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Several fruiting bodies from Mosul forests were collected and were diagnosed using the Polymerase Chain Technique based on ITS region.
It was proved they belong to Psilocybe cubensis mushroom, and was registered in the GenBank, NCBI in the serial number OR140556.1.
The fruiting body powder was used in order to extract the alkaloid compound “Psilocybe”, which was analyzed using HPLC technique.
As aresult, a single peak for this compound appeared, at a retention time of 19.73 which is very close to the standard compound's retention

time of 19.98. Also, alkaloid compound “Psilocybe” showed the antioxidant activity by using DPPH test, and it was found out that
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“Psilocybe” exhibits antioxidant activity of 40% at a concentration of 40 pg/ml with a significant value compared to the standard
antioxidant “Ascorbic acid”. In addition, the compound “Psilocybe” had activity against different types of pathogenic bacteria, and the
highest diameter of the growth inhibitor towards Escherichia coli bacteria at a concentration of 50 mg/ml and reached 25.50 mm.
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INTRODUCTION

Norbaeocystin, Aeruginascin, Psilocin, Baeocystin, and Psilocybin are considered
similar compounds to the Tryptamines compound, which is known as
pharmacologically active substance, and it is used in curing some psychological
diseases, (Ziff et al., 2022, Yuan et al., 2024). Psilocybe mushroom is called the
hallucination or magical mushroom, and it is part of Strophariaceae family, which
belong to basidiomycota mushroom (Sommano et al., 2022; Gotvaldova et al.,
2021).

Psilocybe mushroom has long been used since the ancient times due to its
therapeutic characteristics. The Psilocybin compound (Phosphoryloxy-N, N-
dimethyltry ptamine) has recently been discovered in the Psilocybe (Serreau et
al., 2022; Goff et al.,2024). This mushroom is considered one of the non-toxic
types, and the dose used for treatment ranges between (3.5.1) gram of the dried
mushroom. Between 10-15 grams of fresh mushrooms (Dinis-Oliveira, 2017).
Based on research, no cases of poisoning from mushroom consumption have been
proven, but toxicity may occur if combined with other medications. Generally, no
substance is free from side effects, and consuming this mushroom increases heart
rate and blood pressure (Archer et al., 2017). Despite this, the mushroom holds
significant medical benefits, used to treat various organic and psychiatric diseases
(Prochazkova et al., 2018; Lowe et al., 2021). Chemically, numerous analytical
studies focused on its composition reveal Indole alkaloid compounds
(Nkadimeng, et al., 2020a) that play a crucial medical role. Among these alkaloids
is Psilocybin with the chemical structure (C12H17N204P), alongside Psilocin and
terpenoid and phenolic compounds (Van Amsterdam et al., 2011). Irag's
environment is rich in diverse types of these large fungi found in agricultural fields
and forests (Al-Khesraji and Suliaman, 2019). Our survey study represents the
first of its kind in Iraq, identifying the presence of Psilocybe cubensis mushrooms,
highlighting the active role of alkaloid compounds as antimicrobials and
antioxidants. The current study aimed to extract active Psilocybin from dried
fruiting bodies powder, identified by high-performance liquid chromatography
(HPLC), evaluating its antioxidant and antibacterial activities (Nkadimeng et al.,
2020b).

MATERIAL AND METHODS
Sample collection

During a scientific field trip at the forests of Mosul, located on the banks of the
Tigris River, on 22/03/2023, fruiting bodies of different sizes were collected. These

fruiting bodies belong to one type of mushroom that were spread on the grass and
the fallen leaves of the forest shown in Figure 1

Figure 1 Fruiting body for Psilocybe cubensis
DNA extraction

The fungal isolate was activated on the obtained PDA medium, and the DNA was
extracted from the fungal hyphae using the extraction kit prepared by the company
(Geneaid). The same steps according to the company special protocol were
followed in the amplification of the DNA, which includes denaturation, annealing
and finishing processes. The result of the DNA amplification was sent to the
Korean company “Macrogene”. A month later, the nucleotide sequences from the
Korean company were received and were compared with reference sequences
stored in the global NCBI database website (National center for Biotechnology
information). Then, an alignment of the nucleotide sequence was conducted to get
an accurate diagnosis of the isolate in terms of species level as well as the degree
of conformity, in addition to comparing the isolate with other diagnosed and
registered reference isolates with serial numbers in the GenBank. Based on the
received nucleotide sequence from the mentioned company, which gives the gene
ITS1 (TCCGTAGGTGAACCTGCGG), ITS4TCCTCCGTTATTGATATGC)
Primers both forward and reverse types, selected to avoid primer dimers and serve
as an initiation sites for elongation, the genetic tree was drawn using Mega 6
program (Abdul hadi et al., 2020).
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Psilocybin extraction

10 gram of the fruiting body powder was taken and put into a 250 ml glass beaker.
Then, 100 ml (10%) of Acetic acid was added. After that, the mixture was
subjected to ultrasound for 10 minutes (Fernandes,et al.,2022), and the mixture
was placed in a centrifuge device at a rotation speed of 6000 round per minute for
10 minutes. The supernatant layer was taken and equalized with sodium
bicarbonate. In addition, the mixture was poured into a separating funnel, and
chloroform with the same value was added in order to release the alkaloid
compounds. The organic layer was added taken and concentrated by using Rotary
Evaporator at a temperature of 60 °C. The obtained extract was kept in opaque
glass bottles in the refrigerator to be diagnosed (Sarwar and Mcdonald, 2003).

Psilocybin diagnosis extracted from the fungal isolate using High-
performance liquid chromatography (HPLC) technique

The alkaloid compound “Psilocybin” that is extracted from the fungal isolate was
diagnosed using HPLC technique and by using Cis column, in which 1 microliter
of the extract was injected at a flow speed rate of 1 ml per minute that represent
the mobile phase (79:2:0.1) CAN: Glacial acetic: Triethylamine, thus, the response
was shown by measuring the absorbance at a wave-length of 284 nanometer.
Biological antioxidant activity

The biological antioxidant activity was estimated based on the method suggested
by (Da Silva,et al.,2024) for the Psilocybe compound that is purified from
Psilocybe cubensis mushroom by capturing the free radicals of 2.2-diphenyl-1-
picrylhydrazyl (DPPH). Also, the Ascorbic acid (vitamin C) was used as a standard
antioxidant.

Biological activity of Psilocybin compound against some pathogenic bacterial
types to humans

In order to determine the effect of Psilocybin extract in some types of pathogenic
bacteria, an inhibitory activity test of Psilocybin extract was conducted on four
pathogenic bacterial types. Two of which were gram- negative: Salmonella typhi,
Escherichia coli, and the other two were gram positive: Bacillus cereus,
Staphylococcus  aureus.(The source of the bacteria from Dr.Walid
Ahmed,Molecular Biology Laboratory,Plant Protection Department,College of
Agriculture Tikrit University ) Based on the agar well diffusion method to
examine the inhibitory activity of Psilocybin compound, and in
concentration of 50 mg/ml, on the pathogenic bacteria growth inside the culture
medium cabinet under sterile conditions, sterilized petri dishes containing 20 ml
Mueller- Hinton medium were prepared. Also, a 6 mm cork borer was used after
sterilizing it with alcohol flaming, three holes in the dish was made in which the
distance was equal among the holes (Hidayathulla,et al.,2018). Moreover, by
using cotton swab, the bacterial suspension of 0.1 ml, aged 18 hours, which is
growing on N.B medium, by wiping the dish surface with wiping motion of one
direction. By using the micropipette, 40 microliter of Psilocybin extract was taken
and put in the holes. Also, Gentamycin was used at a concentration of 10 pg/ml as
a positive control. The dishes were left for 15 minutes in the culture cabinet to
stabilize, and was incubated at a temperature of 37 °C. After incubation for 24
hours, the inhibition diameters around the holes were measured (Karthiyayini,et
al., 2024).

RESULTS AND DISSCUSION
Molecular diagnosis of fungal

After collecting fruiting bodies and cultivating them on the PDA medium, pure
colonies were obtained and DNA was extracted from fungal hyphae of the pure
colonies. The amplification results revealed one distinct and clear band, and within
the amplification range, in which the molecular size reached 650 base pairs in
comparison with the marker ladder shown in Figure 2. The results were in
conformity with the special data for the primer design of the free program in the
International Center of Biotechnology Information (NCBI) multi- purpose website.
One of the important principles to the success of the process is mainly relying on
the purity and quality of the extracted DNA, in addition to the absence of the DNA
polymerase inhibitors. This ensures that PCR targets the DNA piece. Some of the
indicators that confirm the reaction is the time period and temperature, and
components’ concentration of the reaction mixture.
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Figure 2 DNA amplification of the fungal isolate on agarose gel Path M represents:

size marker, 1-2 DNA amplification of fungal isolate

Based on a study conducted by the scientist( Alexander et al., 2022), 18 species-
type that belong to Psilocybe genus were identified by using PCR. In another study
by (Dorner et al., 2022), it was possible to identify five species- type that belong
to Psilocybe genus based on rDNA and amplifying the gene region ITS.

The nucleotide sequence of fungal isolate

The nucleotide sequences were identified by using the Sequencing technique for
the result of the DNA amplification after sending them to the Korean company
“Macrogen”, in which the results were sent as a Fasta file for the DNA bundle as
shown in Figure 3.

TTGTGCCTATAAAACAATATACAACTTTCAGCAACGGATC
TCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGA
TAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATC

TTTGAACGCACCTTGCGCTCCTT

GCCTGTTTGAGTGTCATTAAATTC s >
TTGTTAGCTTGTGTAATGGCTTGGACTTGGGGGTTTATTT
TGCCGGCTTCT TACCAAGTCAGCTCCCCTTAAATGCATTA
GCCGGCTGCCCGCTGTGGACCGTCTATTGGTGTGATAATT
ATCTACGCC ATGTCTACTATTAATGGGTTGAAGCTG

TATTCCGAGG

CTTCAAACC GTTTACTCAGACAATTAATGACAATTT
GACCTCAAATCAGGTAGGACTACCCGCTGAACTTAAGCAT
ATCAATAAGGCGGA

Figure 3 The nucleotide sequence of fungal isolate

The sequence analysis of the nucleotide sequences for the Psilocybe cubensis
genus was conducted via Blast program  which  belongs to
(www.nchi.gov/Blast//:http). Also, by using the copy/ paste feature to the
nucleotide sequence which is used by the Korean company, Psilocybe cubensis
type was registered for the first time as an Iraqi local isolate in the GenBank in the
serial number OR140556.1 as shown in Figure 4 and Table 1.
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Figure 4 Genetic tree of Psilocybe cubensis mushroom, and other global refernce
types
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Table 1 Shows the percentage of the genetic similarity of Psilocybe cubensis
mushroom with other global types

Source: Psilocybe cubensis

Accession Country Isolation Source Compatibility
1. ID: MH285262.1 USA:Oregon Jaime Cultivated 99%
- Portland, Oregon
2. ID: OK1656101 MM Mushroom 99%
. Czech o
3. ID: MK910206.1 Republic Sporocarp 99%
4 ID:KP780ass1 ontanka 99%
5. ID: HMo03s082.1  Netherlands 99%
6. ID:KCoo2841 COS@RICa 99%
7. ID: MNg9sges.1 O 99%
8. ID: MH614275.1  Mexico On cow manure 99%
9. ID:KUs40oi70.1 OO 99%
10 ID: MHge18611  Brdl 99%
1' 1D: JX684006.1 Ecuador forest floor- 99%
- saprophyte
1, ID: KFsgea7g  \nailand 99%

In regard to this context, previous research was able to identify several types
belong to Psilocybe genus. There wereTow new Psilocybe species ,P.maluti and
P.ingeli,are described from southern Africa (Van et al., 2024). It was based on the
genetic tree results among the homogenous species that have the same serial
number specified for the gene (LMH285262.1).

Identifying Psilocybin compound by HPLC for the fungal isolate

The alkaloid compound “Psilocybin” that is extracted from the fruiting body of the
fungal isolate “Psilocybe cubensis”’ was diagnosed by HPLC technique in terms of
quality and quantity. The diagnosis is conducted via comparing Chromatograms
resulted from the analysis by this technique for the extract “Psilocybin” with the
standard compound imported from Sigma. In order to conduct the qualitative
analysis of this compound as a model, and to verify it is the same as the standard
compound, the detention time has to be identical for both of the standard substance
and the model extracted. Figure 5 shows the appearance of one peak for the
standard compound at a retention time of 19.98 which was close to the retention
time of Psilocybin compound extracted from the fungus at a retention time of
19.73. This ensures that the extracted substance is very pure because there is no
other materials or substances that interferes with the model bundle, and it is free of
impurities.

Figure 6 HPLC of the Psilocybin compound extracted and purified form the
fungal isolate Psilocybe cubensis

In a study conducted by (Samuelsson et al., 2021), Psilocybin compound was
identified from the fungal isolate Psilocybe Mexicana, and one peak has appeared
at a retention time of 21.8.

Evaluation of the biological antioxidant activity of Psilocybin compound
extracted from the fungal isolate “Psilocybe cubensis”

Figure 7 illustrates that Psilocybin has antioxidant activity by DPPH test, and
according to the used concentrations. The lowest concentration at a 12.5
mircrogram/ ml gave antioxidant activity that reached 13% compared with the
standard Ascorbic acid which gave 21% in the same concentration. There was a
gradual increase in the antioxidant activity that reached 39% at a concentration of
50 pg/ml, a significant difference than the standard antioxidant 45%. Whereas the
increase was not significant for both concentrations 100 and 200 pg/ml. In the last
few years, there was an increased interest in the free radicals, and the possibility of
getting some diseases. These free radicals have a vital role as a mediator or a
stimulant for their occurrence. For the previous results, it was noted that the
Psilocybin compound in rich is electrons which can provide electrons to the free
radicals, which are in an unbalanced state. Therefore, this compound works as
electrons donor, which can neutralize free radicals and recreate balance again, and
this process is called “oxidation”. In this regard, it is worthy to refer the findings
of (Nkadimeng et al., 2020) as he mentioned that Psilocybin compound extracted
from Psilocybe natalensis has antioxidant activity with the two concentrations (50,
100) pg/ml and gave (40%, 80%) respectively.
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Figure 7 Biological antioxidant activity of Psilocybin compound extracted from
the fungal isolate Psilocybe cubensis via DPPH

Biological activity of Psilocybin against some types of pathogenic bacteria

Table (2) and Figure (8) illustrate that Psilocybin extract in a concentration of 50
mg/ ml has the inhibitory activity for the growth of laboratory bacterial species that
is under experiment with varying in effectiveness in which it gave the highest
inhibition diameter towards bacteria E. coli which reached 25.50 ml. This has
outperformed the commercial antioxidant which gave inhibitory activity of 14.50
ml and the inhibitory diameter towards bacteria B. cereus reached 22.50 ml, in

= ALKALOI DS----psllocybin--- - A0 addition to both S. aureus, and S. typhi bacteria, in which the diameter inhibitory
250 reached 20.50, 18.50 respectively.
i 5 Table 2 Activity of Psilocybin extracted from Psilocybe cubensis against some
%150 =§ types of pathogenic bacteria to humans
g 8 - i b :
- I Nig?lttlr\:j rggir:?(t%% e re%rlr?lr; Bacteria type
= (50 mg/ml) Gentomycin yp
- 20.50 18.00 S.typhimurium
0 - 18.50 9.50 S.aureus
3 > S . i 20 e - 22.50 19.00 B.cereus
- 25.50 14.50 E.coli

Figure 5 HPLC of the standard compound Psilocybin
(556
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S.aureus

Figure 8 Inhibitory region of Psilocyben extract (ml) from Psilocybe cubensis
fungus

Recent studies have proved that Psilocybin extract has anti-bacterial and anti-virus
activity that are pathogenic to humans, and as well as in various types of cancer
treatment (Khan et al., 2022). Researcher Kelly et al. (2023) have also stated that
Psilocybin extract have inhibitory effect on the growth of different types of
pathogenic bacteria to humans particularly towards E. coli bacteria.

CONCLUSION

Results of current research state that Psilocybe cubensis possesses a very important
base compound named Psilocybin extracted using HPLC technique. this compound
is a very important source of anti-oxidant as well as antibiologocal effect on many
sickening bacteria.
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