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Abstract

The aim of our paper was the evaluation of chemical composition, antioxidant activity and cytotoxic effects of several dry
extracts obtained from black trumpet wild mushroom. Phytochemical analysis of sterols and total phenolic content were
determined by means of spectrophotometric methods. The antioxidant activity was assessed by scavenger activity towards
DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS™ (2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) free radicals, ferric
reducing power and ferrous ions chelating properties. For cytotoxicity evaluation, Daphnia magna bioassay, MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) and live and dead viability assays have been used. The aqueous dry
extract had the highest phenolic content and generally the best antioxidant activity. Alcoholic dry extracts showed similar
sterols content. The highest cytotoxic activity upon Daphnia magna crustaceans and human epidermoid carcinoma A431
cells was observed for alcoholic dry extracts. Overall, all extracts showed antioxidant activity. Further pharmacological
research is needed in order to determine the potential anticancer effects of the analysed extracts and their exact mechanism of
action.

Rezumat

Scopul lucrdrii a constat in determinarea compozitiei chimice, evaluarea activitatii antioxidante si a citotoxicitatii unor
extracte uscate provenite de la ciuperca indigena Craterellus cornucopioides (L.) Pers. (trompeta neagra). Continutul de
polifenoli totali si steroli a fost determinat prin metode spectrofotometrice. Activitatea antioxidanta a urmarit capacitatea de
scavenger a radicalilor liberi 2,2-difenil-1-picrilhidrazil (DPPH), acidului 2,2-azino-bis-(3-etil-benzotiazolin-6-sulfonic)
(ABTS™), capacitatea de reducere si chelatare a ferului. Citotoxicitatea extractelor a fost evaluata pe baza testelor Daphnia
magna, MTT [bromuri de 3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazoliu], respectiv live and dead. in general, extractul apos a
manifestat cea mai puternica actiune antioxidantd si cel mai mare continut de polifenoli totali. Extractele alcoolice au un
continut asemandtor de steroli. Extractele alcoolice au manifestat efect citotoxic pronuntat asupra celulelor de carcinom
epidermoid A431 si asupra crustaceului Daphnia magna. Toate extractele analizate au efect antioxidant. Sunt necesare
cercetdri farmacologice viitoare in vederea stabilirii profilului antitumoral al extractelor obtinute.
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Introduction Among edible mushrooms, Craterellus cornucopioides
(L.) Pers., commonly known as horn of plenty, black
cantherelle or black trumpet is wide spread throughout
Europe and North America [17]. It is an unmistakable
species, due to the distinctive black thin trumpets with
a smooth to faintly wrinkled hymenium [17]. Regarding
its chemical composition, black cantherelle is an important
source of B-glucans [25], polyunsaturated fatty acids,
aminoacids, phenolic compounds [21], sequiterpenoids
[12], sterols [40], minerals [37], organic acids [2] and
stilbenes [39].

For the last few decades, mushrooms have been used
both as food (due to their high nutritional value)
and medicine [6, 14, 16, 18, 19, 28, 38]. According
to current estimates, mushrooms constitute at least
12,000 species worldwide and out of that 2000 species
are reported as edible [27]. Mushrooms contain a great
variety of bioactive compounds which provide a great
assortment of biological effects (antioxidant, immuno-
modulatory, anticancer, antimicrobial, anti-inflammatory
or hypoglycaemic) [24, 30, 33, 38].
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The mushroom exhibits antioxidant, antimicrobial [5,
25], antihyperglycemic [21] and hypocholesterolemic
[10] activities.

The aim of our research was to perform and assess
the chemical composition, antioxidant activity and
cytotoxic effects of several black trumpet dry extracts.

Materials and Methods

Materials

Whole dried fruiting-bodies of Craterellus cornucopioides
(L.) Pers. were acquired in 2017, from a specific
Romanian manufacturer.

Reagents and solvents

All chemicals were purchased from Sigma-Aldrich
(Germany). The viability/cytotoxicity assay kit for animal
live and dead cells was purchased from Invitrogen
(USA).

Preparation of dry extracts

20 g of dried black trumpet were heated twice with
200 mL solvent (water or 80% ethanol or 80% methanol)
on a reflux condenser for 30 min. The combined
filtrates were evaporated under reduced pressure at
40°C (Buchi R210-215 rotary evaporator) and then,
freeze-dried (Christ Alpha 1-2/B Braun, Biotech-
International lyophilizator). The extracts were encoded
as follows: EE (freeze-dried 80% ethanolic extract),
EM (freeze-dried 80% methanolic extract) and EA
(freeze-dried aqueous extract). The extraction yield
(%) was expressed as the percentage of the total
mass of dry extract with respect to the mass of the
mushroom loaded for the initial extraction [41].
Preparation of samples for spectrophotometric and
antioxidant assays

One g of EE, EM and EA dry extracts were dissolved
in 100 mL solvent (80% ethanol; 80% methanol;
water). For all determinations a Jasco V-530 (Jasco,
Japan) spectrophotometer have been used.
Spectrophotometric determination of total phenolic
content

Total phenolic content was determined with Folin-
Ciocélteu reagent, as previously described [11, 26].
Results were expressed as g gallic acid/100 g dry
extract, based on a calibration curve (1.22 - 7.22 pg/mL,
R2=0.9989, n = 6).

Spectrophotometric determination of free sterols
Free sterols were determined based on their de-
hydration in the presence of perchloric acid and vanillin
acetate, as previously described [22]. Results were
expressed as g ergosterol/100 g dry extract, based on a
calibration curve (5.18 - 31.12 pug/mL, R? = 0.9900,
n==6).

Antioxidant capacity

The antioxidant capacity was evaluated by means of
well-known methods — the scavenger activity towards
2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2-azinobis-
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS™)
free radicals, ferric reducing power and chelating activity
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upon ferrous ions. These methods have been also used
by other authors for antioxidant activity evaluation
of medicinal mushrooms [36]. For each method
determinations were carried on according to previously
described methods [11, 26]. The concentration range
was 0.2 - 1.8 mg/mL (for DPPH and ferric reducing
power methods), 0.04 - 1 mg/mL (for ABTS"" assay)
and 0.4 - 2 mg/mL (for ferrous metal chelating activity).
The antioxidant capacity was assessed by means of
ascorbic acid equivalents (for DPPH, ABTS™" and ferric
reducing power methods) and Na,-EDTA equivalents
for ferrous ions chelating activity, as previously
described [26].

Cytotoxic activity

The cytotoxic activity of the analysed dry extracts was
determined by means of Daphnia magna, MTT (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) and live and dead bioassays.

Daphnia magna bioassay

The method consists in exposure of crustaceans to
serial dilutions of the dry extracts (concentration range
100 - 2000 pg/mL) and counting the survivors after
24, 48 and 72 hours incubation. Samples were prepared
and analysed as previously described [8, 11].

Cell culture models and extracts treatment (for
MTT and live and dead assays)

Human dermal fibroblasts CCD-1070 Sk cells and
human epidermoid carcinoma A431cells were cultured
in Dulbecco’s Modified Eagle Medium (DMEM)
supplemented with 10% foetal bovine serum (FBS)
and 1% penicillin - streptomycin mix. Both cell lines
were maintained in standard conditions at 37°C in a
humidified atmosphere with 5% CO, and sub-cultured
weekly. For all experiments, cells were detached from
culture vessels by enzymatic treatment with trypsin/
EDTA and seeded in 96-well plates for MTT assay
and 6-well plates for microscopy studies at an initial
density of 2 x 10* cells/cm?. After 24 h of culture,
the culture medium was removed and replaced with
the appropriate treatments.

Preparation of samples

0.01 g of each dry extract were dissolved in 10 mL
dimethyl sulfoxide (DMSO) (stock solution). The
stock solutions were sequentially sterilized by 0.22 uM
syringe filtration and further used for obtaining the
working dilutions (D1 - 0 pg/mL, D; - 6.25 pg/mL,
Ds - 12.5 pg/mL, Dy - 25 pg/mL, Ds - 50 pg/mL,
Ds - 75 pg/mL, D7 - 100 pg/mL, Ds - 200 pg/mL,
Dy - 500 pg/mL, Dio -1000 pg/mL) using MiliQ
sterilized water.

MTT assay

The assay is based on the assumption that MTT
tetrazolium salt reduction to its formazan (which is
violet coloured) occurs only in the mitochondria of
living cells due to the activity of mitochondrial de-
hydrogenases [32]. MTT is one of the most popular
tests to assess the potential anticancer effect of different
compounds/herbal or mushroom extracts [32]. Briefly,
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after 24 h and 72 h of culture, the culture medium was Tukey post-test. A value of p < 0.05 was considered
removed and the monolayers were incubated for 4 h the threshold for a statistically significant difference.
with 1 mg/mL fresh MTT solution at 37°C, allowing

metabolically active cells to form formazan crystals. Results and Discussion

The formazan crystals were further solubilized in iso-
propanol and the concentration of the resultant solution
was spectrophotometrically quantified at 550 nm using
the multimodal reader Flex Station 11l (Molecular
Devices) [23, 31].

Live and dead assay

This fluorescence based method of assessing cell
viability employs two probes that detect intracellular
esterase activity in live cells (the esterase substrate
calcein-AM stains live cells in green) and compromised
plasma membrane integrity in dead cells (ethidium
homodimer 111 stains dead cells in red) [34]. Live and
dead assay was performed according to Ghali W et al.
[9]. Briefly at the end of the experimental time
(after 24 and 72 h), the culture medium was removed
and the monolayers were washed with phosphate buffer
saline (PBS) and then stained for 15 minutes at room
temperature and darkness with a fresh solution of
calcein - AM and ethidium bromide, prepared according
to the manufacture’s provided protocol. For high-
lighting live and dead cells, all samples were analysed
by fluorescence microscopy using an Olympus 1X73
fluorescence inverted microscope and CellSens Imaging
Software for image capture and edit.

Statistical analysis

For each dry extract, three samples were analysed and
spectrophotometric, antioxidant and cytotoxic assays
were carried out in triplicate. Results are presented as
mean * standard deviation (SD) and were statistically
analysed using GraphPad Prism 6 software, using
one-way ANOVA test with Bonferroni correction or

Solvents with different polarities (ethanol 80%;
methanol 80% and water) have been used for dry
extracts preparation, since the solvent is a key factor
that influences mushrooms active substances extraction
[1, 25]. According to our results (Table I) the aqueous
dry extract (EA) has a significantly (p < 0.05) higher
total phenolic content compared to EE or EM extracts.
Our results are in agreement with other authors research,
that found a higher total phenolic content for Agaricus
bisporus, Trametes versicolor, Inonotus hispidus or
Hydnellum ferugineum aqueous extracts compared
to alcoholic ones [1, 25, 33]. We assume that the
higher phenolic content of EA dry extract is the
consequence of gallic acid and glycosidic forms of
caffeic and p-coumaric acids presence [21]. Still, it
is well-known that phenolic compounds are usually
more soluble in alcoholic solutions rather than aqueous
ones, so we assume that EA higher phenolic content
might be the consequence of other compounds (amino-
acids, proteins or glycosides) interaction with Folin-
Ciocélteu reagent [3]. Our results, regarding total
phenolic content of EE and EM dry extracts are lower
compared to other authors that found 4.39 g gallic
acid/100 g ethanolic dry extract and 2.63 g gallic
acid/100 g methanolic dry extract respectively [5, 25].
Regarding free sterols content (Table 1), EM and
EE have a similar content, which is in agreement
with other authors, who demonstrated that alcohol
(methanol/ethanol) and n-hexane are the best solvents
for ergosterol extraction from mushrooms [40].

Table |
Total phenolic content of analysed dry extracts
Dry extract Extraction yield (%) Total phenolic content (g gallic acid/100 g dry extract)

EE 24.13 1.1234 + 0.0966
EM 23.09 1.1938 + 0.0969
EA 29.13 2.7527 £ 0.1727

Results are mean = SD (n = 3). EE - 80% ethanolic dry extract; EM - 80% methanolic dry extract; EA- aqueous dry extract

Our results regarding the in vitro antioxidant activity for the 1.8 mg/mL dilution, the registered absorbance
(Table 11) showed that the EA dry extract has the best was 0.6539 in the case of EA dry extract and only
and statistically significant scavenger activity (p < 0.05) 0.3577 for EM and 0.2945 for the EE extracts (Figure
towards DPPH and ABTS™ free radicals. As shown 2a). We assume that p-glucans, phenolic compounds
in Figure 1a, the scavenger activity towards DPPH and minerals are responsible for EA significant anti-
free radical at the highest concentration (1.8 mg/mL) oxidant activity [21, 25]. For ferrous ions chelating
was 70.95% for EA, 34.83% for EE and 48.7% for activity (Figure 2b.) the results were unexpected, since
EM. Dry extracts have also scavenged ABTS™* free EM dry extract showed a significant (p < 0.05)
radical in a dose-dependent manner. The extracts higher antioxidant activity compared to EA and EE
displayed scavenging activity with values ranging from extracts. Probably, the surprising results are the
97.15% for EA to 86.45% for EE and 85.21% for consequence of a higher solubilisation of organic
EM (Figure 1b). Concerning the ferric reducing power, acids in methanol [2].
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Table 11
Acid ascorbic/Na, -EDTA equivalents for analysed extracts
ANTIOXIDANT ASSAYS (mg ascorbic acid/g dry extract or mg Na, -EDTA /g dry extract)

Dry extract DPPH ABTS™ Ferric reducing power Chelating activity

EE 18.1050 + 0.7443 295.34 + 0.4906 4.2750 £ 0.2629 35.1287 £ 0.8974

EM 20.1487 £ 0.7872 273.13 £ 0.5861 5.5682 + 1.0493 66.59 + 0.7418

EA 27.6787 £ 0.8780 559.29 + 0.1967 17.3972 +1.7329 40.46 + 0.3143
Results are mean + SD (n = 3). EE - 80% ethanolic dry extract; EM - 80% methanolic dry extract; EA - aqueous dry extract
Daphnia magna bioassay (Table 111) has shown that EE and EM). EA dry extract induced a moderate to
all extracts induced high lethality (100%) from the low toxicity on D. magna, whereas EE and EM
first 24 h on the crustaceans at higher concentrations extracts induced a moderate to high toxicity.

(over 1000 pg/mL for EA and over 750 pg/mL for
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Evaluation of antioxidant activity - a (DPPH assay), b (ABTS™ assay)
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Figure 2.
Evaluation of antioxidant activity - a (ferric reducing power), b (chelating activity)

EM extracts. We assume that phenolic compounds and sesquiterpenoids (illudin type) are responsible for
(quercetin), sterols (ergosterol and ergosterol peroxide) the EE and EM marked cytotoxic effects [12, 15, 21].
Table 111
Results of Daphnia magna bioassay
Dry LC502: ClI95% of LC5024 LC5048 CI95% of LC5048 LC5072  C195% of LC5072

extract (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ng/mL) (ng/mL)
EA 525.1 NC 516.2 NC 339.7 NC
EE 209 NC 198.8 NC 112 101.3t0 123.8
EM 208 188.8 t0 229.1 160.7 152.7 t0 169.2 130.8 115.8t0 147.7

Legend: EE — 80% ethanolic dry extract; EM — 80% methanolic dry extract; EA — aqueous dry extract. LC50 — 50% lethal concentration,
95% CI — 95% confidence interval, NC — not calculated due to the obtained results
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Cytotoxicity screening of the tested mushroom extracts
on the CCD-1070 Sk and A431 cells, using MTT
assay (Figure 3) revealed that after 24 h of treatment,
none of the three extracts alter cellular viability

regardless of the used treatment dose or cell type. In
contrast, after 72 h of treatment a significant effect
(p < 0.05) of the tested mushroom extracts is observed
upon cell viability of both cell lines (Figure 3).
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Figure 3.
Results of MTT assay
(D1—0 pg/mL, D2 — 6.25 pg/mL, Ds — 12.5 pg/mL, Ds — 25 pg/mL, Ds — 50 pg/mL, Ds — 75 pg/mL, D7 — 100 pg/mL,
Ds — 200 pg/mL, Dg — 500 pg/mL, D10 —1000 pg/mL; EE — 80% ethanolic dry extract; EM — 80% methanolic dry extract;
EA —aqueous dry extract)

For CCD-1070 Sk cell line, all extracts trigger an
increase of cellular viability as compared with the
untreated control (Figure 3). In contrast, A431 tumour
cells viability significantly decrease after exposure to
all mushrooms extracts (Figure 3). For EE and EM
dry extracts, the decrease of A431 cell viability is
dose-dependent, the cytotoxic effect being more
pronounced at high concentrations. For EA dry extract,
at high concentrations no significant effect on A431
cell viability is observed. However, at low doses of
extract a significantly decrease of A431 cell viability
is noticed most likely due to Hormesis effect.

Results for live and dead cells test are correlated with
MTT assay, since after 24h of treatment, the presence
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of dead cells is not observed neither in CCD-1070 Sk
cells, nor in A431 cells, regardless the used extract
or dose applied. Interestingly, even if very few dead
red cells are present in A431 cells exposed to different
concentrations of dry extracts (after 72 h), most of
the A431 cells are viable bright green cells, but the
ratio of viable cells is obviously low as compared
with the untreated control (Figures 4, 5).

These results suggest that most probably the extracts
alter the proliferation capacity of the A431 tumour
cells. We assume that polysaccharides are mainly
responsible for the selective cytotoxicity of the analysed
dry extracts upon A431 tumour cells. -glucans are
regarded as biological response modifiers, that enhance
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the innate and adaptive immune systems and stimulate neutrophils), which leads to maturation of dendritic
tumour rejection. These polysaccharides activate dectin-1 cells both in vitro and in vivo and enhanced antigen-
receptor (a non-Toll-like pattern recognition receptor specific CD4 and CD8T-cell responses [35].

that is expressed on myeloid cells, macrophages or

control

D6

Figure 4.

Fluorescence micrographs of A431 cells after 72h of treatment with EE dry extract at different concentrations
(D1 -0 pg/mL, D2 —6.25 pg/mL, D3 — 12.5 pg/mL, D4 — 25 pg/mL, Ds — 50 pg/mL, Des — 75 pg/mL, D7 — 100 pg/mL,
Ds — 200 pg/mL, Dg — 500 pg/mL, D1o — 1000 pg/mL; EE — 80% ethanolic dry extract; EM — 80% methanolic dry extract;
EA —aqueous dry extract)

control

D6

D9

Figure 5.

Fluorescence micrographs of A431 cells after 72h of treatment with EA dry extract at different concentrations
(D1 -0 pg/mL, D2 — 6.25 pg/mL, Ds — 12.5 pg/mL, D4 — 25 pg/mL, Ds — 50 pg/mL, Ds — 75 pg/mL, D7 — 100 pg/mL,
Ds — 200 pg/mL, Dg — 500 pg/mL, Dio — 1000 pg/mL; EE — 80% ethanolic dry extract; EM — 80% methanolic dry extract;
EA —aqueous dry extract)
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Moreover, B-glucans downregulate the expression
of myeloid-derived suppressor cells, which play a
major role in tumour-induced immunosuppression
[35]. Other compounds (reported by scientific literature
for black trumpet mushroom) that might be involved
in mushroom extracts cytotoxicity are illudin type
sesquiterpenoids (which act as DNA alkylating agents)
[12, 15]; ergosterol (which up-regulates tumour
suppressor Foxo 3 and apoptosis) [20] or stilbens
(piceatannol which promotes apoptosis through up-
regulation of microRNA-181a) [7, 39]. Moreover
phenolic compounds (quercetin, gallic acid, caffeic
acid) act as anticancer agents due to pro-oxidant
activity, mitochondrial toxicity, cell cycle arrest,
caspase activation and increase of Bax/Bcl-2 ratio
[4, 13, 21, 29].

Conclusions

Overall, analysed dry extracts from Craterellus
cornucopioides (L.) Pers. (black trumpet) mushroom
are a source of bioactive compounds with antioxidant
activity. The aqueous dry extract had the highest total
phenolic content and the best antioxidant activity
(as determined by DPPH, ABTS"" and ferric reducing
power assays). Alcoholic dry extracts are an important
source of free sterols. The cytotoxic activity upon
Daphnia magna crustaceans decreased as follows
EE ~ EM > EA. All analysed dry extracts have
shown a selective cytotoxic effect towards human
epidermoid A431 tumour cells. Further pharmacological
research is needed in order to determine the potential
anticancer effects of analysed dry extracts and their
exact mechanism of action.
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