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INTRODUCTION

This paper describes the results of present study on the
chemical constituents of edible and toxic Philippine mush-
rooms. We commonly isolated ergosterol peroxide (1) as the
major compound of the fruiting bodies of nine Philippine mush-
rooms namely, Auricularia auricula-judae [1], Coprinus
lagopus [2], Phellinus gilvus (Schwein.) Pat. [3], Geastrum
triplex, Phellinus sp., Gymnopilus sp., Lepiota atrodisca,
Marasmius scordinius and Pleurotus opuntiae. On the other
hand, ergosterol (2) was isolated as the major compound of
the fruiting bodies of eight mushrooms namely, Flammulina
velutipes [4], Pleurotus eryngii [4], Lentinula edodes [5],
Agaricus bisporus [6], Pleurotus djamor (7], Schizophyllum
commune, Pleurotus citrinopileatus and Catharellus infundi-
buformis. Both sterols (1 and 2) were isolated from the fruiting

Accepted: 3 February 2020;

Published online: 29 April 2020; AJC-19856

Ergosterol peroxide (1) and ergosterol (2) were commonly isolated as the major compounds of Philippine mushrooms. Sterols 1 and 2 |
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of 4.89 pg/mL. These compounds also exhibited strong antiproliferative effects against MCF-7 with ICs, values of 4.13 for 1 and 4.20 pg/ |
mL for compound 2, comparable to Zeocin with ICso= 3.68 pg/mL. Only moderate cytotoxicity resulted when compounds 1 and 2 were
tested against HO9PR with ICs, values of 7.78 and 6.83 ng/mL, respectively, while Zeocin exhibited an ICsy of 9.81 pg/mL. Furthermore, |
compounds 1 and 2 showed no effects against THP-1 (ICsy > 100 pug/mL), while Zeocin showed an ICsy of 4.73 pg/mL. Although |
compounds 1 and 2 have been reported to exhibit different bioactivities in previous studies, the cancer cell lines tested and/or the polarities |
of the solvents for extraction varied. Therefore, comparisons of the cytotoxic activities of compounds 1 and 2 with earlier studies could |
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bodies of eight mushrooms namely, Pleurotus florida [8],
Pleurotus pulmonarius, Ganoderma lucidum, Auricularia
polytricha, Cantharellus infundibuliformis, Lentinus sajor-caju,
Termitomyces albuminosus and Termitomyces clypeatus. To our
best of knowledge, this is the first report on the isolation of
compound 1 from Geastrum triplex, Phellinus sp., Gymnopilus
sp., Lepiota atrodisca, Marasmius scordinius, Pleurotus
opuntiae; compound 2 from Schizophyllum commune, Pleurotus
citrinopileatus, Pleurotus djamor; and compounds 1 & 2 from
Pleurotus pulmonarius, Ganoderma lucidum, Auricularia
polytricha, Cantharellus infundibuliformis, Lentinus sajor-caju,
Termitomyces albuminosus and Termitomyces clypeatus.

This paper also reports on the cytotoxic activities of the
sterols (1 and 2) which were commonly isolated from 25 wild
and commercially cultivated Philippine mushrooms.

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.
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EXPERIMENTAL

Sample Collection: Geastrum triplex and Termitomyces
clypeatus used in this study were collected from Makiling
Forest Reserve, University of the Philippines Los Bafios,
between the months of November 2018 to March 2019. Oppor-
unistic method was used in the collection since most mushroom
species grow and survive in any moist habitats like fallen foliage,
beneath the canopy of a large tree, and even dumpsites or trash
sites.

Isolation of sterols: The freeze-dried fruiting bodies of
Geastrum triplex (18.49 g) were ground in a blender, soaked
in CH,CL, for 3 days and then filtered. The solvent was evapo-
rated under vacuum to afford a crude extract (0.0460 g) which
was chromatographed using increasing proportions of EtOAc
in petroleum ether at 5 % increment. The 20 % EtOAc in
petroleum ether fraction was rechromatographed (3 x) using
CH;CN:Et,0:CH,Cl, (1:1:8, v/v) to yield compound 1 (1.9
mg) after washing with petroleum ether.

The freeze-dried fruiting bodies of Termitomyces clypeatus
(9.18 g) were ground in a blender, soaked in CH,Cl, for 3 days
and then filtered. The solvent was evaporated under vacuum
to afford a crude extract (0.2896 g) which was chromatogra-
phed using increasing proportions of EtOAc in petroleum ether
at 5% increment. The 15 % EtOAc in petroleum ether fraction
was rechromatographed (2 x) using 15 % EtOAc in petroleum
ether to afford compound 2 (14 mg) after washing with petro-
leum ether.

Ergosterol peroxide (1): '"H NMR (500 MHz, CDC15):
$6.48 (d, J=8.4 Hz, H-6), 6.22 (d, J = 8.4 Hz, H-7),5.12 (dd,
J =8.4Hz15.6 Hz, H-22), 5.20 (dd, J = 7.8 Hz, 15 Hz, H-23),
3.95 (m, H-3), 0.80 (s, Me-18), 0.86 (s, Me-19),0.98 (d, J =
6.6 Hz, Me-21), 0.81 (d, J = 6.6 Hz, Me-26), 0.82 (d, J=7.2
Hz, Me-27), 0.89 (d, J = 7.2 Hz, Me-28).

Ergosterol (2): "HNMR (500 MHz, CDC15): 8 5.57 (dd,
J=2.5Hz, 5.5 Hz, H-6), 5.38 (dd, J = 2.5 Hz, 5.5 Hz, H-8),
5.22 (dd, J = 7.0 Hz, 15.5 Hz, H-23), 5.17 (dd, J = 7.5 Hz,
15.5 Hz, H-22), 3.63 (m, H-3), 1.03 (d, / = 7.0 Hz, Me-21),
0.94 (s, Me-19), 0.92 (d, J=7.0 Hz, Me-28), 0.84 (d, J=7.0
Hz, Me-26), 0.82 (d, J = 7.0 Hz, Me-27), 0.63 (s, Me-18).

Cytotoxicity tests: Compounds 1 and 2 from G. triplex
and T. clypeatus, respectively were dissolved in DMSO to make
a 4 mg/mL stock solution. Working solutions were prepared
in complete growth medium to a final non-toxic DMSO
concentration of 0.1 %.

Preparation of cell lines for cytotoxicity tests: The effects
on the cell proliferation of compounds 1 and 2 from dichloro-
methane extracts of G. triplex and T. clypeatus were tested on
the following human cell lines: breast cancer (MCF-7), colon
cancer (HT-29), leukemia (THP-1), small lung cell carcinoma
(H69PR) (all from ATCC, Manassas, Virginia, USA) and human
dermal fibroblast-neonatal (HDFn; Invitrogen Life Tech-
nologies, USA), which were routinely maintained at the Cell
and Tissue Culture Laboratory, Molecular Science Unit, Center
for Natural Science and Environmental Research, De La Salle
University, Manila, Philippines. Following standard procedures
followed previously [9], cells were grown in Dulbecco’s
Modified Eagle Medium (DMEM, Gibco®, USA) containing
10% fetal bovine serum (FBS, Gibco®, USA) and 1x antibiotic-

antimycotic (Gibco®, USA) and kept in an incubator (37 °C, 5
% CO,, 98 % humidity). After reaching about 80 % confluence,
the cells were prepared for cell counting and inoculation. The
cells were washed with phosphate-buffered saline (PBS, pH
7.4, Gibco®, USA), trypsinized with 0.05 % Trypsin-EDTA
(Gibco®, USA), and resuspended with fresh complete media
as defined above. Cells were counted following standard trypan
blue exclusion method [10], using 0.4% Trypan Blue Solution
(Gibco®, USA). Cells were then seeded in 100 pL aliquots
into a 96-well microtiter plate (Falcon™, USA) with a final
inoculation density of 1 x 10 viable cells/well. The plates were
further incubated overnight (37 °C, 5 % CO,, 98 % humidity)
until cell attachment has been achieved. These monolayer
cultures were used for the cytotoxicity studies described below.

Cell viability assay: The cytotoxicity of compounds 1
and 2 from the dichloromethane extracts of Geastrum triplex
and Termitomyces clypeatus crude extracts was determined in
an in vitro cell viability test using PrestoBlue® (Molecular Probes®,
Invitrogen, USA), a resazurin dye which is a cell permeable
redox indicator used to monitor viable cells. Only viable
cells with the active enzymes, mitochondrial reductases of the
electron transport chain, are able to convert the blue and non-
fluorescent, resazurin dye, to the pink and highly fluorescent,
resorufin product. The amount of resorufin produced is propor-
tional to the number of metabolically active cells and quantified
using a microplate reader capable of either absorbance or
fluorescence measurements. To the previously prepared mono-
layers in the microtiter plate, 100 puL of filter-sterilized comp-
ounds 1 and 2 were added to corresponding wells at two-fold
serial dilutions to make final screening concentrations of 100,
50, 25, 12.5, 6.25, 3.12, 1.56, and 0.78 pg/mL, respectively
[11]. Wells with no compound added served as negative
controls, wells with Zeocin™ (Gibco®, USA) served as positive
controls, and wells containing only cell culture medium were
used to correct for background color. The cells were further
incubated (37 °C, 5 % CO,, 98 % humidity) for 4 days before
the addition of 10 uL of PrestoBlue® per well, afterwhich, the
cells were incubated for another 2 h under the same conditions.
Absorbance was measured using a BioTek ELx800 absorbance
microplate reader (BioTek® Instruments, Inc., U.S.A.) at 570
nm and normalized to 600 nm values (reference wavelength).
Absorbance readings were used to calculate for the cell viability
for each compound concentration following the equation below:

Cell viability (%) = Aacssane = Awmc 00
Negative control Blank

For each cell line, the computed cell viability is used to
plot viability index as a function of treatment concentration.
Non-linear regression and statistical analyses were done using
GraphPad Prism 8.1.2 (Graphpad Software, Inc, La Jolla
California, USA) to extrapolate the half maximal inhibitory
concentration, ICs, which is the concentration of the compound
that resulted in 50% reduction in viability index. Hence, the
cytotoxicity (antiproliferative potential) of compounds 1 and
2 was expressed as ICsy values. All tests were performed in
triplicates and data were expressed as mean + SD. One-way
ANOVA was used to determine differences in ICs, under diffe-
rent treatments, followed by Tukey’s multiple comparison post
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hoc test, to evaluate differences between data pairs. The level
of significance was set at p < 0.05.

RESULTS AND DISCUSSION

Compounds 1 and 2 from dichloromethane extracts of
Geastrum triplex and Termitomyces clypeatus mushrooms,
respectively, were evaluated for their cytotoxic activities against
four human cancer cell lines, breast cancer (MCF-7), colon
cancer (HT-29), leukemia (THP-1) and small lung cell carcinoma
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(H69PR), and a human normal cell line, human dermal fibro-
blast-neonatal (HDFn). The % viability index per cell line, as
a function of the logarithmic values of treatment concentration,
is shown in Fig. 1. The effects of the known anticancer drug,
Zeocin and DMSO are also shown. Overall, the curves follow
the typical sigmoidal curve which is characteristic of an inhi-
bitory dose-response relationship between treatments and cell
viability. The extrapolated ICs, values are summarized in Table-
1 and compared in Fig. 2 for the four cancer cell lines tested.
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Fig. 1. Dose-response curves showing the cytotoxic activities of ergosterol peroxide (1) from G. triplex and ergosterol (2) from 7. clypeatus,
respectively, and Zeocin and DMSO, on the cell viability of breast (MCF-7), colon (HT-29), leukemia (THP-1), small lung cell
carcinoma (H69PR) and human dermal fibroblast neonatal (HDFn)
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TABLE-1
CYTOTOXIC ACTIVITIES (IC5,) OF COMPOUNDS
1 AND 2 FROM G. triplex AND T. clypeatus

T ICs,’ (pg/mL)
reatment
MCE-7 HT-29 THP-1 H69PR HDFn
1 4.13 1.79 > 100 7.78 > 100
2 4.20 2.98 > 100 6.83 > 100
Zeocin 3.68 4.89 4.73 9.81 13.3
DMSO > 100 > 100 > 100 > 100 > 100

“ICs, values were extrapolated from dose-response curves generated
from nonlinear regression analysis performed using GraphPad Prism
8.1.2. For each cell line, one-way ANOVA was conducted, with
Tukey’s multiple comparison post hoc test, to determine differences
between data sets (treatments). Treatments: ergosterol peroxide (1),
ergosterol (2), Zeocin, and DMSO. Cell lines: human cancer cell lines,
breast (MCE-7), colon (HT-29), leukemia (THP-1), and small lung cell
carcinoma (H69PR), and, a normal cell line, human dermal fibroblast
neonatal (HDFn).

150 -

mmm Ergosterol peroxide (1)
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100

= Zeocin

Cytotoxicity, 1C, (ug/mL)

MCF-7 HT-29
Treatment
Fig. 2. Comparative cytotoxic activities (ICsp) of 1 and 2 from G. triplex
and T. clypeatus, respectively and Zeocin, against breast (MCF-7),
colon (HT-29), leukemia (THP-1) and small lung (H69PR) cancer

cells

THP-1 H69PR

Ergosterol peroxide (1) and ergosterol (2) from Geastrum
triplex and Termitomyces clypeatus, respectively, exhibited
strong antiproliferative effects against the breast cancer (MCF-
7) cell line, with ICs, values of 4.13 and 4.20 pg/mL, respec-
tively, comparable to the level of effect of Zeocin at 3.68 pg/
mL. One-way ANOVA, followed by Tukey’s multiple comparison
post hoc test, revealed that there is no significant pairwise dift-
erence between compounds 1 and 2 (p = 0.8548). When comp-
ounds 1 and 2 were each compared against Zeocin, p = 0.0005
and p < 0.0001 were obtained, respectively, implying that
Zeocin exhibited the strongest cytotoxicity against MCF-7 cells.

For all the tests conducted, ergosterol peroxide (1) and ergo-
sterol (2) gave the strongest activities against colorectal cancer
cell cells (HT-29) with ICs values of 1.79 and 2.98 pg/mL,
respectively. Zeocin exhibited the lowest bioactivity with ICs
= 4.89 pg/mL. One-way ANOVA, followed by Tukey’s post
hoc test, showed significant differences between all data pairs
(p <0.0001).

For all the cytotoxicity tests done, both compounds 1 and
2 showed no effects when leukemia cells (THP-1) were used
(ICso>100). This is clearly seen in Fig. 2, where, compared to
the other treatments including the known anticancer drug,
Zeocin, there is no cytotoxicity exhibited by compounds 1 and

2. The antiproliferative effect of Zeocin (ICso = 4.73 pug/mL)
was comparable to the results obtained using MCF-7 and HT-
29 cells. A pairwise comparison revealed a significant difference
between compounds 1 and 2 (p <0.0001). Leukemia, in general,
is hard to treat because of the known drug resistance of several
chemotherapy drugs [12].

Only moderate cytotoxicity was obtained when comp-
ounds were used against small lung cell carcinoma (H69PR)
with ICs values of 7.78 and 6.83 pg/mL for compounds 1 and
2, respectively. Zeocin gave an ICsp = 9.81 pug/mL which is
the weakest activity for all the cell lines tested. Pairwise comp-
arisons verified significant differences between all pairs of
treatments (p < 0.0001).

For normal cell line, HDFn, compounds 1 and 2 did not
elicit any cytotoxic effect (ICso > 100 ug/mL). Zeocin against
HDFn (ICs, = 13.3 pg/mL) gave the weakest cytotoxic effect
against all the cell lines used, implying that only cancer cells
are responsive to this drug. This was expected as the normal
cell line should be the least affected by most of the anticancer
treatments. The vector, DMSO, has no effect on any of the cell
lines tested (ICso >100 pg/mL). Again, the data revealed that
ergosterol peroxide (1) and ergosterol (2) are most effective
against the colorectal cancer cells (HT-29) since the lowest
ICs values were obtained using these compounds, meaning,
the lowest concentration of these compounds are needed to
cause a 50% drop in viability index. Compounds 1 and 2 also
showed strong cytotoxicity against breast cancer cells (MCF-
7), followed by a moderate activity in small lung cell carcinoma
cells (H69PR). A known anticancer drug, Zeocin, showed
moderate to strong antiproliferative activities as expected. The
US National Cancer Institute has defined the active cytotoxic
limits of natural products as 20 pg/mL or less for crude extracts
and 4 pg/mL or less for pure compounds [13]. Pure compounds
that exhibit active cytotoxicity may have some potential for
further drug development [14]. Using this as standard, both
ergosterol peroxide (1) and ergosterol (2) from the mushrooms,
Geastrum triplex and Termitomyces clypeatus, respectively,
can be further evaluated for their potential antiproliferative
effects, especially against HT-29, MCF-7, and H69PR cells.

A comprehensive review of anticancer compounds from
nine commercially grown and wild Philippine mushrooms
revealed that the active bioactive compounds present in the
organism include ergosterol and ergosterol peroxide [15].
These two compounds have been reported to exhibit anticancer
properties and this can possible explain the moderate to strong
antiproliferative effects observed in the study conducted here
using Geastrum triplex and Termitomyces clypeatus. While
there are limited studies discussing the anticancer properties
of G. triplex, there are some reports indicating the anticancer
activities in Termitomyces clypeatus.

Ergosterol peroxide (1), a sterol derived from mushrooms,
has been found to have a wide range of bioactivities. Compound
1, purified from the fermentation broth of Paecilomyces cicadae,
significantly inhibited the growth of human renal cell carci-
noma (RCC) cells in vitro, suppressing migration and invasion,
triggering apoptosis, and modulating the cell cycle of the cells,
all in a dose-dependent manner [16]. Ergosterol peroxide
(1) showed antitumor effects against ovarian cancer cells
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(OVCAR-3, CAOV3) by inhibiting the oncogenic signaling
mediated by B-catenin and STAT3 pathways [17]. The same
compound isolated from Inonotus obliquus, inhibited cell
proliferation and likewise suppressed clonogenic colony for-
mation in human colorectal cancer (CRC) cells such as HT-29
and HCT-116, by inhibiting the nuclear levels of -catenin
which ultimately led to a reduced transcription of c-Myc, cyclin
D1, and CDK-8 [18]. Compound 1 also suppressed cell growth
and STAT 1-mediated inflammatory activities in colon cancer
(HT-29) cells [19]. In another study, compound 1, isolated
from Ganoderma lucidum extract, decreased the migratory
and invasive effects of inflammatory breast cancer (IBC) cells
while inhibiting the expression of total AKT1, AKT2, BCL-
XL, Cyclin D1, and c-Myc; likewise inducing the formation
of reactive oxygen species that compromise cellular fate [20].
Compound 1, also isolated from G. lucidum, exhibited higher
bioactivity in inducing the death of miR-378-transfected MT
tumor cells that initially exhibited multiple drug resistance [21].
Similar antitumor activities were exhibited against human
mammary adenocarcinoma, human gastric tumor (SNU-1),
human hepatoma (SUN-354), human colorectal tumor (SUN-
C4), multiple myeloma U266 cells, murine sarcoma-180 cell
lines, and Walker carcinosarcoma [22]. The results shown in
the present study agree with the findings above that ergosterol
peroxide (1) exhibit anticancer properties.

Ergosterol (2), another sterol found in medicinal mush-
rooms, has also been reported to provide anticancer and anti-
oxidant properties. The ergosterol contents of brown and white
button mushrooms were found to be associated to their anti-
oxidant activities [23]. Compound 2 also provided protection
against the onset of bladder tumor resulting from various envi-
ronmental promoters [24]. In an in vivo experiment with mice
injected with murine cancer cell line B16, compound 2, isolated
from Amauroderma rude mushroom, suppressed cell viability
through apoptosis and up-regulation of the expression of the
tumor suppressor, Foxo3 [25]. In another study, ergosterol,
isolated from Ganoderma lucidum extract (GLE), inhibited
tumor growth rate in Hepal-6-bearing C57 BL/6 mice through
the up-regulation of the expression levels of PGR and ESR1,
and the down-regulation of NR3C2 and AR [26]. Different
ergosterol derivatives were isolated from GLE and many were
found to display both antitumor and antiangiogenesis activities
against human tumor cells and human umbilical vein endo-
thelial cells (HUVECS) in vitro [27]. The results shown in the
present study also agree with the reports above that ergosterol
(2) exhibit anticancer properties.

Although compounds 1 and 2 have been reported to exhibit
different bioactivities in previous studies, the cancer cell lines
tested and/or the type and polarities of the solvents for extra-
ction varied. Therefore, comparisons of the cytotoxic activities
of compounds 1 and 2 with earlier studies could not be made
extensively.

Conclusion

Ergosterol peroxide (1) and ergosterol (2) from dichloro-
methane extracts of Geastrum triplex and Termitomyces clypeatus,
respectively, exhibited the strongest cytotoxic activities against

colon cancer cells (HT-29) (ICso = 1.79 and 2.98 ng/mL for
compounds 1 and 2, respectively). A strong antiproliferative

effect was also seen against breast cancer (MCF-7) (ICso =
4.13 and 4.20 pg/mL for compounds 1 and 2, respectively). A
moderate activity was observed using small lung cell carcinoma
(H69PR) (ICsp = 7.78 and 6.83 ng/mL for compounds 1 and
2, respectively). Both compounds did not exhibit any cyto-
toxicity against the normal cell line, human dermal fibroblast-
neonatal, HDFn cells (ICso > 100 pg/mL). Zeocin, as expected,
exhibited moderate (ICso =9.81 ug/mL for H69PR) to strong
(ICsp = 4.89 and 3.68 pg/mL for HT-29 and MCF-7, respec-
tively) activities. The results suggest that ergosterol peroxide
(1) and ergosterol (2) from the dichloromethane extracts of G.
triplex and T. clypeatus, respectively, can be further evaluated
for their potential use as anticancer agents.
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