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Abstract Healthy food trend is becoming popular these
days fueling search for ingredients empowered by pharma-
nutritional benefits. In contrast, numerous wild-growing
mushrooms are traditionally cherished as health promoting
gastronomies in India; although credibility of their effects
has so far been limited. Hence the present study aimed to
unveil a unique tribal cuisine, Russula alatoreticula, with
nutritional, chemical and pharmacological relevance. The
outcome demonstrated an excellent alimentary composi-
tion with carbohydrate and protein as prominent
macronutrients in contrast to fat providing oleic acid
(36.66%), linoleic acid (16.84%), palmitic acid (16.01%)
and stearic acid (15.31%) indicative of profitable nutritive
account. Conversely, ethanolic fraction enriched with
phenolics (pyrogallol > cinnamic acid) presented effective
antioxidant property in terms of radical scavenging, Fe*"
chelating and reducing power with ECs, ranging from 785
to 2500 pg/ml. Remarkable antibacterial activity was also
noted against the tested microorganisms (MIC of
72.5-1560 pg/ml) preferentially targeting Gram-positive
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one. Besides treatment of the preparation rendered Hep3B
proliferation as evident by phenotypic changes, cell cycle
interference, reactive oxygen species generation, mito-
chondrial membrane potential reduction, DNA fragmenta-
tion, change in Bax/Bcl2 ratio and activation of caspase9
signifying induction of intrinsic mitochondrial pathway.
Thus the study represents R. alatoreticula as a value-added
bio-resource that could be featured in food and pharma-
ceutical industries for betterment of humankind.

Keywords Fatty acid composition - Hep3B human liver
cancer - High performance thin layer chromatography
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Introduction

Today more and more people are leaning towards healthy
meals that are not only appealing to taste buds but also
good for body (Wabhl et al. 2017). In that essence, naturally
grown mushrooms are long being appraised for aroma,
taste, flavor, nutritional and nutraceutical effects particu-
larly by indigenous people; even though research on them
is virtually scarce. One of such matrices has recently been
introduced in our previous publication as Russula ala-
toreticula K. Acharya, S. Khatua, A. K. Dutta & S. Paloi,
sp. nov. that grows at the forest floor of lateritic region in
West Bengal, India (Khatua et al. 2017a). During rainy
season, the taxon produces fairly large basidiocarps with
intriguing red coloured pileus making them easily recog-
nizable in natural habitat. Indeed, the species is renowned
among local people in the name of “Murgi Chhatu”
(“Murgi” means hen, “Chhatu” depicts mushrooms) as
shade of cap resembles comb of hen. In this connection it is
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worth mentioning that the mushroom has been a perennial
component of indigenous diet for eons due to traditionally
known health benefits (Khatua and Acharya 2019). How-
ever, such ancestral mycophagy communities spend their
entire lifetime mainly in the jungle territory isolated from
mainstream societies. As a result, ethnically gathered aes-
thetic value of the natural resource remains confined to the
inhabiting rural areas (Khatua and Acharya 2019). Hence,
consumption of R. alatoreticula is very limited in elite
societies being neither prized in urban cuisine nor com-
mercially exploited as food (Khatua et al. 2018, 2019).
Intense scientific exploration on the macrofungus is thus
highly needed not just to reduce gap between our tradi-
tional practice and contemporary life-style but also to
convey clear-cut information regarding edibility of the
mushroom to civilized folk. The effort to raise awareness
may leave a permanent mark on economic activities as
edible wild mushrooms are retailed with higher prices in
market than the cultivated taxa due to their unique aroma
and texture. In that scenario, investigation on nutrient and
therapeutic status of R. alatoreticula would be very rele-
vant as the attempt might enhance its scientific concern and
societal use.

Research conducted during the last decade has indicated
culinary macromycetes, particularly wild-growing ones, as
“powerhouse of nutrition” being enriched in carbohydrate,
good quality protein and crude fiber (Dimitrijevic et al.
2018). However macrofungi provide minute amount of fat
making them low-energy functional foods which could
definitely contribute to healthy diet. The profile can be
compared with egg, meat and milk suggesting intake of
mushrooms in regular basis not only satisfy hunger but also
provide required nutrients (Wang et al. 2014).

Along with the immense alimentary supremacy, wild
basidiomycetes are also considered as reservoir of many
different nutraceuticals such as phenolic compounds pos-
sessing multi-functional, health advantageous properties
(Huang et al. 2009). Phenolics can efficiently be isolated
from natural bio-resources using polar solvents as “like
dissolves like”. Amongst them, ethanol is considered as a
conventional medium owing to its easy accessibility, safety
for consumption and high affinity for bioactivity compared
with other organic solvents. A large body of evidence
conclusively supports that ethyl alcohol extracted low
molecular weight compounds possess a number of thera-
peutic effects including antioxidant, antibacterial and
anticancer capacities (Tungmunnithum et al. 2018; Sho-
mali et al. 2019). Indeed researchers are looking for bio-
based ingredients to overlap disadvantages of existing
synthetic compounds which are considered to be hazardous
not only to human health but also environment. Conse-
quently wild and unexplored myco-resources may offer

@ Springer

new avenues providing either stand-alone or combinatorial
alternatives (Khatua et al. 2017¢; Shomali et al. 2019).

In this backdrop, our research team has developed sev-
eral works to draw attention on traditionally cherished yet
neglected macrofungi by documenting their ethnic impor-
tance, basic composition and pharmacological properties
(Khatua and Acharya 2019; Khatua et al 2019). Likewise,
the present work also aimed to contribute above mentioned
goal since it explored nutritional traits of a newly discov-
ered mushroom, R. alatoreticula, to validate its ethnic
consumption. In addition to that, an ethanol extract was
prepared from dried basidiocarps and characterized in
terms of bioactive compounds as well as medicinal effects.

Materials and methods
Collection of basidiocarps and authentication

Fruit bodies of R. alatoreticula were collected under Sal
tree in lateritic areas of West Bengal during monsoon
season. Identification of the gathered taxon was accom-
plished after thorough characterization based on morphol-
ogy and  phylogenetic  position.  Subsequently,
representative voucher specimen (Accession No: CUH AM
114) was deposited in Calcutta University Herbarium
(CUH) (Khatua et al. 2017a).

Proximate composition

The specimen was analyzed for its basic composition
including moisture, ash, protein, fat and carbohydrate,
according to AOAC (1995). The moisture content was
determined by further heating of dried sample at 105 °C
overnight until constant weight. Ash content was estimated
by weighing the incinerated residue obtained at 550 °C for
24 h. Amount of crude protein (N x 4.38) was quantified
with the help of KEL-PLUS autokjeldahl analyzer (Pelican
Eqipments, Model number: Distyl-EM (VA), Chennai,
India), by employing converting factor 4.38. While fat
content was enumerated by extracting a known weight of
powdered sample with petroleum ether. Further, extent of
total carbohydrate was calculated by difference: total car-
bohydrate (g) = 100 — (g of protein + g of fat + g of
ash). Energy was computed according to the following
equation: total energy (kcal) =4 x (g crude protein + g
total carbohydrate) + 9 x (g crude fat).

Quantitative and qualitative determination of lipid
class

The lipid was extracted from grounded mass using petro-
leum ether at room temperature. The isolated extract was
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then fractionated in silica gel coated TLC plate with hex-
ane:diethyl ether (90:10) as a developing solvent. The
triglyceride and sterol fractions were quantitatively re-ex-
tracted from TLC plate with the help of hexane. Weight of
the samples collected after solvent removal was measured
gravimetrically and finally the percentage of collected
samples was noted. Phospholipids content of sample was
determined spectrophotometrically following the protocol
as described by Chen et al. (1956).

Fatty acid profiling

About 200 mg of sample oil was hydrolyzed with 0.5 N
NaOH in methanol (50 ml) at reflux temperature. After-
ward, BF3;-methanol reagent (5 ml) and hexane (2 ml)
were poured sequentially followed by boiling for 1 min
after each addition. The mixture was cooled and then 15 ml
of saturated NaCl solution was added. Hexane solution of
methyl-esters at the top was extracted and transferred into a
test tube with anhydrous Na,SO, (Pedneault et al. 2006).
One pl hexane solution was injected in gas chromatograph
(Agilent 6890n, USA), fitted with a DB-wax capillary
column (30 m x 0.25 mm I.D.) and flame ionization
detector (250 °C). N,, H, and airflow rates were main-
tained at 1, 30 and 300 ml/min respectively.

Preparation of ethanol extract

Ten gm of the powdered fruit bodies were steeped in
200 ml of absolute ethanol under shaking condition of
150 rpm. Residue was then filtered through Whatman No.
4 and re-extracted with 100 ml of ethanol. The combined
ethanolic fractions were diminished in volume using rotary
evaporator (Rotavapor R-3, Butchi, Switzerland).

Chemical characterization of ethanol extract

Determination of total phenol, flavonoid, carotenoid
and ascorbic acid content

To quantify total phenolic compounds, extract solution was
mixed with Folin-Ciocalteu reagent and sodium carbonate.
Amount of total flavonoid content was determined using
the fraction, aluminium nitrate, potassium acetate and 80%
aqueous ethanol. Content of carotenoids including B-car-
otene and lycopene were estimated by mixing the prepa-
ration with acetone:hexane mixture and then absorbance
was measured. Presence of ascorbic acid in the formulation
was determined following a titration method (Khatua et al.
2018).

HPLC analysis of phenolic compounds

Ten mg of dried fraction was dissolved in one ml of HPLC
grade methanol, filtered and 20 pl of that filtrate was then
analysed by HPLC (Agilent, USA). Separation was per-
formed with Agilent Eclipse Plus CI18 column
(100 mm x 4.6 mm, 3.5 pum). Elution was carried out by
using acetonitrile (eluent A) and 0.1% phosphoric acid
solution (eluent B) in a gradient procedure: 0-2 min, 5%
A; 5-10 min, 15% A; 10-15 min, 40% A; 15-20 min, 60%
A; 20-22 min, 90% A (Khatua et al. 2018).

Evaluation of antioxidative property

To determine 2,2-diphenyl-1-picrylhydrazyl (DPPH) radi-
cal scavenging activity, reaction mixture was prepared in
96-well plate followed by detection of final colour at
595 nm using microplate reader (Bio-Rad iMarkTM
Microplate Reader, USA). To estimate 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS) radical
quenching effect, freshly prepared ABTS ™ was allowed to
react with the fraction in microtiter plate and optical den-
sity was noted. For metal ion chelating assay; ferrous
chloride, the formulation and ferrozine were added in
96-well plate. Absorbance was estimated at 595 nm after
10 min incubation. To assess reducing power, the prepa-
ration at different concentrations was mixed with Kjs.
[Fe(CN)s, TCA and FeCl; where absorbance was
enumerated at 750 nm using microplate reader (Khatua
et al. 2017b). Finally, total antioxidant capacity was
determined as described in our previous publication
(Khatua et al. 2017a).

Estimation of antibacterial potential

The six investigating bacteria namely Listeria monocyto-
genes ATCC® 19111™, Staphylococcus aureus ATCC®
700699™, Bacillus subtilis ATCC® 6633™, Klebsiella
pneumoniae ATCC® 15380™, Salmonella typhimurium
ATCC® 23564™ and Escherichia coli ATCC® 25922™
were purchased from MTCC, Chandigarh, India. Reactions
were performed in 96 well plate and incubated for 24 h.
Afterwards p-iodonitrotetrazolium chloride (INT) dye was
added followed by measuring absorbance at 595 nm
(Khatua et al. 2017a).

Determination of anticancer activity
Cell culture and maintenance
Hep3B (human hepatoma cell line) and BRL-3A (normal

rat liver cell line), purchased from NCCS, Pune, India,
were routinely maintained in Dulbecco’s Modified Eagle

@ Springer



2136

J Food Sci Technol (June 2021) 58(6):2133-2147

Medium (DMEM) supplemented with 10% heat inactivated
fetal bovine serum (FBS), 0.25% amphotericin B and 0.5%
PenStrep.

Cytotoxicity, clonogenic cell survival and wound healing
assays

Cells (1 x 10* cells/well) were treated with various con-
centrations of the extract for 24 h. After that, water soluble
tetrazolium (WST) was added and finally optical density
was measured at 450 nm. DMSO was used to dilute the
ethanol fraction; however the solvent was added in each
well at the concentration not more than 0.05% (v/v). For
clonogenic protocol, cells were treated with the formula-
tion for 24 h, then cells were placed in fresh media and
plate was returned to the incubator for 5-6 doubling. For
enumeration of colonies, fixed cells were stained by 0.1%
crystal violet. In order to perform wound healing assay,
Hep3B cells were scraped in straight line to create a
scratch. The preparation was added at different dosages and
healing of the wound was assessed after 24 h incubation
(Khatua et al. 2019).

Detection of cell death by morphological analysis

The treated and untreated cells were permeabilized and
incubated with one pg/ml of 4',6-diamidino-2-phenylindole
(DAPI) solution. Changes in nuclear morphology were
photographed with the help of fluorescent microscope
(FLoid® Cell Imaging Station, Life Technologies, Carls-
bad, CA, USA). For acridine orange/ethidium bromide
(AO/EB) dual staining method, cells were exposed to the
fraction for 24 h and suspended with 100 pl of AO/EB
staining solution (Khatua et al. 2019). Intensity of fluo-
rescent staining was observed and images were captured.

Cell cycle analysis

After 24 h treatment, cells were centrifuged and pellet was
then fixed in 75% ethanol. Next day, cells were resus-
pended in 0.2 mg/ml RNase for one h and then propidium
iodide (PI) staining solution was added. Cell cycle distri-
bution was monitored by flow cytometry (BD Bioscience,
San Jose, CA, USA) and results were analyzed with BD
CellQuest Pro software.

Detection of DNA fragmentation by terminal
deoxynucleotidyl transferase dUTP nick end labelling
(TUNEL) assay

Cells were incubated with the preparation for 24 h and then

permeabilised with 70% ethanol. Following centrifugation,
broken DNA fragments were labelled at per manufacturer’s
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instruction using TdT enzyme and FITC-dUTP (APO-
DIRECT™ Kit, BD Pharmingen, San Diego, CA, USA).
At the end of incubation time, rinse buffer was added and
the cell pellet was suspended in PI/RNase staining buffer.
Cells were incubated at room temperature for 30 min and
immediately analyzed by a flow cytometer.

Measurement of intracellular ROS and MMP

Hep3B cells were incubated with the extract for 30 min
and 2',7'-dichlorofluorescin diacetate (DCFDA) dye was
added to each experimental set. Finally intracellular ROS
levels were measured using flow cytometry as mentioned
above. The same method was repeated for estimation of
MMP where cells were treated for 24 h. Following incu-
bation, cells were suspended in PBS containing 5,5,6,6'-
tetrachlorol,1’,3,3'-tetraethylbenzimidazolcarbocyanine

iodide (JC-1) (10 pg/ml) for 15 min and the stained cells
were detected by flow cytometry (Czarnomysy et al. 2016).

Analysis of apoptosis related gene expression by reverse
transcription polymerase chain reaction (RT-PCR)

Reverse transcription was executed with RNA with the help
of RT-and GO Mastermix (Two-Step Reverse Transcriptase-
PCR Kit from MP Biomedicals, Santa Ana, CA, USA) at per
manufacturer’s instruction. To analyze the expression of
specific gene, PCR was performed as described by Khatua
et al. (2019). The sequences of PCR primers are enlisted in
Supplementary Table 1. The PCR cycle conditions were as
follows: 95 °C for 4 min, 35 cycles of 94 °C for 20 s,
annealing temperature for specific primer for 30 s and 72 °C
for 45 s with 7 min final extension step at 72 °C using
thermal cycler (Applied Biosystems, Foster City, CA, USA).
For each gel, ImageJ software v. 1.46r was applied for
numerical assessment of band strength.

Statistical analysis

All results presented herein are expressed as mean £+ SD
from three experiments (n = 3). Differences in mean values
between the groups were analyzed by one-way analysis of
variance (ANOVA) with post-hoc Tukey HSD test using
IBM SPSS statistics for Windows, v. 23.0. (IBM Corp.,
Armonk, NY, USA).

Results
Proximate composition

The analysis of nutrient profile (Table 1) enumerated high
level of water content in R. alatoreticula indicating
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Table 1 Proximate composition of Russula alatoreticula (mean £ SD)
Name of Moisture (g/  Carbohydrate  Protein (g/ Fat (g/ Crude fibre Ash (g/100 g  Energy (Kcal/ References
mushroom 100 g dry (g/100 g dry 100 g dry 100 g dry (g/100 g dry  dry weight) 100 g dry
weight) weight) weight) weight) weight) weight energy)
Russula 91.33 £ 1.17 6356 £ 132 2234+097 2.11 £0.12 10.06 £ 1.45 11.99 £0.17 362.59 £ 1.97
alatoreticula
Russula 7.67 40.81 31.63 3.46 ND 16.43 253.84 Sharma
brevipes et al.
(2017)
Russula 7.39 63.24 19.84 1.7 ND 7.83 286.28 Sharma
cyanoxantha et al.
(2017)
Russula 6.89 46.11 26.36 5.44 ND 15.2 275.05 Sharma
heterophylla et al.
(2017)
Russula ND 34.15 12.1 0.28 1.19 0.17 188.72 Sharma
lepida and
Gautam
(2015)
Russula ND 36.4 11.03 0.22 1.38 0.13 191.7 Sharma
mairei and
Gautam
(2015)
Russula 92.49%* 62.27 21.85 1.85 ND 11.04 365.09 Sharma
virescens et al.
(2017)

ND Not detected
*g/100 g fresh weight

perishable nature of the specimen. Carbohydrate was
detected as the predominate macronutrient followed by
protein. In contrast total fat was enumerated in trace; as a
whole, low energy was attributed pointing apparent con-
sideration of the studied specimen as dietetic food. Nev-
ertheless sufficient amount of crude fibre was also
determined which was at per the ash quantity. Overall the
indigenous myco-food under investigation could be con-
sidered as an ideal dietary supplement for a broad range of
consumers as it takes a position of nutritional excellence.

Fatty acid profiling

Crude fat in macrofungi includes several kinds of lipid
compounds like sterol, free fatty acid, sterol ester, mono, di
and triglyceride as well as phospholipid (Pedneault et al.
2006). Thus the present study also aimed to characterize
lipid profile of R. alatoreticula where triglyceride, sterol,
phospholipid and fatty acids were detected in the amount of
339 £ 235%, 5.6 £126%, 433 £3.08% and
17.2 £ 2.3% w/w respectively. Further research illustrated
presence of approximately 20 different fatty acids in the
mushroom where carbon chain lengths varied from 6 to 24
(Supplementary Table 2). Out of them, oleic acid was
quantified in the major proportion followed by linoleic

acid, in sum accounting 53.5 & 0.18% of total fatty acid.
Conversely, palmitic and stearic acids were also encoun-
tered representing a major proportion of saturated fatty
acids. Besides, it would be worth to note that both omega 3
and 6 types were identified in the profile; alongside the
level of unsaturated fatty acid was detected in superior
extent satisfying fat intake regulations.

Chemical characterization of ethanol extract

Determination of total phenol, flavonoid, carotenoid
and ascorbic acid content

To predict downstream application of R. alatoreticula, an
ethanol fraction was extracted that appeared light yellow in
colour with sufficient recovery percentage (Table 2). Fur-
ther, extent of major bioactive compounds was measured
(Table 2) and studies on quantitative composition revealed
phenolic substances as the most prevailing constituent.
Among the cluster, total flavonoid content in the formu-
lation was found to be nearly half of the phenolics. On the
other hand, modest amount of vitamin C was identified in
the formulation. Considering total carotenoid content, only
traces of B-carotene and lycopene were detected.
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Table 2 Extractive yield and

. S Parameters
chemical characterization of

Russula alatoreticula

ethanol fraction isolated from

3 Extractive yield (%) 5+1
Russula alatoreticula . . .
Phenol (ng gallic acid equivalent/mg of dry extract) 6.63 + 0.49
Flavonoid (pg quercetin equivalent/mg of dry extract) 345+ 26
B-carotene (pug/mg of dry extract) 0.05 + 0.02
Lycopene (pg/mg of dry extract) 0.04 + 0.01
Ascorbic acid (ug/mg of dry extract) 2.44 + 0.05

HPLC analysis of phenolic compounds

Beside quantification of phenol by spectrophotometry, the
present study also aimed for HPLC profiling to procure
phenolic fingerprint and predict the molecular constituents.
The chromatogram of R. alatoreticula fraction indicated
existence of at least twelve compounds of which two were
tentatively recognized (Supplementary Fig. 1). Quantifi-
cation analysis indicated pyrogallol as the most dominant
component (4 + 0.09 pg/mg of extract) manifested in the
extract followed by cinnamic acid (0.15 £ 0.01 pg/mg of
extract).

Evaluation of antioxidative property

A number of methods based on different principles have
been used in the present work to determine antioxidant
effect of ethanol fraction from R. alatoreticula where the
outcome has been demonstrated in Table 3. Firstly, DPPH’
scavenging assay was performed being the most easy
method for estimation of antioxidant activity. At the level

of 100, 500 and 1000 pg/ml, the extract quenched radicals
at the rate of 2.17 = 0.09%, 2534 + 1.05% and
63.14 + 2.73% respectively (Supplementary Fig. 2a).
Further to that, ABTS'™ scavenging potential was also
evaluated for assessment of antioxidant activity of the
studied extract. The fraction quenched 11.63 £ 0.87% and
47.13 £ 1.57% radicals at concentrations of 100 and
1000 pg/ml respectively. When the level was alleviated to
2000 pg/ml, 65.97 £ 1.98% radical inhibition was found
(Supplementary Fig. 2b). Another popular method for
determination of antioxidant activity is Fe*™ chelating
assay that illuminated affinity towards metal ion of the
investigated drug. At the dosages of 100, 1000, and
2000 pg/ml, R. alatoreticula preparation was able to bind
with 1.16 £ 0.02%, 29.92 £ 1.16% and 68.78 £ 2.81% of
ferrous ions respectively (Supplementary Fig. 2¢). Con-
ferring to outcome of ferricyanide/prussian blue assay, the
fraction from R. alatoreticula demonstrated reasonable
reducing power which increased with escalation of con-
centrations. At the level of 1500, 2000 and 2500 pg/ml, the
extract exhibited reducing power of 0.26 &+ 0.01,

Table 3 Antioxidant and antibacterial activities of ethanol fraction isolated from Russula alatoreticula as represented by ECsy and MIC values

(pg/ml) respectively

Parameters to detect bioactivity Russula alatoreticula Standard

Antioxidant activity

ECsq value Scavenging ability of DPPH radicals 785 + 40% 7.45 £ 0.02°
Scavenging ability of ABTS radicals 1300 + 32% 3.65 + 0.02°
Chelating ability of ferrous ion 1500 + 27* 2.54 +0.52°
Reducing power 2500 + 37* 3221 £ 6.91°

Total antioxidant activity (g ascorbic acid equivalent/mg of dry extract) 545 £0.12 Not applicable

Antibacterial effect

Gram positive Listeria monocytogenes 226.5 £+ 58.5* 468 £ 0.17°
Staphylococcus aureus 88.7 £+ 20.22° 6.29 + 0.16°
Bacillus subtilis 72.5 £ 23.33° 5.61 + 0.01°

Gram negative Escherichia coli 156.23 + 25.13° 541 +0.11°
Salmonella typhimurium 289 + 15.36% 5.09 & 0.03°
Klebsiella pneumoniae 1560 + 45.68% 5.29 + 0.14°

BHA was used as a standard in all antioxidant assays except chelating ability of ferrous ion and total antioxidant capacity methods where EDTA
and ascorbic acid were considered as positive controls respectively. Streptomycin was used as a reference in antibacterial methods. In each row,
dissimilar letters denote significant alterations between sample and standard (p < 0.05)
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0.43 £ 0.02 and 0.5 % 0.01 respectively (Supplementary
Fig. 2d). Finally, phosphomolybdenum method was per-
formed for evaluation of total antioxidant capacity where
the preparation exhibited effective activity.

Estimation of antibacterial potential

Following the microplate protocol, pathogen susceptibility
test was carried out in the present study using three Gram
positive microbes namely L. monocytogenes, S. aureus and
B. subtilis along with three Gram negative bacteria such as
E. coli, S. typhimurium and K. pneumoniae. These
microorganisms are known as causal agents for respiratory
and intestinal infections in humans, aside from concern
with food quality degradation. Results showed that the
ethanol fraction from R. alatoreticula inhibited all the
tested pathogens, suggesting a broad antimicrobial activity
in a concentration-dependent manner. According to
Table 3, it could be said that S. aureus, B. subtilis, S.
typhimurium and E. coli were quite vulnerable, as the MIC
values were lower than 300 pg/ml. Whilst, K. pneumoniae
appeared as more resistant bacteria as relatively higher
concentration of the extract was required to inhibit its
growth. Overall, the formulation under investigation pre-
sented a pronounced activity with special affinity towards
Gram-positive bacteria.

Determination of anticancer activity

Cytotoxicity, clonogenic cell survival and wound healing
assays

Cell viability study is a valuable tool for testing sensitivity
of chemicals that also provides preliminary information for
in vivo research. In this context, WST-8 was used in the
present work to determine effect of ethanol extract from R.
alatoreticula on Hep3B liver cancer cells. As portrayed in
Fig. la, the evaluating formulation showed remarkable
reduction in cellular growth within 24 h; however did not
impose any toxic effect on BRL-3A cells indicating its
selectivity for cancer. Considering Hep3B, treatment with
100, 300 and 500 pg/ml of the preparation dramatically
reduced cell number by 19.5 £ 2.01%, 51.06 & 3.2%,
75 £ 2% with a half-maximal inhibitory concentration of
300.6 £ 2.2 pg/ml. The value was found to be lower than
the published Glso data of methanol extract from R. ala-
toreticula (Khatua et al. 2019) indicating superior activity
of the preparation under investigation. The observation was
in accordance to other researchers conveying that absolute
ethyl alcohol based formulations from mushrooms find the
most extensive application in cancer intervention (Basli
et al. 2017).

Ability of liver hepatoma to survive after treatment with
the studied fraction was further estimated using clonogenic
survival or colony formation method. Result showed that
there was a significant reduction of colonies in exposure
with increasing concentration of the fraction (100400 pg/
ml), as compared to untreated cells. Indeed, in control sets
cells divided many times and formed large colony, while
cells gradually lost ability to divide in presence of the
preparation from R. alatoreticula (Fig. 1b). Based on these
outcomes, dosages of 200, 300 and 400 pg/ml of the for-
mulation were selected for further experimentation.

Given that cell migration is a crucial step during
angiogenesis, the wound healing assay was performed to
monitor effect of the extract on hepatoma motility. As
demonstrated in Fig. lc, control cells proliferated to the
opening of scratch completely and closed the area within a
day. In contrast, a dramatic inhibition of wound closure
was observed when cells were treated with the extract.
Results thus indicated that the ethanol fraction was effec-
tive enough in restraining mobility of Hep3B cells in a
dose-dependent manner, which might make it a potential
drug for reverse of tumor metastasis.

Detection of cell death by morphological analysis

In order to determine role of apoptosis in cell growth
inhibition by the fraction, morphological changes in Hep3B
cells were examined. Initial assessment by using inverted
microscope illustrated vivid morphological changes in
treated cells, like reduced cell density, cell shrinkage,
roundness and irregular morphology in comparison with
control (Fig. 2a). Fluorescent microscopy using DAPI also
presented various alterations, such as nuclear fragmenta-
tion, membrane disruption and chromatin condensation
indicating that the ethanol extract might have induced
apoptotic cell death in Hep3B.

Morphological changes of liver hepatoma incubated
with the extract for 24 h at a range of concentrations were
also analyzed by AO/EB double fluorescence staining.
Microscopic scrutiny depicted that untreated cells were
represented by round and intact nucleus with green fluo-
rescence; whereas cells exposed to 200 and 300 pg/ml
dosages of the preparation exhibited bright greenish yellow
staining indicating early apoptotic phase. After treatment
of the highest investigating level, morphology of cells was
found to be transformed to cytoplasmic shrinkage and
nuclear chromatin condensation. Presence of red coloured
cells was also detected at these phases signifying late
apoptotic condition (Fig. 2b). Thus, the sign of apoptosis
was more prominent with increasing concentrations, where
cell numbers were drastically reduced.
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Fig. 1 Effect of ethanol extract from Russula alatoreticula on Hep3B cell proliferation was estimated by a WST (***p < 0.001 vs. control)
b colony-formation and ¢ wound healing assays

Cell cycle analysis Detection of DNA fragmentation by TUNEL assay

It is known that cells can be arrested at any stage of cycle ~ One of the later step in apoptosis is DNA fragmentation
in response to un-repairable damage and finally destined  that results due to activation of endogenous nucleases that
for death. The status of cell cycle arrest by ethanol extract  cleave DNA pieces of around 50 bp with accessible 3’-OH.
on Hep3B was therefore monitored by flow cytometric ~ These free hydroxyl termini can be marked by incorpo-
study. The results showed that there were significant dif-  rating labelled dUTP with the help of terminal deoxynu-
ferences between treated and control groups with respect to  cleotidyl and such staining is the principal of TUNEL assay
percentage of cells at different phases (Fig. 3a). When  (Kouassi et al. 2016). In the present study, no measurable
cancer cells were exposed with the fraction, consequence  effects on TUNEL staining were observed under normal
was a marked accumulation of cells in sub-Gy/G; level.  growth condition. After incubation of Hep3B cells with the
This finding thus let us assumed that the studied formula- ethanol extract for 24 h, number of TUNEL-positive cells
tion from R. alatoreticula induced apoptosis by halting the  increased dose dependently (Fig. 3b), suggesting that the
cell cycle progression at subGy/G; phase. treatment resulted DNA disintegration in the cancer cells,
which is a hallmark of apoptosis.
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v

v
3
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Fig. 2 Effect of ethanol extract from Russula alatoreticula on cellular morphology of Hep3B cells was investigated using a DAPI and b acridine

orange/ethidium bromide dual staining methods
Measurement of intracellular ROS and MMP

ROS has been suggested as an important mediator for
apoptosis and its elevated level is sufficient to trigger cell
death. Thus to study impact of the fraction on oxidative
stress, intracellular ROS production in Hep3B cells was
measured by DCFDA probe as it produces 2’,7'-dichlo-
rofluorescein (DCF) after reacting with ROS (Khatua and
Acharya 2019). As illustrated in Fig. 3c, DCF fluorescence
increased after exposure to the ethanol extract from R.

alatoreticula suggesting induction of ROS production.
Quantitative analysis revealed that the fraction at 200, 300
and 400 pg/ml concentrations elevated ROS generation by
3.97 £ 0.03%, 14.36 £ 0.87% and 34.62 £ 1.1% respec-
tively in comparison with control cells.

Excessive ROS production can influence mitochondrial
function and initiate that organelle intermediated cell death
via disruption of MMP in cancer cells. According to the
results, MMP reduction was encountered in presence of the
ethanol extract dose dependently as evident by gradual
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Fig. 3 Effect of ethanol extract from Russula alatoreticula on a cell membrane depolarization (***p < 0.001 vs. control) on Hep3B cells
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ation (*p < 0.05, ***p < 0.001 vs. control) and d mitochondrial
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decrease in fluorescence (Fig. 3d). Outcome presented that
in case of 400 pg/ml concentration of the extract, MMP
was lost by 48.01 & 1.98% in respect to control cells.
Overall, a parallel oscillation in radical production and
MMP value recommended that the ethanol fraction induced
intracellular ROS overproduction resulting mitochondrial
dysfunction.

Analysis of apoptosis related gene expression
and elucidation of mode of action

In general, intrinsic pathway is the most common mode of
apoptosis that is activated within cell itself in response to
stress initiated by damage-inducing agents like cytotoxic
drugs. In this context, one of the foremost gene groups that
control apoptosis is Bcl-2 family such as Bax and Bcl-2
which elicits contrasting effects on mitochondria.
Enhancement of pro-apoptotic Bax over anti-apoptotic Bcl-
2 can induce permeability of mitochondrial membrane. The
phenomenon in turn activates caspases; a conserved group
of enzymes that conclusively commits a cell to die (Basli
et al. 2017). The current study as illustrated in Fig. 4a—d
indicated that ethanol extract up-regulated mRNA expres-
sion of Bax and decreased level of Bcl-2, thus shifting Bax/
Bcl-2 ratio in favour of apoptosis. Furthermore, pro-
nounced stimulation of caspase-9 expression was also
noticed indicating that the studied fraction induced apop-
tosis of Hep3B cells through intrinsic mitochondria-medi-
ated pathway (Fig. 4e).

Discussion

The genus Russula is known as one of the most widely
distributed ectomycorrhizal agaric group; of which many
members have culinary use being packed with flavor
enhancer, gourmet appeal and health promoting effects
(Khatua et al. 2018). Despite longstanding use in tribal
communities, they still remain an anonymous group, par-
ticularly in the nutraceutical aspect. Thus, it is not only
important to recognize these functional foods but also to
utilize the beneficial aspects for betterment of society,
before they disappear from the Earth. In that essence our
study attempted to record nutritional characterization of a
novel mushroom, R. alatoreticula. The mushroom was
found to contain high amount of moisture where the value
fit well within the range of 80-95%, as reported in case of
other edible macrofungi. Literature survey also imply that
basidiomycetes consist carbohydrate as the major sub-
stance in fruiting bodies ranging between 50 and 65%
followed by protein (12-29.3%) and fat (1-6.7%) (Wang
et al. 2014). Accordingly, the study revealed carbohydrate
as the main component in the studied specimen which was

in higher extent than that of Russula delica, Russula bre-
vipes, Russula heterophylla, Russula virescens and Russula
vesca (Pushpa and Purushothoma 2010; Singdevsachan
et al. 2014; Sharma and Gautam 2015). On the other hand,
protein content in the taxon was found to be better than
Russula aurea, Russula integra and Russula cyanoxantha
(Agrahar-Murugkar and Subbulakshmi 2005; Leal et al.
2013; Sharma et al. 2017). Contrarily, the macrofungus
under investigation consisted fat in lower amount than
Russula lepida, Russula mustelina and Russula delica
(Kouassi et al. 2016). Overall total energy content was
found to be slightly lower than other wild growing mush-
rooms (Wang et al. 2014) suggesting profitable nutritive
account of R. alatoreticula.

Apart from macronutrient profiling, interest in fatty acid
composition is also currently expanding as macrofungi
provide essential entities including n3 and n6 series of
polyunsaturated one that affect growth, development and
nutrition-related chronic diseases (Pedneault et al. 2006).
In this context, limited research has been performed pre-
viously focusing on Russulaceous fungi where they have
been reported to encompass high amount of unsaturated
fatty acids in comparison with saturated type. Indeed, oleic
acid has been enumerated as the chief constituent in Rus-
sula anthracina, R. aurea, R. cyanoxantha and R. virescens
followed by linoleic acid (Ribeiro et al. 2009; Ergoniil
et al. 2013; Leal et al. 2013) which is in accord to our
observation. Literature study suggests that ingestion of
these valuable components is quite essential as they are
associated with decreased intra-myocellular lipid level,
reduction of low-density lipoprotein in blood, improvement
of inflammatory disorder and blood pressure controlling
(Pereira et al. 2019).

Nevertheless, another main purpose of this work was to
investigate effect of the prepared ethanolic extract from R.
alatoreticula on bioactive status. For that, ethyl alcohol
was used as an extractant solvent where the yield of the
studied preparation was found to be superior to that of
Hericium erinaceus and Cordyceps militaris (Phan et al.
2013). Quantitatively the fraction was detected to encom-
pass different therapeutic substances presented in the order
of phenol > flavonoid > ascorbic acid > B-carotene > ly-
copene. Comparison with previous studies revealed that the
bioactive components were presented in greater amount in
the formulation than that of Ganoderma Ilucidum (Ra-
jasekaran and Kalaimagal 2011), R. lepida and R. mairei
(Sharma and Gautam 2015; Khatua et al. 2019). Further to
that, HPLC analysis was also performed where total eleven
standard compounds were utilized that could be divided
into three subclasses namely cinnamic acid and derivatives
(ferulic, chlorogenic and p-coumaric acid), hydroxybenzoic
acid and derivatives (gallic, salicylic, vanillic acid) and
flavonoid (quercetin, myricetin). The fraction was
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«Fig. 4 Influence of ethanol extract from Russula alatoreticula on
Hep3B cells was determined with the help of a reverse transcriptase-
PCR by assessing effect on transcription level of three different genes
b Bax ¢ Bcl-2 and d Caspase-9 (¥**p < 0.001 vs. control). e A
diagrammatic representation

purportedly consisted of pyrogallol and cinnamic acid
which was in accord to earlier reports (Leal et al. 2013;
Khatua et al. 2019; Khatua et al. 2018).

Interestingly the above-mentioned metabolites have
been established to play enormous role behind therapeutic
benefits of bio-resources, where the amounts are directly
co-related to antioxidative properties. Indeed phenols of
higher fungi are known to have outstanding property of
delaying or suppressing spontaneous autoxidation of free
radicals. On the other hand, B-carotene, lycopene and
ascorbic acid have also been recognized as potent radical
quenchers making them an extraordinary antioxidant
compound (Carocho and Ferreira 2013). As a result, the
studied formulation was found to be better radical
quenchers than ethanolic fraction from Pleurotus flabella-
tus (Pumtes et al. 2016). Besides, the studied formulation
also demonstrated a marked capacity for iron chelating
ability which was superior to Pleurotus ostreatus
(Jayakumar et al. 2009). On the other hand, total antioxi-
dant capacity of ethanol fraction of R. alatoreticula was
detected to be better than its methanol fraction (Khatua
et al. 2019).

Besides antioxidant effect, such phenolic compounds
have also been identified to possess strong antimicrobial
power. The action results from an interaction between these
constituents and cell membrane of targeted bacteria, pos-
sibly due to their ability to bind with soluble and extra-
cellular proteins as well as cell walls (Aradjo et al. 2012).
In this context, previous studies revealed that the macro-
fungal secondary metabolites are able to control growth of
several pathogens especially S. aureus, B. cereus, B. sub-
tilis (among Gram-positive microbes), E. coli and K.
pneumoniae (among Gram-negative bacteria) (Alves et al.
2012). Subsequently our finding is in accordance to the
reports where the ethanolic fraction from R. alatoreticula
presented efficient activity against all the tested microor-
ganisms (B. subtilis > S. aureus > E. coli > L. monocy-
togenes > S. typhimurium > K. pneumoniae) with special
affinity towards Gram-positive pathogens. This tendency
could be clarified by the fact that Gram-negative bacteria
retain outer membrane surrounding cell wall restricting
diffusion of bioactive compounds (Aratdjo et al. 2012).
Nevertheless comparative analysis with previous publica-
tion revealed that the studied preparation from R. ala-
toreticula was more aggressive against tested bacteria than

ethyl alcohol extracts from Cordyceps sinensis, Larici-
fomes officinalis and Coprinus comatus (Hleba et al. 2016).

Natural products rich in antioxidative ingredients have
great potential to prevent and treat various human degen-
erative diseases, including cancer. These secondary
metabolites have been endorsed for antitumor, pro-apop-
totic and antiangiogenic effects owing to the ability of
suppression of cell proliferation and induction of apoptosis
(Popovic et al. 2013). Apoptosis or programmed cell death
is demarcated by a set of typical morphological structures
such as chromatin condensation, cell shrinkage and DNA
destruction due to endonuclease activation, apoptotic body
formation and loss of membrane integrity. Regulation
system of apoptosis is also induced in mitochondria on the
intrinsic pathway by several families of proteins, including
Bcl-2 family, as well as membrane polarity and integrity.
As a result, cell proliferation is suppressed which is a rel-
evant strategy in current preventive approaches (Basli et al.
2017). Our study executed that treatment of the ethanol
extract from R. alatoreticula augmented intracellular ROS
generation resulting DNA damage and thus blocked cell
cycle progression at sub Gy/G; phase. Conversely, the
oxidative stress also induced overexpression of Bax alter-
ing balance between Bax and Bcl-2 that collapsed MMP.
Further, activation of caspase-9 approved stimulation of the
intrinsic pathway to trigger apoptosis and ultimately led to
cell death. Thus in future, hope can come from R. ala-
toreticula which could be targeted of intense research for
chemotherapeutic anticancer molecules.

Conclusion

Considering the results, R. alatoreticula could be
acknowledged as a good source of nutrients where content
of protein and carbohydrate stood out, in contrast to fat
resulting low-caloric diet. The mushroom however showed
healthier fatty acid profile with precious contribution of
unsaturated substances including omega-3 and 6 types.
Alongside the studied ethanol extract demonstrated excel-
lent antioxidant and antibacterial efficacy. Of note, the
formulation exhibited promising anticancer activity against
Hep3B cells mediated through intrinsic mitochondrial
pathway. Such remarkable multi-dimensional potency
could be attributed to functional ingredients of the fraction
such as phenolics, carotenoids and ascorbic acid. In sum,
present study endorses immense health benefit and phar-
maceutical potential of the novel myco-food recommend-
ing its use in wellness sectors so that such efficacious
representative of traditional healthcare system no more
remain abandoned.
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