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Abstract

Mushrooms are low-calorie foods with a high content of proteins, vitamins B and D,
minerals, carbohydrates and fibers (1). Many researchers have shown that edible
mushrooms contain numerous bioactive compounds with multiple health-promoting
effects such as antiulcer, antioxidant, antiviral, anticancer, antibacterial,
hepatoprotective, immunomodulatory antitumor, anticholesterol, anti-inflammatory
and antihaemorrhagic effects (2). There arises a pressing need to tap into the potential
of medicinal mushroom:s like L. squarrosulus which has ethnomedicinal values and are
used in treating anaemia, ulcer, fever, cough, infertility and fungal infections, as well as
to reduce the risk of metabolic diseases (3-5). Global multidrug resistance calls for a
search for new potential lead compounds as therapeutic agents. Many macromycos
still remain understudied as sources of bioactive compounds. Further investigation of
bioactive components found in L. squarrosulus, will be informative regarding the
biological activity of the organisms as medicinal agents. The ethanol extract of the
ethnomedicinal macromycos L. Squarrosulus was subjected to GC-MS analysis for
bioactive compounds among these thirteen compounds of hits were achieved with
bioactive compounds in the ethnomedicinal macromycos. Of these compounds (2E)-
Dodec-2-en-1-yl methyl ether (13.95%) formed the largest number while 1,2-15,16-
Diepoxyhexadecane (9.03%) constituted the next high number of such compounds.
Other amino acids, fatty acids, ethyl esters and other compounds identified included 2
-Methyl-4-(4-methyl-1-piperazinyl)-4-oxo-2-butenoic acid (2.12%), L-Alanine, N-L-
alanyl- (0.94%), Benzofuran, 3-methyl- (1.63%), Tauroursodeoxycholic acid (3.75%)
and 2'-Hydroxy-a-naphthoflavone (2.53%). Some of these compounds have
antioxidant, hepatoprotective, hypocholesterolemic, anti-diabetic, anti-inflammatory,
antioxidant, antimicrobial, antiarthritic, anticoronary and immune suppression as well
as cancer preventive activities. The present study has identified bioactive components
with therapeutic potential in L. squarrosulus; it forms a basis for screening, isolating
and identifying various bioactive compounds which may be valuable in treating a wide
range of ailments, disorders and diseases soon.

Keywords
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Introduction

Macromycos are increasingly consumed worldwide for their unique flavour and
taste. It also plays a crucial role in human nutrition, offering a diverse array of
essential nutrients, including high-quality proteins, vitamins (such as B-complex and
D) and minerals (like selenium and copper), which collectively contribute to health
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outcomes and metabolic functions (6). Among these
macromycos, the genus Lentinus sp. stands out as a
cosmopolitan saprobic Basidiomycete, classified under the
Agaricomycetes class and Polyporaceae family (7). Previous
studies show macromycos to be involved in the biosynthesis of
some secondary metabolites, such as polysaccharides,
phenolics, terpenes and fatty acids, which exhibit some form of
biological activity- antimicrobial, antioxidant and anticancer (8).

Indigenous macromycos growing in the wild have good
sources of amino acids, ascorbic acid, glycogen, lipids, sugars,
vitamins and minerals such as calcium, iron, phosphorus,
potassium, sodium, magnesium and zinc (9). L. squarrosulus is
rich in bioactive compounds, including polysaccharides,
phenolic compounds and triterpenoids, which contribute to its
therapeutic properties. These compounds have been shown to
possess immunomodulatory, hepatoprotective and antidiabetic
effects highlighting the mushroom's potential as a valuable
nutraceutical source (10). A comprehensive assay of these
nutraceutical compounds involves identifying and quantifying
the key bioactive constituents of L. squarrosulus. Understanding
the profile and concentration of these bioactive components is
crucial for validating the mushroom’s therapeutic claims and
optimizing its use in dietary supplements and functional foods.

The quest for new therapeutic agents has intensified due
to the rising prevalence of treatment-resistant diseases and the
limitations of existing pharmaceuticals. As researchers
increasingly turn to natural products, fungi, particularly
macromycos, have emerged as valuable sources of bioactive
compounds (11). Among these, macromycos have garnered
attention for their potential to yield novel lead compounds with
significant therapeutic applications (12). Previous studies have
shown that L. Squarrosulus has been used in traditional medicine
across Asia and Africa which has ethnobotanical applications
and a wide array of medicinal properties, this warrants scientific
investigation to substantiate its efficacy and identify its bioactive
constituents (13).

Gas Chromatography-Mass Spectrometry (GC-MS) has
become a pivotal technique for the qualitative and quantitative
analysis of complex mixtures of bioactive compounds, enabling
the identification of individual constituents within fungal extracts
(14). This technique facilitates a deeper understanding of the
bioactive compounds profiling of fungi and supports the
discovery of compounds with potential health benefits.

In this study, we investigate the bioactive compounds
present in the ethanolic extract of L. Squarrosulus using GC-MS
analysis. Our aim is to identify and quantify the bioactive
constituents that contribute to the macromycos ethnomedicinal
properties, thereby providing a scientific basis for its traditional
uses and paving the way for future therapeutic applications.

Materials and Methods
Collection of macromycos and identification

Isolated Lentinus sp. was collected from Siruvani, Coimbatore,
Tamil Nadu, India, and was identified morphologically concerning
stipe colour, pileus character, attachment of gills, presence of
squamules and subsequently analysed with molecular
characterisation for authentic confirmation. The Lentinus sp.
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collected was sub-cultured and maintained in the Department of
Plant Pathology laboratory, Tamil Nadu Agricultural University,
Coimbatore, Tamil Nadu, India. These were utilized for the
present studies.

Profiling and characterization of bioactive compounds from
L. squarrosulus isolate

The crude metabolites of L. squarrosulus isolate were extracted as
per the protocol described earlier (15). The L. Squarrosulusisolate
was cultured in Potato Dextrose Broth (PDB) and kept in an
incubator cum shaker for 10 days at 28°C. The mycelial mat was
removed and filtered through Whatman No. 1 filter paper. The
supernatant was collected by centrifuging at 8000 rpm for 10 min
and adjusted to pH 2.0 by adding conc. HCL. An equal volume of
solvent was added to the supernatant and kept overnight in the
shaker. Using the separating funnel, the contents were separated
to get a clear aqueous layer at the top which was collected and
allowed to dry using a vacuum flash evaporator and the final
fraction was obtained by using methanol and was given for GC/
MS analysis. Macromycos sample concentrate was dissolved in
GC-MS grade ethyl acetate and filtered through the microfiltration
(0.22 um size) technique. The analysis was performed on a Clarus
SQ 8C Gas Chromatography-Mass Spectrometer from Perkin
Elmer, which was engaged for analysis. The instrument was set as
follows. The injector port temperature was set to 220 °C, the
interface temperature was set to 250 °C and the source was kept
at 220°C. The oven temperature was programmed as available,
set at 75 °C for 2 mins, 150 °C @ 10 °C/min, up to 250 °C @ 10 °C/
min. the split ratio was set as 1:12 and the injector used was split
less mode. The DB-5 MS capillary standard non-polar column was
used whose dimensions were 0.25 mm OD x 0.25 um ID x 30
meters length procured from Agilent Co., USA. Helium was used
as the carrier gas at 1 mL/min. The MS was set to scan from 50 to
550 Da. The source was maintained at 220 °C and 4.5 e€® mtorr
vacuum pressure. The ionization energy was -70 eV. The MS also
had an inbuilt pre-filter which reduced the neutral particles. The
data system had inbuilt libraries for searching and matching the
spectrum. The NIST MS Search 2.2v contains more than five lakh
references.

Identification of compounds

Interpretation of the mass spectrum of GC-MS was done using the
database of the National Institute of Standard and Technology
(NIST14). The spectrum of the known component was compared
with the spectrum of the known components stored in the inbuilt
library (16).

Fig. 1. Lentinus squarrosulus grown on a decaying tree trunk.
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Results

The morphological characterization of five Lentinus sp. isolates
collected from Siruvani, Tamil Nadu showed a whitish pileus
with a distinct brown depressed center and longer stipe, gills
were sub-decurrent and crowded and the unique conspicuous
squamules on the isolate and was  characterized as
L. squarrosulus. Molecular characterization confirmed the
identity of the isolate as L. squarrosulus through genomic DNA
amplification (~560 bp) using ITS1/ITS4 primers. Sequence
comparison with the NCBI GenBank database showed high
similarity to existing L. squarrosulus sequences and a unique
accession number (OR077745) was obtained.

The GC-MS (Gas Chromatography-Mass Spectrometry)
analysis of L. squarrosulus mushroom identified a wide array of
bioactive compounds (Table 1 and Fig. 2). These compounds
belong to various chemical classes, including amino acids, fatty
acids, cyclic compounds, terpenes and other organic molecules,
many of which have potential biological activities. The following
compounds were detected, each with varying degrees of
intensity and area percentage, reflecting their relative
abundance in the mushroom.

The compound 2-Methyl-4-(4-methyl-1-piperazinyl)-4-
oxo-2-butenoic acid, with a retention time of 3.073, was detected
with a probability of 16.2% and an area percentage of 2.123%. At

a retention time of 6.590, L-alanine and N-L-alanyl were
identified with a higher probability of 40.7% and an area
percentage of 0.949%. L-alanine is an amino acid derivative
known for its involvement in protein biosynthesis and metabolic
pathways. Another significant compound identified was
Benzofuran, 3-methyl- (RT: 7.700 min), with a probability of
12.4% and an area percentage of 1.633%. Benzofurans are a
class of heterocyclic compounds with known antioxidant, anti-
inflammatory and anticancer properties. This suggests that L.
squarrosulus may possess potential health benefits related to
oxidative stress and inflammation modulation. The analysis also

detected various bioactive =~ compounds namely
Tauroursodeoxycholic  acid, 2'-Hydroxy-a-naphthoflavone,
Bicyclo[3.1.1]heptan-3-one, 2,6,6-trimethyl-, (1a,2a,50),

Cyclohexylmethanol, trifluoroacetate (ester), Isopimaric acid;
1,2,4-Triazolo[2,3-a]quinazolin-2-amine,  4,5,6,7,8,9-hexahydro-
5,5-pentamethylene-, 3-odecanone, (2E)-Dodec-2-en-1-yl methyl
ether, 2-(3-Methyl-undec-3-enyl)-[1,3]dioxolane and 1,2-15,16-
Diepoxyhexadecane. The identification of compounds like
tauroursodeoxycholic acid, isopimaric acid and flavonoids
highlight the therapeutic potential of L. squarrosulus, particularly
in the context of liver health, inflammation management,
antimicrobial, anticancer effects and oxidative stress reduction
(Table 2).

Table 1. Profiling and characterization of bioactive compounds from L. squarrosulus isolate

S.No  Retention time Compound Name Probability Area % Pubchem ID
1 3.073 2-Methyl-4-(4-methyl-1-piperazinyl)-4-oxo-2-butenoic acid 16.2 2.123 1674610
2 6.590 L-Alanine, N-L-alanyl- 40.7 0.949 5484352
3 7.700 Benzofuran, 3-methyl- 12.4 1.633 88939
4 9.326 Tauroursodeoxycholic acid 63.4 3.75 9848818
5 12.207 2'-Hydroxy-a-naphthoflavone 37.5 2.533 676302
6 12.782 Bicyclo[3.1.1]heptan-3-one, 2,6,6-trimethyl-, (13,2a,5a)- 16.3 0.608 11038
7 18.430 Cyclohexylmethanol, trifluoroacetate (ester) 9.9 0.969 543382
8 19.570 Isopimaric acid 91.9 0.648 442048
9 20.445 1,2,4—Triazolo[2,3—a]qsljgr_\T:)zeor:icr;}]%l—ei?;?eeﬁ:_,5,6,7,8,9—hexahydro— 115 1.209 612141
10 20.916 3-Dodecanone 16.9 0.612 15229
11 21.616 (2E)-Dodec-2-en-1-yl methyl ether 20.8 13.954 88030105
12 22.256 2-(3-Methyl-undec-3-enyl)-[1,3]dioxolane 25.8 1.610 5368016
13 25.317 1,2-15,16-Diepoxyhexadecane 23.1 9.036 543423

INSTRUMENT : PERKIN ELMER CLARUS SQ8C ~ COLOUMN : DB-5 MS CAPILARY STANDARD NON POLARCOLOUMN

INJECTION : 1 MICRO LITER DIMENSION : 30Mts, ID: 0.25 mm, FILM: 0.25 IM CARRIER GAS: Ha
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Fig. 2. GC-MS spectra of L. squarrosulus ethanolic extract.
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Table 2. Exploring the activity spectrum and structural perspective of L. squarrosulus isolate GC-MS compounds

S. No

Compound Name

Activity

Compound Structure

Pubchem ID

]

10

2-Methyl-4-(4-methyl-1-piperazinyl)-4-
oxo-2-butenoic acid

L-alanine, N-L-alanyl-

Benzofuran, 3-ethyl-

Tauroursodeoxycholic acid

2'-Hydroxy-a-naphthoflavone

Bicyclo[3.1.1]heptan-3-one, 2,6,6-
trimethyl-, (13,2a,53)-

Cyclohexylmethanol, trifluoroacetate
(ester)

Isopimaric acid

1,2,4-Triazolo[2,3-a]quinazolin-2-
amine, 4,5,6,7,8,9-hexahydro-5,5-
pentamethylene-

3-Dodecanone

Anti-proliferative activity
against human tumour cell
lines, Analgesic and anti-
inflammatory activities.

Has many medicinal uses
like strengthening the
immune system, balances
the moisture levels of the
skin, which can improve
hydration. It is also used to
make protein

Anti-inflammatory,
antimicrobial, antifungal,
antihyperglycemic,
analgesic, antiparasitic and
antitumor activities

Enhances the synthesis of
bile acids in the liver and
reduces cholesterol in the
serum and liver. It inhibits
cell apoptosis by disrupting
the mitochondrial pathway
of cell death

Commonly used as a
cytochrome enzyme
inhibitor in biochemical and
pharmacological research. It
isinvolved in the
metabolism of various
xenobiotics. The compound
helps study enzyme kinetics,
drug metabolism and
toxicology.

Used as a topical analgesic
and anti-inflammatory
agent, often found in creams
and ointments to relieve
pain and itching

Itis used in pharmaceutical
and material science
research for its reactivity
and functional properties.

Antimicrobial, anti-
inflammatory and
anticancer properties,
making it a compound of
interest in drug research and
development

Antidepressants, anxiolytics,
sedatives due to their
interaction with
neurotransmitter receptors
orion channels,
antimicrobial, anti-
inflammatory properties.

Used as a chemical
intermediate in organic
synthesis, contributing to
the development of
pharmaceuticals,
agrochemicals and other
specialized chemical
products.

]

s s b & 1 s
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1674610

5484352

88939

9848818

676302

11038

543382

442048

612141

15229
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o
P
Used in pest control, as it mimics certain insect &Q.q |
11 (2E)-Dodec-2-en-1-yl methyl pheromones, making it useful in traps or o, & 88030105
ether v
repellents. et
Used in perfumes, cosmetic products and
12 2-(3-Methyl-undec-3-enyl)-[1,3]  personal care Additionally, it can be used as a 5368016
dioxolane flavouring agent in food and beverages, offering
delicate fruity or floral notes.
13 1,2-15,16-Diepoxyhexadecane It has antioxidant activity. P " Q--‘f’ o A2y 8 o c%, 543423

Discussion

Macromycos features prominent fruiting bodies visible to the
naked eye and encompass both edible and nonedible varieties
(17). Certain macromycos are valued for their nutritional content
and used in culinary activities, while others have been utilized in
traditional medicine practices considering their therapeutic
properties (18). Despite extensive research on the medicinal
properties of macromycos, there is limited literature on the
bioactive components of pharmacological significance in the
ethnomedicinal macromycos L. squarrosulus. The ethanolic
extract of the macromycos investigated in this research contains
amino acids, fatty acids and their ethyl esters, along with other
compounds whose biological functions remain largely
unexplored. In order to dive into new therapeutic options, this
ethnomedicinal macromycos have the notable effects of anti-
diabetic,  anti-inflammatory,  anti-cancer,  antioxidant,
hypocholesterolemic, antimicrobial, antiarthritic, anticoronary,
antieczemic, nematicide, antiacne, hepatoprotective and
immune suppression as similar to the previous reports where it is
found with similar properties in other medicinal macromycos
like Ganoderma lucidum and Trametes versicolor (19, 20).

The GC-MS analysis of L. squarrosulus mushroom
identified a range of bioactive compounds with potential
therapeutic properties including amino acids, fatty acids, cyclic
compounds and terpenes. Notably, compounds such as 2-
Methyl-4-(4-methyl-1-piperazinyl)-4-oxo-2-butenoic  acid, L-
alanine and Benzofuran demonstrated varying degrees of
intensity and area percentages, indicating their prevalence in the
mushroom and possible biological activity. Benzofurans, in
particular, are known for their antioxidant, anti-inflammatory
and anticancer properties, suggesting that L. squarrosulus could
have applications in managing oxidative stress, inflammation
and chronic diseases like cancer (21). Additionally, compounds
such as tauroursodeoxycholic acid and isopimaric acid could
offer hepatoprotective, antimicrobial and anti-inflammatory
benefits, further highlighting the therapeutic potential of L.
squarrosulus for liver health and infection management (22, 23).
The presence of flavonoids like 2'-Hydroxy-a-naphthoflavone
further suggests anticancer activity, reinforcing the value of this
mushroom species as a functional food with significant health-
promoting properties (24).

Numerous therapeutic benefits of fatty acids are known,
such as their anti-inflammatory and antioxidant qualities (25).
Previous research suggests that omega-6, -7 and -9 fatty acids
are essential dietary components that provide a number of

health advantage (26). Although the body is unable to produce
omega-6 fatty acids from scratch, it is possible to obtain them via
egg yolks, organ meats and vegetable oils that contain linoleic
acid (27). Healthy skin naturally contains omega-7 mono-
unsaturated fatty acids, such as palmitoleic acid (28).
Furthermore, the majority of omega-9 mono-unsaturated fatty
acids in olive oil, such as oleic acid, have been shown to help
lower cholesterol and minimize the risk of atherosclerosis (29).

N-3 and N-6 polyunsaturated fatty acids serve various
therapeutic functions, including roles in blood clotting, lowering
blood pressure, regulating inflammation, maintaining cell
membrane integrity and managing lipid metabolism (30). An
imbalance between these omega fatty acids may lead to the
development of several chronic conditions, such as heart
disease, cancer, asthma and arthritis (31). The monosaturated
fatty acid Cis-2,3-Epoxyoctane, an oxidative form of conjugated
oleic acid, acts as an antioxidant and provides membrane
protection (32). Thus, this study posits that the incorporation of
the ethnomedicinal macrofungus L. squarrosulus into the diet
could potentially offer similar therapeutic benefits, especially in
the context of an unbalanced diet.

Conclusion

This study successfully identified thirteen bioactive compounds
from the ethanolic extract of the fruiting body of L. squarrosulus
through Gas Chromatography-Mass Spectrometry (GC-MS)
analysis. The identified compounds, such as 2-Methyl-4-(4-
methyl-1-piperazinyl)-4-oxo-2-butenoic acid, Benzofuran, 3-
methyl- and Tauroursodeoxycholic acid, highlight the
macromycos potential as a rich source of bioactive substances
with diverse therapeutic properties. The presence of compounds
known for their antimicrobial, anticancer, hepatoprotective and
potential antioxidant activities underscores the ethnomedicinal
significance of L. squarrosulus. This lays the groundwork for
further investigations into the isolation, characterization and
biological activities of these compounds, with the potential to
develop novel therapeutic agents for various health conditions.
Ultimately, this study contributes to the growing body of
knowledge regarding the pharmacological potential of
ethnomedicinal macromycos, advocating for their incorporation
into modern medicinal practices.
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