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Introduction

Medicinal mushrooms are frequently used in a wide 
range of fields, including dietary foods nutritious auxiliary 
products, and health (1). Mushrooms such as the button 
mushroom (Agaricus bisporus), golden oak mushroom 
(Lentinula edodes), Oyster mushroom (Pleurotus and 
specifically Plerotus ostreatus), enoki or golden needle 
mushroom (Flammulina velutipes), the Jew's ear or wood 
ear mushroom (Auricularia auricula-judae), maitake 
(Grifola frondosa), are becoming a popular alternative of 
many therapeutics (2). In Asian regions, they are used for 
promoting and maintaining a good state of health. Anti-
microbial, anti-inflammatory, immunomodulatory, anti-
diabetic, cytotoxic, inhibitor, hepatoprotective, anticancer, 
inhibitor, antiallergic, antihyperlipidemic, and prebiotic 
activities are documented for medicinal mushrooms (3-

5). Various mushrooms have been demonstrated to have 
a wide range of specialized medical properties and due to 
their efficient medicinal and therapeutic values; they have 
attracted a lot of attention from researchers and scientists. 
Many of them are already in use, particularly in medicine, 
for their immunomodulatory properties and to improve 
traditional treatments by increasing their effectiveness 
and lowering side effects. Agaricus bisporus mushroom is 
rich in β-Glucans, ergosterol, ergothioneine, and vitamin 
D. Because of conjugated linoleic acid activity, it is found 
that A. bisporus can be included in the diet to prevent pros-
tate cancer. It was already reported in our previous studies 
that Agaricus bisporus has chemical composition (mois-
ture, ash, protein, carbohydrate, total fat) and minerals 
composition (Se, Ni, Mn, Cu, Zn, Na, N, Fe, P, Ca, Mg, 
S, and K) and its nutritional, medicinal profile and quality 
categorization (53). Previously the detection of the heavy 
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Cervical cancer is one of the leading causes of death among women. Due to incomplete knowledge and 
hidden symptoms, it is not easily diagnosable. After the diagnosis of cervical cancer at an advanced stage, 
treatment such as chemotherapy and radiation therapy become too much costly along with having many 
side effects such as hair loss, loss of appetite, nausea, tiredness, etc. β-Glucan does a novel polysaccharide 
has many immunomodulatory properties. In our research, we have tested the efficacy of Agaricus bisporus 
derived β-Glucan particles (ADGPs) as an antimicrobial, antioxidant and anticancer agent against the cervi-
cal cancer HeLa cells. Prepared particles were quantified for carbohydrate content by anthrone test and fur-
ther HPTLC analysis to confirm the polysaccharide nature and 1,3 glycosidic linkages of β-Glucan. ADGPs 
were found to have efficient antimicrobial activity against various fungal and bacterial tested strains. DPPH 
assay confirmed the antioxidant activity of ADGPs. Cell viability was assessed against the cervical cancer 
cell line by using the MTT and IC50 was found at 54μg/ml. Furthermore, β-Glucan was found to induce a 
significant amount of ROS, leading to the apoptosis of cells. The same was also assessed with the help of Pro-
pidium Iodide (PI) staining. With the help of JC-1 staining, β-Glucan was found to disrupt the Mitochondrial 
Membrane Potential (MMP), ultimately resulting in the cancer cell HeLa death. Based on our experimental 
findings, we found that ADGPs can be proven as an efficient therapy for cervical cancer treatment and work 
as an antimicrobial and antioxidant agent.
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metal concentration among fresh fruiting bodies of A. bis-
porus was performed by (54) which play very vital role in 
dietary intake studies. 

Mushrooms are a good source for the extraction of anti-
microbial compounds that can work as antibiotics. These 
antimicrobial compounds are present as secondary meta-
bolites and needed for their growth and reproduction (6). 
In a study, mushroom β-glucan isolated from edible, wild, 
natural and cultured mushrooms was found to show an effi-
cient antimicrobial activity against S.aureus, S.marcenses, 
E.faecalis, S.marcenses and P.aeruginosa (7). β-Glucan 
obtained from mushrooms has various phenolic, terpe-
noids, steroid and polyketide compounds which give them 
strong antioxidant activities. These antioxidant effects can 
help in various therapeutics, including cancer and heart 
diseases (8). In a study, mushroom extracts inhibited the 
growth of prostate cancer in athymic mice, indicating an 
antiproliferative and proapoptotic effect. The nephropro-
tective effects of P. ostreatus and A. bisporus liquid ex-
tracts on hyperoxaluria-induced urolithiasis in Wistar rats 
were studied after 0.75 percent (v/v) ethylene glycol was 
added to the drinking for nine weeks (9-12). 

Cervical cancer is the cancer of the cervix and is the 
fourth leading cause of death among women worldwide 
(13). Cervical cancer mortality has been steady for the past 
four decades, despite encouraging improvements in scree-
ning and prevention. More than 90% of cases of cervical 
cancer occur in low- and middle-income nations, where 
cervical cancer screening and interference programs are 
not widely implemented (14). Cervical cancer can be trea-
ted by various therapies, including surgery, such as girdle 
lymphadenectomy and radical hysterectomy, radiation 
therapy, and chemotherapy (15). Current cervical cancer 
treatment options include radical hysterectomy or defini-
tive chemo-radiation, depending on the clinical stage of 
the disease (16). These treatments of cancer, such as che-
motherapy and radiation therapy may result in menopause, 
infertility, and side effects of these therapies may affect not 
only cancer cells but also rapidly dividing cells in systems 
throughout the body. There is a need to develop efficient 
therapies for cancer through the use of natural compounds. 
Moreover, Synthetic antibiotics and antimicrobial agents 
pose a threat to human health, so exploring naturally oc-
curring compounds as antimicrobial agents are necessary. 
In our study, we have tried to elucidate the impact of A. 
bisporus derived β-Glucan (ADGPs) as an antimicrobial, 
antioxidant and anticancer agent on cervical cancer cells.

Materials and Methods

Reagents and chemicals
Anthrone reagent (Thermo Scientific), Sulfuricacid (Hi-

Media), n-Butyl alcohol (HiMedia), Methanol (HiMedia), 
DPPH (2,2-Diphenyl-1-picrylhydrazyl) (Sigma-Aldrich), 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) (Invitrogen), (H2DCFDA) (dichlorofluo-
resceindiacetate) (Invitrogen), LysoTracker RedDND99 
(Invitrogen), JC-1 (Invitrogen), Hoechst (Invitrogen), 
FBS, Antibiotic-antimycotic solution, Dulbecco’s Modi-
fied Eagle Medium (DMEM) (Gibco), Trypsin (HiMedia).

Cell culture maintenance
Cervical cancer cell line HeLa was purchased from Na-

tional Centre for Cell Science (NCCS, Pune). Cells were 

maintained in sterile conditions having humidified envi-
ronment with 5% CO2 in a CO2 incubator. The media used 
was Dulbecco’s Modified Eagle Medium (DMEM), which 
was supplemented with 10% Fatal Bovine Serum (FBS) 
and 1% Antibiotic and Antimycotic solution (Gibco).

Glucan particle preparation
A.bisporus was purchased from the local market of Va-

dodara, Gujarat. 100 g of the fruiting bodies were taken 
and washed with distilled water (DW). The fruiting bodies 
were crushed with the help of a mortar pestle. To form 
a more continuous paste, a homogenizer was used for 10 
minutes. The crushed fruiting bodies were added to 200 ml 
of DW and boiled in a water bath for 30 minutes at 90oC. 
After boiling, it was centrifuged in a cooling centrifuge 
at 9,000 rpm for 10 minutes. The supernatant obtained 
was discarded, and the obtained pellet was washed with 
80% ethanol. Further, the sample was again incubated for 
4 hours in a water bath at 90°C. After incubation, Sample 
was centrifuged at 9000 rpm for 10 minutes. Obtained pel-
let was resuspended in DW and pH adjusted from 4 to 5 
by using Hydrochloric acid and further kept for incubation 
at 70°C for 30 minutes. The incubated sample was centri-
fuged at 8000 rpm for 10 minutes at 4°C. Obtained pellet 
was first two times washed with isopropanol followed by 
Acetone wash (Twice). Pellet was further transferred into 
a Petri plate and kept for air drying. The obtained powder 
was filtered with the muslin cloth and stored (17, 18).

β-Glucan size analysis
The Malvern Mastersizer was used to analyze the par-

ticle size of prepared ADGPs. Malvern Master Sizer can 
be used for dry and wet samples, producing accurate and 
quick results (19). Particle size was determined using the 
laser diffraction technique. The samples were distributed 
using a liquid or air cell. A laser beam passed through the 
cell, scattering light through the distributed particles and 
causing a scattering pattern to appear. The particle size 
distribution was calculated using the Mie theory, based on 
the angles and intensities of scattered light detected using 
optics.

Quantitative estimation of carbohydrates through An-
throne test

To perform the anthrone test, we followed the previ-
ously described protocol (20). Briefly, Anthrone Reagent 
was made by dissolving 0.2 g of Anthrone in 100mL of 
concentrated H2SO4. 10 µL of glucose stock solution 
(1mg/1ml) was diluted in 100ml of distilled water to make 
a glucose working solution. Glucose samples were taken 
in 200, 400, and 600µg/ml, along with one unknown con-
centration sample of the ADGPs. 4mL of the anthrone re-
agent was added to each sample. Further, samples were in-
cubated for 30 minutes at 90°C in a water bath with cotton 
caps on the tubes. After incubation, samples were cooled 
to room temperature a notable variation in the color of the 
solution was detected after the sample cooled down. Af-
ter observing the physiological test, a qualitative test was 
performed by measuring the absorbance with the help of 
Readwell Robonik ELISA Plate Reader at 630 nm.

FTIR analysis
Fourier transform infrared spectrometry that is FTIR 

is a technique that is used to get an infrared spectrum that 
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in a 5% CO2 incubator. After incubation, the cells were 
stained with 5mg/mL and incubated for 4 hours in the dark 
with 5% CO2 (25). After incubation gets over, MTT pro-
duced formazan crystals as which were dissolved by treat-
ing the cells with DMSO. The absorbance was measured 
with an ELISA plate reader at a wavelength of 570 nm. % 
Viability was calculated according to the given equation

Reactive Oxygen Species generation
Reactive oxygen species (ROS) are naturally produced 

by metabolic activities of mitochondria and play an im-
portant role in cellular signaling, but increased amounts 
of ROS are harmful to the cells, tissues, and body as an 
increased amount of ROS generation can ultimately lead 
to cell death.

There are many factors, including changes in oxidative 
phosphorylation (OXPHOS), transition metal ions, oxi-
dase activity, protein folding, thymidine, and polyamine 
catabolism that can induce ROS generation. To assess the 
ROS generation in HeLa cells by ADGPs, 1x105cells per 
well were seeded in a 12 well plate and, after overnight 
incubation, treated with 50, 100, and 150µg/ml doses of 
ADGPs and incubated for 24 hours at 37°C with 5%CO2. 
After the incubation period was over, cells were stained 
with DCFH-DA Dye. This staining was performed accord-
ing to the previously described protocol (26). After stain-
ing, the cells were incubated for 30 min in the dark and 
further washed with PBS. Cells were observed in a fluo-
rescent microscope and photographed.

Hoechst staining
Hoechst staining was performed according to the pre-

viously described protocol (27) to observe morphologi-
cal changes and nuclear fragmentation in HeLa cells after 
treatment with ADGPs. Briefly, 1x105 cells were seeded 
in 12 well plates and left overnight for growth and prolif-
eration. Further, cells were treated with different dosages 
of β-Glucan (50, 100, and 150μg/ml) and incubated for 24 
hours. After incubation, cells were stained with Hoechst 
dye at 37°C for 30 minutes in the dark. Nuclear morpho-
logical changes were examined under a fluorescent micro-
scope.

Propidium Iodide staining
PI staining was performed to determine the apoptosis of 

the HeLa cells in response to the ADGPs treatment. 1x105 
cells were seeded in 12 well plates and left overnight for 
growth and proliferation and further cells were treated 
with 50, 100, and 150µg/ml with ADGPs and incubated 
for 24 hours at 37°C in a CO2 incubator. When the incuba-
tion period was finished, cells were stained with PI (1mg/
ml DW) and incubated for 5 min in the dark. This staining 
was performed according to the previously described pro-
tocol (28). After incubation gets over, cells were washed 
with PBS and visualized under a fluorescent microscope 
EVOS FLoid Imaging System, Thermo Fisher Scientific.

Change in mitochondrial membrane potential (JC-1 
staining)

JC-1 (5, 5, 6, 6’-tetrachloro-1,1’,3,3’ tetraethylbenzimi-
dazoylcarbocyanine iodide) dye is used to identify chang-
es in mitochondrial membrane potential (MMP). Cells 

helps in the identification of functional groups and link-
ages present in the compound. To study the absorbance of 
β-Glucan particles, the procedure was performed by fol-
lowing the previously described protocol (21). The analy-
sis was performed with Bruker alpha FTIR where the par-
ticles were kept on a diamond crystal and analyzed with 
32 scans averaged at a resolution of 4 cm-1. The obtained 
graph was compared with previously defined spectra.

HPTLC analysis
On 10x10 cm glass-supported silica gel HPTLC plates, 

the HPTLC analysis was performed. The samples and stan-
dard were applied to the HPTLC plate using an Automatic 
TLC Sampler 4 (ATS4) (CAMAG) equipped with a Ham-
ilton Gastight Syringe (25 mL; 1700 Series) at a rate of 160 
nL/s. 2 μL of β-glucan and D-glucose with concentrations 
of 5 and 10 mg/mL were separated using HPLC-graden-
butanol/methanol/water (50:25:20) as mobile phase. The 
plate was developed in a preliminarily impregnated au-
tomatic developing chamber-2 (ADC-2) linear ascending 
mode for 20 minutes at room temperature. CAMAG TLC 
scanner IV was utilized to scan the produced and deriva-
tized plate in the visible region at 254 nm wavelength in 
absorbance mode. The slit confines were 4.00 X 0.45 mm, 
and the scanning speed was 20 mm per second (22).

Antimicrobial activity
The antimicrobial activity of the β-Glucan was deter-

mined with the help of a previously described protocol. 
Agar well diffusion method was employed for the an-
timicrobial susceptibility testing. 100 ml of agar media 
was sterilized, cooled and inoculated with 0.1 ml of bac-
terial suspensions of E.coli, S.pyogenus, P.aeruginosa, 
and S.aureus and fungal strains C.albicans, A.niger, and 
A.clavatus. The inoculated suspensions were mixed well 
and poured into sterilized Petri plates for the solidification 
of the agar media. After solidification, with the help of a 
cork borer, about 6 mm diameter was punched and 100μl 
sample of β-Glucan in various concentrations (5, 25, 50, 
100, 250, and 500μg/ml) were added in different wells. In 
control well, distilled water was added and the inoculated 
Petri plates were incubated at 37°C for 24 h and the zone 
of inhibition was measured (23).

Antioxidant activity
Antioxidant activity was assessed by the previously de-

scribed protocol with the DPPH reagent. In brief, 0.2mM 
DPPH reagent was made by dissolving DPPH in metha-
nol and 4 ml of DPPH was added in 1 ml of β-Glucan 
(200, 400, 600 and 800μg/ml) and kept for incubation in 
the dark at room temperature for 20 min. After incubation, 
absorbance was taken at 517nm with a BioTek SynergyH1 
microplate reader (24).The %free radical scavenging ac-
tivity was calculated by using the following equation:

Where control is DPPH+methanol.

Cell viability assay
HeLa cells were seeded in 96 well plates with 10,000 

cells in each well. The cells were treated with 10, 20, 30, 
40, 50, and 60µg/ml. Treatment of the cells was performed 
in a triplicate manner and incubated for 24 hours at 37°C 
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(1x105) were seeded in 12 well plates and incubated for 
24 hours. The cells were further treated with 50, 100, and 
150µg/ml of ADGPs and again incubated for 24 hours at 
37°C in a CO2 incubator. When the incubation period was 
over, cells were stained with JC-1 dye. This staining was 
performed according to the previously described protocol 
(29). After staining, cells were incubated for 15 minutes 
in the dark in a CO2 incubator at 37°C. After incubation, 
cells were washed with PBS and imaged in red and green 
fluorescence under a fluorescent microscope.

LysoTracker
LysoTracker Red DND-99 is a red-fluorescent dye for 

labelling and tracking acidic organelles in live cells. Lyso-
Tracker Red DND-99 becomes protonated and therefore 
is markedly sequestrated in the lysosomes of the cells. Ly-
sosomal acidity plays an important role in the accumula-
tion of LysoTracker within this acidic organelle; its visible 
light intensity could be a sign of lysosomal pH alterations 
(30). Cells (1x105) were seeded in 12 well plates to ob-
serve lysosome activity and incubated for 24 hours. The 
cells were treated with 50, 100, and 150µg/ml of ADGPs 
and incubated for 24 hours at 37°C in a CO2 incubator. 
Once the time was over, cells were stained with Lyso-
Tracker Red DND-99 dye and further kept for 30 min in 
the dark. After staining, cells were visualized under a fluo-
rescence microscope (31).

Results

Extraction of β-glucan particle
The obtained β-Glucan particles from the fruiting bo-

dies of Agaricus bisporus possesses were slightly brown 
in colour, as shown in Figure 1.

β-Glucan particle size analysis
ADGPs were analyzed with Malvern Mastersizer and 

the average diameter of the particles was found 563 nm. 
β-Glucan with a size range of 2–4 μm which can be easily 
phagocytosed by the cells (32). In our study, Particle size 
was around 563 nm as shown in (Figure 2), which can be 
considered particles that can be easily phagocytosed by 
the cells. Moreover, the PDI (polydispersity index) value 
which is the representation of the particle size distribu-
tion or average homogeneity of the particles was 0.587. 
A higher PDI value means particles are less homogenous 

and have large size distribution of particles. PDI value less 
than <0.4 indicates narrow size distribution (33) and in our 
test, it was 0.587, indicating particles are almost homoge-
nous in nature (34).

Quantitative estimation of polysaccharide by Anthrone 
test

The anthrone test was used to estimate carbohydrate 
content. When conc. H2SO4 dehydrates carbohydrates. 
Furfural is produced. Anthranol, the enol tautomer of an-
throne, is the active form of the reagent, which reacts with 
the carbohydrate furfural derivative to produce a bluish-
green color complex. In the Anthrone test, we found the 
concentration of an unknown (ADGPs) sample of 200μg/
ml, as shown in Figure 3.

Characterization with FTIR
The FTIR spectra of obtained ADGPs have their main 

peaks at 3284, 3000, 1632, 1377, 994, 556 and 514 cm−1.In 
a study, Deniz et al., 2018 confirmed the nature of β-Glucan 
from Agaricus bisporus by the transmittance spectra. They 
found that peaks at 3600 to 3200 cm−1indicated O-H stretch 
of polysaccharide. The peak at approximately 3000-2700 Figure 1. Extracted β-Glucan particle.

Figure 2. Physiochemical characterization of β-Glucan by Malvern 
mastersizer instrument.The average particle size distribution was 
found to be around 563nm.

Figure 3. Carbohydrate content estimation of ADGPs with the help of 
anthrone test. The concentration of the unknown sample was 200μg/
ml.
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cm−1 corresponds to C-H stretch which is indicating that 
the tested material (β-Glucan) is a carbohydrate. An al-
most similar pattern was observed in our absorption spec-
tra, indicating that the material is β-Glucan, as shown in 
Figure 4 (35).

HPTLC analysis
HPTLC analysis showed D-Glucose as the major poly-

saccharide fraction present in ADGPs (Figure 5). D-Glu-
cose was taken as standard and β-Glucan showed similar 
peaks as seen in D-Glucose. HPTLC analysis was per-
formed with the help of a CAMAG Application System 
(Muttenz, Switzerland). The developed silica plate was 
visualized at 254 nm wavelength.

Antimicrobial activity
Efficient antibacterial activity was shown by ADGPs. 

At 500μg/ml concentration of ADGPs, the zone of inhibi-
tion was highest for all the tested strains (Table 1). Com-
parative MIC for all the standard drugs and ADGPs are 
shown in (Table 2). There was no clear zone of inhibi-
tion seen at 5μg/ml for both ADGPs and standard strains. 
Maximum zone of inhibition 21 was found for S.aureus 
and S.pyogenus at 500μg/ml concentration. Antifungal ac-
tivity of β-Glucan (Table 3) and MIC was found 1000μg/
ml for each C.albicans, A.niger, and A.clavatus.

Figure 4. FTIR Transmittance spectra of ADGPs with the help of 
Bruker alpha instrument. It was found to show maximum peaks at 
3284, 3000, 1632, 1377, 994, 556 and 514cm-1 indicating that it has 
OH, CHOH, CO stretch and β-linkage.

Figure 5. HPTLC spectra of D-Glucose and β-Glucan. Both D-Glu-
cose and β-Glucan were taken in 5 and 10mg/ml and peaks of both 
the samples were seen at retention factor (RF) 0.6-0.7, confirming the 
presence of polysaccharide content in β-Glucan.

Standard Strain
Zone of Inhibition ADGPs(μg/ml) Standard

5 25 50 100 250 500 5 25 50 100 250 500
E.coli [MTCC443] - 11 13 15 17 19 - 20 23 28 28 28
P.aeruginosa [MTCC 1688] - 13 14 16 17 20 - 20 23 24 26 27
S.aureus [MTCC 96] - 13 15 17 18 21 - 17 19 21 22 22
S.pyogenus [MTCC 442] - 12 14 15 19 21 - 16 19 21 21 22
C.albicans [MTCC 227] - 12 15 16 18 20 - 18 21 22 22 24

Table 1. Zone of inhibition for standard strains and ADGPs.

ADGPs

Minimum Inhibitory concentration
E.coli P.aeruginosa S.aureus S.pyogenus
MTCC443 MTCC 1688 MTCC 96 MTCC 442
125 62.5 50 100

Antibacterial 
Standard 

Drugs

Gentamycin 0.05 1 0.25 0.5
Amphicilin 100 100 250 100
Chloramphenicol 50 50 50 50
Ciprofloxacin 25 25 50 50
Norfloxacin 10 10 10 10

Table 2. Minimum Inhibitory Concentrations of ADGPs and standard drugs. MIC varied in the range of 50-125μg/ml.

ADGPs

Minimum Inhibitory concentration
C.albicans A.niger A.clavatus
MTCC 227 MTCC 282 MTCC 1323
1000 1000 1000

standard 
drugs

Nystatin 100 100 100
Greseofulvin 500 100 100

Table 3. Antifungal activity of the β-Glucan.
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Antioxidant activity
ADGPs were found to show efficient antioxidant acti-

vity (Figure 6). The antioxidant activity of ADGPs was 
found to increase with the increase in concentration. 
β-Glucan neutralizes DPPH free radical by giving an elec-
tron to it and turning the purple color solution into a crea-
my solution.

Cell viability assessment through MTT
Cell viability of the cells treated with the ADGPs was 

found to decrease with an increase in the concentration of 
the treatment. Maximum cell viability was found at the 
concentration of 10μg/ml, while maximum cytotoxicity 
was found at 60μg/ml (Figure 7). IC50 of the treatment dose 
was 54μg/ml indicating mortality of half of the cells.

Reactive Oxygen Species generation indicates cell 
death

Reactive oxygen species (ROS) can induce damage to 
cellular components, including DNA, RNA, lipids, and 
proteins leading to the apoptosis of the cell. Normal heal-
thy cells possess various defence mechanisms to combat 
the bad effects of ROS; still, an inadequate amount of ROS 
generation can lead to oxidative stress resulting in cell 
death (36). Intracellular ROS can oxidise DCFHDA (non-
fluorescent) to DCF (fluorescent). In our test, the level of 
ROS assessed with the help of increasing fluorescence 
and it was found to increase in a concentration-dependent 
manner indicating apoptosis of the HeLa cells (Figure 8a). 
Fluorescence intensity was analyzed with the help of Gra-
phPad Prism and ImageJ softwares. All the values were 
found to be highly significant, with a p-value of less than 
0.0001, as shown in (Figure 8b).

Detection of nuclear fragmentation by Hoechst stai-
ning

Hoechst dye is specific for the nucleus of the cells and 
it stains both live and apoptotic cell nuclei with the broken 
cell membrane. Morphological changes caused due to the 
effect of various doses of the treatment can e easily obser-
ved with the help of Hoechst staining (37). In our study, 
cells were treated with 50, 100, and 150μg/ml concentra-
tions of the ADGPs and apoptotic cells were observed by 
the condensed and fragmented nuclei of the cells. Maxi-
mum morphological changes were observed at 150μg/ml 
of the treatment concentration of the ADGPs (Figure 9).

Apoptosis detection by Propidium iodide staining
PI intercalates with nucleic acids by intercalating 

between the bases of double-stranded DNA with little or 

Figure 6. ADGPs showed a dose-dependent increase in radical 
scavenging activity (RSA) and a maximum % RSA was reported at 
80μg/ml.

Figure 7. ADGPs showed a dose-dependent increase in radical 
scavenging activity (RSA) and a maximum % RSA was reported at 
80μg/ml.

Figure 8. Intracellular ROS generation in HeLa cells after the treat-
ment with different doses of 50,100,150μg/ml of ADGPs for 24h. (a) 
Fluorescence intensity increased with the concentration and it was 
highest at 150μg/ml, indicating maximum cell death. (b) Statistical 
analysis shows all values significant with p<0.0001.

Figure 9. Hoechst stain showing the fragmentation of the nuclei. In 
control well with no treatment. Nuclei are almost oval with intact 
membranes. With the increase in the concentration, nuclear fragmen-
tation can be observed. Maximum changes were observed at150μg/ml 
treatment concentration of the ADGPs.
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no sequence preference, allowing it to readily permeate 
cells with compromised cell membranes (28). PI can-
not pass through intact cell membranes and give intense 
fluorescence when it reaches the nucleus of cells with the 
disrupted cell membranes. In our test, the fluorescence 
intensity was found to increase with the increase in treat-
ment concentration as shown in (Figure 10a). The highest 
fluorescence was found at 150μg/ml, indicating maximum 
cell death. One-way ANOVA analysis showed all the si-
gnificant values (Figure 10b).

Mitochondrial membrane potential analysis through 
JC-1 staining

JC dye is used to measure mitochondrial membrane 
potential in healthy and apoptotic cells in a variety of 
cells. JC-1 is a lipophilic cationic dye with a natural green 
fluorescence. This dye, when it enters mitochondria, starts 
accumulating in a concentration-dependent manner and 
forms reversible red-colored J aggregates (38). In healthy 
cells, due to the more negative potential of mitochondria, 
JC-1 aggregates well and show efficient red fluorescence. 
In apoptotic cells, due to the increase in mitochondrial 
membrane potential (less negative), JC-1 accumulation 
in mitochondria is not very well and the dye remains in 
its monomeric green form. In our study, we have found 
an efficient increase in red and green fluorescence in red 
and green fluorescence with the increase in the concentra-
tion of treatment (Figure 11a). Merged images of red and 
green fluorescence show the disruption of the mitochon-
dria in the treated cells. Merged red and green fluorescence 
images (somewhat yellow to orange coloration) were used 
for the statistical analysis and showed a significant p<0.5 
value (Figure 11b).

Determination of apoptosis by tracking disrupted aci-
dic organelles through LysoTracker Red DND-99 stai-
ning

LysoTracker Red accumulates in the lysosomal com-
partment of the cell due to alteration in the pH of the ly-
sosomes resulting in increased fluorescence intensity. In 
our study, there was an increase in fluorescence intensity 
found with the increase in the concentration of the ADGPs 
treatment (Figure 12a).One-way ANOVA analysis showed 
that all values were found to be significant (Figure 12b).

Discussion

Mushrooms such as button mushroom (Agaricus bis-
porus), shiitake (Lentinula edodes), oyster mushroom 

(specifically Pleurotus ostreatus), enoki or golden needle 
mushroom (Flammulina velutipes), the Jew’s ear or wood 
ear mushroom (Auricularia auricula-judae), maitake 
(Grifola frondosa) and others are eaten because of their 
nutritional and culinary worth. In this study, we have tried 
to evaluate the anticancer potential of ADGPs. The size 
of the prepared particles was analyzed with the help of a 
Malvern mastersizer and it was found to be 563 nm. It is 
reported that a particle size of 1–2 μm has better adsorbent 
capability than many large sizes of particles (39). So, pre-
pared particles were found in the range of phagocytic up-
take values. In our study, we have used the anthrone test, 
which gives a bluish-green color complex and indicates 
the presence of carbohydrates in the ADGPs. The same 
procedure was also reported by Pillai et al., (2014) (40) for 
the quantitative estimation of polysaccharides. Hassan et 
al., (2015) (41) found the FTIR spectra peaks of ADGPs 
at 3463, 2927, 2367, 1664, and 833 cm−1. In our study, we 
have also found peaks at 3262 and 2920 cm−1 showing a si-
milar pattern to the reference spectra. In our study, ADGPs 
were found to show an efficient antibacterial activity with 
minimum inhibitory concentrations of 125, 62.5, 50, and 
100 for E.coli, S.pyogenus, P.aeruginosa, and S.aureus, 
respectively, which was in correlation with the study per-
formed by Volman et al., 2008 (42), who reported an ef-
ficient antimicrobial activity of ADGPs against several 
fungal and bacterial strains. In one more study, efficient 
antimicrobial activity of ADGPs was reported using test 

Figure 10. (a) Propidium iodide staining showed efficient apoptosis 
of the HeLa cells in a dose-dependent manner. (b) Statistical analysis 
with p<0.0001.

Figure 11. (a) JC-1 staining of HeLa cells showing the disruption of 
mitochondria leading to cellular death. (b) Statistical analysis of mer-
ged colour fluorescence images with p value 0.0061.

Figure 12. (a) LysoTracker staining in HeLa cell with treatment 
concentration 50,100,150μg/ml of ADGPs. Increased fluorescence 
intensity is indicative of pH alteration and autophagy induction (b) 
Statistical analysis with the help of one-way ANOVA showing all 
values significant with p<.005.
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organisms S. aureus, MRSA, K. pneumoniae, P. aerugino-
sa, and C. albicans and reported a similar pattern obtained 
in our study(43). The antioxidant activity of ADGPs was 
found to increase with the increase in concentration. The 
antioxidant activity of ADGPs was also reported by (44). 
Cell viability was assessed with the help of tetrazolium 
dye MTT and IC50 was reported 54μg/ml cell viability 
was found to decrease in a concentration-dependent man-
ner. In a study, it was reported that potential β-Glucan-
derived nanoparticles were tested against cervical cancer 
cells and IC50 was found at 50μg/ml (45). Intracellular 
Reactive oxygen species generation is harmful if they are 
produced in an uncontrolled increased concentration and 
ultimately lead to cell death. ROS generation is a part of 
the natural aerobic respiration and metabolism of the cells 
and it plays a very important role in the proper functioning 
of the various cellular processes (46). We have found ROS 
generation in a concentration-dependent manner in HeLa 
cells which is indicative that ADGPs could be proven as 
potent anticancer agents. Wu et al., (2021) (47) observed 
β-Glucan leading to respiratory bursts due to excess ROS 
generation. In a study, the antitumor activity of β-Glucan 
was reported in a ROS-dependent manner (48). Further-
more, nuclear morphology was observed with Hoechst 
staining and apoptotic cells were identified with condensed 
and fragmented nuclei. A similar finding was also reported 
in a study in which it was shown that round nuclei and 
fragmented nuclei corresponded to viable and apoptotic 
cells, respectively (49). Apoptosis detection in HeLa cells 
was also observed with the help of PI staining that is only 
permeable to apoptotic cells with a disintegrated nucleus 
(50). We have found a dose-dependent increase in apop-
tosis in HeLa cells. Moreover, alteration in mitochondrial 
membrane potential was assessed by JC-1 dye. Mitochon-
drial disintegration leads to the suppression of ATP pro-
duction resulting in a decrease in energy supply to the cell 
that ultimately leads to cell death (38). In our study, we 
have found that JC-1 dye was not able to accumulate well 
within mitochondria due to the disintegration of the mi-
tochondrial membrane, which is a clear indication of cell 
death. Furthermore, the disintegration of acidic organelles 
was detected with the help of LysoTracker Red DND-99. 
Lysosomes are organelles having acidic pH (3.5-6.0) and 
maintain various functions, including digestion and degra-
dation of macromolecules. Disturbance in the function of 
lysosomal activity can also cause several diseases (51, 52). 
In our study, it was found that a dose-dependent increase 
in the fluorescence intensity of LysoTracker stained cells 
indicated apoptosis of cells due to phagocytosis.

In the present study, we have tried to evaluate the an-
ticancerous potential of ADGPs. Agaricus bisporus mush-
rooms have been found to possess many antimicrobial, 
antioxidant, and anticancerous activities. We found that 
ADGPs can be used as an efficient antimicrobial, antioxi-
dant and anticancer agent for cervical cancer as it showed 
efficient ROS generation and change in mitochondrial 
membrane potential along with alteration in pH of the 
acidic organelles. The further potential of ADGPs needs 
to explore to make it a therapeutic treatment for cervical 
cancer.
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