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Purpose: During a pathological inflammation, macrophages are activated to produce accu-
mulation of inflammatory mediators such as induced-cyclooxygenase-2 (COX-2), 15- 
lipoxygenase (15-LOX) and pro-inflammatory cytokines. Pathological inflammation is 
a significant problem in many chronic diseases. As a result, more research into natural 
remedies with anti-inflammatory potential is crucial. Since ancient times, psilocybin- 
containing mushrooms, also known as magic mushrooms, were used for mind healing and 
also to advance the quality of life. However, not much is known about their anti- 
inflammatory potential. This study aimed at investigating the anti-inflammatory effects of 
four psilocybin-containing mushrooms (Panaeolus cyanescens, Psilocybe natalensis, 
Psilocybe cubensis and Psilocybe cubensis leucistic A+ strain) from genus Panaeolus and 
Psilocybe for the first time in vitro on 15-LOX activity and also on lipopolysaccharide 
(LPS)-induced inflammation in human U937 macrophage cells.
Methods: Mushrooms were grown and extracted with boiling hot water. Effects of the four 
water extracts on 15-LOX activity were determined. Confluent human U937 cells were 
differentiated with phorbol 12-myristate 13-acetate and treated with the hot-water extracts (25 
and 50 µg/mL) 2 hours before being stimulated with 1 µg/mL LPS over 24 hours. Quercetin was 
used as a positive control. Control cells were differentiated but not LPS-induced nor treated. 
Tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6, and IL-10 concentrations were 
measured. Levels of COX-2 and mitochondrial activity were also determined.
Results: The four water extracts had poor 15-LOX inhibition activity with IC50 > 250 µg/mL. 
Extracts were safe at the concentration studied and inhibited the LPS-induced production of pro- 
inflammatory mediators, TNF-α and IL-1β significantly and lowered IL-6 and COX-2 concentra-
tions in treated human U937 macrophage cells. Water extracts also increased percentage viability 
of treated cells and levels of anti-inflammatory IL-10 non-significantly.
Conclusion: The study suggested that the hot-water extracts of the four psilocybin- 
containing magic mushrooms have potential anti-inflammatory effects executed by down- 
regulating pro-inflammatory mediators.
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Introduction
Pathological inflammation is central to a number of 
chronic diseases including cardiovascular, cancer, arthritis, 
neurodegeneration, chronic depression and aging.1,2 

Inflammation is a natural essential response of our innate 
immune system upon exposure to a foreign agent or injury, 
with the purpose of preventing damage and to remove the 
harmful agents.3 Altogether, immunity does not only 
differentiates between self and not-self but also between 
dangerous and non-dangerous agents.4 However, when 
inflammation is not properly regulated and is prolonged, 
it leads to an unhealthy state as it relates to many chronic 
diseases. As a result, during pathological inflammation, 
macrophages found in the body are activated to produce 
an unhealthy accumulation of inflammatory mediators.5

Cytokines are small proteins released by cells that may 
either act on the cells that secreted them, on neighboring 
cells or in some occasions on distant cells.6 There are both 
pro-inflammatory and anti-inflammatory cytokines and 
although made by many different cell populations, cyto-
kines are predominantly produced by helper T cells and 
macrophages.6 In particular, pro-inflammatory cytokines 
are produced predominantly by activated macrophages 
and are involved in the up-regulation of inflammatory 
reactions.6 Imbalance in the creation of inflammatory cyto-
kines such as Interleukin (IL)-6, tumor necrosis factor-α 
(TNF-α), IL-1 and IL-10 were found to be involved in 
dysfunctions in immunity and also in mediating inflamma-
tion of tissues and organ damage.7 There is also profuse 
evidence that pro-inflammatory cytokines such as IL-1β, 
IL-6, and TNF-α are involved in the process of pathologi-
cal pain by directly activating nociceptive sensory 
neurons.6 Studies have shown that during cell injury, for-
eign invasion, infections and inflammation, IL-1β cytokine 
is released predominantly by monocytes and macrophages 
and also by non-immune cells, such as fibroblasts and 
endothelial cells.6 Furthermore, IL-1β cytokine was also 
found to have an increasing effect on the production of 
substance P and prostaglandin endoperoxide synthase 2 
(PGE2) in numerous neuronal and glial cells.6 Inhibition 
of IL-1β receptors by use of agents such as IL-a which is 
a specific IL-1 receptor antagonist were found to prevent 
and weaken cytokine-mediated inflammatory hyperalgesia 
and nerve-injury induced allodynia.6 The TNF-α is also 
a major pro-inflammatory cytokine that acts on various 
signaling pathways by binding on its two cell surface 
receptors, TNF receptor-1 and TNF receptor-2 to regulate 

apoptotic pathways, NF-kB activation of inflammation, 
and activate stress-activated protein kinases.6 Blockage 
of TNF-α in some studies resulted in a total elimination 
of hyperalgesia which is normally observed after adminis-
tration of lipopolysaccharide (LPS).6 Cytokine IL-6 has 
also been found to have a key role in the neuronal reaction 
to nerve injury whereby its inhibition in some studies led 
to reduced regenerative effects.6

Interleukin-10 on the other hand is considered an 
important anti-inflammatory modulator and was found to 
have a preventative role in a pathological inflammation- 
mediated condition.8

One of the well-known metabolic precursors are the 
arachidonic acids (AA) and they are involved in a number 
of inflammation pathways.9 Arachidonic acids are 20- 
carbon unsaturated fatty acids and in a resting position 
they are generally disseminated in a lipid bilayer 
membrane.10 However, various studies have shown that 
many external and internal factors may stimulate phospho-
lipase A2, which upon stimulation cleaves the membrane- 
bound AA from the phospholipids in order to render it 
available for three major pathways of inflammation that 
include cytochrome P-450 monooxygenase, lipoxygenase 
(LOX) and cyclooxygenase (COX) pathways.11 

Cyclooxygenase and LOX are the most studied and crucial 
enzymes responsible for the progression of 
inflammation.11

The COX pathway is initiated with the formation of 
hydroperoxy endoperoxide (PGG2) from AA which will 
result with oxygen molecules being added to the AA 
structure.12 Then PGG2 binds to the PGG2 specific posi-
tion, where it is reduced through lipid peroxidation, and 
results in the production of prostaglandin H2 (PGH2), 
a major metabolic substrate for the prostaglandin and 
thromboxane associated synthases.13,14 The COX enzymes 
are characterized into two distinctive iso-enzymes, COX-1 
which is constitutive in nature and largely expressed in 
different parts of the body, and COX-2 which can be easily 
stimulated by different endogenous and exogenous stimulus 
including pro-inflammatory cytokines IL-1, IL- 6, TNF-α, 
lipopolysaccharide (LPS) and stress.11 Once induced COX- 
2 can cause an excessive production of prostaglandin endo-
peroxide synthase 2 (PGE2) (a major metabolic product of 
COX-2) from PGH2 via prostaglandin E synthase (PGES). 
The PGE2 together with other prostaglandins lowers the 
threshold of pain and stimulates pain, sensitizes nerve 
endings in both the central and peripheral nervous systems, 
increases vascular permeability and henceforth creates 
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a route for inflammatory associated disorders or 
diseases.11,15 As a result, inhibition of COX-2 enzyme 
will provide a significant improvement in the treatment of 
pathological inflammation.

Lipoxygenases on the other hand, are non-heme iron- 
containing dioxygenases that are known to catalyze the 
stereo-specific peroxidation of polyunsaturated fatty 
acids such as linoleic acid and AA to the corresponding 
hydroperoxy derivatives.16 Lipoxygenase enzymes are 
expressed in epithelial, tumor and immune cells that dis-
play a diversity of physiological functions which include 
skin disorders, tumorigenesis and inflammation.17 The 
enzymes are widely spread in animals, plant, and fungi 
and they are also present in the human body where they 
are involved in the synthesis of prostaglandins and leuko-
trienes and play an important role in the stimulation of 
inflammatory reactions.18 The LOX enzymes are asso-
ciated with disease development and their inhibition is 
considered to be a crucial step in disease prevention.19 In 
particular, the role of 15-LOX has been implicated in 
various inflammation-related diseases.17 The pro- 
inflammatory role of 15-LOX and its metabolite 15(S)- 
HETE were demonstrated by various studies including the 
Namgaladze et al.20 study where LPS-induced expression 
of pro-inflammatory cytokines such as IL-6 and IL-12 was 
reduced by 15-LOX inhibition in macrophages.

Reactive oxygen species (ROS) are classified as par-
tially reduced metabolites of oxygen that possess strong 
oxidizing capabilities and are also key signaling molecules 
that play an important role in the progression of 
inflammation.21 ROS are created as by-products of cellular 
metabolism through the electron transport chain in mito-
chondria and also via cytochrome P450.21 ROS act both as 
a signaling molecule and a mediator of inflammation and 
they are harmful to cells in high levels or if not properly 
regulated.21 They oxidize protein and lipid cellular consti-
tuents and damage the DNA, as a result causing cell injury 
and death.21 Chronic or prolonged ROS production is 
central to the progression of inflammatory disease.22 

Excessive amounts of ROS are also known to cause 
inflammation by stimulating the release of cytokines and 
subsequent activation of COX and LOXs signaling.17

Numerous studies have showed that over time, pro-
longed inflammation may actually cause damage to the 
tissues around the affected region.3 At present non- 
steroidal anti-inflammatory drugs (NSAIDs) such as 
aspirin, which act by inhibiting COX-2 activation, are 
available to treat inflammatory diseases.5 However, studies 

also reported the adverse effects associated with their use 
which include disturbances in the upper gastrointestinal 
system and heart burn.5 As a result, more research into 
remedies with anti-inflammatory effects is crucial. Natural 
products with medicinal properties have been used to treat 
all sorts of inflammatory conditions and studies have 
shown that natural products have advantageous structural 
diversity over synthetic compounds, which thus make 
them a potential source of novel compounds with potent 
anti-inflammatory activity.11

Psilocybin-containing mushrooms, commonly known 
as magic mushrooms, have been used since ancient times 
for their mind healing properties and to improve the qual-
ity of life. The mushrooms are considered safe with lethal 
concentrations of 17 kg/70 kg in humans.23 Fatal inci-
dences with the mushrooms are rare and mainly reported 
to be in combination with other drugs.23 Psilocybin- 
containing mushrooms are mainly studied with reference 
to their anti-depressant effects and very little information 
is known towards their anti-inflammatory potential. We 
have previously reported in vitro antioxidant and anti- 
inflammatory effects of Psilocybe natalensis, one of the 
well-known magic mushrooms that grow in South Africa 
on the RAW 267.4 macrophage.24 This study aimed at 
investigating further the anti-inflammatory effects of four 
psilocybin-containing mushrooms (Panaeolus cyanescens, 
Psilocybe natalensis, Psilocybe cubensis and Psilocybe 
cubensis leucistic A+ strain) from genus Panaeolus and 
Psilocybe for the first time in vitro on 15-lipoxygenase 
activity, and also on lipopolysaccharide (LPS)-induced 
inflammation in human U937 macrophage cells. The 
human U937 macrophage cell line has been widely used 
and categorized as a model of mammalian cellular 
response to various inflammatory stimuli.25 We used hot- 
water extracts of the four mushrooms, which is one of the 
common methods of consumption used by magic mush-
room users.

Materials and Methods
Ethical Clearances
This study’s protocol was submitted and approved by the 
University of Pretoria Research ethic committee with the 
protocol number REC045-18. In South Africa psilocybin 
mushrooms are schedule 7 substances, and approval by the 
South African Department of Health Medical Control 
Council (MCC) was applied for, and a permit license 
POS 223/2019/2020 granted for the project.

Journal of Inflammation Research 2021:14                                                                                          https://doi.org/10.2147/JIR.S317182                                                                                                                                                                                                                       

DovePress                                                                                                                       
3731

Dovepress                                                                                                                                                     Nkadimeng et al

Powered by TCPDF (www.tcpdf.org)

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

16
5.

73
.1

21
.2

8 
on

 0
5-

A
ug

-2
02

1
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Growing the Mushrooms and Making 
Water Extracts
The spore prints of Panaeolus (Copelandia) cyanescens 
(Pan cyanescens) commonly known as “Natal Blue 
Meanie”, Psilocybe natalensis (P. natalensis) commonly 
known as “Natal super strength”, Psilocybe cubensis 
(P. cubensis) commonly known as “Golden teacher” and 
Psilocybe cubensis leucistic A+ strain (P. A+ strain) 
mushrooms were verified with SKU number TBMN-1, 
TEA-1, NSS-1 and AAP-1 respectively, together with the 
growing sterile substrate kit (SSK-2) and were all 
purchased from Spore Spot Company, Durban, South 
Africa. On arrival the spores were inoculated, grown and 
harvested and extracted with boiling hot water according 
to Nkadimeng et al.’s method.24 The extracts were stored 
in dark in a fridge until use.

15-Lipoxygenase Activity Measurement
The anti-inflammatory activity of extracts was evaluated 
in vitro via the soybean 15-lipoxygenase (15-LOX) 
(Sigma, Aldrich) inhibitory assay according to the method 
of Ondua et al.26 in the presence of linoleic acid based on 
the formation of the complex Fe3+/xylenol orange 
(Sigma-Aldrich) with absorption at 560 nm. Percentage 
inhibition of 15-lipoxygenase activity was determined 
and the inhibition concentrations (IC50) were determined 
using the non-linear regression curve of the 15-LOX per-
centage inhibition against the logarithm of concentrations 
tested.

Effects of the Extracts on LPS-Induced 
U937 Macrophages
Human U937 Macrophage Cell Culture
The human U937 macrophage cell line was obtained from 
ATCC and the cells were grown in RPMI 1640 (Sigma- 
Aldrich) medium supplemented with 10% fetal bovine 
serum and 1% of penicillin (100 units/mL) and streptomy-
cin (100 µg/mL) (Celtic Molecular Diagnostics) at 37 °C 
under 5% CO2. Cells were harvested once the cell con-
fluency reached approximately 80–90%. For all the experi-
ments, the U937 cells were differentiated to obtain 
macrophage like phenotype by addition of (200 nM) phor-
bol 12-myristate 13-acetate (PMA) (Biocom Africa) for 24 
h according to Harikrishnan et al.’s method.5 After 24 
h the cells were washed with normal medium once and 
then incubated for 24 h with serum free media for recovery 
phase.

Treatment with the Extracts
Cells were then treated according to Harikrishnan et al.’s 
method5 with modifications. Briefly, differentiated cells 
were seeded in 25 cm2 flasks (Lasec) at a density of 
2×106 and then treated with the hot-water extracts (25 
and 50 µg/mL) and quercetin (50 µg/mL) (Sigma- 
Aldrich), a well-known antioxidant and a flavonol found 
in many fruits and plants, for 2 h before being induced 
with LPS (1 µg/mL) (Sigma-Aldrich) and incubated at 
37°C in a 5% CO2 incubator. LPS cells were differen-
tiated, induced with LPS but not treated. Control cells 
were differentiated but neither induced with LPS nor trea-
ted. The cells were exposed and treated over 24 h. After 
24 h medium was removed and stored in −80°C freezer 
until day of analysis.

COX-2 Activity Measurements
The effects of the extracts on COX-2 levels were deter-
mined using the human PTGS2/COX-2 Prostaglandin 
endoperoxide synthase 2 (PGE2) ELISA kit (Elabscience, 
Biocom Africa) according to the manufacturer’s manual 
protocol. The absorbance was directly proportional to the 
concentrations of PTGS2/COX-2 in the sample medium. 
Concentrations of human COX-2 in the cell culture media 
samples were calculated from the standard curve.

Cytokine Activity Measurements
The effects of the extracts on the concentrations of TNF-α, 
IL1 β, IL6 and IL10 were determined and quantified using 
the human ELISA kits E-EL-H0109, E-EL-H0149, E-EL- 
H0102 and E-EL-H0103, (Elabscience, Biocom Africa) 
respectively following the instruction manual on the cell 
culture medium. Concentrations of the cytokines were 
calculated from standard curves.

Cytotoxicity of Extracts on LPS-Induced Human 
U937 Macrophages
Differentiated human U937 macrophage cells were seeded 
at a density of 5×105 cells/well into the 24-well plates 
(NEST, Whitehead Scientific) and incubated for 24 h at 
37°C in 5% CO2. The cells were pre-treated with the four 
hot-water extracts (25 and 50 µg/mL) and positive control, 
quercetin (50 µg/mL) for 2 h and then induced with (1 µg/ 
mL) LPS over 24 h same as before. After 24-h incubation 
mitochondrial activity was measured using the Resazurin 
assay kit AR002 (R & D, Whitehead Scientific) according 
to the manufacturer’s manual. Viability of cells in percen-
tages was calculated using the formula: % Viability = 
((Sample Absorbance/control Absorbance) × 100). The 
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experiments were repeated three times on different 
occasions.

Statistical Analysis
Results are expressed as mean ± standard deviations and 
statistically significant values were compared using one- 
way ANOVA and pairwise multiple comparison proce-
dures using Holm-Sidak method. Normality test was 
done using Shapiro–Wilk and equal variance test using 
Brown-Forsythe. The p-value of ≤ 0.050 was considered 
statistically significant.

Results
Inhibition Effects of the Mushroom 
Extract On 15-LOX Activity
The four hot-water extracts had very low 15-LOX inhibition 
activities with IC50> 250 µg/mL in comparison with the 
positive control, quercetin with IC50 of 12.35 µg/mL, Table 1.

Inhibition Effects of the Mushroom 
Extracts on LPS-Induced COX-2 
Production
Stimulation of the human U937 macrophage cells with 
LPS increased the concentration of COX-2 significantly 
(p = 0.009) compared with the control non-stimulated 
cells, Figure 1. Treatment with the four hot-water extracts 
reduced the levels of COX-2 and the effect was significant 
(p = 0.039) with the lowest concentration (25 µg/mL) of 
the P. A+ strain mushroom extracts, Figure 1.

Effects of the Mushroom Extracts on LPS- 
Induced Pro-Inflammatory TNF-α 
Cytokine Levels
LPS increased significantly (p = 0.003) the production of 
TNF-α cytokine levels in stimulated cells compared with 
the control cells, Figure 2. The positive control quercetin 
reversed this effect (p< 0.001) significantly. The four 

mushroom extracts also inhibited TNF-α concentration 
significantly with both the 25 and 50 µg/mL concentra-
tions, Figure 2.

Effects of the Mushroom Extracts on LPS- 
Induced Pro-Inflammatory IL-1β and IL-6
Stimulation with LPS increased significantly the IL-1β 
production (p< 0.001) in comparison to the control, 
Figure 3. The four hot-water extracts inhibited the LPS- 
induced IL-1β significantly to the levels very close to the 
positive control, Figure 3. LPS also increased production 
of IL-6 significantly (p = 0.010) compared with the control 
and quercetin reversed this effect significantly (p = 0.003), 

Table 1 The IC50 of the Four Hot-Water Extracts on the 
Inhibition of 15-LOX Activity

Samples IC50 (µg/mL)

Pan cyanescens >250

P. natalensis >250

P. cubensis >250
P. A+ strain >250

Quercetin 12.35 ± 0.715

0,354

0,358

0,362

0,366

0,37
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25 μg/mL 50 μg/mL

*
*

Figure 1 Effects of the hot-water extracts (25 and 50 µg/mL) of Pan cyanescens, 
P. natalensis, P. cubensis and P. A+ strain mushrooms and the positive control; 
quercetin (50 µg/mL) on LPS-induced COX-2 concentration over 24 h. Control 
cells were differentiated but neither induced with LPS nor treated. LPS: differen-
tiated and LPS-induced. (*Statistically significant).
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Figure 2 Inhibitory effects of the hot-water extract (25 and 50 µg/mL) of Pan 
cyanescens, P. natalensis, P. cubensis and P. A+ strain mushrooms and the positive 
control, quercetin (50 µg/mL) on the LPS-induced TNF-α production over 24 h. 
Control cells were differentiated but neither induced with LPS nor treated. LPS: 
differentiated and LPS-induced. (*Statistically significant).
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Figure 3. The four hot-water extracts reduced the IL-6 
production in treated cells however; the inhibition was 
only significant with 25 and 50 µg/mL concentrations of 
P. natalensis (p = 0.025 and p = 0.015 respectively) and 
the highest 50 µg/mL concentration of P. cubensis (p = 
0.040), Figure 3.

Effects of the Mushroom Extracts on the 
Anti-Inflammatory IL-10 Cytokine
Stimulation with LPS decreased non-significantly the IL- 
10 concentration of the induced cells in comparison to the 

control, Figure 4. The four water extracts increased non- 
significantly the LPS-induced IL-10 production of the 
treated cells, the same as quercetin. Effects were more 
pronounced with the P. cubensis mushroom, Figure 4.

Effects of the Extracts on % Cell Viability
The treatment of the LPS-induced cells with the four 
extracts increased percentage viability of the cells above 
100%, similar to the positive control quercetin, Figure 5. 
Pan cyanescens, P. cubensis and P. natalensis had the 
highest percentage viability with the lower concentrations 
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Figure 3 Inhibitory effects of the hot-water extracts (25 and 50 µg/mL) of Pan cyanescens, P. natalensis, P. cubensis and P. A+ strain mushrooms and quercetin on the LPS- 
induced production of pro-inflammatory IL-1β and IL-6 cytokines over a 24-h treatment period. Control cells were differentiated but neither induced with LPS nor treated. 
LPS: differentiated and LPS-induced. (*Statistically significant).
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Figure 4 The effects of the hot-water extract (25 and 50 µg/mL) of Pan cyanescens, 
P. natalensis, P. cubensis and P. A+ strain mushrooms and quercetin on the anti- 
inflammatory IL-10 cytokines levels over a 24-h treatment period. LPS: differen-
tiated and LPS-induced.
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Figure 5 Effects of Pan cyanescens, P. natalensis, P. cubensis and P. A+ strain mush-
room extracts and quercetin on the percentage cell viability of LPS-induced human 
U937 macrophage cells over a 24-h treatment period.
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and displayed a deceleration dose-dependent pattern such 
that percentage cell viability decreased with increase in 
concentrations while the P. A+ strain increased percentage 
viability as concentration increased, the same as quercetin, 
Figure 5.

Discussion
Although psilocybin-containing magic mushrooms have 
been used for centuries for their mind healing properties, 
very little is known about their anti-inflammatory poten-
tial. Many studies have shown that pathological inflamma-
tion is at the center of a number of chronic diseases 
including cardiovascular, cancer, arthritis, neurodegenera-
tion, chronic depression and aging.2,27,28 Numerous stu-
dies have also showed that over time, prolonged 
inflammation may cause harm to the tissues around the 
affected area.3 Furthermore, studies have also reported the 
adverse effects associated with the uses of the current 
NSAIDs as treatment for inflammatory diseases which 
include disturbances in the upper gastrointestinal system, 
leading to the need for more research into remedies (parti-
cularly natural products) with anti-inflammatory 
properties.5,11 The purpose of this study was to investigate 
the anti-inflammatory effects of four well-known psilocy-
bin-containing magic mushrooms, Pan cyanescens, 
P. natalensis, P. cubensis and P. A+ strain, for the first 
time in vitro on 15-LOX activity, and also on LPS-induced 
inflammation in human U937 macrophage cells, in order 
to establish their potential use in inflammatory diseases. 
We used the hot-water extraction method, which is one of 
the most common methods of consumption used by the 
magic mushroom users.

The potential inhibitory ability of the mushroom 
extracts on the 15-LOX activity, which is one of the vital 
enzymes in the biosynthesis of leukotrienes that play an 
important role in the pathophysiology of many inflamma-
tory diseases, was examined in this study. Our study 
revealed that the hot-water mushroom extracts of all four 
psilocybin-contain mushrooms had very low inhibition 
properties as indicated by very high IC50 > 250 μg/mL 
on the 15-LOX activity.

We further investigated the anti-inflammatory effects 
of the four hot-water mushroom extracts on LPS- 
induced human U937 macrophage cells, an extensively 
used cell line categorized as a model of mammalian 
cellular response to various inflammatory stimuli.25 

Lipopolysaccharides activate macrophages to produce 
an unhealthy accumulation of inflammatory mediators 

such as inducible COX-2 and nitric oxide synthase 
(iNOS), and pro-inflammatory cytokines such as TNF- 
α, IL-1β and IL-6.5 In our study, LPS stimulation 
increased concentrations of COX-2, TNF-α, IL-1β and 
IL-6 significantly in the stimulated cells compared with 
non-stimulated control cells in agreement with previous 
studies.5

The LPS-induced COX-2 effects were reversed signif-
icantly by quercetin and the 25 μg/mL concentration of 
P. A+ strain mushroom extracts. Treatment with other 
mushroom extracts also lowered the LPS-induced COX-2 
concentration even though non-significantly. Inducible 
COX-2 enzymes play a critical role in pathological inflam-
mation where they are responsible for edema, pain and 
tissue damage associated with the disease process.29 As 
a result, remedies with the ability to inhibit of COX-2 
expression or concentrations have been identified by 
many studies as valuable tools in the prevention or treat-
ment of pathological inflammation disease.29

In our study, treatment with the four hot-water mush-
room extracts reversed the LPS-induced TNF-α and IL-1β 
and inhibited significantly the concentrations of these two 
key pro-inflammatory cytokines in a dose-dependent man-
ner and very close to the positive control, quercetin. 
Studies have shown that TNF-α and IL-1β are among the 
main pro-inflammatory cytokines secreted in the develop-
ment of chronic inflammatory disease. As a result, by 
inhibiting these two key proinflammatory cytokines, the 
extracts showed potential potent anti-inflammatory proper-
ties that could be beneficial in chronic inflammatory dis-
ease treatment. One disease highly affected by 
inflammation in particular is osteoarthritis (OA), which 
affects about 25% of the global population and is mainly 
characterized by destruction in the functioning and struc-
ture of articular cartilage.30 Studies have shown pro- 
inflammatory cytokine IL-1B as an important key factor 
in the development and progression of OA implemented 
by stimulating both the pro-catabolic and the pro- 
inflammatory chondrocyte (cartilage cells) response.30 

Chondrocytes play a fundamental role in maintaining nor-
mal tissue synthesis and also the renewal of old extracel-
lular matrix.30 Consequently IL-1β-induced catabolic 
response promotes suppression of cartilage-related genes 
expression and increases expression of matrix-degrading 
related genes that include collagenases and matrix 
metalloproteinases.30 Furthermore, IL-1β also stimulates 
chondrocytes to increase expression of pro-inflammatory 
related proteins and genes such as iNOS and COX-2 
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which when induced further decrease the primary compo-
nents of cartilage extracellular matrix.32 Studies have also 
shown that inhibition of COX-2 expression have suppres-
sive effects on OA.33 Moreover, in the study of Yang 
et al.31 where IL-1β was used to induce a degenerated 
chondrocyte model of hypertrophy, there was an up- 
regulated increase in the expressions of many proteins 
and enzymes including COX-2, PGE-2, and collagen 
X which were reversed by treatment with a potent COX- 
2 inhibitor used in the study.31 As a result, the ability of 
the hot-water extracts of the four magic mushrooms to 
significantly inhibit especially the induced-IL-1β and also 
lower the induced-COX-2 levels (significantly with P. A+ 
strain treatment), make them a great agent for use in 
treatment of inflammatory diseases such as AO.

Furthermore, P. natalensis and P. cubensis mushroom 
extracts inhibited the LPS-induced IL-6 concentrations 
significantly while the other mushroom extracts lowered 
the levels non-significantly in human macrophages. We 
also observed that there was a reduction in anti- 
inflammatory cytokine IL-10, an important modulator 
with a preventative role in pathological inflammation con-
ditions, in the LPS-induced human macrophage in our 
study which was increased, however non-significantly by 
the treatment with the four mushroom extracts and 
quercetin.

All these effects were not due to cytotoxicity as indi-
cated by the increase in percentage cell viability of the 
treated cells beyond 100% with all the four mushroom 
extracts.

In summary, the present study demonstrated 
a significant increase in pro-inflammatory mediators, 
COX-2, pro-inflammatory cytokines TNF-α, IL-1β and 
IL-6 which were significantly reversed by quercetin in 
LPS-stimulated human U937 macrophage cells. The hot- 
water extracts of P. A+ strain mushroom inhibited signifi-
cantly the LPS-induced COX-2 while the other extracts 
lowered the levels non-significantly. This effect is impor-
tant as remedies with COX-2 inhibition are regarded as 
valuable tools in the prevention or treatment of pathologi-
cal inflammatory disease.29 The study also revealed that 
the four hot-water mushroom extracts of Pan cyanescens, 
P. natalensis, P. cubensis and P. A+ strain inhibited sig-
nificantly the two key pro-inflammatory cytokines TNF-α, 
IL-1β in a dose-dependent manner and very close to quer-
cetin, a well-known potent anti-inflammatory flavanol and 
antioxidant found in many fruits and plants. In particular, 
the significant suppressing effect on the induced IL-1β and 

the lowering of COX-2 observed with the mushroom treat-
ments in the study indicated their potential use especially 
in inflammation-related diseases such AO. Further inves-
tigation on the potential of these magic mushrooms to 
alleviate OA is highly recommended. Furthermore, 
P. natalensis and P. cubensis also inhibited significantly 
the LPS-induced IL-6 in human U937 macrophage 
cells while the other hot-water extracts lowered the levels, 
although non-significantly. The extracts also increased 
non-significantly the concentrations of anti-inflammatory 
cytokine IL-10 in the treated human macrophage 
cells. These effects were not due to toxicity as indicated 
by increased viability of cells above 100% in the treated 
cells. Previous studies have revealed the presence of 
mycochemical compounds in psilocybin-containing mush-
rooms such as alkaloids and saponins which are known as 
potent antioxidants that neutralize free radicals and flavo-
noids with antioxidant and anti-inflammatory activities and 
also tannins with antioxidant properties especially in Pan 
cyanescens and P. cubensis.32,33 We have also previously 
reported the presence of well-known anti-inflammatory 
and antioxidant compounds in P. natalensis mushroom 
extracts.24 Moreover, our previous study also showed 
a significant inhibition of ROS displayed by Pan cyanes-
cens and P. cubensis in a pathological hypertrophy 
condition.34 Excessive amounts of ROS are known to 
cause inflammation by stimulating the release of cytokines 
and subsequent activation of COX and LOXs signaling in 
a pathological inflammation disease.17 The presence of 
these compounds in the mushroom extracts could have 
played a role in the inhibition of key pro-inflammatory 
cytokines and reduction in COX-2 observed in this study. 
However, the study showed poor inhibition of 15-LOX 
activity with the four hot-water mushroom extracts sug-
gesting that the extracts may not necessary induce their 
anti-inflammatory effects via this pathway.

Conclusion
In conclusion, this study demonstrated that the hot-water 
extracts of Pan cyanescens, P. natalensis, P. cubensis and 
P. A+ strain magic mushrooms suppressed inflammatory 
response induced by LPS stimulation in human U937 
macrophages. The study also proposed that these effects 
were executed by mechanisms that involved inhibition of 
the pro-inflammatory mediators such as COX-2 and pro- 
inflammatory cytokines. A further study into the under-
lying mechanisms of action in vivo and in vitro are 
recommended.
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