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ABSTRACT: We selected edible and inedible mushrooms growing in the Mediterranean area of France to screen their
biological activity: Caloboletus calopus, Rubroboletus lupinus, R. pulchrotinctus, R. satanas, Gyroporus castaneus,
Suillus luteus, and Omphalotus olearius. Mushrooms were sequentially extracted using cyclohexane, chloroform,
ethanol, and water. The antiproliferative activity against the HCT116 colon adenocarcinoma cell line and the anti-
oxidant properties (DPPH radical scavenging assay, Folin-Ciocalteu assay, and oxygen radical absorbance capacity)
of the Boletales extracts were evaluated and compared. Among the 28 mushroom extracts evaluated, 11 presented
antiproliferative activity against HCT116 cells. These activities were not linked to antioxidant capacity. Among the
antioxidant extracts, most were aqueous extracts in the oxygen radical absorbance capacity assay, whereas the highest
values on the Folin-Ciocalteu and DPPH assays were noted for chloroform, ethanol, or aqueous extracts, depending
on the mushroom species. Further studies are necessary to identify bioactive compounds and to valorize the mush-
rooms—for edible species, directly as health foods, or, for inedible mushrooms, as ingredients in the pharmaceutical
and food industries.

KEY WORDS: activity, antioxidant, antiproliferative, Boletales, Boletus, Caloboletus, colon adenocarcinoma,
Gyroporus, HCT116, medicinal mushrooms, Omphalotus, ORAC, phenolics, Rubroboletus, Suillus

ABBREVIATIONS: DMSO, dimethyl sulfoxide; EC,, half-maximal effective concentration; ET, electron transfer; F-C, Folin-
Ciocalteu; GAE, gallic acid equivalent; HAT, hydrogen atom transfer; IC,, half-maximal inhibitory concentration; ORAC, oxygen
radical absorbance capacity; ROS, reactive oxygen species; TE, Trolox equivalent

I. INTRODUCTION

A total of 110,000 fungal species have been described'; among them, macrofungi have been recently studied
for bioactive metabolites.> Fungal metabolites represent promising therapeutic agents.! Edible and inedible
mushrooms possess interesting and varied compounds, including high molecular weight compounds (e.g.,
homopolysaccharides, heteropolysaccharides, glycoproteins, glycopeptides, proteins) and low molecular
weight compounds (e.g., polyphenols, amines, triacylglycerols, terpenes, steroids, minerals).’ These com-
pounds are mainly related to anti-Alzheimer, antidiabetes, antimalarial, antimicrobial, antioxidant, antiviral,
hypocholesterolemic, and antitumor activities.'¢'3

Several medicinal mushroom polysaccharides have immunomodulatory properties and can be useful as
immune chemotherapy adjuvants in treating different types of cancer'*': lentinan isolated from Lentinus
edodes, schizophyllan from Schizophyllum commune, and D- and MD-fractions from Grifola frondosa.">'*



Lectins, as high molecular weight compounds, are glycoproteins or proteins with interesting antitumor,
mitogenic, and immunoenhancing activities.'” Other low molecular weight compounds isolated from
mushrooms act as potential antitumor agents through different mechanisms: antioxidant capacity, inhibi-
tion of nuclear factor-«B and protein kinases, upregulation of enzymes involved in replication processes,
detoxification of mutagenic compounds, direct cytotoxicity against tumor cells, and inhibition of tumor
angiogenesis.’ For example, more than 300 triterpenoids with antiproliferative activity were isolated from
mushrooms in the Ganoderma genus.'®*

Free radicals are atoms or molecules that possess unpaired electrons within their outer orbit. They
are generally unstable and very reactive and are produced during normal natural metabolism in aerobic
cells, mostly as reactive oxygen species (ROS). Reactive nitrogen species are also present. Physiological
concentrations of ROS are involved in cell signaling and regulation and exert beneficial effects. Beyond
the physiological level, most free radicals are neutralized by cellular antioxidants such as enzymes and
nonenzymatic molecules. Overproduction of ROS or a decrease in antioxidant defense is known as
oxidative stress and has been related to many diseases, including several kinds of cancer, diabetes, cir-
rhosis, cardiovascular diseases, and neurological disorders, as well as to the aging process.?!*? Antioxidant
substances isolated from plants or mushrooms can be useful to reduce oxidative damage in an organism.
Moreover, antioxidants can be used to protect food against oxidative deterioration; for example, the
European Commission considers rosemary extract to be a food antioxidant.” An antioxidative agent can
scavenge reactive species (ROS, reactive nitrogen species, etc.) to stop radical chain reactions via the
transfer of a hydrogen atom or an electron to reactive species.?** In vitro antioxidant capacity assays
can be divided into 2 major categories: hydrogen atom transfer (HAT) reaction—based assays and single
electron transfer (ET) reaction—based assays.”?* Because mushroom extracts are complex mixtures of
different substances, antioxidant capacity must be evaluated using complementary methods based on the
different reactions involved (ET and HAT). In this study we used 3 assays: oxygen radical absorbance
capacity ORAC) as the HAT reaction—based assay, Folin-Ciocalteu (F-C) assay as the ET reaction—based
assay, and DPPH as the mixed-mode assay.

Mushrooms are an interesting source of bioactive compounds. Most studies of the order Boletales
concern edible mushrooms?*?’-%° such as Boletus edulis®*>* or B. aereus.® Inedible mushrooms related
to Boletales can be interesting sources for bioactive components used in the food and pharmaceutical
industries. Chemical composition has been studied or biological screening evaluated for few inedible
species, but interesting compounds have been isolated, such as bolesatine from Rubroboletus satanas.*®
We therefore evaluated the antioxidant capacity and the antiproliferative activity against HCT116 cells
of 6 edible and inedible wild species from Boletales.

Il. MATERIALS AND METHODS
A. Mushroom Material

Mushrooms were collected from their natural habitats in the Montpellier area in 2012-2013 and 2014.
Three authors (F.F., S.M., and S.R.) taxonomically identified sporocarps based on several publica-
tions.*”* Information about the wild species collected is provided in Table 1. Rosmarinus officinalis
was collected in Montpellier in 2014. Fresh mushrooms were cleaned, sliced, frozen, and kept at
—20°C until they were freeze-dried. A voucher sample was kept at the Laboratoire de Botanique,
Phytochimie et Mycologie, Faculté de Pharmacie, Montpellier. Lyophilized mushrooms were ground
before extraction.
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B. Materials

DPPH and AAPH (97%) radicals, gallic acid (97.5%), chlorogenic acid (95%), trichloroacetic acid, sul-
forhodamine B, Tris buffer, camptothecin, cyclohexane (99.8%), chloroform (99%), and dimethyl sulfoxide
(DMSO; 99.9%) were purchased from Sigma-Aldrich (Steinheim, Germany). Anhydrous Na CO, (99.8%)
was purchased from Acros Organics (Geel, Belgium). Trolox (98%) and acetic acid were purchased from
Fluka Chemicals (Steinheim, Switzerland). Fluorescein and the F-C reagent were purchased from Panreac
(Barcelona, Spain). Ethanol (99.9%) and methanol (99.8%) were purchased from VWR/BDH Prolabo
(Radnor, PA).

C. Exiract Preparation

Sequential extraction was performed with solvents with increasing polarity (cyclohexane, chloroform,
ethanol, water) to extract both nonpolar and polar compounds (10 mL solvent/g dried mushroom). The
extraction was conducted under sonication (90 minutes) and temperature was maintained below 30°C.
After filtration, the solvents were removed using a vacuum rotary evaporator to dryness (water bath
maintained at 30°C) and yielded 4 extracts per mushroom: a cyclohexane extract (CC1), a chloroform
extract (CC2), an ethanol extract (CC3), and an aqueous extract (CC4) for Caloboletus calopus. These
were labeled RL1, RL2, RL3, and RL4, respectively, for R. lupinus; RP1, RP2, RP3, and RP4, respec-
tively, for R. pulchrotinctus; RS1, RS2, RS3, and RS4, respectively, for R. satanas; GC1, GC2, GC3, and
GCA4, respectively, for Gyroporus castaneus; 001, 002, 003, and 004, respectively, for Omphalotus
olearius; and SL1, SL2, SL3, and SL4, respectively, for Suillus luteus. Powdered extracts were kept at
—20°C until testing.

Extraction yields were calculated as (Mass of dried extract in g/Mass of freeze-dried mushroom in g)
x 100, and were expressed as a percentage. Total yield was defined as (Sum of masses of dried extracts/
Mass of dried mushroom in g) x 100, and was expressed as a percentage. The proportion of each solvent
extract was calculated per mushroom as (Mass of dried extract in g/Sum of masses of the 4 dried extracts
in g) x 100, and was also expressed as a percentage.

R. officinalis was extracted with ethanol under sonication for 90 minutes at a temperature below
30°C (10 mL ethanol/g dried rosemary leaves). After filtration, evaporation to dryness under reduced
pressure yielded a powdered ethanol extract, which was used as a positive control in the DPPH and
ORAC assays.

D. Sample Preparation

Crude extracts were extemporaneously prepared in DMSO at 20 mg/mL before the antiproliferative
assay in HCT116 colon cancer cells: 1 mg/mL for antioxidant capacity (DPPH, ORAC) and 4 mg/mL
for the F-C assay. DMSO solutions were then diluted in culture medium (Dulbecco’s modified Eagle’s
medium for HCT116 cells), in ethanol (for DPPH and ORAC), or in water (for F-C assay) at adequate
concentrations.

E. Antiproliferative Activity Against the HCT116 Colon Adenocarcinoma Cell Line

The cytotoxicity assay was performed in HCT116 cells, as described by Skehan et al.,* using the sul-
forhodamine B technique. Briefly, on day 1, 2000 cells/well were seeded in 96-well plates. On day 2, cells
were exposed to diluted extracts at a final concentration of 0, 10, 20, 50, or 100 pg/mL. Camptothecin



was used as a quality control (final concentrations: 0.00125, 0.0025, 0.0125, 0.025, 0.125, 0.25, 1.25, or
2.5 umol/L) in a separate plate. After 24 hours of exposure (37°C in a humidified atmosphere containing
5% CO,), the medium was removed, wells were washed with phosphate-buffered saline, and drug-free
medium was added to each well (150 pL Dulbecco’s modified Eagle’s medium supplemented with 10 %
fetal bovine serum, 100 pg/mL streptomycin, and 100 U/mL penicillin). Cells were grown for another 72
hours and were precipitated with 50 uL ice-cold 50% (w/v) trichloroacetic acid at 4°C for 60 minutes,
rinsed 6 times with water, and air-dried. Fixed cells were stained for 30 minutes with 50 pL of 0.4% (w/v)
sulforhodamine B solution in 1% (v/v) acetic acid, rinsed 5 times with 1% acetic acid solution, and air-
dried. Sulforhodamine B was dissolved with 150 pL of 10 mmol/L Tris buffer (pH 10.5). After stirring
for 30 minutes, optical densities at 540 nm were measured using a Tecan Infinite 200 PRO multimode
reader (Ménnedorf, Switzerland). Growth inhibition curves were plotted as a percentage of control cells,
and the half-maximal inhibitory concentrations (IC,; the concentration of a sample that is required for
50% inhibition in vitro) were determined. The results are presented as the mean + SD of 3 independent
experiments (3 wells/concentration for each experiment).

F. DPPH Radical Scavenging Assay

Radical scavenging activity was evaluated using DPPH free radicals according to the method described
by Morel et al.,* with some modifications. Tested extracts were diluted in absolute ethanol at different
concentrations (0.2, 0.5, or 1 mg/mL) of 4 mg/mL stock solutions in DMSO. Ethanol was used as a
blank, and 10, 25, 50, and 75 umol/L Trolox (hydrophilic a-tocopherol analogue) were used as calibra-
tion solutions. A sample of 0.02 mg/mL chlorogenic acid and an ethanol extract of R. officinalis (0.1,
0.2, 0.5 mg/mL) were used for quality control. Sample or standard solutions (100 pL) were placed in
96-well plates in triplicate for each concentration tested. Absolute ethanol (75 pL) was added. The reac-
tion was initiated by adding 25 uL freshly prepared DPPH solution (1 mmol/L) to obtain a final volume
of 200 uL/well. After 30 minutes in the dark at room temperature, absorbance was determined at 550
nm with a Molecular Devices UV Max microtiter plate reader (MDS Inc., Toronto, Canada). The DPPH
scavenging activity of the tested compounds was compared with the Trolox calibration curve. Results
are expressed as Trolox equivalents (TEs; micromoles of TEs per gram of dry extract). Results are also
expressed as the effective concentration at which 50% of DPPH radicals are scavenged (EC, ; milligrams
per milliliter).>?! The results are the mean £ SD of 3 independent experiments (3 wells/concentration
for each experiment).

G. F-C Assay

Total phenolic and other oxygen radical scavengers in crude extracts were quantitated using the F-C
method as described by Pawar and Dasgupta,® with some modifications. Standard solutions of gallic acid
(1.56,3.125,6.25,12.5, 25, 50, 75 ug/mL) were prepared in distilled water. Mushroom and R. officinalis
extracts were prepared in DMSO (4 mg/mL), then diluted in water to obtain a concentration of 1 mg/mL
(0.5 mg/mL for the ethanol extract of C. calopus). Standard, mushroom extract, and R. officinalis extract
were deposited in a 96-well plate in triplicate (50 uL/well). Distilled water (50 uL) and then 50 pL of
10% F-C phenol reagent and 50 pL sodium carbonate solution (1 M) were added to each well. The plate
was incubated in the dark at room temperature with continuous stirring for 60 minutes. The absorbance
was measured at 650 nm with a Molecular Devices UV Max microtiter plate reader. Results of the F-C
assay are expressed as milligrams of gallic acid equivalents (GAEs) per gram of dry extract. The results
are the mean = SD of 3 independent experiments (3 wells/concentration for each experiment).



H. Oxygen Radical Absorbance Capacity

ORAC assays were carried out according to the method of Lavaud et al.,’! with some modifications.
Samples were diluted to 25 pg/mL using a 1 mg/mL stock solution in DMSO. A 75 mmol/L phos-
phate buffer solution (pH 7.4) was used as a blank, and Trolox concentrations of 6.25, 12.5, 25, 50, and
75 umol/L were used as the calibration solutions. An 8.8 umol/L chlorogenic acid sample and an ethanol
extract of R. officinalis (12.5 pg/mL) were used as quality controls. The sample or standards solutions
(20 uL) were deposited in triplicate in an opaque-walled 96-well plate. To the plate were added 100 pL of
75 mmol/L phosphate buffer and 100 pL freshly prepared fluorescein solution (0.1 umol/L in phosphate
buffer). The plate was then preincubated at 37°C for 10 minutes, with stirring. The reaction was started
by adding freshly prepared AAPH solution (103.2 mg/mL in phosphate buffer). Fluorescence was then
measured and recorded at 485 nm excitation and 535 nm emission for 70 minutes using a TriStar LB 941
Multimode Microplate Reader (Berthold Technologies, Bad Wildbad, Germany). The final ORAC values
were calculated using a regression equation between the Trolox concentration and the net area under
the fluorescein decay curve, and were expressed as micromoles of TEs per gram of dry matter. The area
under the curve was calculated using the trapezoidal rule. The results are the mean = SD of 3 independent
experiments (3 wells/concentration for each experiment).

I1l. RESULTS AND DISCUSSION
A. Extraction

Solvents with different polarities (cyclohexane, chloroform, ethanol, and water) were used sequentially
to extract various compounds—both nonpolar and polar—from the mushrooms. Extraction yields were
calculated for each mushroom and are presented in Table 2. The average yield of the extraction pro-
cedure was around 30% (w/w), with the advantage of being performed at a low temperature (< 30°C)
to avoid thermodegradation and within a reasonable extraction time (6 hours for the 4 extracts from a
single mushroom). Proportions of each solvent extract per mushroom are presented in Fig. 1. Extraction
profiles were identical among the tested Boletales, with major proportions of aqueous extracts (> 50%)
except for C. calopus and R. pulchrotinctus, which presented low proportions of aqueous extracts (25%
of the total extracted material). Ethanol extracts represented around 30% (50% for C. calopus and R. pul-
chrotinctus). Extraction yields for R. lupinus were within the same range as those obtained previously by

TABLE 2: Extraction Yields of Mushrooms upon Isolation by Different Solvents

Mushroom Extraction Yield, % (w/w)

Cyclohexane  Chloroform Ethanol Water Total
Caloboletus calopus 4.03 2.06 15.53 7.09 28.71
Rubroboletus lupinus 3.46 1.80 12.30 15.98 33.54
R. pulchrotinctus 1.69 3.55 17.98 8.11 31.33
R. satanas 1.31 1.62 6.53 13.19 22.65
Suillus luteus 2.04 1.48 14.85 16.70 35.07
Gyroporus castaneus 1.64 1.05 4.47 1691 24.07

Ompalotus olearius 3.62 1.13 2.61 20.77 28.12
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FIG. 1: Representative proportions of solvent extracts per mushroom. CC, Caloboletus calopus; GC, Gyroporus cas-
taneus; OO, Omphalotus olearius; RL, Rubroboletus lupinus; RP, Rubroboletus pulchrotinctus; RS, Rubroboletus
satanas; SL, Suillus luteus.

Smolskaite et al.’> using cyclohexane, dichloromethane, and methanol. Furthermore, O. olearius pos-
sessed a different profile from the other mushrooms, with a small proportion of ethanol extract (9%). O.
olearius belongs to a distant mushroom genus. The genus Omphalotus was historically classified in the
order Boletales because Boletales pigments were detected in the species.> Singh effectively isolated from
O. illudens atromentic acid, a pigment also present in Paxillaceae (Boletales). The family Omphalotaceae
was later established, in particular because these mushrooms contain specific sesquiterpenes (illudins),
contrary to Paxillaceae.” Illudin derivatives display anticancer potential.>>*® We added this species to our
study as a quality control in the antiproliferative assay in order to compare its activity with that of edible
and inedible Boletales.

B. Antiproliferative Activity Against the HCT11é Colon Adenocarcinoma Cell Line

We tested the potential antiproliferative activity of 28 extracts against the HCT116 colon adenocarcinoma
cell line (Table 3). Consistent with criteria from the National Cancer Institute and previous studies,””-* 6
extracts presented antiproliferative activities with an IC,| <20 pg/mL, and 5 extracts possessed moder-
ate activity (20 png/mL <IC, <100 png/mL), whereas 17 extracts were inactive (IC,; > 100 ug/mL). The
highest antiproliferative activities were obtained for S. luteus and O. olearius, which are known to have
effects against different cell lines.*!-%%>

O. olearius has been reported as a species with anticancer potential. The molecules responsible for the
activities were purified and identified as illudins. These compounds were tested by the National Cancer
Institute and had significant antitumor activity but a poor therapeutic index. Irofulven (a semisynthetic
derivative) was tested in clinical trials, but its administration resulted in serious side effects.®®! New
derivatives are currently being synthesized to increase the therapeutic index,*>*® and new compounds
are being isolated.*** In this study, the chloroform, ethanol, and aqueous extracts had antiproliferative
activity against the HCT116 cell line (Table 3). [lludin derivatives, as sesquiterpenic compounds, were
mainly isolated from chloroform and ethyl acetate extracts,*** which suggests that the aqueous extract
may contain new antiproliferative compounds.



TABLE 3: Antiproliferative Activity and Antioxidant Capacity of Mushroom Extracts in Different Solvents

Extracts IC,, DPPH F-C Assay ORAC
B e Mt Gt
(mg/mL) (nmol TE/g EDW)
Caloboletus calopus
CC1 > 100 > 1 15.19 £ 2.35 6.34 £ 043 631.53 +30.23
cC2 > 100 0.14 £0.01  221.21 £18.12 2718 £2.96  745.68 = 108.76
CcC3 > 100 0.43 £ 0.04 110.49+ 8.07 90.16 + 5.89  1083.39 + 109.88
CcCc4 > 100 0.62 £ 0.04 102.55 £ 5.54 3490 +£3.82 1278.90 + 64.60
Rubroboletus lupinus
RL1 84.37£9.43 > 1 22.53 +£3.27 9.95+1.23 560.07 + 32.61
RL2 > 100 > 1 30.27 £ 1.31 5.12+£0.71 953.63 + 35.86
RL3 > 100 > 1 59.81 +£4.39 10.17 £ 1.09 500.49 + 45.04
RL4 > 100 > 1 68.20 + 9.04 25.51 £3.58 1002.83 + 148.60
R. pulchrotinctus
RP1 67.99 + 8.35 > 1 20.39 £ 2.55 4.22 £0.13 382.75 £ 39.57
RP2 > 100 > 1 25.63 +3.03 10.90 + 1.55 579.91 + 86.35
RP3 > 100 > 1 45.60 + 4.02 2227 £1.17 641.83 +45.64
RP4 > 100 > 1 57.63 + 8.33 33.08 £2.00 1166.79 + 167.37
R. satanas
RS1 64.41 + 8.42 > 1 14.80 = 2.13 8.22 +1.09 523.83 +17.35
RS2 > 100 > 1 30.93 £4.51 1431+ 1.50  927.82 + 114.26
RS3 > 100 0.91 £ 0.04 72.75 £ 5.98 17.46 + 1.86 542.65 + 61.10
RS4 > 100 > 1 59.09 + 7.35 30.52 £ 4.16 862.37 + 68.49
Suillus luteus
SL1 3.45+0.13 035+0.02 178.72 +£12.69 19.03 +£ 1.97 495.08 + 57.17
SL2 3.69 £ 0.13 0.26 £ 0.04 209.84 + 7.80 2581 +£1.99 768.32 + 50.28
SL3 15.31 £5.99 > 1 51.70 +£ 6.85 10.30 + 0.51 510.22 + 21.86
SL4 > 100 > 1 41.23 £ 5.66 1738 £ 1.98  1030.61 + 70.85
Gyroporus castaneus
GCl1 67.22 + 6.63 >1 23.22 +0.55 3.57 £ 0.31 368.18 + 35.84
GC2 74.48 £ 12.44 > 1 22.77 £ 3.33 3.83 £0.47 864.15 + 122.43
GC3 > 100 0.72 £ 0.05 87.02 £ 5.36 17.16 £ 1.94 904.98 + 91.46
GC4 > 100 > 1 49.28 + 3.07 18.07 £ 3.09  1077.72 + 106.09
Ompalotus olearius
001 > 100 > 1 23.58 £ 0.51 446 +0.17 457.08 £ 66.51
002 5.75+£0.10 > 1 11.76 £ 1.37 3.88 £0.17 265.29 £ 17.22
003 3.90 £ 0.27 >1 41.42 +2.80 4.14 £ 0.23 613.75 £ 42.30
004 8.19 £ 0.35 >1 23.64 + 1.59 9.05 £ 1.26 874.88 + 107.49




TABLE 3: (continued)

Rosmarinus officinalis

Ethanol extract n.d. 032+ 0.02  259.82 + 33.06 47.7146.94  2560.95 + 374.31
Chlorogenic acid n.d. n.d. 3236.57 + 305.97 n.d. 11515.38 £1721.66
Camptothecin 0.08 = 0.01 n.d. n.d. n.d. n.d.

Values are mean + standard deviation (n = 3). EC,, half-maximal effective concentration; EDW, extract dry weight; F-C,
Folin-Ciocalteu; GAE, gallic acid equivalent; IC,, half-maximal inhibitory concentration; n.d., not determined; ORAC, oxygen
radical absorbance capacity; TE, Trolox equivalent.

A methanol extract of S. luteus was cytotoxic to 2 murine cancer cell lines (L1210 and 3LL; IC_ = 18.1
and 40.3 pg/mL, respectively).” Another methanol extract had potent activity against the human HCT-15
colon cancer cell line, with an IC, of 17.75 pg/mL. The same extract had moderate activity against the
NCI-H460 lung cancer cell line (IC, ;= 30.33 pg/mL), MCF-7 breast cancer cell line (IC,, = 32.25 ug/mL),
and AGS gastric cancer cell line (IC,; = 30.30 pg/mL). The extract was not cytotoxic to primary porcine
PLP2 hepatocytes (IC,, > 400 ug/mL). In the same study, ethanol and aqueous extracts of S. luteus had no
antiproliferative activity (IC, > 400 pg/mL).” From an ethanol extract of S. luteus, Leon et al.*' isolated
suillumide, a ceramide with potent cytotoxicity against the human SK-MEL-1 melanoma cell line, with an
IC, around 10 umol/L. Further experiments will be performed to identify compounds responsible for the
cytotoxic activity of our S. luteus extracts. Nevertheless, because the activity is concentrated in nonpolar
fractions, suillumide or related compounds could be responsible for the activity against HCT116 cells.

Our results are consistent with those published for S. /uteus and O. olearius.*>*% Unfortunately, no
additional mushroom presented important antiproliferative activity, but 5 mushroom extracts (from R.
lupinus, R. pulchrotinctus, R. satanas, and G. castaneus) did have moderate activity, with IC, between 20
and 100 pg/mL (Table 3). Moreover, the antiproliferative activity of these mushroom extracts has, to our
knowledge, never been tested. Activity was concentrated within the nonpolar cyclohexane extracts (and
in the chloroform extract, in the case of G. castaneus). As R. lupinus, R. pulchrotinctus, and R. satanas
belong to the new genus Rubroboletus (corresponding to the Satanas group of Boletus in another clas-
sification),’” one may suppose the bioactive compounds are similar in these 3 species.

Bolesatine, a mitogenic lectin, was previously isolated from R. satanas®® and can account for the
toxicity of this mushroom. This glycoprotein inhibits protein synthesis in liver and kidney cells**** and
can be considered a nucleoside triphosphate phosphatase.® Bolesatine also induces secretion of inter-
leukins la and 2 from mononuclear cells.®® Hydroxynorvaline derivatives were also previously isolated
from a methanol extract of R. satanas.** No antiproliferative activity was explored for these compounds.
The antiproliferative activity of the cyclohexane extract RS1 therefore cannot be attributed to bolesatine,
which is a polar compound, but rather to unidentified nonpolar compounds such as triterpenoids, steroids,
ceramides, or lactones. Thus further studies must be conducted to identify the compounds involved in
these activities for R. satanas and for R. pulchrotinctus, R. lupinus, and G. castaneus.

C. Antioxidant Properties

Studies of antioxidant properties of some Boletales are described in the literature.?'?#3%33 The DPPH test
is commonly used to assess antioxidant capacity,?! 7283033526769 with wide interlaboratory variability in
methodology (DPPH concentration, extract concentrations, duration of reaction, etc.), which makes com-

parison difficult.” Furthermore, results are expressed in different ways: mainly TEs and EC, , but also as an



antioxidant activity index”" or antioxidant activity unit.”> We therefore chose in this study to present results
with the 2 most commonly used expressions (TEs and EC,) so as to make easier the comparison with data
from the literature. ORAC, as a HAT-based assay, is less used in the literature in the case of mushrooms,
but it complements the antioxidant description of mushrooms. Furthermore, the F-C assay is presented for
each extract, and comments are given about their significance. The F-C assay, which commonly measures
total phenolic content, is based on an ET reaction and measures the reducing capacity of a sample.® This
method is generally used to quantify the phenolic content in plant extracts, as most phenolics react with
the F-C reagent. But the term total phenolic content is partly incorrect because the F-C reagent measures
the total reducing capacity of a sample, not solely the reducing capacity of phenolic compounds. It also
reacts with some nitrogen-containing compounds, thiols, vitamins, nucleotide bases, and carbohydrates.”

Our results were compared with data obtained from an ethanol extract of R. officinalis that was
accepted as a food antioxidant (E 392) in 2010.2* As presented in Table 3, among 28 mushroom extracts
that were evaluated with the DPPH assay, 7 had an EC, < 1 mg/mL—namely, chloroform, ethanol, and
aqueous extracts of C. calopus; ethanol extracts of R. satanas and G. castaneus; and cyclohexane and
chloroform extracts of S. /uteus. The ORAC assay revealed 6 extracts with high values (> 1000 pmol
TE/g dry extract): ethanol and aqueous extracts of C. calopus and the aqueous extracts of R. lupinus, R.
pulchrotinctus, G. castaneus, and S. luteus. The highest F-C assay value was obtained for the ethanol
extract of C. calopus. Except for R. lupinus,” no record of ORAC or F-C assay for these mushrooms is,
to our knowledge, currently available in the literature.

Results from these 3 assays show that C. calopus is the most interesting mushroom, with values in
accordance with those from the literature.*>’* Indeed, Macakova et al.”* evaluated a C. calopus ethanol
extract using the DPPH assay and found an EC, of 0.32 mg/mL. Moreover, the bioactive fractionation
of a methanol extract of this mushroom led to the isolation of calopin, calopin B, and cyclocalopin A,
which have antioxidant properties and EC_ values of 2.2, 5.4, and 2.0 ug/mL, respectively, in the DPPH
assay.** Our results show that DPPH values were not proportionally linked with the F-C assay (Figs. 2-8),
as the highest DPPH value was obtained with the chloroform extract (EC,, = 0.14 mg/mL), whereas the
F-C assay value was higher for the ethanol extract (90.16 mg GAE/g extract dry weight). Furthermore,
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FIG. 2: Antioxidant profile for Caloboletus calopus. Data are presented as the mean = SD (n = 3). CC1, cyclohex-

ane extract of C. calopus; CC2, chloroform extract of C. calopus; CC3, ethanol extract of C. calopus; CC4, aqueous

extract of C. calopus; F-C, Folin-Ciocalteu; GAE, gallic acid equivalent; ORAC, oxygen radical absorbance assay;
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FIG. 3: Antioxidant profile for Rubroboletus lupinus. Data are presented as the mean + SD (n = 3). F-C, Folin-
Ciocalteu; GAE, gallic acid equivalent; ORAC, oxygen radical absorbance assay; RL1, cyclohexane extract of
R. lupinus; RL2, chloroform extract of R. lupinus; RL3, ethanol extract of R. lupinus; RL4, aqueous extract of R.
lupinus; TE, Trolox equivalent.

with the ORAC assay, the ethanol and aqueous extracts had higher values than the chloroform extract
(Fig. 2). We can therefore suppose that the antioxidant potential of this mushroom is attributable to a mix
of phenolic and other compounds. Lactones certainly contribute to the antioxidant capacity observed.
Further studies will be conducted to confirm these results with other antioxidant assays, to identify the
active compounds, and, finally, to obtain an extract that is enriched with antioxidants. C. calopus is not
toxic, but it is not deemed edible because it has a very bitter taste.

S. luteus also displayed interesting antioxidant properties in the 3 assays, in particular the chloroform
extract in the DPPH assay and the aqueous extract in the ORAC assay. A methanol extract of S. luteus
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FIG. 4: Antioxidant profile for Rubroboletus pulchrotinctus. Data are presented as the mean = SD (n = 3). F-C,
Folin-Ciocalteu; GAE, gallic acid equivalent; ORAC, oxygen radical absorbance assay; RP1, cyclohexane extract
of R. pulchrotinctus; RP2, chloroform extract of R. pulchrotinctus; RP3, ethanol extract of R. pulchrotinctus; RP4,
aqueous extract of R. pulchrotinctus; TE, Trolox equivalent.
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FIG. 5: Antioxidant profile for Rubroboletus satanas. Data are presented as the mean = SD (n = 3). F-C, Folin-
Ciocalteu; GAE, gallic acid equivalent; ORAC, oxygen radical absorbance assay; RS1, cyclohexane extract of R.
satanas; RS2, chloroform extract of R. satanas; RS3, ethanol extract of R. satanas; RS4, aqueous extract of R.
satanas; TE, Trolox equivalent.

was previously tested using DPPH and displayed a moderate antioxidant property, with an EC, of 1.92
mg/mL,” whereas an ethanol extract of this mushroom had an EC, of 0.66 mg/mL.™ We found a higher
antioxidant capacity for cyclohexane and chloroform extracts (EC,, = 0.35 and 0.26 mg/mL, respectively,
on the DPPH assay), which suggests that antioxidant capacity is not linked with phenolic content (Fig. 6),
but rather with other compounds. As ceramide compounds have been isolated from S. luteus,*' it would
be interesting to evaluate the antioxidant potential of suillimide and related compounds.

An extract of R. satanas using acetone and water (80:20) had a moderate antioxidant capacity, with
an EC, of 0.43 mg/mL.” An ethanolic extract of R. satanas was not active upon DPPH testing, with an
EC,,> 1 mg/mL.™ In our study, only the ethanol extract had a notable antioxidant property upon DPPH
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FIG. 6: Antioxidant profile for Suillus luteus. Data are presented as the mean = SD (n = 3). F-C, Folin-Ciocalteu; GAE,
gallic acid equivalent; ORAC, oxygen radical absorbance assay; SL1, cyclohexane extract of S. luteus; SL2, chloro-
form extract of S. luteus; SL3, ethanol extract of S. luteus; SL4, aqueous extract of S. luteus; TE, Trolox equivalent.
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testing (EC_ = 0.91 mg/mL), whereas the chloroform and aqueous extracts had higher values in the ORAC
assay (927.82 and 862.37 umol TE/g extract dry weight, respectively) (Fig. 5).

The antioxidant capacity of sporophores of O. olearius has, to our knowledge, never been investigated.
Asatiani et al.”” evaluated a hot water and an ethanolic extract from submerged O. olearius mycelia with
the DPPH assay, with EC, of 6 and 0.9 mg/mL, respectively. Kalyoncu et al.” reported the antioxidant
capacity of chloroform, ethanol, and aqueous mycelial extracts from O. olearius. At 1 mg/mL, the per-
centages of inhibition of DPPH were 47.11%, 60.25%, and 22.97%, respectively. Our results confirm the
low antioxidant capacity of O. olearius (Fig. 8).
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FIG. 8: Antioxidant profile for Omphalotus olearius. Data are presented as the mean + SD (n = 3). F-C, Folin-
Ciocalteu; GAE, gallic acid equivalent; OO1, cyclohexane extract of O. olearius; 002, chloroform extract of O.
olearius; O03, ethanol extract of O. olearius; 004, aqueous extract of O. olearius; ORAC, oxygen radical absor-
bance assay; TE, Trolox equivalent.



Smolskaite et al.** recently performed DPPH, ORAC, and F-C assays with 3 extracts of R. lupinus
that were obtained using a Soxhlet apparatus with cyclohexane, dichloromethane, and methanol (5-hour
extraction for each solvent). Our results for the F-C assay are in perfect accord with those previously
obtained. Some differences were observed upon DPPH and ORAC testing, but these can be explained by
the differences in extract preparation or in the procedures used to measure antioxidant capacity (Fig. 3).

R. pulchrotinctus and G. castaneus have, to our knowledge, never been evaluated for their antioxidant
potential. The aqueous extract of R. pulchrotinctus had higher scores than the other extracts on the 3 assays
(Fig. 4). The ethanol extract of G. castaneus displayed the best values on the DPPH assay, and the aqueous
extract also had a significant antioxidant capacity as determined with the F-C and ORAC assays (Fig. 7).

Finally, in the DPPH assay, the chloroform extract from C. calopus and the cyclohexane and chlo-
roform extracts from S. luteus had values within the same range as the ethanol extract from rosemary
(values around 200 pmol TE/g extract dry weight). On the ORAC assay, the highest values were gener-
ally obtained for aqueous extracts (~1000 umol TE/g extract dry weight), albeit significantly lower than
rosemary extracts (2560.95 umol TE/g extract dry weight). In the F-C assay, the ethanol extract of C.
calopus displayed the highest values (90.16 mg GAE/g extract dry weight). Our results show no link
between the DPPH and F-C assays, which suggests that various classes of compounds are involved in the
antioxidant capacity of these mushroom species.

IV. CONCLUSIONS

This investigation focused on the antiproliferative and antioxidant properties of 6 wild mushrooms from
the order Boletales. Sequential extractions under sonication led to yields around 30%. C. calopus and R.
pulchrotinctus had similar extraction profiles, with important proportions of ethanol extracts. For the other
mushrooms, aqueous extracts gave the highest extraction yields. The obtained extracts were evaluated
for antioxidant capacity and antiproliferative activity. The antiproliferative activity was not linked with
the antioxidant potential of these mushrooms. In this study, C. calopus seems to be the most promising
mushroom for antioxidant applications (therapeutics or foods). Three extracts had antioxidant capac-
ity—namely, the chloroform extract in the DPPH assay, the ethanolic extract in the F-C assay, and the
aqueous extract in the ORAC assay. The mushroom contains a mix of both nonpolar and polar antioxidant
compounds. S. /uteus, in particular the chloroform extract, seems to be a good source of antioxidant agents
and had a high value in the 3 assays. R. lupinus, R. pulchrotinctus, and R. satanas have recently been
classified in the genus Rubroboletus.*’ In this study, cyclohexane extracts of these 3 mushrooms had mod-
erate activity against the HCT116 cancer cell line, suggesting the 3 extracts contain bioactive compounds
that could be related. While antioxidant capacity was concentrated in aqueous extracts for R. lupinus
and R. pulchrotinctus in the 3 assays, it was disperse in the chloroform, ethanol, and aqueous extracts of
R. satanas. Cyclohexane and chloroform extracts of G. castaneus displayed moderate antiproliferative
activities, whereas the ethanol and aqueous extracts presented the highest values upon antioxidant testing.
This mushroom has, to our knowledge, never been tested and studied before, so it will be interesting to
identify its bioactive compounds. As a whole, these results indicate that Boletales species may be sources
of bioactive compounds with promising applications in medicine and nutrition supplementation.
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