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Abstract: The growing interest in exploring mushrooms
and their bioactive components as potential therapies for
diabetes and inflammatory conditions has prompted our
investigation. In this study, we examined the methanolic
extract, as well as the petroleum ether and ethyl acetate
fractions, derived from the fruiting bodies of Hypsizygus
ulmarius and assessed the potential in vitro anti-inflamma-
tory and anti-diabetic effects. The inhibition of salivary
a-amylase, salivary sucrase, and a-glucosidase enzymes
by the methanolic extract and its fractions was used to
measure the level of antidiabetic activity. Further, the inhi-
bitory effects of the enzymes lipoxygenase (LOX), cycloox-
ygenase (COX), and myeloperoxidase (MPO) were tested to
assess the anti-inflammatory efficacy of the methanolic extract
and its fractions. The fraction containing ethyl acetate has been
demonstrated to have the highest level of in vitro antidiabetic
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effect, exhibiting ICs, values of 44.93, 27.70, and 44.75 pg/ml
for salivary a-amylase, salivary sucrase, and a-glucosidase
enzymes, respectively. Moreover, the fraction of ethyl
acetate revealed the greatest in vitro anti-inflammatory
action, with ICso values of 25.67 pg/ml for LOX, 34.04 pg/ml
for COX, and 38.71 ug/ml for MPO.

Keywords: Hypsizygus ulmarius (Bull.) mushroom, methanol
extract, petroleum ether fraction, ethyl acetate fraction, anti-
diabetic, anti-inflammatory

1 Introduction

Edible mushrooms have gained more attention from researchers
in recent years because of their potential as a source of
medication [1] rather than their nutritional worth, flavor,
or texture. Many of the cultured broth, cultured mycelia,
and fruiting bodies of mushrooms exhibit a variety of bio-
logical actions, including immunomodulating and cancer-
fighting abilities due to the presence of substances with
biological activity including steroids, alkaloids, lactones, tri-
terpenes, phenolic compounds, and flavonoids as well as
polysaccharides, especially B-glucans polysaccharide—protein
complexes and polysaccharide—protein complexes [2—4].
Furthermore, a variety of drugs made from mushrooms
possess approximately 130 pharmacological functions, such
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as treating diseases caused by Helicobacter pylori, including
immunological disorders, especially in immunosuppressed
and immunodeficient individuals, stomach ulcers caused
by H. pylori and chronic gastritis. In addition, it plays a
role in the treatment of cancers, anemia, bacterial, parasitic,
and fungal infections, free radical, chronic fatigue syn-
drome, hypercholesterolemic, diabetic and cardiovascular
diseases, Epstein-Barr virus, an acquired immunodeficiency
syndrome, Herpes simplex virus, chronic hepatitis B, C, and
D infections, patients receiving chemotherapy or radiation
therapy and people with dementia (especially Alzheimer’s
disease) [5-7].

Diabetes mellitus, commonly referred to as diabetes, is a
chronic metabolic disorder, indicated by raised blood glu-
cose levels (hyperglycemia). There are two most common
types of diabetes mellitus. If there is a complete deficiency of
insulin secretion as a result of the autoimmune destruction
of beta-pancreatic cells, it is known as type I diabetes but
type II diabetes mellitus occurs when there is insulin dys-
function, insufficient insulin secretion by the pancreatic
beta cells, and delayed insulin secretion due to insulin resis-
tance. In addition to type 1 and type 2 diabetes, diabetes
mellitus can occur due to a genetic abnormality, other
pathologic disorders, clinical conditions, or gestational dia-
betes mellitus. It was predicted that 536.6 million people in
2021 will be diabetic; also by the year 2045, 783.2 million
people will have diabetes [8-12].

There are many enzymes responsible for the degradation
of carbohydrates and increasing glucose levels in the blood
involved in diabetes, such as the salivary a-amylase enzyme,
which starts the starch’s hydrolysis into maltose. Further
breakdown of the starch is completed by pancreatic amylase
later in digestion, while hydrolysis of sucrose into glucose and
fructose occurs by salivary sucrase enzyme and a-glucosidase
enzyme releases glucose from maltose and sucrose [13-19].

Many studies were conducted on mushrooms to inves-
tigate their ability to control diabetes mellitus and its com-
plications [20-23]. In a study conducted by Shoba and
Krishnakumari [21], methanol and extracts of water of fresh
fruiting bodies of Pleurotus eous displayed an inhibitory effect
toward o-amylase with IC5;, values of 460 and 500 pg/ml,
respectively. Also, they showed inhibition activity against
a-glucosidase with ICs, values of 325 and 280 pg/ml, respectively.

Moreover, the inhibitory effect of Ganoderma neo-
japonicum fruiting bodies in hot aqueous extracts (at var-
ious times) was observed. The maximum inhibitory effect
on o-amylase and a-glucosidase enzymes was achieved by
the purified polysaccharide fraction with ICs, values of
12.85 and 165.08 pg/ml, respectively [22].

Also, the antidiabetic effects of 80% hot water and
methanol extracts from Trametes pubescens fruiting bodies
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using a-amylase and o-glucosidase assays were revealed
[23]. The methanol extract showed a higher activity on
a-amylase with inhibition activity of more than 50% at a
concentration of 0.25 mg/ml, while both extracts have the
same inhibition activity on a-glucosidase (more than 50%)
in the concentration range of 0.5-2.0 mg/ml

Inflammation is a biological process that occurs due to
harmful stimuli or injury; for instance ROS, microbes, irri-
tation from heat, or injured cells, ionizing radiation, or UV
light [24]. There is much evidence indicating that inflam-
mation plays a role in the development and regulation of
various stages of cancer progression as well as the patho-
genesis of mitochondrial dysfunction and many degenera-
tive diseases, such as diabetes, dementia, arthritis, and
multiple sclerosis [25-27]. Myeloperoxidase (MPO), lipoxy-
genase (LOX), and cyclooxygenases (COXs) are the three prin-
cipal enzymes that mediate inflammation. These enzymes are
also involved in inflammation and various degenerative dis-
orders [28-32].

Arachidonic acid and linoleic acid, two poly-unsatu-
rated fatty acids, are oxygenated by the LOX enzyme to
produce physiologically active metabolites that are involved
in inflammatory and immunological responses [33-35]. It is
an essential enzyme in the biosynthesis of leukotrienes,
which are crucial players in a number of inflammatory dis-
orders [36-38].

The proinflammatory heme protein enzyme MPO, which
is produced by activated leukocytes, is important for the
host’s defense in inflammatory areas because it produces
halogenating chemicals like hypochlorous acid and hypobro-
mous acid [39,40].

Moreover, inflammatory-related disorders such as
cancer, renal disease, atherosclerosis, acute coronary syn-
dromes advance, and ischemic heart disease more quickly
respond to high concentrations of MPO-related halogen-
ating species [31,41,42].

Prostaglandin (PG) endoperoxide synthase, or COX, is a
kind of oxidoreductase enzyme necessary for the genera-
tion of biological modulators from arachidonic acid, including
PGs, prostacyclins, and thromboxane. This enzyme has a
role in inflammation, fever, pain, cancer, and tumorigenesis
[43-46].

One of the most common medications for treating
inflammation is the NSAID; however, several studies have
shown that long-term use can have negative effects on the
gastrointestinal tract, pushing for the development of safe,
practical anti-inflammatory medications derived from nat-
ural sources, like mushrooms [47].

The anti-inflammatory activity of mushroom extracts
has been documented by many researchers. Kamiyama
et al. assessed the anti-inflammatory effects of Trametes
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versicolor fruiting bodies using a LOX enzyme activity
assay. They observed that (steam distillation) dichloro-
methane extract showed the highest LOX inhibitory per-
centage activity at 81.3%, followed by acetone extract at
50%, while the acetone extract from soxhlet extraction
demonstrated potent anti-inflammatory effects at 70.6%
[48]. Another study found that the acetone extract of
mycelia showed the highest inhibition percentage on LOX
activity, with 89.1% inhibition, followed by the aqueous
extract of supernatant with 88.2% inhibition [49]. Nowa-
days, researchers are more interested in studying natural
product extracts that contain a variety of active pharma-
cological substances and a variety of extraction techniques
such as percolation, maceration, and extraction methods
by using pressurized liquid, microwave-assisted, or Soxhlet
extraction. The Soxhlet extraction technique exhibited a
high extraction efficiency and required only a small amount
of solvent and less time to run [50,51]. Therefore, our current
research focuses on the anti-diabetic and anti-inflammatory
effects of the methanolic extract, petroleum ether, and
ethyl acetate fractions extracted from the fruiting bodies
of Hypsizygus ulmarius. The level of antidiabetic activity
of methanolic extract and its fractions was identified by
the inhibition of salivary a-amylase, salivary-sucrase, and
a-glucosidase enzymes. In the same way, the effects of
LOX, COX, and MPO enzyme inhibitors were studied to
find out how well the methanolic extract and its fractions
fight inflammation.

2 Materials and methods

The materials utilized during the investigation work included
samples of diabetic enzymes, specifically salivary a-amylase
and salivary sucrose, which were collected from a volun-
teer’s saliva after a meal. a-Glucosidase, a pure enzyme, was
purchased as a pure enzyme (yeast, Saccharomyces cerevi-
siae, Sigma Aldrich G5003-100UN). For anti-inflammatory
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enzymes, LOX, MPO, and COX were isolated from white
blood cells obtained from a volunteer. Standard metformin
(Glycomet 500 tablets) was sourced from USV Ltd, while
standard indomethacin (Indocid tablets) was obtained from
Cipla Ltd.

The fungus Hypsizygus ulmarius (Bull.) (Elm Oyster
mushroom) culture was kindly provided by the Indian Institute
of Horticultural Research Kandapura, Bengaluru, Karnataka,
India. The fungus was maintained at ‘S° Mushroom
Agritech, Hyderabad, Telangana state, India, where it
was cultured to produce fruiting bodies. The collected
mushroom was reported by the supplier to grow at 25°C
and was dried properly by the solar method (dehydrated
Hypsizygus ulmarius (Bull.) fruiting bodies).

2.1 Preparation of extracts

The dried mushroom was ground with an electric mixer
grinder. About 650 g of the dried powder was extracted
with 5L of methanol (40-50°C) utilizing Soxhlet extractor
(14 cycles). After extraction, a rotary evaporator was used
to evaporate the extract [52] (Scheme 1).

2.2 Fractionation of the methanolic extract

About 90g of the methanolic extract was fractionated
using petroleum ether and ethyl acetate. A rotary eva-
porator was used to evaporate the extracted fractions.

2.3 Antidiabetic activity

The in vitro antidiabetic activities of the methanol extract,
petroleum, ether, and ethyl acetate fractions were evalu-
ated by the inhibition of salivary a-amylase activity, sali-
vary sucrase activity, and a-glucosidase activity assays.

Rotary
Grinding Extraction Evaporation - é’
— >
40°C-50°C
Hypsizygus |
Hypsizygus ulmarius powder © ]
ulmarius 650g
Mushroom

fruiting bodies

Scheme 1: Preparation of a methanol extract from Hypsizygus ulmarius (Bull.) fruiting bodies.
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2.3.1 Inhibition of salivary a-amylase activity

The salivary a-amylase inhibition study was conducted
according to the method of Dehghan et al. [53]. The enzyme
salivary amylase was collected from a volunteer soon after
the meal and was diluted (1:5) in 0.1 M phosphate-buffered
saline (pH 6.9). The enzyme solution (500 ug equivalent)
was pre-incubated with varying concentrations of
methanol extract, petroleum ether, and ethyl acetate frac-
tions (1, 5, 25, 50, and 100 pg/ml) for 10 min at 37°C. The
enzymatic reaction was allowed to continue for 20 min at
37°C, and then a 0.1% starch solution was added to the
incubation medium. After adding the 3,5-dinitrosalicylic
acid (DNS, 1%) reagent to the reaction mixture, the tubes
were kept in a boiling water bath for 10 min. The tubes
were cooled until they were at room temperature and the
absorbance was measured at 540 nm. Metformin was uti-
lized as a positive control.

2.3.2 Inhibition of salivary sucrase activity

Sucrase activity in saliva was determined according to
Karjalainen et al. [54]. The following is the protocol:
increasing concentrations of the methanolic extract and its
fractions (1, 5, 25, 50, and 100 ug/ml), 0.3M sucrose, and
6.7mM Na-acetate buffer (pH 4.7) were incubated with
200 pl of saliva for 2 h at 30°C. To stop the reaction, 0.5 ml
solution of 1% DNS was added. The total amount of reducing
sugars, or glucose and fructose, was determined colorime-
trically at 540 nm after the reaction mixture was heated for
5min at 100°C. By deducting the amount of nonenzymatic
“free” glucose from the amount of glucose present in the
reaction mixture that was incubated, the amount of glucose
that was enzymatically liberated was calculated.

2.3.3 Inhibition of a-glucosidase activity

A pure enzyme system was utilized to investigate the inhi-
bitory effects of the methanolic extract and its fractions
on a-glucosidase activity [55]. In summary, the tested
extracts were incubated with 0.2 units of a-glucosidase
at increasing concentrations (1, 5, 25, 50, and 100 pg/ml)
for 10 min. The addition of 4-nitrophenyl a-p-glucopyra-
noside solution in maleate buffer (0.1 M, pH 6) started the
reaction. The reaction mixture was incubated at 37°C for
30 min. The addition of a 2M NaOH solution stopped the
reaction. At 400 nm, the enzyme’s activity was deter-
mined with a spectrophotometer. Metformin was utilized
as a positive control.

DE GRUYTER

2.4 Anti-inflammatory activity

In vitro, the anti-inflammatory activity of the methanol
extract, petroleum ether, and ethyl acetate fractions was
evaluated by the inhibition of LOX, MPO, and COX enzymes.

2.4.1 Anti-inflammatory assay procedures

2.4.1.1 Isolation of human white blood cells

A crude white blood cell fraction was isolated from human
blood according to Sengar et al. [56]. About 10 ml of human
blood was collected into an EDTA-coated sample tube and
centrifuged at 2,000 rpm for 10 min at room temperature.
The supernatant plasma was aspirated out using a micro-
pipette. The intermediate buffy coat containing white blood
cells was isolated using a micropipette into a fresh sample
tube. This was used as the enzyme sample for COX, MPO,
and LOX activity assays.

2.4.1.2 Inhibition of LOX activity

The LOX inhibition assay was assessed using the Anthon
and Barrett method [57]. In short, 0.2 unit of LOX was
incubated with test extracts at different concentrations
(1, 5, 25, 50, and 100 pg/ml) for 10 min, and subsequently,
1ml of linoleic acid (50 uM) was added. The increase in the
absorbance was measured at 234 nm using a spectrophot-
ometer. The positive control was indomethacin.

2.4.1.3 Inhibition of MPO activity

The MPO inhibition test was performed using the method
of Jyothilakshmi et al. [58]. In the presence of hydrogen
peroxide, MPO oxidizes guaiacol into tetraguaiacol, which
is measured at 460 nm using a colorimeter. The inhibitory
properties of the extracts were estimated by incubating
them at increasing concentrations (1, 5, 25, 50, and 100 pg/ml)
for 10 min with the enzyme mixture. Indomethacin was used
as a reference drug.

2.4.1.4 Inhibition of COX activity

COX inhibition was quantified [58] using the thiobarbituric
acid reactive substance assay. Hemoglobin (5mM), glu-
tathione (5mM), and the enzyme in Tris-HCl buffer (pH
8) were all included in the assay mixture. Subsequently,
the enzyme mixture was supplemented with test extracts
at varying concentrations (1, 5, 25, 50, and 100 pg/ml). Ara-
chidonic acid was then added as the substrate, and the
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mixture was incubated for 20 min at 37°C. Indomethacin
was utilized as a reference standard medicine.

2.5 Percent of inhibition

The formula to calculate the percent of inhibition is a cru-
cial tool in scientific research, particularly in studies invol-
ving enzyme inhibition or assessing the impact of inhibi-
tory substances. The following formula was applied to
compute the % inhibition:

Percent of inhibition = (Acontrol_Asample)/(Acontrol) % 100,

where Acontror iS the absorbance of the control (enzyme
mixture without extract) and Agampie is the absorbance of
samples (enzyme mixture with extract).

2.6 IC5q value calculation

IG5, values were calculated using Microsoft Excel software. The
higher the enzymes’ inhibitory activity, the lower their ICs, values.

2.7 Statistical analysis

The mean + standard error is used to express the experi-
mental data. To perform statistical analyses, t-tests, and
one-way ANOVA were used. When p < 0.05, the difference
was considered statistically significant. The software used
for this analysis was SPSS ver. 20.0.

3 Results and discussion

After extraction, the yield of the methanolic extract from
fruiting bodies of H. ulmarius was 133 g (20.46%) (dark
brown, semisolid, and viscous). Only 90 g from 133 g was
fractionated by petroleum ether and ethyl acetate to yield
8¢ (8.88%) (dark brown, semisolid, and sticky) and 4g
(4.44%) (dark brown and waxy), respectively.

3.1 Inhibition of salivary a-amylase

Table 1 displays the ICso and inhibitory activity results for
salivary a-amylase by the methanolic extract, petroleum
ether, and ethyl acetate fractions.

As shown in Table 1 and Figure 1, the methanol extract
and its fractions possess inhibitory activity against salivary
a-amylase. Compared to the standard metformin drug
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Table 1: ICsy values and salivary a-amylase inhibition activity by met-
formin, extracts, and their fractions

Standard, extracts, and their ICso (pg/ml) + standard

fractions error
Metformin 15.67 + 0.003
Methanol 97.76 + 0.007*

86.09 + 0.007*
44.93 + 0.007*

Petroleum ether
Ethyl acetate

Note: All values are expressed as mean + SEM (n = 3). *When compared
to a standard dose of indomethacin, the difference is statistically sig-
nificant (p < 0.05).

(IC5o = 15.67 + 0.003 pg/ml), the ethyl acetate fraction had
the maximum inhibitory activity percentage at concentra-
tions of 50 pg/ml (57.04%) and 100 pg/ml (80.74%) with ICs,
of 44.93 = 0.007 pug/ml, followed by petroleum ether frac-
tion with inhibitory activity at a concentration of 100 pg/ml
(55.74%) with ICs5, of 86.09 + 0.007 pg/ml, and methanol
extract with ICso of 97.76 + 0.007 ug/ml at a concentration
of 100 pg/ml (53.3% inhibition activity).

3.2 Inhibition of salivary sucrase

Table 2 lists the ICso and inhibitory activity of the metha-
nolic extract and its fractions on the salivary sucrase
enzyme. According to the results of a test on salivary
sucrase enzyme inhibition, the methanolic extract and its
fractions exhibit an affinity for suppressing the sucrase
enzyme in saliva. As shown in Table 2 and Figure 2, the
ethyl acetate fraction has the highest inhibitory action with

—&— Metformin
—&— Methanol

—A— Petroleum ether
—v— Ethyl acetate

100

80+

60

Inhibition (%)

40

20+

T
0 20 40 60 80 100
Concentration (pg/ml)

Figure 1: Percentage of salivary a-amylase inhibitory activity by met-
formin, extracts, and their fractions.



6 —— Lena Ahmed Saleh Al-Fageeh et al.

Table 2: ICs, values of salivary sucrase inhibition activity by metformin,
extracts, and their fractions
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Table 3: ICs, values of a-glucosidase inhibition activity by metformin,
extracts, and their fractions

Standard, extracts, and their ICso (pg/ml) + standard

Standard, extracts, and their ICso (pg/ml) + standard

fractions error fractions error
Metformin 23.87 + 0.010 Metformin 30.82 £ 0.003
Methanol 88.48 + 0.006* Methanol 98.32 + 0.025*

Petroleum ether
Ethyl acetate

88.97 + 0.003*
27.70 + 0.003*

Petroleum ether
Ethyl acetate

90.10 + 0.009*
44.75 + 0.006*

Note: All values are expressed as mean + SEM (n = 3). *When compared
to a standard dose of indomethacin, the difference is statistically sig-
nificant (p < 0.05).

ICsp = 27.70 £ 0.003 ug/ml at concentrations of 25, 50, and
100 pg/ml, and inhibition activities of 50.1, 59.78, and 62.9%,
respectively. Additionally, the ICs, values for the methanol
extract and petroleum ether fraction are 88.48 + 0.006 and
88.97 + 0.003 pg/ml, respectively. The methanol extract and
petroleum ether fraction showed inhibition activity at a
concentration of 100 pg/ml with 52.79 and 56.19% inhibition
activities, respectively. The conventional drug metformin
demonstrated the highest level of inhibitory behavior,
exhibiting an ICs, of 23.87 + 0.010 pg/ml.

3.3 Inhibition of a-glucosidase

Table 3 shows the ICsy values for the a-glucosidase enzyme
inhibition activity of petroleum ether, ethyl acetate fractions,
and the methanolic extract. Results demonstrated that the
methanol extract and its fractions have inhibition activity
on the a-glucosidase enzyme. In contrast to the conventional
metformin drug (ICs, = 30.82 + 0.003 pg/ml), ethyl acetate

120

—&— Metformin
—e— Methanol

—A— Petroleum ether
—v— Ethyl acetate

100

80+

60

Inhibition (%)

40

20+

T
0 20 40 60 80 100
Concentration (ug/ml)

Figure 2: Percentage of salivary sucrase enzyme inhibition activity by
metformin, extracts, and their fractions.

Note: All values are expressed as mean = SEM (n = 3). *When compared
to a standard dose of indomethacin, the difference is statistically sig-
nificant (p < 0.05).

fraction recorded the highest inhibitory activity with 50.72
and 60.09% at concentration of 50 and 100 pg/ml and with
ICs of 44.75 + 0.006 pg/ml. Also, the petroleum ether fraction
and methanol extract showed inhibitory activity of 53.57 and
51.89% at a concentration of 100 ug/ml and ICs, values of
90.10 + 0.009 and 98.32 + 0.025 pg/ml, respectively, as shown
in Table 3 and Figure 3. Generally, the inhibition activities of
the methanol extract and its fractions on the enzymes a-amy-
lase, sucrase, and o-glucosidase were lower than the usual
metformin medication.

3.4 Anti-inflammatory activity
3.4.1 Inhibition of LOX activity

Table 4 shows data on the inhibition activity and 50% inhi-
bitory concentration (ICso) of the methanolic extract and its

—&— Metformin
—e— Methanol
—A— Petroleum ether
—v— Ethyl acetate

100

80

60

Inhibition (%)

40

20

T
0 20 40 60 80 100
Concentration (pug/ml)

Figure 3: Percentage of a-glucosidase enzyme inhibition activity by
metformin, extracts, and their fractions.
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Table 4: ICs, values of LOX enzyme inhibition activity by indomethacin,
extracts, and their fractions
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Table 5: ICsq values of MPO inhibition activity by indomethacin, extracts,
and their fractions

Standard, extracts, and their
fractions

ICso (pg/ml) + standard
error

Standard, extracts, and their
fractions

ICso (pg/ml) + standard
error

Indomethacin
Methanol
Petroleum ether
Ethyl acetate

23.87 £ 0.010

88.48 + 0.006*
88.97 + 0.003*
25.67 + 0.003*

Indomethacin
Methanol
Petroleum ether
Ethyl acetate

24.53 + 0.007
120.34 + 0.006*
65.83 + 0.012*
38.71 £ 0.006*

Note: All values are expressed as mean + SEM (n = 3). *When compared
to a standard dose of indomethacin, the difference is statistically sig-
nificant (p < 0.05).

fractions on the LOX enzyme. Table 4 and Figure 4 exhibit
the maximum inhibition activity of the LOX enzyme by the
ethyl acetate fraction with an ICs, value of 25.67 + 0.003 pg/ml
and at concentration of 25, 50 and 100 pg/ml with inhibition
percentages of 60.18, 71.73 and 80.62%, respectively.

Next, the IC5, values for the methanol extract and pet-
roleum ether fraction were found to be 88.48 + 0.006 and
88.97 + 0.003 pg/ml, respectively, with inhibition percen-
tages of 52.79 and 56.19% at a concentration of 100 pg/ml.
The highest level of inhibitory activity was demonstrated
by the standard indomethacin medication, with an ICs, of
23.87 + 0.010 pg/ml.

3.4.2 Inhibition of MPO activity

The ICs5o values and MPO enzyme inhibition activities for
the fractions of petroleum, ethyl acetate, and methanolic

120

—&— Indomethacin
—e— Methanol

—&— Petroleum ether
—v— Ethyl acetate

100 ~

80+

60 4

Inhibition (%)

40

20+

T
0 20 40 60 80 100

Concentration (pug/ml)

Figure 4: Percentage of LOX enzyme inhibition activity by indomethacin,
extracts, and their fractions.

Note: All values are expressed as mean = SEM (n = 3). *When compared
to a standard dose of indomethacin, the difference is statistically sig-
nificant (p < 0.05).

extract are presented in Table 5. The results in Table 5 and
Figure 5 indicate that the methanolic extract and its frac-
tions possess an inhibitory effect on MPO activity. The
ethyl acetate fraction showed the maximum inhibitory
effect with inhibition percentages of 50.22, 52.17, 76.74,
and 50.77% at concentrations of 5, 25, 50, and 100 pg/ml,
respectively, and with an ICsq value of 38.71 + 0.006 pg/ml.
The petroleum ether fraction and methanol extract follow,
with ICsq values of 65.83 + 0.012 and 120.34 + 0.006 pg/ml and
inhibition percentages of 73.48 and 60.47%, respectively, at a
concentration of 50 pg/ml. Also, it has been noted that at a
higher concentration (100 pg/ml), the methanol extract and
its fractions showed a decrease in inhibition activity, which
probably means that a higher concentration of extracts
has a lower inhibition activity (decreased gradually). The
highest level of inhibitory effectiveness was seen with the
drug standard indomethacin, which had an ICs, of 24.53
0.007 pg/ml.

100 4 —&— Indomethacin
—e— Methanol
—A— Petroleum ether

—v— Ethyl acetate
80

60 -

Inhibition (%)

40 -

20+

T
0 20 40 60 80 100

Concentration (pg/ml)

Figure 5: Percentage of MPO enzyme inhibition activity by indomethacin,
extracts, and their fractions.
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Table 6: ICsq values of COX inhibition activity by indomethacin, extracts,
and their fractions

Standard, extracts and their
fractions

ICso (pg/ml) + standard
error

28.97 + 0.006

100.15 + 0.067*
89.36 + 0.006*
34.04 + 0.006*

Indomethacin
Methanol
Petroleum ether
Ethyl acetate

Note: All values are expressed as mean + SEM (n = 3). *When compared
to a standard dose of indomethacin, the difference is statistically sig-
nificant (p < 0.05).

3.4.3 Inhibition of COX activity

Table 6 illustrates the ICs, values and the inhibitory activity
of COX by the methanol extract and its fractions. Based on
Table 6 and Figure 6 data, the COX activity was inhibited
by the methanolic extract and its fractions. Ethyl acetate
fraction, according to the results, exhibited the greatest inhi-
biting effect, with an ICs, of 34.04 + 0.006 ug/ml and inhibi-
tion percentages of 55.52, 63.48, and 72.07% at concentrations
of 25, 50, and 100 pg/ml, respectively. It was followed by
petroleum ether fraction and methanol extract with ICs,
values of 89.36 + 0.006 and 100.15 + 0.067 pg/ml, respectively,
and inhibition percentages of 53.76 and 50.79% at a concen-
tration of 100 pug/ml. The most effective inhibitor was stan-
dard indomethacin, with an ICs, of 28.97 + 0.006 pg/ml
Generally, the inhibitory activity of the methanol extract
and its fractions on LOX, COX, and MPO enzymes were
lower than the standard indomethacin drug.

—&— Indomethacin
—e— Methanol

—A— Petroleum ether
—v— Ethyl acetate

100

Inhibition (%)
3 8
1 1

S
o
1

20+

0 20 40 60 80 100
Concentration (ug/ml)

Figure 6: Percentage of COX enzyme inhibition activity by indomethacin,
extracts, and their fractions.
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Several studies have investigated the ability of mush-
rooms to control diabetes mellitus and its complications
[20]. The results of these study showed higher antidiabetic
activity in comparison to a previous study that found the
fresh fruiting bodies of Pleurotus eous in both methanol and
aqueous methanol extracts inhibited the activity of a-amy-
lase with IC5, values of 460 and 500 pg/ml, respectively.
Additionally, they demonstrated inhibitory efficacy on a-glu-
cosidase with corresponding ICs, values of 325 and 280 pg/
ml. [21]. Also, another study demonstrated the antidiabetic
activity of Daedaleopsis confragosa in hot water (60°C),
methanol, and ethanol extracts [59]. In their investigation,
the strongest a-amylase inhibitory activity was recorded in the
methanol extract, followed by hot water and ethanol extracts
with ICs, of 34.63, 37.18, and 48.19 pg/ml, respectively, which is
higher in activity compared to our methanol extract result.

Moreover, the inhibitory effects of Auricularia auri-
cula-judae n-hexane, chloroform, ethyl acetate, and 80%
methanol extracts on a-amylase activity were all observed
[60]. The ethyl acetate extract showed the greatest inhibi-
tory activity with ICs, of 14.05 mg/l, followed by the chloro-
form extract with ICsy of 14.3mg/l and n-hexane extract
with ICso of 26.8 mg/l. 80%. The methanol extract has no
inhibitory activity on the a-amylase enzyme. Compared to
the results obtained from these study the ethyl acetate
fraction from our results exhibited a lower activity against
a-amylase (ICso 44.93 ug/ml) and our methanol extract
showed a higher activity (ICsp 97.76 ug/ml). Also, the a-amy-
lase and a-glucosidase inhibitory effects of the methanolic
extract of Pleurotus florida have been observed [61]. How-
ever, the methanol extract of Pleurotus florida displayed inhi-
bition activity on a-amylase enzyme with ICsq of 35.96 pg/ml,
which is higher than our result, but lower results on o-gluco-
sidase enzyme with ICsy of 202.02 pg/ml were observed com-
pared to our results.

Additionally, it has been demonstrated that a wide
range of mushroom species have anti-inflammatory
properties through pure culture mycelia, fruiting bodies,
and culture broth extracts. Various bioactive metabolites,
including phenolic compounds, flavonoids, alkaloids, ster-
oids, B-glucan, polysaccharides, proteoglycan, lectin, triter-
penoids, terpenes, schizophyllan, etc., are responsible for
this activity [62,63].

Compared to our results, an investigation revealed
that the Geastrum fimbriatum ethanol extract had anti-
inflammatory effects on LOX activity at a concentration
of 100 pug/ml, the extract of ethanol showed only 12.92%
inhibition on the LOX enzyme activity, which is lower
than our ethyl acetate fraction that showed an inhibition
of 80.62% at a concentration of 100 ug/ml [64]. Further-
more, the anti-inflammatory activity of ergothioneine, a
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mushroom-derived amino acid, from Grifola frondosa, Len-
tinula edodes, Coprinus comatus, and Pleurotus comucopiae
has been investigated using the MPO activity assay [65]. C.
comatus was the most effective mushroom extract among
the four water extracts, showing 90% inhibition of MPO
activity at a concentration of 1.0 mg/ml. This is less active
than our ethyl acetate fraction, which at 50 ug/ml only
demonstrated a 76.74% inhibition activity.

Also, the methanolic extracts of a 335 Korean native
mushroom sample have been investigated for their anti-
inflammatory properties using LOX activity assay [66]. Among
335 mushroom samples, the highest inhibition activity at a
concentration of 100 yg/ml was shown by Phellinus baumii
(100.0%) and Inonotus mikadoi (85.2%), which is greater
than our result achieved by the ethyl acetate fraction
(80.62%). In contrast, our results achieved by the ethyl
acetate fraction was greater than the result obtained from
Collybia maculata (73.3%), Phellinus gilvus (66.7%), Phellinus
linteus (59.5%), Strobilomyces confuses (52.4%) and Tylopilus
neofelleus (51.6%), respectively. Also, a fraction isolated from
the methanolic extract of P. baumii (inoscavin A) demon-
strated strong LOX inhibitory activity with an ICs, value of
6.8 uM, which is better than our results recorded by the
ethyl acetate fraction (ICso = 25.67 ug/ml).

Furthermore, the presence of bioactive phytochemical
components, such as phenolic compounds, flavonoids,
alkaloids, tannins, coumarin, steroid, anthraquinone, and
saponin, maybe the reason for the antidiabetic and anti-
inflammatory properties of our extracts, as reported by
many researchers [67-74].

4 Conclusions

H. ulmarius fruiting bodies possess a variety of phytochem-
ical compounds. The results from the present study indi-
cated that the methanolic extract and its fractions demonstrated
antidiabetic and anti-inflammatory activities (inhibitory activity
on salivary a-amylase, salivary sucrose, a-glucosidase, LOX, COX,
and MPO enzymes). For both diabetic-correlated enzymes (sali-
vary a-amylase, salivary sucrase, and a-glucosidase) and inflam-
matory-involved enzymes (LOXs, COX, and MPO), ethyl acetate
fraction recorded the highest inhibitory action.

The findings of this study supported the hypothesis
that several natural extracts may possess potential sources
of active pharmaceutical compounds, which can be used in
the treatment of different types of diseases and infections.
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