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This study is reporting the in vitro antioxidant activity of the fruiting body of the edible mushroom Pleurotus
pulmonarius (Fr.) Quel. The fruiting body of the edible mushroom was defatted with n-hexane and further
extracted by successive maceration in dichloromethane (DCM) and 80% aqueous ethanol (AQE) to obtain
the DCM and AQE extracts, respectively. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
and iron chelating assays were used for antioxidant evaluation in vitro with ascorbic acid as the reference
standard for comparison. Isolation and structural elucidation of the steroid were done using chromatographic
and spectroscopic techniques, respectively. The trend for the DPPH radical scavenging activity: ascorbic acid
[inhibition concentration (IC),; = 0.012 mg/ml] > AQE (IC, = 0.525 mg/ml) > DCM (IC,; = 1.820 mg/ml)
and for the iron chelating activity: ascorbic acid (IC,, = 0.214 mg/ml) > AQE (IC, = 1.318 mg/ml) > DCM
(IC,, = 7.586 mg/ml) were observed. From the DCM was isolated a pure compound 1 elucidated to be the
known steroidal isoprenoid: ergosta-5, 7, 22-trien-3p-ol. This study aside reporting the isolation of the known
compound 1 from this species of Pleurotus, has also shown that compound 1 has a significant iron chelating

activity at 0.001 mg/ml of 77.06% compared to 4.56% at same concentration for DPPH scavenging activity.

1. INTRODUCTION

The importance and awareness of antioxidants are increasing
because they are useful in treating and preventing diseases that
arise due to oxidative stress. Antioxidant-rich foods have been
found to promote longevity and good health [1]. Specific roles of
antioxidants in preventing cancer and as anti-aging agents have
been reported [2]. For years, mushrooms have been a source of
food nutrients, as well as important bioactive compounds useful in
medicine. Traditional reports on the use of extracts from Pleurotus
species inthe treatment of some illnesses are documented. Pleurotus
pulmonarius is one of the mushrooms that are used traditionally as
an anti-aging agent, in treating Diabetes mellitus, skin, and heart
diseases among others. Several animals and in vitro studies have
validated that most of these activities are due to its antioxidant
properties [3]. Although several reports on the antioxidant activity
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of mushrooms cultivated mostly in Asian countries have been
reported [3—5], similar report for species in Nigeria is scarce. As a
follow-up to previous reports on the bio-prospection for bioactive
metabolites from the mycoflora in Nigeria that could serve as
leads in drugs and agrochemicals discovery and development
[6-11], we are reporting in this present study the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging and iron chelating
activities of P. pulmonarius fruiting bodies extract, as well as the
isolation of the antioxidant bioactive compound(s) which led to
isolation of a steroidal isoprenoid.

2. MATERIALS AND METHODS

2.1. Sample Collection and Processing

Fresh fruiting bodies of P. pulmonarius (12 kg) were purchased
from Dilomats Farm Ltd, Rivers State University of Science and
Technology, Port Harcourt, Nigeria, and authenticated by Dr. C.
Ekeke, the taxonomist at the Herbarium of the Department of Plant
Science and Biotechnology, University of Port Harcourt, Nigeria.
A herbarium specimen with a voucher number UPH/V/1287;
UPH/P/130 was deposited in the same herbarium. The sample
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Figure 1: Fresh fruiting bodies of P. pulmonarius.

was cut into small portions and air-dried under a current of dry
air at room temperature for 3—4 days. The dried sample was
homogenized and stored in screw tight jars until use.

2.2. Sample Extraction

A 600 g of the dried powder was defatted by maceration [12] in
n-hexane (6 1) at room temperature in a macerating glass bottle
with intermittent agitation for 72 hours. During this period, fresh
replacement of the solvent was done after every 24 hours. The
defatted marc was air dried to remove residual n-hexane and
further extracted by cold maceration in dichloromethane (DCM)
and 80% aqueous ethanol (AQE) in succession. For each of the
solvents, the maceration [12] was done for 72 hours with the
fresh replacement of the solvent after every 24 hours. The dried
DCM and 80% AQE extracts were obtained after using a rotary
evaporator to concentrate their respective filtrate. The two extracts
DCM and AQE were kept in the desiccator until further use.

2.3. Phytochemical Screening

Phytochemical screening was done using standard phytochemical
screening reagents as reported previously [12,13].

2.4. Antioxidant Assays

2.4.1. DPPH radical scavenging assay

A quantitative DPPH antioxidant assay was performed on the two
extracts (DCM and AQE) following the standard method [ 14] with
some modifications. Preliminary DPPH antioxidant assay was done
on the extracts (AQE, DCM, and the fatty n-hexane extract) at 0.5
mg/ml in triplicate to ascertain their degree of activity. Thereafter,
six different concentrations within the range of 0.03125-1.00000
mg/ml were obtained by two-fold serial dilution, and the stock
solution (10 mg/ml) were prepared for the active extracts (AQE
and DCM) and used for the quantitative DPPH antioxidant assay to
determine their respective inhibition concentration (IC, ) Briefly,
with 2 ml of each of the test concentration in a test tube wrap with

a foil to prevent exposure to light, 2 ml of 0.02% DPPH solution in
methanol was separately added and the mixtures were shaken and
incubated in the dark for 30 minutes. Absorbance was measured
at 517 nm against a blank (methanol). A solution devoid of the
test extracts but containing 2 ml of the DPPH solution and 2 ml of
methanol was used as a negative control while ascorbic acid was
used as a reference antioxidant agent for comparison. Percentage
inhibition of DPPH free radicals was calculated following the
formula below:

I: A(Negative control) A(sample)]

(Negative control)

Inhibition of DPPH radical (%) =100x

Where: 4 = Absorbance of the negative control solution
(Negative control)

(containing all reagents except the test extract)

A = Absorbance of the test extract
(Sample)

The IC,, value is the effective concentration of extract that
scavenged 50% DPPH radicals and it was obtained by extrapolation
from the regression curve.

2.4.2. Iron chelating assay

The extract ability to chelate the ferrous ions (Fe*") in ferrous
chloride was estimated by a standard method [15]. Briefly, a
2 ml of 200 uM ferrous chloride was added separately to 2 ml
of varying concentrations of the extracts (1.0, 2.0, 4.0, 6.0, and
8.0 mg/ml). The reaction was started by the addition of 0.05%
o-Phenanthroline in methanol. The mixture was shaken strongly
and left to stand at room temperature for 10 minutes before
measuring the absorbance at 510 nm. The percentage inhibition
of o-Phenanthroline—Fe*" complex formation was calculated using
the formula.

I: A(Negative control) A(sample):l

A(Negalive control)

Iron chelating potential (%) =100x

Where: 4 = Absorbance of the negative control solution
(Negative control)

(containing all reagents except the test extract)

A (Sample) — Absorbance of the test extract

The IC, value is the effective concentration of the extract resulted
in 50% iron chelating action and it was obtained by extrapolation
from the regression curve.

2.5. Isolation and Purification of Compound 1 From the
Dichloromethane Extract

The DCM extract (3.95 g) was pre-adsorbed by mixing in silica gel
(4 g) and loaded on a column (internal diameter 4 cm), dry packed
with silica gel (200-400 mesh, KCM light, India) to a height of 36
cm. The mobile phase gradient (500 ml of each) used comprised
of' n-hexane (5:0 v/v); n-hexane: DCM (4:1, 3:2, 2:3, 1:4, 0:5 v/v);
DCM: ethanol (4:1, 3:2 v/v). The eluted fractions were collected at
100 ml intervals and pooled based on observed R of resolved spots
and color reaction with chromogenic spray reagent from TLC. On
the basis of these, the pooled fractions eluted with hexane/DCM
1:4 to DCM/ethanol 4:1 showed a radical scavenging activity after
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Table 1: 'H and *C NMR (CDCl,) spectra data of compound.

Published [ 18]

Position d. (ppm) 5, ppm J,ppm
C-1 38.38 38.4 1.38; 1.80
C-2 31.99 32.0 1.52; 1.91
C-3 70.47 70.4 3.50
C-4 40.80 40.8 2.32
C-5 141.37 139.8 -
C-6 119.59 119.6 5.60
C-7 116.29 116.3 5.40
C-8 139.79 141.3 -
Cc-9 46.25 46.2 1.99
C-10 37.04 37.0 -
C-11 21.12 21.1 1.70
C-12 39.09 39.1 2.05
C-13 40.41 42.8 -
C-14 54.56 54.6 1.92
C-15 23.00 23.0 1.40; 1.70
C-16 28.30 283 -
C-17 55.73 55.7 1.30
C-18 12.06 12.0 0.65
C-19 16.29 17.6 0.93
C-20 40.44 40.4

C-21 21.11 21.1 1.65
C-22 135.58 135.6 5.20
C-23 131.98 132.1 5.25
C-24 42.83 42.8 2.48
C-25 33.09 33.1

C-26 19.96 19.8 0.86
C-27 19.66 19.6 0.84
C-28 17.61 17.8 0.97
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Published*
J,ppm
1.28/1.80 H
1.52/1.86 H,H

H-H COSY HMBC

3.55
2.25/2.49 C

5.50 H C,C,C
5.27 C,C

1.64

1.90
1.68
1.28/1.72
1.25
0.66
0.91
2.01
1.02
5.07 H
5.10 H
1.80
1.38
0.89
0.79
0.79

spraying with DPPH reagent and from it was isolated compound 1
after re-crystallization from acetone. Its purity was confirmed by
melting point determination and from its single spot on TLC with
several mobile phases. It was also evaluated for free radical and
iron chelating activity at 1 mg/ml following the method outlined
above.

2.6. Characterization of Compound 1

The structure of compound 1 was elucidated using spectroscopic
techniques: Infrared, 1D, 2D-NMR, and mass spectrometry.

Appearance: white needle-like crystal

Molecular Formula: C, H, O

Melting point: 146°C—-150°C

Phytochemistry: positive to Lieberman Burchard test

Molecular mass (observed): 396 g/mol.

FTIR [, cm™, Nujol]: 3412 [OH str], 3060 [ = CH str], 2951;
2868 [ aliphatic C-H str], 1655; 1600 [C = C str, non-conjugated],
1053 [C-O str], 727 [C=C def].

'H-NMR spectrum [chemical shift, 6,, (ppm): (500 MHz,
CDCL)]: See Table 1.

“C-NMR spectrum [chemical shift, J,, (ppm): (125 MHz,
CDCL)]: See Table 1

Major EI-MS m/z fragmentation peaks (relative abundance):
396 (62.66) [M']; 378 [M" - H,O]; 363 (42.96) [M" - (18 + 15)];
271(20.45) [M"- aliphatic chain]; 253 (30.95) [M" - H,O -aliphatic
chain]; 285[M" - H,O - 15-ring A]; 69 (100).

3. RESULTS AND DISCUSSION

Carbohydrates, alkaloids, amino acids, glycosides, and
triterpenoids/steroids were present as phytoconstituents in the
dried fruiting bodies of P. pulmonarius, while anthraquinones and
phenolics compounds like flavonoids and tannins were absent.
This is in agreement with the earlier report [16] demonstrating
the absence of important enzymes needed for the biosynthesis
of flavonoids and related phenolics compounds in mushrooms.
This is, however, contrasting report of the presence of phenolics
compounds [4,5] for species outside Nigeria. The result of the in
vitro antioxidant assays (DPPH free radical scavenging) and iron
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0.5 mg/ml.
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Figure 3: In vitro antioxidant profile of the lipophilic (Dichloromethane) and hydrophilic (80% AQE) extracts of
P. pulmonarius.

chelating assays for the extracts is shown in Figures 2 and 3. The
preliminary quantitative DPPH spectrophotometric assay of the
extracts at 0.5 mg/ml (see Fig. 2) showed the trend in percentage
inhibition of DPPH activity to be AQE (48.88%) > DCM
(40.20%) > n-hexane (8.47%), which were significantly different

(p <0.05). After evaluating the two most active AQE and DCM
for their median IC, , which is the concentration that will bring
about a 50% reduction in DPPH activity, the trend for the DPPH
radical scavenging activity: ascorbic acid (IC,; = 0.012 mg/ml)
> AQE (IC,; = 0.525 mg/ml) > DCM (IC, = 1.820 mg/ml) was
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Figure 4: Dose-dependent DPPH scavenging activity and iron chelating activity of compound 1.
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Figure 5: Thin layer chromatogram of compound 1 visualized with
iodine fume. Adsorbent: pre-coated silica gel 60HF,,,; Mobile phase:
n-hexane:dichloromethane (1:1v/v).

observed (see Fig. 3). Using the in vitro iron chelating assay as a
second antioxidant assay model, a similar trend was also observed
for the iron chelating activity (see Fig. 3): ascorbic acid (IC,, =
0.214 mg/ml) > AQE (IC,; = 1.318 mg/ml) > DCM (IC, = 7.586
mg/ml). When compared to that for the DPPH radical scavenging
activity, it showed that the antioxidant constituents in the two
active AQE and DCM extracts are more of a radical scavenger
than iron chelator. The result of the percentage inhibition of
compound 1 using DPPH scavenging model and iron chelating
activity (Fig. 4) showed that the isolated compound has a better
iron chelating activity than DPPH scavenging activity. At 0.001
mg/ml, compound 1 had an iron chelating percentage inhibition
of 77.06% compared to 4.56% at the same concentration for
DPPH scavenging activity. Thus, it is a better iron chelator
than a radical scavenger. The main mechanism of the ferrous
ion chelating activity assay is the ability of o-Phenanthroline to
deactivate and/or chelate Fe*" that can promote Fenton reaction

HO"

Figure 6: Structure of compound 1.

and hydroperoxide decomposition. In the presence of chelating
agents, the complex formation is disrupted with the result that
the red color of the complex is decreased. Iron is a life saver
as a chemical component of heme in hemoglobin is capable of
carrying oxygen throughout the body. This capability makes it
physiologically essential as a useful component of cytochromes
and oxygen-binding molecules. On the other hand, in a free iron
(Fe*") phase, it is biochemically dangerous because it catalyzes the
conversion of hydrogen peroxide to free-radical ions (especially
OH), which then attack cellular membranes, protein, and DNA.
Iron-related complications are reduced by chelating therapy and
by doing so reduce morbidity and mortality in clinical cases of
iron overload [17].

The thin layer chromatogram (Fig. 5), and the NMR data
(Table 1) for compound 1 isolated from DCM extract are also
reported. The FTIR spectrum gave a medium to sharp vibrational
frequency in the region 3,412 cm™' that indicated the presence of
a hydroxyl group, typical for alcohol. This was confirmed by the
proton chemical shift at 3.5 ppm in the '"H-NMR spectrum. Other
functional groups discernible from the FTIR spectrum are C-H
stretching (2,951/2,868 cm™) of CH,/CH, groups, C-O stretching
(1,053 cm™") of the alcohol, and C = C stretching (1,655 cm™)
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of olefinic functional groups. Further confirmatory evidence for
the olefinic functional group was seen from the NMR spectrum
(Table 1). The chemical shifts at 6,: 5.6 and 5.4 ppm resonated
for the olefinic protons at position C-6 and C-7, respectively,
while d,: 5.2 and 5.25 ppm resonated for that at position C-22 and
C-23 of the aliphatic side chain, respectively. The proton signals
for the six methyl (CH,) at H-11, H-18, H-19, H-26, H-27, and
H-28 positions resonated upfield at J,: 1.65, 1.70; 0.65; 0.97;
0.86; 0.84; and 0.93 ppm, respectively. The overlapping methine
(CH) and methylene (CH,) protons resonated at the chemical
shift between J,: 2.5 and 1.99 ppm. The various chemical shifts
in the '"H-NMR were corroborated by the *C-NMR (Table 1).
For instance, the signal at 6. 70.47 ppm indicated the carbon
atom at position C-3 bearing the carbinol protons in the 'H-
NMR, while the six deshielded carbon signals C-5 (d,.: 141.37
ppm), C-6 (6.: 119.59 ppm), C-7 (6. 116.29 ppm), C-8 (J.:
139.79 ppm), C-22 (J,: 131.98 ppm), and C-23 (J,.: 135.58 ppm)
are further credence to the presence of olefinic bond typical of
unsaturated sterols. The DEPT-135 spectrum revealed that a total
of four peaks are quaternary carbon: two olefinic carbons C-5
(6. 139 ppm) and C-8 (J,: 141.37 ppm) and two saturated C-10
(6. 37.04) ppm and C1-3 (J,: 40.41 ppm), while the remaining
olefinic carbon: C-22 (6.: 131.98 ppm) and C-23 (d,.: 135.58
ppm) are methine (CH) in nature. In all, the spectrum showed
about seven methine, including the carbinol (6 x CH and 1 x
CHOH), six methylene (6CH,) and seven methyl (7 x CH,),
and four quaternary (4 X C). The unambiguous assignment of
these positions was further done using two dimensional NMR
experiment (HSQC, H-H COSY, and HMBC). In view of all the
spectra and chemical information, compound 1 was proposed to
be ergosta-5, 7, 22-trien-3B-ol. The proton and '*C NMR data,
when compared with that reported for ergosterol in the literature
[18] were found to be in agreement. Further mass spectroscopy
analysis gave a molecular ion peak at m/z 396 calculating for
C,H,,0 with other diagnostic fragmentation peaks at:[m/z (rel.
int)]: 396 (62.66) [M*], 378 [M" - H,0] due to the loss of water,
363 (42.96) [M" - (18 + 15)] due to loss of both of water and an
angular methyl group, 271 (20.45) [M" - aliphatic chain], 253
(30.95) [M" - H,O - aliphatic chain], and 285 [M" - H,O -15-ring
A] rationalized. These spectra (NMR, MS, and IR) are also in
agreement with those obtained for the known steroid ergosterol
isolated and reported for its closely related species Pleurotus
otreatus [6].

Ergosterol with IC,  (DPPH) of 0.46 mg/ml [19] and ergosterol
rich extract [20] have been documented to possess antioxidant
activity. Ergosterol is a major contributor to the therapeutic
effect of saireito, a standardized herbal product used in
Japan for the treatment of ulcerative colitis, an inflammatory
disease [21]. Its usefulness in cancer prevention has also been
reported [22].

4. CONCLUSION

This study aside reporting the isolation of this compound 1
from this species of Pleurotus has also shown that it possesses a
significant iron chelating activity.
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