ, USA). These
included elimination half-life (t1/2), time to peak concen-
tration (Tmax), peak concentration (Cmax), area under the
concentration–time curve (AUC), and mean residence time
(MRT). Bioavailability (F) was calculated using Eqn. 1.
Tissue partition coefficients (Kp) were derived according to
Eqn. 2. The apparent permeability coefficient (Papp), efflux
ratio (ER), and recovery were computed using Eqns. 3,4,5,
respectively.

All experimental data are expressed as mean ± stan-
dard deviation (SD). During data analysis, the normality of
all continuous variables was assessed using the Shapiro–
Wilk normality test in GraphPad Prism 10.1. The results
indicated that none of the continuous variables, including
PK parameters across all dose groups and in vitro data, sig-
nificantly deviated from a normal distribution (p > 0.05).
Statistical analysis was performed using GraphPad Prism
10.1 software. Comparisons among multiple groups were
conducted using one-way ANOVA, while comparisons be-
tween two groups were performed using independent sam-
ples t-tests. p< 0.05 indicates a statistically significant dif-
ference; p < 0.01 indicates a highly significant difference.

This study was not blinded. The study personnel were
aware of the animal identification numbers and group as-
signments throughout the study. Specifically, group alloca-
tion was performed by investigators using a random num-
ber table, and cages were labeled with animal numbers and
group assignments; dosing personnel administered differ-
ent dosing regimens according to group assignment, which
made blinding objectively infeasible; LC-MS/MS analysts
were aware of the sample group origin, but the analysis was
performed using automated instrumentation, yielding ob-
jective data; statistical personnel were aware of the group
assignments, but pharmacokinetic parameters were calcu-
lated using standardized non-compartmental analysis, with-
out subjective bias. Because all endpoints were objective
and quantitative, the absence of blinding had minimal im-
pact on the results.

This was an exploratory pharmacokinetic study rather
than a hypothesis-testing study, and no single primary end-
point was prespecified. The parameters of primary inter-
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Table 1. Precision and accuracy of psilocin in rat plasma (mean ± SD, n = 6 biological duplications).

Concentration (ng/mL)
Intra-day (n = 6) Inter-day (n = 18)

Accuracy (%) RSD (%) Accuracy (%) RSD (%)

5 94.0 ± 8.09 92.3 ± 8.63 87.6 ± 2.99 8.6 9.4 3.4 91.3 ± 3.29 3.6
15 96.3 ± 6.07 100.6 ± 5.39 90.1 ± 3.30 6.3 5.4 3.7 95.7 ± 5.28 5.5
150 103.8 ± 1.21 106.5 ± 3.31 95.2 ± 8.49 1.2 3.1 8.9 101.8 ± 5.94 5.8
400 108.2 ± 3.32 107.3 ± 5.58 97.0 ± 7.01 3.1 5.2 7.2 104.1 ± 6.24 6.0
SD, standard deviation; RSD, relative standard deviation.

Table 2. Extraction recovery and matrix effects of psilocin in rat plasma (mean ± SD, n = 6).
Concentration (ng/mL) Extraction recovery (%) Matrix effect (%) Matrix effect RSD (%)

15 104.1 ± 10.09 101.1 ± 2.57 2.5
150 108.9 ± 3.00 / /
400 107.8 ± 2.72 102.3 ± 1.08 1.1

est were AUC and (Cmax) (systemic exposure), (Kp) (tissue
distribution), cumulative recovery (excretion), and (Papp)
and ER (permeability/efflux). Pharmacokinetic parame-
ters were calculated using non-compartmental analysis and
are generally considered to be approximately normally dis-
tributed, with n = 6 per group. This was an exploratory,
descriptive study, and statistical testing was used only as a
supplementary reference.

F =
AUC(0−∞,extravascular) × Dosei.v.
AUC(0−∞,i.v.) × Doseextravascular

× 100% (1)

Kp = AUC(0−t,tissue)/AUC(0−t,plasma) (2)

Papp = (dQ/dt) /(A× C0) (3)

ER = Papp(B-A)/Papp(A-B) (4)

Recovery = (TRcumrf + Cdf × VD) / (Cdi × VD)× 100%
(5)

dQ/dt represents the drug transport rate per unit time
(µM/s), A denotes the surface area of the polycarbonate
membrane (0.33 cm2), and C0 indicates the initial concen-
tration of the target compound (µM). TRcumrf denotes the
cumulative drug transport volume in the receiving well at
the end of incubation (nmol), Cdf represents the drug con-
centration in the feeding well at the end of incubation (µM),
VD is the volume of the feeding well (mL), and Cdi indicates
the drug concentration in the feeding well at the start of in-
cubation (µM).

3. Results
3.1 Methodological Validation of Psilocin Quantification
in Rat Plasma
3.1.1 Selectivity

Glipizide was selected as the internal standard (IS)
for the quantitative analysis of psilocin in this study. As
a widely used IS in bioanalytical investigations, glip-
izide has a well-established and stable LC-MS/MS ana-
lytical method, facilitating its straightforward application
and validation in the present experimental system. Fur-
thermore, glipizide and psilocin achieved satisfactory chro-
matographic retention time separation under the established
analytical conditions, with no mutual chromatographic in-
terference observed between the two analytes. This en-
sured the avoidance of any interference with quantitative
detection, thereby guaranteeing the accuracy and reliabil-
ity of the obtained quantitative analysis results. The corre-
sponding product ion mass spectra of psilocin and glipizide
are presented in Fig. 2A. Fig. 2B displays representative
chromatograms of blank rat plasma, blank plasma spiked
with psilocin and glipizide (internal standard) working so-
lutions, and post-administration plasma samples. The re-
sponse from endogenous components in blank rat plasma
was less than 20% of the lower limit of quantification for
psilocin and below 5% of that for the internal standard, glip-
izide. The signal-to-noise (S/N) ratio for both analytes in
rat plasma exceeded 5. No interference from endogenous
plasma constituents was observed in the determination of
psilocin or glipizide.

3.1.2 Calibration Curve and Limit of Quantification

The linear range for psilocin in rat plasma was estab-
lished to be 5–500 ng/mL. A calibration curve was con-
structed by plotting psilocin concentration (X, ng/mL) on
the abscissa against the peak area ratio of psilocin to inter-
nal standard (Y) on the ordinate. Weighted (1/X2) least-
squares regression analysis yielded a calibration equation
of Y = 0.00965857X – 0.00275871 (r2 = 0.9982). Rel-
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Fig. 4. Pharmacokinetic characteristics of psilocin following intravenous and oral administration of different doses of psilocybin
in rats (n = 6). (A) Plasma concentration–time profile of psilocin. (B) Dose-normalized Cmax and AUC of psilocin in the oral administra-
tion. Multi-group comparisons were conducted via one-way analysis of variance (One-way ANOVA); *p< 0.05 indicates a statistically
significant difference, ***p< 0.001 indicates a highly statistically significant difference; “ns” represents no significant difference. Cmax,
peak concentration; AUC, area under the concentration–time curve.

ative standard deviation (RSD) values for the calibration
standards were within the acceptable criteria (in accordance
with bioanalytical method validation guidelines), confirm-
ing a robust linear relationship between psilocin concentra-
tion and detector response. The lower limit of quantifica-
tion (LLOQ) for the rat plasma is 5 ng/mL. The calibration
curve is presented in Fig. 3.

3.1.3 Accuracy and Precision
Both inter- and intra-assay precision values for quality

control samples were below 9.4%, while accuracy ranged
from 87.6% to 108.2%. These results comply with the val-
idation requirements outlined in the ICH M10 guideline.
Detailed data are provided in Table 1.

3.1.4 Extraction Recovery Rate and Matrix Effect

The extraction recovery of psilocin from rat plasma
ranged from 104.1% to 108.9%. The matrix effect for
psilocin in individual rat plasma samples was between
101.1% and 102.3%, with a coefficient of variation (CV)
of 1.1% to 2.5%, indicating negligible matrix interference.
These results, detailed in Table 2, comply with theM10 bio-
analytical method validation guidelines.

3.1.5 Stability

Plasma samples containing psilocin were stored under
three conditions: room temperature for 4 hours, 4 °C for 1
day, and –40 °C for 14 days. When analyzed against freshly
prepared standard curves, the measured concentrations of
all stability samples fell within 87.6%–108.5% of their the-
oretical values, with precision below 8.6%. These results
demonstrate that psilocin remains stable in rat plasma under
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Fig. 5. Tissue distribution of psilocin following oral administration of 3 mg/kg psilocybin in rats (n = 6). (A) Bar chart depicting
the mean psilocin concentration and Kp in each examined tissue. (B) Mean time-concentration profiles of psilocin in various tissues.

the tested storage conditions, thereby fulfilling the method
validation criteria outlined in the M10 guideline. Detailed
data are provided in Table  3.

3.1.6 Linear Dilution

Psilocin-fortified plasma samples (1500 ng/mL) were
diluted with blank rat plasma to a final concentration of 150
ng/mL. The measured accuracy was determined as 105.7±

5.51%, which met the pre-defined acceptance criteria for
bioanalytical method validation. Detailed results are pro-
vided in Table 4.

3.2 Pharmacokinetic Characteristics in Rats

Plasma concentration-time profiles of psilocin fol-
lowing intravenous (1 mg/kg) and oral (1, 3, and 10
mg/kg) administration of psilocybin in rats are presented
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Fig. 6. Excretion characteristics of psilocin following oral administration of 10 mg/kg psilocybin in rats (n = 6). (A) Cumulative
excretion recovery. (B) Cumulative excretion recovery is presented as a pie chart.

Table 3. Stability of psilocin in rat plasma (mean ± SD, n = 3).

Concentration (ng/mL)
Room temperature for 4 h 4 °C for 1 d –40 °C for 14 d

Accuracy (%) RSD (%) Accuracy (%) RSD (%) Accuracy (%) RSD (%)

15 95.7 ± 5.06 5.30 87.6 ± 1.94 2.20 108.5 ± 2.59 2.40
150 102.6 ± 8.78 8.60 90.8 ± 4.37 4.80 105.4 ± 3.30 3.10
400 94.4 ± 1.99 2.10 90.8 ± 2.03 2.20 108.4 ± 1.97 1.80

in Fig. 4A. Key pharmacokinetic parameters derived from
non-compartmental analysis are summarized in Table 5.
After intravenous dosing, psilocin displayed a short elim-
ination half-life (0.4 ± 0.03 h). Its systemic clearance (4.4
± 0.4 L/h/kg) exceeded the typical hepatic blood flow in
rats (3.3 L/h/kg), while the apparent volume of distribution
at steady state (1.5± 0.1 L/kg) was considerably larger than
the extracellular fluid volume of rats (0.297 L/kg). Follow-
ing oral administration, the time to reach peak concentration
(Tmax) ranged from 0.3 to 0.7 h across dose groups. After
normalization for dose (Fig. 4B), the peak concentrations
(Cmax) did not differ significantly among dose groups (p >

0.05). In contrast, systemic exposure (AUC) in the 3 mg/kg
and 10 mg/kg groups increased by 63% and 102%, respec-
tively, relative to the 1 mg/kg group, indicating nonlinear
pharmacokinetics. Oral bioavailability was 47.6%, 72.4%,
and 90.7% at 1, 3, and 10 mg/kg, respectively. Moreover,
in the medium-dose group (3 mg/kg), no statistically signif-
icant differences (p > 0.05) were observed between male
and female rats in any primary pharmacokinetic parame-
ter (Tmax, Cmax, AUC0−∞, etc.), suggesting an absence of
sex-related differences in the pharmacokinetic profile of
psilocin in rats.

3.3 Distribution Characteristics in Rat Tissues

Following oral administration of psilocybin (3 mg/kg)
to rats, the concentration-time profiles of psilocin in plasma
and various tissues were derived using non-compartmental
analysis based on measured concentrations at multiple time
points. The tissue-to-plasma partition coefficient (Kp) was
calculated, and the tissue distribution characteristics of
psilocin are presented in Fig. 5. Psilocin demonstrated ex-
tensive tissue distribution in rats. Kp values exceeded 1
in all tissues except adipose tissue, with notably high dis-
tribution into the brain, liver, stomach, intestine, and kid-
neys. Maximum concentrations (Cmax) were generally at-
tained within 15 min in most tissues; however, in testes,
muscle, brain, and kidneys, Cmax was reached at 1 h, re-
flecting rapid distribution kinetics. Within six hours post-
administration, drug concentrations inmost tissues declined
to approximately 5% of Cmax, indicating rapid elimination.

3.4 Excretion Characteristics in Rat

Following oral administration of psilocybin in rats, the
cumulative excretion recovery of psilocin via each path-
way generally plateaued within 12 h post-dose, as shown
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Fig. 7. Bidirectional characteristics transport of psilocin in LLC-PK1/MDR1 cell models (n = 3). ER, efflux ratio.

Table 4. Linear dilution of psilocin in rat plasma samples (mean ± SD, n = 6).
Biological matrix Concentration (ng/mL) Diluted factor Accuracy (%)

Plasma 1500 10 105.7 ± 5.51

in Fig. 6A and summarized in the corresponding pie chart
(Fig. 6B). Urinary excretion represented the predominant
elimination route, accounting for 11% of the administered
dose. In contrast, fecal and biliary pathways demonstrated
comparatively lower cumulative recoveries. Overall, the
total cumulative recovery across all three excretion routes
was approximately 13% of the administered dose, which is
markedly lower than the delivered dose.

3.5 P-gp (MDR1)-Mediated Efflux Transport

Based on the nonlinear pharmacokinetic behavior of
psilocin observed in rats—where dose-normalized Cmax

varied linearly, while AUC increased significantly-this
study further utilized the LLC-PK1-MDR1 cell model to
systematically examine the role of P-gp, a major efflux
transporter in the intestine and blood–brain barrier (BBB),
in regulating the transmembrane transport of psilocin. A
Transwell bidirectional transport assay was employed for
this investigation. In the established cellular model, meto-
prolol (a high-permeability positive control) exhibitedmod-
erate permeability, whereas atenolol (a low-permeability
positive control) showed low permeability. These results
confirm that the cells formed a tight monolayer barrier, ful-
filling the functional criteria for Transwell transport exper-
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Fig. 8. Bidirectional characteristics transport of psilocin in Caco-2 cell models (n = 3).

iments. Moreover, the efflux ratio (ER) of digoxin, a spe-
cific P-gp substrate, was significantly higher in LLC-PK1-
MDR1 cells than in MOCK cells. This indicates robust
functional activity of the target transporter (P-gp) within the
cellular model, thereby verifying the stability and reliability
of the experimental system. The transport characteristics of
psilocin in this model are presented in Fig. 7. With an ER

value of 1.26, psilocin is not a substrate of P-gp, suggesting
that its transmembrane transport in vivo is not influenced by
P-gp-mediated efflux mechanisms.

3.6 Transmembrane Transport in Caco-2 Cells
In the Caco-2 cell Transwell model, the apparent per-

meability coefficient (Papp) of the highly permeable drug
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Table 5. Pharmacokinetic parameters of psilocin following intravenous and oral administration of different doses of psilocybin
in rats (mean ± SD, n = 6).

Parameters Unit
i.v. (mg/kg) p.o. (mg/kg)

1 1
3

10
♂ ♀

t1/2 h 0.4 ± 0.03 0.7 ± 0.2 0.8 ± 0.2 1.5 ± 0.5 2.6 ± 1.0
Tmax h / 0.4 ± 0.1 0.5 ± 0.0 0.7 ± 0.3 0.3 ± 0.1
Cmax ng/mL / 66.9 ± 20.6 195.1 ± 39.0 159.9 ± 42.8 820.0 ± 288.3
Dose-normalized Cmax kgꞏng/mL/mg / 66.9 ± 20.6 65.0 ± 13.0 53.3 ± 14.3 82.0 ± 28.8
C0 ng/mL 1373.3 ± 253.6 / / / /
AUC(0–t) hꞏng/mL 162.4 ± 13.1 72.2 ± 29.6 352.9 ± 59.4 307.1 ± 59.7 1459.8 ± 282.6
Dose-normalized AUC hꞏkgꞏng/mL/mg 162.4 ± 13.1 72.2 ± 29.6 117.6 ± 19.8 102.4 ± 19.9 146.0 ± 28.3
AUC(0–∞) hꞏng/mL 166.3 ± 13.9 79.1 ± 30.3 361.3 ± 57.1 329.3 ± 61.9 1507.7 ± 259.2
MRT(0–t) h 0.3 ± 0.03 0.9 ± 0.2 1.4 ± 0.2 1.6 ± 0.4 2.3 ± 0.6
Vz L/kg 2.7 ± 0.2 / / / /
Vss L/kg 1.5 ± 0.1 / / / /
CL L/h/kg 4.4 ± 0.4 / / / /
F % / 47.6 72.4 66.0 90.7
t1/2, elimination half-life; Tmax, time to peak concentration; MRT, mean residence time; Vz, Volume of distribution; Vss, Volume
of distribution at steady state; CL, Clearance; F, Bioavailability.

metoprolol was 23.31 ± 0.98 × 10−6 cm/s, whereas that
of the low-permeability drug atenolol was 0.23 ± 0.02 ×
10−6 cm/s. These results confirm the well-maintained tight
junctions and barrier integrity of the Caco-2 cell mono-
layer. Furthermore, the cells exhibited high expression of
P-glycoprotein (P-gp), as evidenced by an efflux ratio (ER)
of 118.59 for the classic P-gp substrate digoxin, indicating
preserved P-gp transporter function. Together, these data
demonstrate that the established Caco-2 Transwell model
meets the quality control standards for in vitro drug absorp-
tion studies. The Papp value for psilocin was determined to
be 12.39± 1.31× 10−6 cm/s (Fig. 8), placing it within the
moderate permeability range. This suggests that psilocin
possesses moderate permeability, a property that likely fa-
cilitates its effective penetration across the intestinal epithe-
lial barrier and subsequent entry into systemic circulation
following oral administration in vivo.

4. Discussion
As a prodrug of psilocin, psilocybin is rapidly de-

phosphorylated in vivo by alkaline phosphatase to its ac-
tive metabolite, psilocin [19]. Therefore, the primary ob-
jective of psilocybin pharmacokinetic studies is to clarify
the exposure-response relationship of psilocin. By quanti-
fying psilocin concentrations in biological matrices, the in
vivo exposure levels of psilocybin can be characterized, al-
lowing for systematic evaluation of its therapeutic efficacy
and safety.

The LC-MS/MS method developed in this study for
the quantitative determination of psilocin proved to be
highly efficient and reliable upon validation in biological
matrices. Through systematic optimization during prelim-

inary experiments, a linear range of 5–500 ng/mL was es-
tablished, encompassing the concentration levels typically
observed after various administered doses and thereby en-
suring the method’s applicability to real-world samples.
Sample pretreatment was performed using a straightfor-
ward protein precipitation protocol, which is simpler than
previously reported methods such as liquid-liquid extrac-
tion or solid-phase extraction [20], thereby facilitating eas-
ier operation. In accordance with the M10 Bioanalytical
MethodValidation guideline, key parameters including pre-
cision, accuracy, and stability were comprehensively eval-
uated, with all results meeting the predefined acceptance
criteria. To mitigate the poor stability of psilocin during the
preparation of rat tissue homogenates, extraction solvents
with different water–acetonitrile ratios were compared to
identify the optimal composition, enabling reliable quan-
tification of psilocin in tissue samples.

Existing research has confirmed that psilocin under-
goes multi-pathway metabolism in vivo. Owing to its struc-
tural similarity to serotonin (5-HT), monoamine oxidase-
A (MAO-A) acts as the primary Phase I metabolic en-
zyme. Subsequently, aldehyde dehydrogenase (ALDH)
further participates in this pathway, leading to the for-
mation of 4-hydroxyindole-3-acetic acid (4-HIAA). In ad-
dition, cytochrome P450 enzymes, specifically CYP3A4
and CYP2D6, contribute to psilocin metabolism. Psilocin
is also metabolized into psilocin-O-glucuronide via glu-
curonidation, primarily catalyzed by UGT1A10 and
UGT1A9 [21,22].

Pharmacokinetic studies in rats demonstrated that the
clearance of psilocin-the active metabolite of psilocybin-
following intravenous psilocybin administration signifi-
cantly exceeded hepatic blood flow. This suggests substan-
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tial extrahepatic clearance in vivo, consistent with themulti-
pathway, multi-organ metabolic profile of psilocin. Fur-
thermore, the volume of distribution of psilocin was greater
than the extracellular fluid volume in rats, indicating exten-
sive tissue distribution. After oral administration of vary-
ing psilocybin doses to rats, psilocin was rapidly absorbed
across the gastrointestinal tract. Dose-normalized Cmax
showed no significant differences across the tested dose
groups. In contrast, the area under the AUC increased in a
dose-dependent manner with statistically significant inter-
group differences, indicative of prominent nonlinear phar-
macokinetic characteristics for psilocybin. The consistent
intestinal absorption profiles across all dose groups implied
that neither intestinal metabolic processes nor membrane
permeation was saturated within the tested dose range.
Given the metabolic characteristics of psilocin, the ob-
served nonlinear pharmacokinetic behavior is presumably
attributable to the saturation of hepatic metabolic enzymes
involved in its biotransformation. Following medium-dose
administration, no statistically significant sex-related dif-
ferences were observed in the pharmacokinetic parameters
of psilocin. Although prior studies report sex differences in
rat hepatic expression of UGT1A10 and CYP3A1 (the rat
orthologue of human CYP3A4), no such differences have
been documented for MAO-A or CYP2D1/2D3 (rat ortho-
logues of human CYP2D6) [23,24]. Given the multiple
metabolic pathways involved in psilocin elimination, the
absence of significant sex differences at a moderate dose in
rats is biologically plausible. We also found that psilocin
exhibits a short half-life via both intravenous and oral
routes. Existing references suggest that despite psilocin’s
short plasma half-life, its neuropsychoactive effects can in-
duce sustained and enduring neuroplastic changes [25,26].
Therefore, the persistence of therapeutic effects may be a
more critical determinant of dosing intervals than the rate
of plasma concentration decay alone. Consequently, the
optimal dosing regimen for psilocybin requires further in-
vestigation in conjunction with detailed pharmacodynamic
studies.

In rat tissue distribution studies, psilocin demonstrated
rapid and extensive systemic distribution. The tissue-
plasma partition coefficient (Kp) was greater than 1 in all
tissues examined except adipose tissue, consistent with the
large volume of distribution derived from plasma pharma-
cokinetic parameters. By 6 h post-administration, psilocin
concentrations in rat tissues had declined substantially, with
no indication of tissue accumulation.

In excretion studies, the cumulative recovery of un-
changed psilocin was only 13%, indicating that its elimina-
tion occurs primarily via in vivo metabolism.

The intestinal absorption and tissue distribution pro-
files of psilocin were further investigated using Caco-2
cell transport assays and monolayer epithelial cells over-
expressing hMDR1. Transport studies in Caco-2 cells
demonstrated that psilocin possesses moderate intestinal

permeability and is not a substrate for P-gp. After low-
dose oral administration of psilocybin, the bioavailability
of psilocin was approximately 45%, indicating that un-
der non-saturating conditions, intestinal and hepatic first-
pass metabolism accounted for about 55% of psilocin ex-
traction. Consistent with this, experiments in hMDR1-
overexpressing monolayer epithelial cells further con-
firmed the moderate permeability of psilocin and that it is
not a substrate for P-glycoprotein. These results align with
the extensive tissue distribution of psilocin observed inmul-
tiple organs, particularly its elevated concentrations in the
brain-the target organ. Together, these findings establish a
pharmacokinetic basis for the therapeutic effects of psilocin
within the central nervous system.

5. Limitations
This article has preliminarily discovered the nonlin-

ear pharmacokinetic characteristics of psilocin in rats and
tentatively speculated that the saturation of metabolic en-
zymes is the reason. However, the specific mechanism still
requires further exploration. This limitation does not affect
the overall content of the article.

6. Conclusions
In summary, the LC-MS/MS quantitative method de-

veloped in this study demonstrates high throughput, sensi-
tivity, and stability, allowing for the reliable measurement
of psilocin concentrations in biological matrices. In rats,
psilocin shows a short half-life, extensive and rapid tissue
distribution, and rapid clearance, with elimination driven
primarily by extensive metabolism rather than urinary or
fecal excretion. Following oral administration, psilocin ex-
hibits marked nonlinear pharmacokinetics due to metabolic
saturation, with no significant sex differences observed.
Results from in vitromodels indicate that psilocin has mod-
erate membrane permeability and is not a P-gp substrate,
supporting its efficient penetration into tissues throughout
the body, including the brain. Collectively, these find-
ings provide a solid scientific foundation for further phar-
macological research and preclinical safety evaluation of
psilocin.
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