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Abstract

Background/Objectives: Psilocibin (PSY), a serotonergic hallucinogen, has attracted in-
creasing scientific interest due to its therapeutic potential, particularly in treatment-resistant
depression. In parallel with its growing clinical and research relevance, important questions
have emerged regarding its safety profile, including potential effects on the liver, kidneys,
cardiovascular system, and immune function. The aim of this narrative review was to system-
atically collect, critically appraise, and organize the dispersed evidence regarding potential
multi-organ safety signals associated with PSY exposure. Methods: A narrative review was
conducted including preclinical studies, pharmacological investigations, available clinical
data, and published case reports, including reports of mushroom-related intoxications in-
volving PSY-containing species. All available sources addressing potential toxicological
outcomes associated with PSY were considered, regardless of exposure context, in order
to reflect the current state of evidence. Results: The available evidence base is limited and
heterogeneous, consisting primarily of case reports, observational data, and mechanistic
preclinical studies. Reported adverse events are rare and frequently confounded by poly-
substance use, uncertainty of dose, co-ingestion of other compounds, and lack of exposure
standardization. Despite these limitations, biologically plausible mechanisms related to
serotonergic receptor activation provide a rationale for further investigation of potential
organ-specific effects. However, current controlled clinical data do not provide consistent
evidence supporting intrinsic multi-organ toxicity of PSY. Conclusions: Current evidence
does not confirm clinically meaningful intrinsic multi-organ toxicity of PSY under controlled
conditions. Nevertheless, the available literature suggests the presence of potential safety
signals that warrant further systematic evaluation. In the context of growing clinical interest
in PSY, this review provides a structured synthesis of current knowledge and highlights
critical gaps in understanding its organ-specific safety profile.
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1. Introduction
Despite the tremendous development of medicine, there are still many disease entities

that require the search for better and more effective therapeutic solutions. One such
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example is depression. Major depressive disorder (MDD) affects a substantial portion of
the global adult population. A recent cross-national study [1] reported an average lifetime
prevalence of 7.5% in males and 13.6% in females, with projected cumulative risk by age
75 of 20.1% for men and 34.0% for women. In the United States, recall-corrected estimates
indicate that approximately 17.4% of men and 30.1% of women have experienced at least
one major depressive episode during their lifetime [2]. Although initial antidepressant (AD)
therapy significantly reduces symptoms of depression in many patients, only 50–60% of
persons suffering from MDD respond to the treatment. Moreover, 30–40% of MDD patients
never achieve symptom resolution by means of a standard AD therapy [3,4]. Thus, there is a
continuous need for the development of new, effective, and safer antidepressant therapies.

Recent research has proposed a potential role of psilocibin (PSY), a naturally occurring
psychedelic drug compound produced by more than 200 species of fungi. PSY is primarily a
pro-drug that is dephosphorylated by alkaline phosphatase to its active metabolite, psilocin.
Psilocin (4-hydroxy-N,N-dimethyltryptamine) is a hallucinogen that acts as an agonist of
serotonin receptors 5-HT1A, 5-HT2A, 5-HT2C, and 5-HT4 [5]. PSY and psilocin are listed as
Schedule I drugs under the United Nations 1971 Convention on Psychotropic Substances.
Hibicke et al. demonstrated that PSY induces rapid antidepressant and anxiolytic effects
in vivo, using Wistar Kyoto (WKY) rats—a well-established model for studying mood-
related disorders [6]. Similarly, several clinical studies have shown that one or two doses
of PSY administered during psychotherapy sessions, under tightly controlled conditions,
produce fast-acting and long-lasting antidepressant and anti-anxiety effects in patients with
various depressive disorders [7–9]. Moreover, in 2017, researchers from Imperial College
London conducted two clinical trials investigating the effects of PSY in individuals with
treatment-resistant depression. They reported significant clinical improvements, which
were accompanied by reduced blood flow in the amygdala, as measured by functional
magnetic resonance Imaging (fMRI). Based on patients’ subjective reports, the authors
proposed that PSY may effectively ‘reset’ neural circuits associated with depression [10].

The serotonergic pharmacological profile of PSY, particularly its potent agonism at
5-HT2A receptors, may underlie not only its therapeutic effects, but also its potential toxici-
ties. Although PSY is generally considered safe at controlled doses, its effects on various
organ systems—especially under conditions of chronic use, high doses or in susceptible
populations—remain poorly understood. Existing data on multi-organ toxicity are limited,
and systematic studies on potential adverse effects on the cardiovascular, hepatic, renal,
and neuroendocrine systems are lacking. This gap in toxicological knowledge underscores
the need for comprehensive preclinical and clinical studies to fully characterize the safety
profile of PSY, particularly in the context of its novel therapeutic applications.

Since PSY is not currently an approved medicinal product in most jurisdictions, the
availability of systematic clinical data regarding its acute and chronic multi-organ safety
profile remains limited. In particular, there is a lack of well-controlled long-term studies
directly assessing potential organ-specific effects, including the renal, hepatic, cardiovas-
cular, and immune systems, under conditions of repeated exposure or defined dosing
regimens. Consequently, the current evidence base is highly heterogeneous and derives
from a combination of preclinical pharmacological studies, mechanistic investigations,
limited clinical research, and case reports associated with PSY exposure, most commonly
in the context of ingestion of PSY-containing mushrooms.

An additional limitation in interpreting the available data is the difficulty in clearly
distinguishing between controlled therapeutic exposure and uncontrolled recreational use,
as well as the frequent absence of precise dose characterization. These factors substantially
limit the ability to establish reliable dose–response relationships and to define potential
toxicity thresholds.
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Despite these limitations, this review aims to systematically collect and critically
integrate the currently available evidence on potential multi-organ safety signals associated
with PSY, drawing on clinical data, case reports, and mechanistic preclinical literature
in order to provide a comprehensive and contextualized overview of the current state
of knowledge.

2. Materials and Methods
The present study was designed as a narrative review aimed at summarizing and

critically evaluating the available evidence regarding the potential toxicity of PSY and its
effects on selected organ systems, with particular emphasis on serotonergic mechanisms.
The literature search was conducted between January and May 2026 and included studies
published up to May 2026.

Relevant articles were identified using major biomedical databases, including PubMed,
Scopus, Web of Science, and Google Scholar. The search strategy employed combinations of
keywords and Boolean operators (AND/OR), including “PSY toxicity”, “psilocin toxicity”,
“PSY AND cardiovascular effects”, “PSY AND liver effects”, “PSY AND kidney effects”,
“PSY AND platelets”, “PSY AND glial cells”, and “serotonergic toxicity AND PSY”.

The selection of literature was not restricted to a formal systematic protocol. Eligible
sources comprised original in vitro, in vivo, and clinical studies, as well as review articles
addressing the pharmacology, toxicology, and organ-specific effects of PSY and psilocin.
Non-relevant publications and purely anecdotal reports were excluded based on content
screening. The selection process involved screening titles, abstracts, and full texts, with
duplicate records removed where applicable.

Data extraction focused on reported toxic effects and physiological impacts on the
cardiovascular system, kidneys, liver, glial cells, and platelets, with particular attention to
mechanisms involving serotonin receptors, especially 5-HT2A.

As the present work was conducted as a narrative review rather than a systematic
review, PRISMA guidelines were not formally applied. Studies were selected based on
their relevance to the objectives of the review and their contribution to understanding the
potential organ-specific effects of PSY and psilocin.

3. Findings
3.1. PSY: Potential Therapy and Mechanism of Action

As of 2022, over 60 clinical trials investigating the therapeutic effects of PSY have been
registered with the United States National Institutes of Health. While short-term effects
have been well documented, the long-term efficacy and safety of PSY therapy remain to be
determined, as most trials are still ongoing. However, preliminary results suggest that PSY
therapy is effective in treating depression, smoking cessation, alcohol use disorder, and
obsessive–compulsive disorder [11].

Earlier PSY trials typically dosed according to body weight, with doses generally
ranging from 0.2 to 0.4 mg/kg per session. Protocols involved either a single dose or two
doses separated by an average washout period of 3 to 4 weeks. More recent clinical trial
protocols have shifted toward using a fixed PSY dose—most commonly 25 mg—which
aligns with the approximate 0.3 mg/kg weight-based dosing used previously [12]. This
fixed 25 mg dose approach has been validated in a recent secondary analysis of prior
trial data, which found no significant differences in psychedelic effects when compared to
weight-based doses of 0.29 mg/kg and 0.43 mg/kg [13].

PSY is rapidly dephosphorylated in the body to psilocin, its active metabolite,
which acts as an agonist of several serotonin receptors with highest affinity for 5-HT2A
receptors—key mediators of its psychedelic effects. It also exhibits lower affinity binding
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to 5-HT1 receptors, including the 5-HT1A and 5-HT1D subtypes. Additionally, the effects
of psilocin are modulated through interactions with 5-HT2C receptors [14].

Notably, the psychotomimetic (psychosis-like) effects induced by psilocin can be
blocked in a dose-dependent manner by ketanserin, a selective antagonist of the 5-HT2A
receptor. This finding underscores the critical role of 5-HT2A receptor activation in the
manifestation of psychedelic effects. However, multiple lines of evidence indicate that
psilocin’s interactions with other non-5-HT2 receptors also contribute significantly to its
subjective and behavioral effects. These additional receptor interactions highlight the
complexity of psilocin’s mechanism of action and suggest that its psychoactive profile
involves a broader serotonergic modulation beyond the 5-HT2A receptor alone [15,16].

PSY use is not free from adverse effects. Common responses include pupil dilation
(93%); changes in heart rate (100%), including increases (56%), decreases (13%), and variable
responses (31%); changes in blood pressure (84%), including hypotension (34%), hyper-
tension (28%), and general instability (22%); changes in stretch reflex (86%), including
increases (80%) and decreases (6%); nausea (44%); tremor (25%); and dysmetria (16%).
The temporary increases in blood pressure caused by the drug can be a risk factor for
users with pre-existing hypertension [17]. These qualitative somatic effects caused by PSY
have been corroborated by several early clinical studies [17–21]. According to the largest
controlled clinical study of PSY to date at King’s College London, volunteers who received
doses of PSY experienced some changes in mood and perception but no negative effects on
cognitive or emotional functioning. These systemic physiological effects of PSY provide a
basis for further discussion of its underlying pharmacological mechanisms, particularly its
serotonergic activity within the cardiovascular system.

3.2. PSY: 5-HT Effect on the Cardiovascular System

5-HT exerts important effects on the cardiovascular system, with mechanisms that are
complex and dependent on receptor subtype, tissue distribution, and local concentration.
One of the key effects is vasoconstriction, particularly in small arteries and arterioles. Exper-
imental studies have demonstrated 5-HT-induced vasoconstriction in coronary arteries [22],
and reperfusion models suggest that elevated 5-HT levels may contribute to cellular injury,
including apoptosis and necrosis [23]. In humans, vasoconstrictive responses to 5-HT have
been observed in the presence of functional endothelium [24,25], and partially attenuated
by 5-HT2 receptor antagonism [26]. Studies in isolated human pulmonary vessels further
indicate that 5-HT-induced vasoconstriction involves both 5-HT1 and 5-HT2 receptors, with
receptor expression (including 5-HT4, 5-HT2A and 5-HT1D) confirmed in these tissues [27].

Beyond acute vascular effects, serotonin receptors also play a role in cardiac remodeling
(Figure 1). The 5-HT2A receptor, expressed in cardiomyocytes, is upregulated in hyper-
trophic conditions and left ventricular dysfunction, where its activation has been associated
with fibrosis, fibroblast proliferation, and collagen synthesis [28–31]. Similarly, 5-HT2B
receptors expressed on cardiac fibroblasts have been linked to pro-inflammatory and pro-
remodeling signaling, including increased levels of IL-6, TNF-α, IL-1β, and norepinephrine
in heart failure states [32]. Importantly, excessive 5-HT2B stimulation has been associated
with valvular heart disease characterized by valvular thickening and regurgitation.

The 5-HT4 receptor, structurally and functionally linked to Gs protein signaling, is
expressed in both atrial and ventricular tissue, with expression increasing in ventricular
dysfunction [33,34]. Its activation has been associated with positive inotropic and lusitropic
effects similar to β1-adrenergic stimulation, which may be beneficial in heart failure but
can also contribute to arrhythmogenic risk under pathological conditions [35]. Increased
5-HT4 expression has been observed in early stages of hypertension-induced hypertrophy,
correlating with enhanced serotonergic inotropic responses [5].
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Figure 1. Effects of serotonin (5-HT) receptor subtypes on the cardiovascular system and associated
functional and pathological outcomes.

In addition to receptor-mediated mechanisms, serotonin may exert receptor-independent
intracellular effects. Oxidative metabolism of 5-HT in mitochondria can generate reactive
oxygen species, contributing to apoptosis and necrosis [34]. Furthermore, serotonin may
covalently modify intracellular and surface proteins via transglutaminase-mediated reactions,
potentially altering protein function in various cell types, including cardiomyocytes [36].

Finally, serotonin plays a bidirectional role in blood pressure regulation. Depending
on receptor subtype activation, it may induce vasoconstriction via 5-HT2A receptors or va-
sodilation via 5-HT1-mediated pathways, reflecting its context-dependent vascular effects.

Beyond its cardiovascular effects, PSY also influences serotonergic pathways in other
peripheral organs, including the urinary and hepatic systems.

3.3. 5-HT Effects on the Urinary and Hepatic Systems

In the urinary system, 5-HT receptors are distributed in various parts, including the
glomeruli, renal tubules, and blood vessels. There are several mechanisms by which 5-HT
and its receptors influence kidney function. 5-HT affects the smooth muscle tone of blood
vessels; binding of 5-HT to 5-HT2A receptors can induce vasoconstriction, reducing renal
blood flow. Conversely, activation of 5-HT1 receptors may cause vasodilation, improving
blood flow [37].

5-HT also plays a role in the filtration process within the kidneys by modulating
glomerular vascular tone, thereby affecting the glomerular filtration rate (GFR), which
is essential for kidney function. Moreover, 5-HT influences the secretion of renin, a
hormone involved in regulating blood pressure and fluid balance. Renin acts through
the renin–angiotensin–aldosterone system to regulate water and electrolyte homeosta-
sis, which directly impacts kidney function [38]. Additionally, 5-HT affects the renal
tubules by modulating the transport of ions such as sodium and potassium, as well as
water reabsorption—processes that are vital for maintaining electrolyte balance and blood
pressure [37].

The effects of 5-HT on the liver are less extensively studied compared to its roles in
organs like the heart or kidneys. Nevertheless, 5-HT interacts with the liver in multiple
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ways. Various studies have identified numerous serotonergic receptors in the epithelium
of the gastrointestinal tract, including hepatic tissues [39]. Among these, 5-HT2A recep-
tors are particularly important, serving as primary sites for PSY activity. Stimulation of
these receptors can lead to symptoms such as abdominal pain, discomfort, nausea, and
vomiting [39].

5-HT also regulates smooth muscle tone in hepatic vasculature. Activation of 5-HT2A
receptors causes vasoconstriction, which can alter hepatic blood flow. These changes
affect oxygen and nutrient delivery to the liver, as well as the clearance of metabolic waste
products [40]. Moreover, 5-HT3 receptors, which are present in various tissues including the
liver, modulate inflammatory and metabolic processes. Consequently, serotonin may play
a role in regulating inflammatory responses implicated in liver diseases such as steatosis
and cirrhosis.

Furthermore, 5-HT influences liver metabolism, including detoxification, protein
synthesis, and lipid metabolism. The liver is the primary organ responsible for 5-HT
metabolism, as most 5-HT breakdown and inactivation—mediated by enzymes such as
monoamine oxidase (MAO)—occur there [41]. In patients with chronic liver diseases like
cirrhosis, altered 5-HT levels are often observed. Elevated 5-HT in the bloodstream may be
linked to impaired hepatic microcirculation, potentially contributing to portal hypertension
(increased pressure in the portal veins) and the progression of liver failure [42].

There is also some evidence suggesting that 5-HT may influence bile secretion, al-
though this area remains underexplored. Additionally, 5-HT’s effect on intestinal motility
may indirectly impact the biliary system [41].

In pathological conditions such as renal failure, hypertension, or metabolic diseases,
alterations in 5-HT levels and receptor function can exacerbate renal dysfunction. For
instance, chronic activation of 5-HT2A receptors has been associated with renal fibrosis [43].

3.4. Evidence of PSY Cardiotoxic Effects

Despite growing interest in the medical properties of psilocibin (PSY), data on its
potential cardiotoxicity remain limited. Most available evidence originates from case
reports of mushroom poisoning and a small number of clinical studies, while animal
models exploring underlying molecular mechanisms are scarce.

Reported electrocardiographic abnormalities associated with PSY administration,
including ST-segment elevation (Nef et al., 2009 [28]) and QT interval prolongation
(Li et al., 2019 [29]), suggest a potential influence on cardiac ion channel activity. Current
evidence indicates that its active metabolite, psilocin, rather than PSY itself, is primarily
responsible for these electrophysiological effects. In animal studies, psilocin administration
in rats induced ECG abnormalities, impaired intraventricular conduction, and cardiac
arrhythmias [30].

Further insight was provided by a Phase I clinical trial in 12 healthy participants
using concentration–QTc (C-QTc) analysis following single ascending doses of PSY
(0.3–0.6 mg/kg). A statistically significant but weak relationship between psilocin plasma
concentration and QTc prolongation was observed. At a therapeutically relevant dose of
25 mg, mean maximum psilocin concentration was 18.7 ng/mL, with a mean QTcF prolon-
gation of 2.1 ms (upper 90% CI: 6.6 ms). However, higher doses corresponding to 42–59 mg
PSY were predicted to exceed regulatory concern thresholds (Dahmane et al., 2021 [44]; In
contrast, another clinical study involving 23 healthy participants reported no significant
QTc differences between 25 mg PSY and placebo (Becker et al., 2022 [45]). Overall, these
findings suggest that therapeutic doses are associated with limited QTc risk, although
higher exposures may carry increased proarrhythmic potential.
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From a mechanistic perspective, PSY exerts its primary effects via agonism of 5-HT2A
receptors, which underlies both its psychedelic and autonomic cardiovascular effects.
Activation of serotonergic pathways may increase sympathetic nervous system activity,
resulting in transient, dose-dependent increases in heart rate and blood pressure. These
effects are generally short-lasting but may be clinically relevant in individuals with pre-
existing cardiovascular disease.

In contrast, PSY shows weak affinity for cardiac 5-HT4 receptors located in the sinoa-
trial node and atrial tissue, which are involved in heart rate regulation and impulse con-
duction. Therefore, transient tachycardia observed after PSY administration is consid-
ered to result primarily from central autonomic activation rather than direct myocardial
5-HT4 stimulation.

Clinical data support these observations. A meta-analysis by Yerubandi et al. (2024) [46],
evaluating PSY in psychiatric indications, reported increased heart rate and blood pressure
across multiple studies. In one trial, elevated blood pressure occurred in 76% of participants
receiving 21 mg PSY, while another reported systolic BP > 160 mmHg in 34% and diastolic
BP > 100 mmHg in 13% following high doses. Mild increases were also observed at lower
doses, contributing to variability between studies.

Similarly, a clinical study in 20 healthy participants (aged 22–43 years) with prior
psychedelic experience showed dose-dependent but transient increases in blood pressure
following PSY administration (10–30 mg/70 kg), with mean values of 138/80, 142/85, and
140/87 mmHg, respectively.

From an ion channel perspective, PSY-induced blockade of hERG channels does not
appear to fully explain its cardiac effects, and is unlikely to be the primary mechanism
underlying QT prolongation observed in clinical settings (Dahmane et al., 2021 [44]).

Finally, potential long-term cardiovascular safety concerns have focused on 5-HT2B
receptors expressed in cardiac valves, whose chronic activation is associated with valvular
fibrosis. However, there is currently no evidence that PSY induces sustained 5-HT2B
stimulation sufficient to cause structural cardiac remodeling, likely due to its short duration
of action and intermittent exposure.

3.5. Evidence of PSY Hepatotoxic Effects

In standard doses and under controlled conditions, psilocibin (PSY) does not show
clear evidence of direct liver injury. Nevertheless, adverse hepatic reactions may occur in
specific situations, particularly in cases of misuse or concomitant use with other hepatotoxic
substances. Overall, current data suggest a relatively limited direct impact of PSY on liver
function, although several factors may modify its risk profile.

After oral administration, PSY acts as a prodrug and is rapidly metabolized in the
liver to its active form, psilocin. This biotransformation occurs mainly via dephosphoryla-
tion mediated by non-specific phosphatases rather than direct involvement of cytochrome
P450 enzymes. However, some authors suggest a potential indirect role of CYP isoenzymes
such as CYP2D6 and CYP3A4 in overall hepatic metabolic variability [12,47]. In individ-
uals with impaired liver function, including those with chronic liver disease or cirrhosis,
enzymatic activity may be reduced or altered. This may affect PSY metabolism, leading to
delayed clearance and altered exposure to psilocin or its metabolites [48]. Such changes may
theoretically increase the risk of serotonergic overstimulation and related adverse effects [49].

Furthermore, impaired hepatic metabolism may influence both the duration and inten-
sity of psilocin’s effects on central and peripheral 5-HT receptors, potentially exacerbating
cardiovascular or neurological adverse reactions, including arrhythmias or neurotoxic-
like symptoms [14,15]. Therefore, liver function represents an important consideration in
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therapeutic contexts, where dose adjustments or alternative strategies may be required to
minimize potential risks.

On the other hand, preclinical studies suggest potential beneficial metabolic effects
of PSY under experimental conditions. In a C57BL/6 mouse model fed a high-fat, high-
fructose diet (HFHFD) for 17 weeks, one group received PSY at a dose of 0.05 mg/kg
body weight daily, while the control group received vehicle via oral gavage. PSY, without
affecting food intake, reduced hepatic steatosis and body weight by 12% and restored
plasma and hepatic triglyceride levels in mice fed a standard diet. A significant reduction
in fasting glucose and area under the curve (AUC) was observed in the oral glucose
tolerance test. PSY was also shown to restore hepatic expression of genes involved in
lipid localization and catabolic processes, as well as insulin receptor and IRS-1 protein
expression, which were altered in metabolic dysfunction-associated steatotic liver disease
(MASLD). These findings suggest that PSY may modulate hepatic metabolic pathways
under experimental conditions rather than exerting hepatotoxic effects.

In addition to hepatic involvement, evidence suggests that PSY may also affect renal
physiology, raising the possibility of nephrotoxic effects.

3.6. Evidence of PSY Nephrotoxic Effects

The first reported case of acute kidney injury (AKI) temporally associated with
psilocibin (PSY)-containing mushroom ingestion was described in 1992. A 20-year-old
woman was admitted with nausea, vomiting, diarrhea, bloating, and abdominal pain
occurring 7 days after consumption of so-called “magic mushrooms.” Clinical evaluation re-
vealed mild proteinuria, hematuria, and hypertension (blood pressure 160/100 mmHg) [49].
Histopathological examination demonstrated mild non-ischemic necrosis of the renal tubu-
lar epithelium within the renal cortex, without evidence of glomerular injury. Tubular
epithelial damage was proposed to impair nephron function and reduce renal excretory
capacity, leading to accumulation of metabolic waste products [50]. Based on clinical
presentation, temporal association, and an unremarkable medical history, the episode was
attributed to ingestion of PSY-containing mushrooms [51].

A similar case was reported in 2019 by Myron and colleagues in a 15-year-old Cana-
dian male who ingested several Psilocybe cubensis mushrooms. The patient presented
with nausea and abdominal pain and developed impaired renal function, with creatinine
rising from 207 to 444 µmol/L (reference range 65–121 µmol/L) and elevated urea of
13.5 mmol/L (reference range 3.0–7.0 mmol/L). PSY was confirmed in the ingested ma-
terial using liquid chromatography–mass spectrometry. Urinalysis showed microscopic
hematuria (5–10 RBC/HPF) without proteinuria, leukocyturia, or casts. Renal ultrasound
revealed bilaterally normal-sized kidneys with increased cortical echogenicity, suggestive
of parenchymal involvement [52].

Another case involved a 31-year-old previously healthy female who developed protein-
uria and microscopic hematuria following ingestion of PSY-containing mushrooms. Renal
biopsy demonstrated features consistent with vascular-predominant acute thrombotic
microangiopathy [53].

Current pharmacological and clinical data indicate that PSY and its active metabolite
psilocin are unlikely to be intrinsically nephrotoxic. In controlled clinical studies of PSY-
assisted therapy, no consistent signal of clinically significant acute kidney injury has been
observed. Reported cases of AKI following ingestion of PSY-containing mushrooms are
therefore rare and are most plausibly explained by indirect or multifactorial mechanisms,
including dehydration secondary to gastrointestinal symptoms, sympathetic activation,
hyperthermia, co-ingestion of other substances, or misidentification of mushroom species.
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Beyond nephrotoxicity, PSY has also been implicated in the modulation of immune
system activity via serotonergic mechanisms.

3.7. PSY and Immunity

Multi-organ toxicity can also affect the immune system, both directly and indirectly,
depending on the type of toxin and the organs that are affected.

PSY, in addition to its well-documented effects on the central nervous system, may also
affect the immune system. Serotonin receptors, to which the active form of PSY, psilocin,
binds, are also found on immune cells such as lymphocytes, monocytes and macrophages.
Preliminary studies suggest that PSY can modulate the inflammatory response and affect
the cytokine profile, indicating its potential immunomodulatory effects [54].

In general, the knowledge regarding the effects of psychedelics on immunity is scant.
It is proposed that PSY exerts anti-inflammatory activity as the agonist of serotonergic
receptor 5-HT2A [55]. Literature data shows that the 5-HT2A agonist, (R)-2,5-dimethoxy-
4-iodoamphetamine [(R)-DOI], results in a decrease in the expression of IL-6 and IL-1b
cytokines, Mcp-1 and Cx3cl1 chemokines and Icam-1 and Vcam-1 integrins in the model of
TNF-α-induced systemic inflammation in mice. Although the mechanism is not so evident,
because the 5-HT2A antagonists also presented anti-inflammatory effects [56]. The next
piece of evidence was presented in the mouse asthma model, where [(R)-DOI] adminis-
tration caused a decrease in IL-6 and Mcp-1 expression, eosinophil infiltration into the
lungs, and mucus production [57]. A decrease in the expression of IL-6, Vcam1, and TNF-α
was likewise shown in the aortas of mice with high-fat-diet-induced inflammation [55].
In vitro studies performed using the 3D human EpiIntestinal tissue stimulated with TFN-α
and IFN-γ to mimic the inflammatory conditions showed that PSY decreases the levels of
TNF-α, IFN-γ, IL-6, IL-8, MCP-1 and GM-CSF [58]. In human volunteers, the single dose
(0.22 mg/kg) of PSY given orally did not cause significant changes in TNF serum levels
23 h after administration [59].

Given that immune cells express serotonergic receptors, emphasize the possible role
of psychedelics and PSY as anti-inflammatory agents [60].

Another way of influencing the immune system is via the hypothalamic–pituitary–
adrenal axis. It was presented that the 5-HT2A agonist, (±)-1-(2,5-dimethoxy-4-iodophenyl)-
2-aminopropane HCl (DOI), stimulated the corticotropin-releasing factor neurons in the
hypothalamus, thus stimulating ACTH release in rats [61]. PSY administration to healthy
human volunteers resulted in increased plasma levels of both ACTH and cortisol [62].

An interesting experiment was conducted in healthy volunteers, aiming to analyze the
effect of PSY on both immunity and stress levels. Inflammatory markers were significantly
decreased either 80 min after the PSY administration (TNF-α) or when measured seven
days after PSY administration (IL-6, CRP). Cortisol levels, on the other hand, were elevated
just after PSY administration, but not seven days after. Additionally, cortisol levels were
elevated after applying the psychosocial stressor, both in the placebo and PSY group.

No clinical trials have examined the effect of PSY on immunity to date, so assessing
potential risks is not possible. Based on the literature data, PSY presents a rather safe,
anti-inflammatory profile, but further investigation, possibly in the context of contribution
to organ toxicity, is needed.

3.8. Serotonergic Modulation and Bleeding Risk: Implications for PSY

It is also important to consider bleeding risk in the broader context of serotonergic
modulation [63]. Selective serotonin reuptake inhibitors (SSRIs) are a well-established
example of drugs associated with an increased risk of bleeding, an effect mechanistically
linked to the role of serotonin in platelet function [64]. Platelets do not synthesize serotonin
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de novo but acquire it from the circulation via the serotonin transporter (SERT); serotonin
release during platelet activation contributes to primary hemostasis by amplifying platelet
aggregation. Inhibition of this process results in reduced intraplatelet serotonin levels and
impaired aggregation, thereby increasing bleeding susceptibility [65].

Although this mechanism has been primarily described in the context of SSRI use, it
underscores the central role of serotonin in platelet-mediated hemostasis. PSY, through
its distinctly serotonergic pharmacological profile—predominantly acting as an agonist of
5-HT receptors—may theoretically influence hemostatic processes, despite its mechanism
of action being fundamentally different from serotonin reuptake inhibition [66]. While
direct evidence assessing the impact of PSY on bleeding risk is currently lacking, the
established involvement of serotonin in platelet function supports a cautious interpretation
and highlights the need for further investigation.

3.9. Safety Comparison of PSY-Assisted Therapy and Standard Antidepressant Treatment

From a safety perspective, PSY used in the treatment of depression differs substantially
from standard antidepressant therapies in both risk profile and mode of administration. PSY
is typically administered in controlled clinical settings as a limited number of sessions, in
contrast to conventional antidepressants such as SSRIs, SNRIs, or tricyclic antidepressants,
which are used chronically over weeks to years (Carhart-Harris et al., 2016 [7]).

Standard antidepressants are associated with a well-characterized profile of long-term
adverse effects, including sexual dysfunction, weight gain, sleep disturbances, discontin-
uation symptoms, and, in some cases, dose-dependent cardiovascular or hepatic risks
depending on the drug class (Stahl, 2013; Shelton, 2003) [67,68].

In terms of acute and long-term safety, PSY is more commonly associated with short-
lasting psychological reactions, whereas antidepressants carry a greater burden of persistent
physiological side effects. From a cardiovascular perspective, PSY induces transient sympa-
thetic activation with short-term increases in blood pressure and heart rate, while SSRIs
are generally cardiovascularly neutral and SNRIs may contribute to sustained increases
in blood pressure in some patients (Importantly, although PSY has serotonergic activity,
clinically significant serotonin syndrome appears rare under controlled conditions, while
potential drug–drug interactions remain an important consideration, particularly when
combined with other serotonergic agents (Carhart-Harris et al., 2016 [7])).

Overall, the key difference in safety profiles is not related to confirmed organ toxic-
ity but rather to the duration and nature of exposure: PSY produces acute, time-limited
psychopharmacological effects under supervised conditions, whereas standard antidepres-
sants exert continuous neurochemical modulation with a well-established long-term safety
profile but a higher incidence of persistent adverse effects.

Organ-specific toxicity of psilocybin: proposed mechanisms, clinical manifestations,
and supporting evidence (Table S1).

4. Conclusions
Abnormalities in the serotonergic system may play an important role in the pathophys-

iology of multiple cardiovascular disease states such as systemic hypertension, primary
pulmonary hypertension and peripheral vascular disease but also in the toxicity of other
organs. In general, 5-HT is not directly associated with toxic effects on the liver or kidneys
under normal conditions, but excess or abnormal 5-HT can have potentially harmful effects
on the body.

However, PSY appears to have relatively low toxic potential compared to other psy-
choactive substances. A number of animal and human studies have not observed serious
brain damage from its acute use, and it is even suggested that it may have potential thera-

https://doi.org/10.3390/biomedicines14071516

https://doi.org/10.3390/biomedicines14071516


Biomedicines 2026, 14, 1516 11 of 15

peutic benefits, such as treating depression, anxiety or addiction. However, when PSY is
abused, adverse effects such as cardiovascular disorders can occur. Data also indicates the
possibility of acute kidney damage. In addition, when PSY is used in combination with
other substances, such as alcohol, painkillers or other substances metabolized by the liver,
there may be a synergistic burden on the liver, which may increase the risk of liver damage.

In summary, considering the potential medical applications of PSY, further long-term
preclinical and clinical studies are necessary, including both single-dose and chronic dosing
regimens, in order to more fully characterize its safety profile. Particular attention should
be paid to evaluating the effects of both therapeutic and recreational doses of PSY on organ
function and potential long-term adverse effects.

At the same time, assessing the safety of recreational doses remains particularly chal-
lenging, as recreational use most commonly involves the consumption of PSY-containing
mushrooms rather than administration of a synthetic compound with a precisely defined
dose. Moreover, the content of PSY and other biologically active compounds in mushrooms
may vary substantially depending on species, cultivation conditions, and preparation meth-
ods, making accurate dose estimation and interpretation of toxicological findings difficult.

5. Study Limitations
One of the main limitations of this study is the lack of available long-term toxicological

data on PSY, as the substance has not yet been approved as a registered medicinal product.
Consequently, there are no large-scale human studies evaluating its potential multi-organ
toxicity or long-term adverse effects. Another important limitation is the inability to reliably
estimate the ingested dose of PSY, since most reported cases involve the consumption of
PSY-containing mushrooms rather than standardized synthetic formulations. Approxi-
mately 200 mushroom species contain PSY, and variations in species composition, alkaloid
concentration, and preparation methods may substantially affect toxicity profiles. There-
fore, direct comparisons between therapeutic and recreational exposure are difficult, and
the causal relationship between PSY dose and observed organ toxicity remains uncertain.

A further limitation is that evidence regarding potential nephrotoxicity and hepato-
toxicity is derived predominantly from isolated case reports associated with mushroom
ingestion. Although the mushroom species described in these reports were identified by
the respective authors, interpretation of these findings remains challenging due to possi-
ble confounding factors, including variability in PSY and other alkaloid concentrations,
dehydration, concomitant substance use, co-exposure to additional mushroom-derived
compounds, and differences in preparation methods. These factors limit the ability to
establish a direct causal relationship between PSY exposure and organ injury.

Another limitation of this review is its narrative character and the methodology used
for literature selection. The manuscript was intended as a broad overview of the currently
available evidence rather than a formal systematic review. Additionally, the available
literature on PSY-related toxicity remains relatively limited and consists largely of case
reports, preclinical studies, and mechanistic observations, with comparatively few long-
term clinical investigations. Therefore, some conclusions should be interpreted with caution,
particularly in the context of assessing potential long-term organ toxicity. Nevertheless, the
collected evidence highlights the need for further well-designed experimental and clinical
studies to better characterize the safety profile of PSY.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/biomedicines14071516/s1, Table S1. Summary of the available
evidence regarding organ-specific toxicity associated with psilocybin. The table presents the proposed
biological mechanisms, reported clinical manifestations, and the type of evidence supporting each
association across major organ systems. Current evidence indicates that transient cardiovascular
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effects are the most consistently documented adverse events, whereas evidence for hepatic, renal,
immunological, hematological, and overall systemic toxicity remains limited and is derived primarily
from preclinical studies, case reports, and mechanistic investigations.
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