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Abstract 
Background: The incidence rate of cervical cancer is increasing and its existing 

drugs are becoming more and more resistant. Therefore, we extracted the fruiting 
body of Calocybe indica edible mushroom in 90% ethyl acetate extract (EAE) and 
evaluated it as an anticancer property against HeLa and CaSki.  

Method: We performed cytotoxicity assay by MTT, cell morphological study by 
phase contrast microscope, and apoptosis study by nuclear morphology via DAPI 
staining under inverted microscopy; the expressions of proapoptotic and antiapoptotic 
genes and p53 were examined by Western blotting, cell cycle analysis, and cologenic 
and cell migration assay. Antioxidant content and activity assays were performed and 
for mycochemistry analysis of EAE, thin layer chromatography (TLC) was done.  

Results: EAE-treated HeLa and CaSki cells became round and showed condensed 
and fragmented nuclei. They inhibited the cell proliferation of both cancer cell lines 
in a dose-dependent manner. At maximum dose (1250 µg/mL) after 24 h, the cell 
inhibition percentages of HeLa and CaSki cells were 97.12±10.01 and 98.52±10.08 
(P<0.05), respectively. They upregulated the expression of p53, caspase 3, and caspase 
9 while down-regulating BcL2 gene. Cell cycle became arrested at G2/M checkpoint 
of both cancer cell lines by EAE. EAE inhibited colony formation and cell migration. 
The antioxidant assay showed that EAE contained good amounts of phenolic compounds, 
flavonoids, and ascorbic acids and had good antioxidant activity. TLC supported the 
presence of bioactive components.  

Conclusion: The EAE of C. indica exerts very potent anticervical cancer effects.  
It is urgent that future studies analyze its bioactive compounds in detail and examine 
them in animal models. 
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Introduction 

The modern research on molecular mechanisms 
associated with the progression and metastasis 
of cancer has prompted oncologists to search for 
new natural compounds. Certain important well-
adapted experiments such as inhibition of 
proliferation, induction of apoptosis, and 
antimetastasis in cancer cells have been conducted 
to prove the anticancerous activities of these 
natural compounds.1 Mushrooms were primarily 
used as foods for the unique taste. Later, humans 
realized that some also have medicinal properties. 
Following the research of Byerrum,2 continuous 
investigations have been focused on different 
mushrooms in search of anticancer natural 
products. Currently, it is established that some 
edible mushrooms are good sources of anticancer 
agents against many cancers.3,4,5,6 Three major 
anticancer drugs, Krestin from cultured mycelium 
of Trametes versicolor, Lentinan from the fruiting 
bodies of Lentinus edodus, and Schizophyllan from 
Schizophyllum commune, were developed.7-9 There 
exist more than 14,000 mushrooms out of 5.1 
million estimated fungi, among which  around 
700 exhibit medicinal properties.10 Since many 
of the compounds have been shown to act syner-
gistically,11 it is worth testing the antiproliferative 
effects of the whole mushroom extracts rather 
than its individual components. Liu et al.12 and 
other colleagues13-15 used the ethanolic extract 
of mushroom against various human cancer cell 
lines; however, ethyl acetate extract (EAE) was 

used less for this purpose. Statistics show that 
one third of the newly diagnosed cancers among 
women in India are of cervical type.16 In India, 
every year, out of the122,844 women diagnosed 
with cervical cancer, 67,477 die from the 
disease.17,18 Therefore, we conducted some 
experiments to evaluate the anticancer properties 
associated with the EAE of C. indica regarding 
important parameters such as antiproliferation, 
induction of apoptosis, anticolonization and anti 
migration on HeLa and CaSki cells of cervical 
cancer. Calocybe indica is an edible mushroom, 
widely found and cultivated in West Bengal, but 
its anticancerous characteristic on HeLa and CaSki 
cells is reported for the first time in our study, 
which is the novelty of our work. 
 
Materials and Methods 

Mushroom collection and identification 
The wild basidiocarps were collected in July 

2018 from Khardah market, District-24-Parganas 
(N), India, and carried to Laboratory in 
biodegradable polythene bag. All morphological 
characteristics such as color, shape, and size were 
recorded, spore print and anatomical observations 
were noted, and this mushroom was identified 
by following published identification keys.19-21 

 
Extraction 

As per Liu et al.12 we dried the fruiting bodies 
after chopping into pieces and ground them into 
powder using a mixer grinder (Beckmen mixture). 

Figure 1. Morphology of CaSki and HeLa cells under phase contrast microscope; A, E. Negative control shows the normal cells of 
CaSki and HeLa, respectively; B, F. 500 μg/mL of EAE treatment shows the round and floating cells of CaSki and HeLa. C, G. Cell 
confluency decreased when cells treated with 750 µg/mL of EAE, cells are round, plasma membrane blebbing of CaSki and HeLa, 
respectively. D, H. In 1000 μg/mL dead cells with debris of CaSki. 
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In short, 15 grams of dried mushroom powder 
was dipped in 150 mL of 90% ethanol under 
shaking conditions at room temperature. 
Following 48 h, it was filtered through Whatman 
No.4 followed by Whatman No.1 filter papers. 
A rotary vacuum evaporator removed the ethyl 
acetate from the extract at 40°C, and the remaining 
solvent was removed with a freeze-drier. We kept 
the powder of EAE of C. indica in airtight 
conditions in refrigerator at 40 C. 

 
Cell culture  

The Human Cervical Cell Lines HeLa and 
CaSki, with respective passage numbers 170 and 
90 (purchased from NCCS, Pune),were cultured 
in DMEM (Dulbecco’s Modified Eagle media) 
and supplemented with L-Glutamine (Himedia), 
10% v/v fetal bovine serum (Himedia), 100 
mg/mL streptomycin (Invitrogen), and 250 IU/mL 
penicillin(Invitrogen); we kept them in 75 square 
mm tissue culture flasks at 37°C in a humidified 
atmosphere of 5% CO2 until 80-90% confluency. 

For maintenance, cultures were passaged weekly, 
and the culture medium was changed twice a 
week.22 
 
Cell morphological study under Phase-contrast 
microscope 

Cancer cells were grown in 60-mm tissue 
culture plates and treated with EAE (0-1000μg 
/mL). We examined cells under a Phase-contrast 
microscope and, for analysis, took photographs 
by a Magna-Fire digital camera (Optotronics, 
Goleta, CA, USA).  

 
Nuclear morphology and evaluation of apoptosis 
by DAPI staining under inverted fluorescent 
microscope 

4’, 6-Diamidino-2-phenylindole (DAPI) 
staining was done to examine the nuclear 
morphology of the treated cells. The examined 
HeLa and CaSki cells were washed with cold 
PBS and fixed with 3.7% (w/v) paraformaldehyde 
in PBS for 10 min at room temperature. Following 

Table 1. Evaluation of the percentage of apoptotic HeLa and  CaSki cells at different concentrations of EAE after 24h 
Concentration(mg/ml) % of apoptotic  cells ±SD 

     HeLa     CaSki 

250 27.20±2.78 20.06± 2.32 
500 35.50±3.90 30.45± 3.34 
750 45.15 ±5.98 44.78 ± 5.56 
Control(negative) 0.24 ±0.01 0.07 ±  0.34 
Control(positive-adriamycin -25 µM) 58.67±7.34 57.12±7.56 
Note: The data are mean ±SD of three replicated plates. Statistical significance at P<0.05.

Figure 2. Nuclear morphology of HeLa and CaSki cells after DAPI staining under inverted florescence microscopy; A,D. Negative 
control shows the normal nuclei of HeLa and CaSki;B, C. 500 and 750 μg/mL of EAE treatment shows apoptotic nuclei (chromatin 
condensed, fragmented nuclei) of HeLa; E, F. 500 and 750 μg/mL of EAE treatment shows apoptotic nuclei of CaSki (chromatin 
condensed, fragmented nuclei). 
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permeabilization, we stained the cells with a 
DAPI (10 μg/mL) solution at 37˚C for 30 min. 
They were then washed with PBS and examined 
by an inverted fluorescent microscope (Olympus, 
Tokyo, Japan); photographs were taken by use 
of a Magna-Fire digital camera (Optotronics, 
Goleta, CA, USA) for analysis.  

Apoptosis was assessed based on the 
morphological changes in the nuclear structure 
stained with DAPI. In each experiment, we 
observed and counted the apoptotic cells under 
an inverted fluorescent microscope; we counted 
a minimum of five optical fields, containing a 
total of 200 cells, in each experiment. 

The percentage of apoptotic cells was 
calculated by the formula: percentage of apoptotic 
cells = [number of apoptotic cells / total cells 
counted (200 usually)] × 100%.  

 
Cytotoxicity/cell proliferation /viability assay 

We evaluated the effect of EAE on the cell 
proliferation of HeLa cell and CaSki line using 

Dimethyl thiazolyl tetrazolium bromide (MTT) 
assay (Sigma, USA) and following the method of 
Akiyama et al.23 with certain modifications. In short, 
10×103 cells per well of 96-well culture plate were 
seeded overnight with fresh DMEM medium 
containing 10% FBS and antibiotics to reach 80% 
confluency. The culture was then washed with 10% 
PBS and treated with EAE dissolved in DMEM at  
various concentrations (0, 250, 500, 750, 1000 and 
1250µg/mL) and incubated at 37°C in 5% of CO2 
and 95% of moisture for 24 h. Afterwards, the cells 
were washed with PBS, 100 µL of 0.5% MTT 
solution (dissolved in RPMI 1640) was added to 
each well, and cultures were further incubated for 
3 h; after discarding the media, 100µL of DMSO 
was added to dissolve the crystals. The plate was 
read by a micro plate reader (BioRad) at 570 nm 
absorbance. Normal human peripheral mononuclear 
leukocytes were collected from whole peripheral 
blood. We obtained the blood sample by 
venipuncture from a healthy volunteer blood donor. 
To isolate the lymphocytes, the gradient density 

Table 2. Cytotoxicity (% of cell viability) or antiproliferative (% of cell inhibition) effect of EAE on HeLa and CaSki cells and their 
IC50 value at 24 h 
Treatment          IC 50  

(mg /mL) value (μg /mL )±SD 

         HeLa CaSki              HeLa                   CaSki 
            Cell viability(%)  ±SD.       Cell inhibition(%)  ±SD.       Cell viability(%)  ±SD.       Cell inhibition(%)  ±SD   

250 55.86±4.12a        44.14±3.57c          67.00±5.23a             33.00±3,00d           506±15.20          520±18.32 
500 50.56±3.98b       49.44± 4.00c          55.56±4.78b            4 4.44±3.43c 
750 30.45±3.00c       69. 55±5.80b          36.00±3.99c             64.00± 5.18 b 
1000 14.45±2.11d        85.55±9.84a          11.00±1.98d             89.00±9.93a 
1250 2.88±0.98e                         97.12±10.01a            1.48±0.56e             98.52±10.08a  
Positive control 1.95±0.50e        98.05±10.01 a            2.48±0.66e             97.03±10.09a 
(Adriamycin) 
Negative control            0.000  0.000 
Note:The same letter in the same row indicates no statistical difference,but a different letter indicates statistical difference as per Duncan analysis (P=0.05 level)

Figure 4. p53 expression in immunostaining under florescence microscope, A. control, B. 250 µg/mL, C. 500 µg/mL, D. 750 µg/mL and 
E. Bar diagram (Concentration verses color intensity) at 12 h (***P<0.001). 
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method was applied through the use of the 
Hystopaque 1077 solution (from Sigma Aldrich).24 

Growth inhibition rate was determined by the 
formula: 
Growth inhibition = [1- A 490 nm of treated cells 
/A 490 nm of control cells] × 100% 
The concentration which led to 50% killing (IC50) 
was calculated through plotting the dose-response 
graph of the cytotoxicity values obtained using 
the below formula:  
% Cell cytotoxicity = 100 – [(A control - A test / 
A control) × 100] 
Data points represent the mean ± SD in one 
experiment at least thrice repeated 

 
Western blot analysis 

CaSki and HeLa (2×105) cells were treated 
with 500 µg/mL of EAE for 24 h. After treatment, 
cells were lysed with RIPA buffer (Abcam, UK). 
We also determined the effect of treatment on 
the expression of certain cell cycle proteins such 
as p53, and on apoptotic proteins such as Bcl-2, 
procaspase-3, procaspase-9, and PRAP 
(Santacruze Biotechnology, USA). Protein 
expression levels were specified using the mean 
florescence intensity values of the samples via 
FV10 ASW 1.7 software (Olympus Corporation, 
Tokyo, Japan.). The protein concentration was 
750 μg/mL. Proteins were separated by SDS-
PAGE and detected through incubation with the 
corresponding primary antibodies and those 
followed by blotting with the HRP-conjugated 
secondary antibody (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA). The blots were then 
detected using Luminol (Bio-Rad). 

 
Immunofluorescence and microscopic analysis 

CaSki cells (1×105) were seeded on circular 
cover slips and treated with 500 µg/mL EAE for 
12 h. After washing with Hank's solution (Thermo 

Fisher Scientific, Inc. USA), the cells were fixed 
with 4% paraformaldehyde solution for 30 min 
at room temperature and permeabilized with 0.1% 
Triton X-100 (dissolved in PBS) for 10 min. 
Next, the cells were washed with PBS three times 
and blocked with 5% BSA dilution in PBS for 1 
h at RT. After blocking, they were incubated with 
50 µl anti-p53 antibody (1:100) at 4˚C overnight. 
Afterwards, they were washed three times with 
PBS and incubated with Alexa 555-conjugated 
secondary antibodies (1:200; Cat. No 21428; 
Invitrogen; Thermo Fisher Scientific, Inc. USA) 
for 1 h at room temperature in the dark. Immuno-
fluorescent images were observed and analyzed 
using the Olympus inverted fluorescent 
microscope (Olympus Corporation, Tokyo, Japan).  
 
Cell cycle analysis 

Cells (7.5 × 105) were seeded in 100 mm 
dishes and cultured in DMEM media with 10% 
FBS for 24 h, followed by incubation with EAE 
(0, 250 and 500 µg/mL) at 37˚C for 24 h. 
Following incubation, the cells were harvested, 
washed with PBS containing 1% FBS, and 
resuspended in propidium iodine (PI) (50 μg/mL). 

Table 3. Effect of EAE  on cell cycle distribution of HeLa and Caski 
EAE(µg/ml)      HeLa  CaSki 

             Go/G1         S                        G2/M     G0/G1                         S                           G2/M 

0.0(Negative control).     73.00±4.99 21.10±1.50 05.90±0.55 56.66±2.99 33.00±1.99 10.34±0.99 
250         77.25±5.94 20.21±1.81 07.54±0.87 67.32±3.90 25.46±2.00 15.32±1.23 
500         72.24±3.90 18.76±1.05 17.00±0.75 52.00± 2.11 20.25±1.67 27.75±1.89 
Note: Cell cycle distribution in % (G0/G1, S, G2/M).The data are mean ±SD of three experiments. Statistical significance at P<0.05

Figure 5. Anticoloniztion effect of EAE on both CaSki and HeLa 
cell line. A-C. CaSki , A Control (negative), B 500 µg/mL , C 750 
µg/mL; D-F HeLa, D Control (negative). E 500 µg/mL, F 750 
µg/mL (P<0.05). 
***:Highly significant 
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Samples were analyzed on a FAC Star PLUS 
flow cytometer (Becton-Dickinson, San Jose, 
CA, USA). We presented the fractions of cells in 
different cell cycle phases (G0/G1, S, and G2/M) 
as a percentage of the total cells analyzed. 

 
Cologenic assay 

CaSki and HeLa (500) cells per well were 
seeded separately in a six-well cell culture plate 
containing agar medium and incubated at 37 °C. 
Immediately after attachment, the cells were 
treated with (0. 500 and 750 µg/mL) EAE for 
four days of interval. After that, they were treated 
with the same extract concentration, and the 
colonies were then fixed with 3.7% formaldehyde 
and stained with (0.5% w/v) crystal violet. Viable 
colonies were counted using Olympus inverted 
fluorescence microscope (CKX 53).Through the 
use of a colony counter, we counted the colonies 
comprised of more than 50 cells; the results were 
reported as a percentage of colonies formed using 
the following equation: % Colonies formed = 
Colonies formed in treated sample /Colonies 
formed in untreated sample ×100. 

 

Cell migration assay by scratch method  
We performed the migration assay according 

to the method of Lee et al.25 with certain 
modifications. Briefly, 50×103 per well of HeLa 
cell was cultured in a 24-well plate. After reaching 
90% confluency, the center of the culture dishes 
was scratched with 100 µL pipette tip. The cells 
were then washed frequently via PBS and incubated 
with EAE at a concentration of 500 µg/mL. After 
24 h, the image of all cells was taken under ×100 
magnification. We then compared the degree of cell 
spreading and directional migration. The relative 
migration rate was estimated by measuring the 
distance of the cells migrated for 24 h, control was 
also set for comparing with treatment. The relative 
migration rate was calculated as compared with the 
control group. 

 
Determination of antioxidant chemical components  
Total phenolic content 

The total phenolic content of EAE of C. indica 
was measured using Folin-Ciocalteu reagent 
method.26,27 We added 50 µL of extract to 250 
µL of pre diluted Folin-Ciocalteu reagent with 
distilled water (1:9). After 1 min, 750 µL of 20% 

Table 4. Anticolonization of EAE on CaSki and HeLa 
EAE Colony formation in agar plate 

         CaSki          HeLa 

Colony±SD CFE (%) Colony±SD CFE (%) 

    Sq inch        Sq inch 

Control 120±9.0 100        96±8.0      100 
500 57±5.0 47        30±3.5      31.25 
750 1.5±0.5 4.1       2.6±1.0        2.70 
Note: Colony numbers of mean ±standard deviation of five replicated plates, CFE (Colony forming efficacy). Statistical significance at P<0.05

Figure 6. Antimigration against cell line; A and B, treated CaSki at 24 h and 0 h; C and D, treated HeLa cells at 24 h and at 0 h; E, Bar 
diagram showing percentage of cell migration against control and treated. The treatment dose was 500 μg/mL of EAE; ± SE at 5% level. 



Swapan Kumar Ghosh et al.

Middle East J Cancer 2020; 11(4): 454-468460

(w/v) aqueous Na2CO3 was added and the volume 
was made up to 5.0 mL by adding 3.95 mL of ethanol. 
The control contained all the reaction reagents except 
the extract and then all the reaction mixtures were 
incubated for 2 h at 25°C; the absorbance was then 
measured at 760 nm and compared to a Gallic acid 
calibration curve. Finally, the result was expressed 
as mg of Gallic acid equivalent (GAEs) present per 
g of mushroom extract. 

 
Total ascorbic acid content  

Total ascorbic acid content of EAE was 
measured using Folin-Ciocalteu reagent.28 We 
mixed 500 µg of mushroom with 0.2 mL of Folin-
Ciocalteu reagent; the volume was adjusted to 2 
mL by use of distilled water. The mixture was 
then incubated in dark for 10 min at room 
temperature; we ultimately read the absorbance 
at 760 nm by a spectrophotometer. Different 
concentrations of ascorbic acid (0-10 µg/mL) 
were used to make a standard curve. Finally, the 
results were expressed as mg of ascorbic acid 
equivalent (AAEs) present per g of mushroom 
extract. 

 
Total flavonoid content  

Total flavonoid content of EAE was measured 
employing aluminium chloride colorimetric 
method.29 We mixed 500 µg of mushroom extract 
with 40 µL of 10% aluminium chloride and 1 M 
potassium acetate; the volume was adjusted to 2 
mL with the help of distilled water. Afterwards, 
the mixture was incubated for 20 min, and the 
absorbance was finally read at 415 nm by a spec-
trophotometer. Different concentrations of 
quercetin (0-10 µg/mL) were used as a standard. 
Ultimately, the result was expressed as mg of 
quercetin equivalent (QEs) present per g of 
mushroom dry weight. 

 

Assay of antioxidant potential of EAE 
DPPH (1,1-diphenyl-2-picrylhydrazyl) assay 

The scavenging activity of different EAE on 
DPPH radicals was measured by the method 
proposed by Chiou et al.30 Different concentrations 
(50, 75, 100,125 and 150 mg/mL) of EAE powder 
were prepared with ethanol. Here, 0.9 mL of 
DPPH solution (0.1 mM) was added to a test tube 
with 100 µL of each concentration of EAE powder 
separately. Control was prepared with ethanol 
instead of EAE. The reaction mixture was 
incubated for 2h at RT, and the absorbance was 
measured at 515 nm with a spectrophotometer. 
The scavenge potentiality of EAE was ultimately 
measured.  

The percentage of DPPH reduction was 
calculated according to the following equation:              
% DPPH reduction= [{(Ac–As)/Ac} ×100] (where 
As is the absorbance of sample and Ac is the 
absorbance of control). 

 
Analytical thin-layer chromatography 

We performed thin layer chromatography 
(TLC) as per the method of Lihua et al.31 with 
minor modifications. A 10×1.5 cm size of TLC 
plate was heated up to 100°C for 10 min for 
activation and cooled down to RT. Pencil lines 
were drawn 1.5 cm from one edge of the plates. 
EAE and standard samples were spotted using 
thin capillary pipettes onto the pencil line. Next, 
we placed the plates in a development chamber 
with solvent systems. The solvent systems with 
their used proportions were I. Chloroform-ethanol-
acetic acid (90:10:1) II. Chloroform-ethyl 
acetate-acetic acid (50:50:1), and III. Butanol-
acetic acid-water (20:10:5).32 The solvent front 
was allowed to move until about 1 cm from the 
top end. The TLC plates were taken off and the 
solvent front was marked using a soft pencil. 
They were air dried and spots were detected 
through exposing the developed plates to UV 

Table 5. Determination of antioxidant component and content (mg/g dry weight ) of EAE of C.indica 
Antioxidant component Antioxidant content (mg/g dry weight±SD ) of EAE of C.indica 
Phenolic 15.45± 3.45 GAEs mg/g 
Flavonoid 10.24 ± 3.15quercitin mg/g 
Ascorbic acid 4.09±0.98 mg/g 
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light at 254 and 366 nm. Afterwards, we marked 
the chromatograms /spots, noted their color in 
different exposures, and calculated and recorded 
the retention factors (Rf). The resultant 
chromatograms were captured on camera. 

The Rf values of the different bands were then 
calculated using the equation:   

 
Rf value =        Distance of spot from origin  

       Distance of solvent front from origin 
 

Results  

Yield of EAE 
Using 95% ethyl acetate solvent, we obtained 

5% (W/W) yield of EAE /product of C. indica. 
 

Studying the morphological changes of HeLa and 
CaSki cells by EAE under phase contrast 
microscopy  

Untreated CaSki and HeLa cells (negative 
control) exhibited normal elongated (Figure 1 A) 
and spindle shapes (Figure 1E), reaching 90% 
confluency following 24 h of culture. CaSki cells 
treated with 100 µg/mL and 250 µg/mL of EAE 
were more or less similar to the control cells with 
elongated shapes except for a few cell numbers. 
However, CaSki cells treated with 500 µg/mL 
/750 µg/ mL of EAE became round and shrunk. 
We also observed membrane blebbing, reduced 
cell confluency, and certain floated cells (Figure 
1B, C); however, when cells were treated with 
1000 μg/ml of EAE of mushroom, many cell 
debris were seen and dead cells were floating 
(Figure 1D). Similar trends associated with the 
morphological changes of treated HeLa cells were 
further noted (Figure 1F, G, H). Cells treated with 
Adriamycin (positive control) became round and 
died (Not shown in Figure). In this screening 
trial, the EAE of this mushroom’s fruiting body 

showed no cytotoxicity on normal lymphocyte 
cells. Moreover, this mushroom is eaten by the 
locals of the collected zone. 

 
Nuclear morphology study and apoptosis 
evaluation by DAPI staining 

When cells were treated with DAPI stain, live 
cells became light blue but apoptotic cells 
exhibited a bright blue color because of chromatin 
condensation under fluorescence microscope. The 
nuclei of the untreated HeLa (Figure 2A) and 
CaSki (Figure 2D) appeared normal (having a 
light blue color), and were round and 
homogeneous; however, the nuclei of both HeLa 
(Figures 2B and C) and CaSki (Figures 2E and 
F), separately treated with EAE (500 and 750 
μg/mL), were irregular and fragmented in few 
cases and condensed in each case.  

The percentages of the apoptotic cells of HeLa 
by different concentrations of EAE (250, 500 and 
750 µg/mL) were 27.20±2.78, 35.50±3.90, and 
45.15±5.98, respectively and in negative control 
and positive control (Adriamycin), the percentages 
of the apoptotic cells were 0.24±0.01 and 
58.67±7.34, respectively. In case of CaSki cells, 
the percentages of the apoptotic cells by different 
concentrations of EAE (250, 500 and 750 µg/mL) 
were 20.06± 2.32, 30.45± 3.34, and 44.78± 5.56, 
respectively (Table 1). In negative and positive 
controls, the apoptotic nuclei percentages of CaSki 
were 0.07±0.34 and 57.12±7.56.This indicates 
that the exposure of HeLa and CaSki cells to 
different doses of EAE for 24 h resulted in 
increased apoptosis rates.  

 
Cytotoxicity/antiproliferative of EAE against HeLa 
and CaSki cell line by MTT assay 

We determined whether or not EAE affected 
HeLa and CaSki cell survivability. The HeLa 

Table 6. Antioxidant activity of EAE by scavenging activity (% of inhibition) of DPPH radical in comparison with standards 
Solvent    % of inhibition (±SD) of DPPH radical at different concentration (µg/mL)              DPPH 

extract/Standard           50                         75                           100                       125                       150 EC50 (µg/mL) ±SD 

EAE 30.12  ± 3.99 52.45± 6.78 65.95± 7.19 70.56± 7.95.    86.12 ± 9.67       70.12±10.56 
Ascorbic acid 41.67±  4.78 61.45±7.15 67.90±7.19 75.45± 8.01.     88.56±10.00       58.36±7.45 
BHA 55.24±6.96 68.05±7.81 70.86± 7.99 83.47±9.11.      90.15±11.41       43.78 ±6.34 
Note: Statistical significance at P<0.05
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cells treated with EAE showed that in 250, 500 
and 750, 1000 and 1250 µg/mL,  the proliferation 
of cells were 55.86±4.12a, 50.56±3.98b, 
30.45±3.00c, 14.45±2.11d, and 2.88±0.98e, 
respectively (P<0.05) [as per Duncan analysis 
(P=0.05 level)] after 24 h (Table2). The CaSki 
cells treated with EAE showed that in 250, 500, 
750, 1000, 1250 µg/mL concentration, 
proliferation percentages were 67.00±5.23a, 
55.56±4.78b, 36.00±3.99c, 11.00±1.98d and 
1.48±0.56e, respectively (P<0.05) [as per Duncan 
analysis (P=0.05 level)] in 24 h (Table 2).The 
percentage of inhibition was further calculated. 
The comparative analysis of the effect of 
maximum concentration 1250 µg/ml of EAE 
showed 97.12±10.01a and 98.52±10.08a 
percentages of growth inhibition associated with 
HeLa and CaSki cells, respectively, after 24 h; 
the IC50 values of this extract against HeLa and 
CaSki were 506±15.20 µg/mL and 520±18.32 
µg/mL, respectively (Table 2). Moreover, at 
maximum concentration (1250 µg/mL), EAE 
showed no cytotoxicity on normal lymphocytes. 

 
Studying the induction of apoptosis by gene 
expression in Western blotting assay 

We found that treatment with EAE (500 
µg/mL) reduced the expression of gene Bcl-2 
(Figure 3) while increasing the expression of pro-
apoptotic genes caspase 3 and caspase 9 (Figure 

3) in both HeLa and CaSki cells in vitro. 
Moreover, p53 gene was upregulated by EAE. 
Using western blotting, it was observed that the 
levels of p53 protein and its downstream target 
proteins were upregulated; whereas, the levels of 
another antiapoptotic protein, Bcl-2, decreased 
(Figure3). 

 
P53 expression by immunostaining in CaSki cell 
line 

Figure 4 shows that increasing EAE 
concentration from 250 to 750 µg/mL increased 
the florescence intensity (Figurs 4B, C and D) of 
p53 protein expression. The color intensity was 
50 in the control (negative) and 80, 100, and 200 
in treatment with EAE 250, 500, and 750 µg/mL, 
respectively (Figure 4E). This implies that EAE 
product increased about four times the expression 
of p53 gene/protein (***P<0.001). 

 
Cell cycle arrest  

Table 3 shows that under 500 µg/mL 
concentration of EAE, HeLa and CaSki cells were 
arrested (17.00±0.75 and 27.75±1.89 (P<0.05), 
respectively) at G2/M stage; whereas in control, 
it was minimal (05.90±0.55 and10.34±0.99 
(P<0.05), respectively). 

 
Anticolonization by EAE in HeLa cells 

We examined the capacity of EAE to inhibit 

Table 7. Analytical TLC of EAE, its different spots or compounds, and their Rf values in different solvent systems 
Solvent System Run Time     Sample Visualization 

         UV 366 nm   UV 254 nm 
               Spot no        Spot col        Rf value               Spot no   Spot col    Rf value  

Chloroform: 30min Galic acid 0 0 0 1.     Blk    0.21 
Methanol: 33s Cinnamic acid 1 0 0.65 1.     Blk    0.65 
Acetic Acid: Quercetin 1 Bl 0.62 2.     Blk    0.62, 
:90:10:1. Ascorbic acid 0 0 0 1.     Blk    0.04 

Calocybe EAE 4 Bl Gr 0.89,0.85,0.80,0.65 7.     Blk       0.89,0.85,0.80,0.65,0.32,0.15,0.07 
 
Chloroform: 18min Galic acid 0 0 0 1     Blk    0.17 
Ethyl acetate: 34s Cinnamic acid 0 0 0 1     Blk    0.47 
Acetic Acid: Quercetin 1 Bl 0.4 2     Blk    0.4 
: 50:50:1 Ascorbic acid 0 0 0 1     Blk    0 

Calocybe EAE 4 Bl Gr 0.77,0.70,0.58,0.25 8     Blk 0.83,0.77,0.70,0.58, 0.42, 0.25, 0.17,0.11  
 
Butanol: 1hr  Galic acid 0 0 0 1.    Blk    0.70 
Acetic acid: 5 min Cinnamic acid 0 0 0 1     Blk    0.77 
Water:: 20:10:5  10 s Quercetin 0 0 0 2     Blk    0.77,0.49 

Ascorbic acid 1 Bl 0.57 1     Blk    0.57 
Calocybe  EAE 1 Bl 0.78 6     Blk    0.80,0.68,0.64,0.57,0.50,0.41 

Note: Spot colour Br= Brown, Blk=Black, Bl=Blue, Gr=Green 
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the colony formation of HeLa and CaSki cells 
on six-well plates. The colony numbers of CaSki 
on agar plate in control, 500, and 750 µg/mL 
EAE were 120±9.0, 57±5.0, and 1.5±0.5 
colony/Sq. inch, respectively. The percentages 
of colony efficiency (PCE) were 100, 47, and 4.1 
%, respectively (Figures 5 A, B, C and Table 4). 
However, in the case of HeLa, colony numbers 
were 96±8.0, 30±3.5, and 2.6±1.0 colony/Sq. 
inch at control, 500 and 750 µg/mL, while the 
percentages of colony efficiency (PCE) were 100, 
31.25, and 2.7%, respectively (Figures 5D, E, F 
and Table 4). 

 
Antimigration by EAE against HeLa and CaSki 
cells by wound healing /scratch assay 

Cell migration is an important property of 
cancer cells. The effect of EAE on cell migration 
was examined by a wound healing or scratch 
assay in vitro. The migration of cells was 
photographed and presented in figure 6. Cells in 
the control (untreated/complete medium) filled 
the scratched space  following an overnight 
culture, while treatment with EAE reduced the 
cell migration of both CaSki and HeLa cells as 
evidenced by the wider open space left between 
the two sides of the cells (Figures 6 A, B, C, and 
D).The inhibitory effect of EAE on cell migration 
was dose-dependent. The cell migration rate in 
the treated group was calculated comparing with 
the control (untreated) group. The data presented 
in the bar diagrams (Figure 6E) showed that HeLa 
cells migrated 25±1.24%, while CaSki cells 
migrated 70±2.78% (P<0.05) at 500 µg/mL of 
EAE. This indicates that EAE was more effective 
in inhibiting the migration of HeLa compared 
with CaSki cells. 

 
Antioxidant content 
Ascorbic acid, flavonoid, and total phenolic 
contents in EAE 

The EAE showed that it contained high 
ascorbic acid content, i.e. 4.09±0.98 mg/g dry 
weight of extract. As major naturally occurring 
anticancer compounds, flavonoids comprise a 
large group of phenolic compounds with 
antioxidant activity. This EAE showed that it 

contained high flavonoid, i.e. 10.24 mg/g dry 
weight of extract. Phenolic contents were the 
major naturally occurring antioxidant components 
found in the mushrooms. The total phenolic 
content was expressed as mg of GAEs mg/g of 
dry weight of extract. The phenolic content of 
EAE was 15.45 GAEs mg/g of dry weight of 
extract (Table 5), indicative of its good radical 
scavenging ability.  

 
Antioxidant activity assay 
DPPH assay  

The DPPH percentage related to the inhibition 
capacity of EAE was compared to standard pure 
compound ascorbic acid and BHA and also 
measured against 0.1 mM DPPH free radical. 
The results presented in table 6 show that at all 
concentrations (50-150 µg/mL), EAE was able 
to scavenge the radical, with the inhibition 
percentages being 20.56±3.99, 47.45±6.78, 
61.95±7.19, 70.42±7.95, and 86.23±9.67, 
respectively. In highest concentration (150 
µg/mL), percentages of the inhibition of standard 
ascorbic acid and BHA were 88.56±10.00 and 
90.15±11.41, respectively. The calculated EC50 
values of EAE, ascorbic acid, and BHA were 
70.12±10.56, 58.36±7.45, and 43.78±6.34, 
respectively (Table 6). 

 
Analytical TLC of EAE 

The analytical TLC showed (Table 7) that in 
the EAE of C. indica, when run on chloroform: 
Methanol: Acetic Acid: 90:10:1 solvent system, 
four spots were visualized under UV 366 nm with 
Rf values of 0.89, 0.85, 0.80 and 0.65, along with 
seven spots under UV 254 nm with Rf values of 
0.89, 0.85, 0.80, 0.65, 0.32, 0.15, and 0.07. The 
common spots with their Rf values were 0.89, 
0.85, 0.80, and 0.65. Therefore, seven spots or 
compounds were present in the EAE of this 
mushroom. Four standard compounds (gallic acid, 
cinnamic acid, quercetin, and ascorbic acid) were 
used along with the sample in this solvent system. 
Among the compounds, cinnamic acid gave one 
spot with an Rf value of 0.65 under both UV 
light, matching perfectly with one spot of one 
compound of EAE (Rf 0.65). Therefore, we may 
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note that of the seven compounds, one may be 
cinnamic acid. When EAE and standard 
compounds were run in chloroform: ethyl acetate: 
acetic acid:: 50:50:1 system, it gave four spots 
under UV 366 nm with Rf values of 0.77, 0.70, 
0.58, and 0.25 and eight spots under UV 254 nm 
with Rf values of 0.77, 0.70, 0.58, 0.25, 0.83, 
0.42, 0.17, and 0.11.The common spots with their 
Rf values were 0.77, 0.70, 0.58, and 0.25. 
Therefore, eight spots or compounds were present 
in the EAE of this mushroom. We ran four 
standard compounds (gallic acid, cinnamic acid, 
quercetin and ascorbic acid) along the sample in 
this solvent system. Of these compounds, gallic 
acid gave one spot with an Rf value of 0.17 under 
UV 254 nm light, matching perfectly with one 
spot of one compound of EAE (Rf 0.17). The Rf 
value of quercetin was 0.40, while one spot of 
one compound of EAE (Rf) (0.42 under 254 nm 
UV) was close to it. Therefore, EAE also may 
contain quercetin and gallic acid. The data 
presented in table 7 also show that seven spots 
(one in UV 366 nm and six in 254 nm light) with 
Rf values of 0.78, 0.80, 0.68, 0.64, 0.57, 0.50, 
and 0.41 were present in EAE in butanol: acetic 
acid: water:: 20:10:5 solvent system. Here, the 
Rf value of ascorbic acid was 0.57, matching 
exactly with one spot of EAE under 254 nm UV 
light. Under these three solvent systems, EAE of 
C. indica showed eight compounds(spots) and 
four compounds, which might be cinnamic acid, 
gallic acid, quercetin, and ascorbic acid.  

 
Discussion 

In the present study, the cytotoxicity assay 
revealed that maximum 1250 µg/ml of EAE 
showed 97.12±10.01 and 98.52±10.08 growth 
inhibition percentage in HeLa and CaSki cells, 
respectively, after 24 h; also, the IC50 values of 
this extract against HeLa and CaSki were 
506±15.20 µg/mL and 520±18.32 µg/mL, 
respectively. Apoptosis evaluation showed that 
exposure of HeLa and CaSki cells to different 
doses of EAE for 24 h resulted in increased 
apoptosis rates. This was supported by cell cycle 
arrest at G2/M point and validated by our gene 
expression data which exhibited down regulated 

antiapoptotic genes Bcl-2 and upregulated 
proapoptotic genes, caspase 9, and tumor 
suppressor p53 gene. The yield of ethyl acetate 
(EAE) of C. indica was 1%, but in line with the 
results presented by Wang et al.,33 which yielded 
6%; however, their sample was Pleurotus ferulae. 
Few studies have been done on in vitro anticancer 
effect of EAE of C. indica. The morphology 
changes of cancer cells on exposure to any 
chemical are the primary indication of its 
anticancer properties. In this experiment, we 
observed cell morphological changes from normal 
spindle or elongated shape to round or irregular, 
and reduced confluency levels as seen from phase 
contrast microscopy analysis in both HeLa and 
CaSki. 

Similarly, Jedinak and Sliva reported P. 
ostreatus changed the morphology of MCF-7 and 
HT-29 cells, but the mushroom extract was the 
methanolic extract of the fruiting body.34 In our 
previous study, we found that ethanolic extract 
and methanolic extract of A. bisporus changed 
the cell morphology of CaSki cell line from normal 
elongated to round.35 So far, literature survey has 
shown that ethanol extract (EE) of C. indica 
induces apoptosis in T24 cell line,36 and its 
methanolic extract triggers the apoptosis of lung 
carcinoma (A549) cell line.37 Ghosh24 reported 
that the extracts (WE and ME) of C. indica were 
anti-proliferative against sarcoma and breast 
cancer cell lines, and other spp of edible 
mushrooms such as P. ostreatus suppressed the 
proliferation of breast cancer (MCF-7, MDA-
MB-231) and colon cancer (HT-29, HCT-116) 
cells by its methanolic extract.34 Nisha and 
Kumuthakalavalli recorded that the IC50 value of 
the EAE of C. indica to A549 lung cancer cell 
line was 4.9 µg/mL.37 Apoptosis profile of C. 
indica was shown to be 80.13%, and maximum 
rate of inhibition (54%) was observed in S phase. 
The nucleus condensation, fragmentation, and 
DNA cleavage are indicative of apoptosis.38 In 
our experiments, DAPI staining showed nuclear 
condensation and fragmentation in both CaSki 
and HeLa under treatment by EAE. Induction of 
apoptosis is suggested to be one of the major 
action mechanisms of chemotherapeutic anticancer 
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drugs on malignant cells.39 Wang et al.33 also 
observed that EE of P. ferulae induced apoptosis 
by caspase 3 activity, by reduction of 
mitochondrial membrane potential (MMP), cell 
cycle progression, migration, and gene expression 
by EE of P. ferulae. Xu reported the effects of 
EAE of WBM (white button mushroom) against 
four human cancer cell lines such as MCF 7 
(breast cancer), H1299 (lung cancer), LNCaP 
(prostrate cancer).40 There are two types of death 
pathways in apoptosis: the extrinsic pathway and 
the intrinsic mitochondria-mediated pathway. The 
latter triggers the release of proapoptotic 
mitochondrial proteins into the cytosol, thereby 
activating caspase-dependent and caspase 
independent pathways and inducing cell apoptosis 
and necrosis. In this study, we observed that the 
increased concentration of EAE augmented 
apoptotic rate in vitro. Liu and Zhong reported 
that ganoderic acids isolated from Ganoderma 
lucidum triggered the apoptosis of HeLa cells.41 

Our findings showed that the anticancer bioactivity 
of EAE of C. indica was mediated by induced 
apoptosis. This may be through ROS formation 
and MMP reduction as previous authors reported 
that mushroom products generated ROS and 
reduced mitrochondrial membrane potential 
triggering apoptosis.40 The mechanisms behind 
the anticancer activity were found to be the 
downregulation of antiapoptotic genes Bcl-2 and 
upregulation of proapoptotic genes caspase 3, 
caspase 9, and tumor suppressor p53 gene, which 
is one of the important molecules involved in 
apoptosis induction. Our microscopic 
immunostaining experiment of p53 showed that 
increase in the dose of EAE against CaSki cell 
line increased the intensity or expression of p53 
compared with control (negative). Many studies 
have raised the possibility that cells lacking p53 
activity due to mutation might be more resistant 
to cancer chemotherapy.42,43 It was very interesting 
to note that in our cell cycle experiment, EAE 
arrested cell cycle at G2/M checkpoint of both 
HeLa cells and CaSki. Similarly, other scientists 
have observed that the methanolic extract of 
mycocomplex,44 Ganoderma lucidum in 
prostate,45 hepatoma,46 and bladder cancer cells47 

induce significant cell cycle arrest at G2/M phase. 
Moreover, cell cycle arrest at G2/M was induced 
by A. blazei in gastric epithethelial cells,48 or by 
cordyceptin isolated from Cordyceps militaris in 
colon cancer cells;49 whereas, ethanolic extract 
of P. ferulae arrested the cell cycle of melanoma 
cancer B16F10 cells at G0/G1.33,34 On the other 
hand, Dudhgaonkar et al.50 isolated triterpenes 
from G. lucidum and observed that they induced 
cell cycle arrest at G0/G1 and G2/M phase in 
macrophages; therefore, it is suggested that cell 
cycle arrest depends on the specific biologically 
active compounds as well as particular cells. 

Colony formation and migration of cancer 
cells are two important hallmarks of metastasis. 
Cologenic assay and antimigration assay against 
both cell lines revealed that the EAE of C. indica 
had antimetastasis property as this extract inhibited 
the colony formation and migration of both cell 
lines. Ganoderic acids from G. lucidum 
demonstrated inhibition on the colony formation 
of invasive breast cancer cells.51 Pleurotus 
ostreatus (aqueous extract) exhibited a reduction 
in the number of colonies of COLO-205 (oral 
cancer) cells with 43.8±3.5% in contrast to 100% 
proliferation of untreated cells.52 

Many authors have suggested that mushrooms 
rich in antioxidant activity play an important role 
in cancer prevention.53,54 Xu proposed phenolic 
compounds to be the major effective anticancer 
compounds.40 Our antioxidant content 
determination experiment showed that EAE 
contains total phenolic compounds such as 
10.05±2.45 mg GAE/g extract, which is lower 
than the earlier report of Xu; however,40 other 
antioxidant flavonoids and ascorbic acids were 
also present in high amounts. Our TLC analysis 
also validated the presence of phenolic 
compounds, flavonoids, and ascorbic acids. Keleş
et al.55 recorded the total phenolic content of 
A. bisporous ethanolic extract to be 4.020 mg/g. 
Flavonoids have been shown to be highly effective 
scavengers of most types of oxidizing molecules, 
including singlet oxygen and various free 
radicals.56 Flavonoids are able to alter peroxidation 
kinetics and reduce the fluidity of membranes.57 
Similarly Keleş, et al.55 reported 67.86% of the 
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scavenging capacity of this mushroom 
(concentration 25 mg/mL of ethanolic extract) 
along with other mushrooms with more or less 
capacity. Using ascorbic acid as standard, the 
antioxidant potential of Calocybe indica in terms 
of DPPH radical scavenging assay was evolved 
as 60% and hydroxyl radical scavenging activity 
as 66%.37 In our experiment, scavenging capacity 
of EAE of this mushroom (concentration 150 
µg/mL) was 86.23%, which is far better than 
earlier reports. The phenolic compounds are also 
responsible for cell cycle arrest during anticancer 
effects as studied by other researchers.58-61 Our 
TLC analysis of the EAE of C. indica exhibited 
some active compounds, including quercetin, 
gallic acid, and ascorbic acids. We propose that 
these phenolic compounds may play a role in the 
inhibition of cervical cancer cell growth by 
inducing apoptosis and arresting the cell cycles 
of both HeLa and CaSki at G2/M stage. 

In conclusion, EAE of edible mushroom C. 
indica inhibits proliferation, induces apoptosis, 
arrests cell cycle at G2/M point of HeLa and 
CaSki cells, and has antimetastatic properties. 
The good amount of antioxidant content (phenolic 
compounds, flavonoids and ascorbic acid) and 
activity of EAE further supported its anticervical 
activity. The mycochemistry analysis of EAE by 
TLC indicated the presence of eight compounds, 
including phenolic compounds such as gallic acid, 
cinnamic acid, quercetin, and acetic acid. Our 
work suggests that C. indica mushroom may be 
a novel promising agent for the treatment of 
cervical cancer. Our work is probably the first in 
medical literature to focus on the anticervical 
cancer potential of EAE of Calocybe indica. 
In the future, more analytical chemistry studies 
of EAE will probably identify a novel class of 
mushroom constituent with broad-spectrum 
antitumor activity for cervical cancer management.  
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