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Abstract 
Mushrooms are well-known to possess a continuum of anticancer metabolites 
that are vital in the development of anticancer adjuvant drug leads based on 
natural products. Owing to the fact that conventional cancer therapeutic me-
thods were failed to lessen mortality caused by cancer to the estimated level 
with occurrence of adverse side effects, anticancer agents isolated from natural 
mushroom sources unarguably make an experimental research area worth mass 
focus today. The current study was targeted on in vitro cytotoxicity and in silico 
predictive pharmacological analysis of a flavonoid compound isolated from 
Fulvifomes fastuosus mushroom. Targeted compound was isolated from the 
mushroom using different chromatographic methods and identified by NMR 
spectrometry and mass spectrometry. Cytotoxicity experiments were carried 
out using MTT assay and apoptotic cells were identified by ethidium bro-
mide/acridine orange staining. The SwissADME tool, BOILED-Egg construc-
tion model and Swiss target protein prediction software have been used to per-
form in silico predictive pharmacological analysis. The isolated compound has 
been identified as 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)eth- 
enyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione by spectro-
metric methods. The result of MTT assay showed that 2-(3,4-dihydroxy- 
phenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-
c]pyran-3,2'-furan]-3',4-dione has potent anticancer activity for hepatoma  
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against Hep-G2 cell line (IC50 = 20.8 µg/ml) being less toxic to normal CC-1 
epithelial cells (IC50 = 167.00 µM). The cells treated with compound exhibited 
apoptotic features such as cellular shrinkage, nuclear fragmentation and con-
densed cytoplasm. In summary, 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-di- 
hydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',- 
4-dione has shown potent anticancer properties against hepatoma with less 
cytotoxicity effect on normal cells. Furthermore, in silico study has revealed 
that properties of 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)eth- 
enyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione may contri-
bute to making a high absorption and clearance of the test compound as not 
interfering with the therapeutic failure of the compound. The properties of 
2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro
[2H-furo-[3,2-c]pyran-3,2'-furan]-3',4-dione were compatible with well-known 
anticancer drug lapatinib. In conclusion, 2-(3,4-dihydroxyphenyl)-6-[(E)-2- 
(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]
-3',4-dione has a high tendency to act as a good anticancer adjuvant drug in 
the treatment of hepatoma. 
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1. Introduction 

It is well reputable that the use of medicinal mushrooms provides advantageous 
effects on human well-being mainly due to its therapeutic value [1]. The utiliza-
tion of mushroom products as a source of medication has been commenced 
more than 100 years ago as they are enormously rich in biologically active sec-
ondary metabolites. Among 14,000 of mushroom species that have been identi-
fied yet, about 650 species of mushrooms have been reported to possess promis-
ing anticancer activity [2] [3]. Bioactive compounds isolated from mushrooms 
with anticancer properties have been identified to contain polysaccharides, po-
lysaccharide-protein complexes, dietary fiber, certain types of proteins, phenols, 
terpenoids, flavonoids and steroids etc. [3] [4]. Nowadays, a major challenge 
encountered by the entire world community is to uncover a feasible strategy to 
fight neoplastic diseases as cancer is still a chronic disease that causes severe 
death or long term effects throughout the life [4]. Plentiful side effects given by 
conventional therapies to treat cancer including surgery, chemotherapy, and 
radiation therapy, promote the use of additional therapy to retain and improve 
the immune status of patients [5]. Scientists made it feasible with introduction of 
the use of natural drugs with conventional therapy as an adjuvant treatment, es-
pecially those that have cytotoxic activity with minor side effects. For instance, 
lentinan, schizophyllan and krestin are natural compounds which were isolated 
from Lentinus edodes, Schizophyllum commune and Trametes versicolor mu-
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shrooms species. All these metabolites have passed clinical trials and approved as 
prescribed cancer drugs in Japan to use them in adjuvant cancer therapy [6]. 

It is worth to note, that clinical trials for mushroom originated drugs are suf-
ficiently expensive and long-term. Hence, researchers have done plenty of inves-
tigations for anticancer activity of medicinal mushrooms in vitro and in vivo. 
However, most of the drugs have been passed clinical trials. Initial phases of 
clinical trials for these drugs exhibit great anticancer activity with absence of 
immediate or long-term toxicity [7] [8]. 

In spite of the potency of the natural anticancer compounds isolated from 
mushrooms, they must reach the target in the human body in adequate concen-
tration, and reside there in a bioactive form long enough for the execution of 
expected biologic events to be effective as a drug. Hence, drug development 
process of a potent molecule involves assessment of absorption, distribution, 
metabolism and excretion (ADME) of that targeted substance inside the body 
[9]. In silico methods have been fostered as valid substitutes to experimental 
procedures for prediction of ADME, particularly at initial steps, when investi-
gated substances are abundant but the availability of compounds is scarce [9]. 

In silico toxicology is one form of toxicity assessment which uses computa-
tional resources such as methods, algorithms, software, data, etc., in order to 
analyze, organize, simulate, model and predict toxicity of chemical substances 
[10]. It is knotted with in silico pharmacology, which uses data through compu-
tational tools to analyze beneficial or harmful effects of drugs in therapeutic 
purposes [11]. Computational methods are targeted to complement in vitro and 
in vivo toxicity experiments to potentially minimize the necessity for animal 
testing. Moreover, it aims to lessen the cost and time required for animal expe-
riments and safety assessment [12]. Drug discovery is a multifarious process 
with the aim of determining efficacious molecules where their selectivity and 
strength are balanced with absorption, distribution, metabolism, excretion and 
toxicity (ADMET) properties to find out the fitting dose and dosing interval 
[13]. The connection between physicochemical properties and molecular struc-
ture is well known. The link between physicochemical properties and a drug’s 
biological behavior exhibits an indirect relationship back to structure. It facili-
tates the prediction of a biological property using particular molecular manipu-
lation [14]. In the point of minimizing wasted drug discovery efforts and pre-
vention of the synthesis of high risk compounds, computational methods are 
used to predict the physicochemical properties accurately. 

In this study, ADMET behaviors of key physicochemical properties, such as 
ionization, hydrophobicity, solubility, hydrogen bonding strength will be pre-
dicted in silico using SwissADME web tool [15]. Detailed analyses of the binding 
characteristics lead to ranking of the targets according to the tightness of binding 
[16]. This study will be also targeted a in silico study of drug likeliness of the 
isolated compound which is useful in the identification of drug targets related to 
hepatoma and prediction of binding-conformation of small molecule ligands to 
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the target binding site [16]. Swiss target prediction software is used to predict 
target proteins for the isolated test molecule. The BOILED-Egg construction 
model is used via SWISSADME to assess the gastrointestinal absorption and 
brain penetration of the targeted compound. Gastrointestinal absorption and 
brain penetration data are standardized by this model and subjected to lipophi-
licity (WLOGP) and polarity (tPSA) computation [16]. 

2. Materials and Methods 
2.1. Fungal Material 

The specimen of F. fastuosus was collected from the dry zone forest reserves of 
Sigiriya and Dambulla in Sri Lanka during the period of September 2012 to Oc-
tober 2013. Specimens were transported to the laboratory with proper ventila-
tion. The identity of the specimen was achieved by a botanist of Department of 
Plant Science, Faculty of Science, University of Colombo and molecular studies 
has confirmed the identity of the species (Genbank Accession No.: KP757737). 
Voucher specimens were deposited at the same Institute (UOC:DAMIA:D27b). 

2.2. Large Scale Extraction of Fruiting Bodies of F. fastuosus 

Mature fruiting bodies of F. fastuosus were cleaned, dried in the oven at 40˚C to 
a constant mass and pulverized. Shredded and ground mushroom specimen of 
fruiting bodies from F. fastuosus (1 kg) was subjected to sonication extraction 
with methanol (4 L), for 5 - 6 hours at 37˚C. Methanol extract was filtered twice 
through Whatman No. 1 filter paper and same extraction procedure was re-
peated for three times. Filtrates were pooled and evaporated to dryness at 40˚C 
under reduced pressure using rotary evaporator. The resulting dried methanol 
extract was dissolved in distilled water (500 mL) with maximum solubility and 
partitioned into hexane by liquid-liquid extraction. Remainder in water was par-
titioned into dichloromethane. Dichloromethane layer was dispensed and aqueous 
layer was extracted into ethyl acetate using same extraction procedure. Ethyl ace-
tate fraction was evaporated in a rotary evaporator to yield dried extract. 

2.3. Isolation of Test Compound by Normal  
Phase Column Chromatography 

The ethyl acetate extract was fractionated by normal phase column chromato-
graphy using the following protocol. The dried ethyl acetate extract was dis-
solved in a minimum amount of methanol and added to 50 g of silica gel (230 - 
400 mesh, 60 Å). The resulting silica gel slurry was then dried using rotary eva-
poration and placed at the top of 50 mm diameter column producing a final bed 
height of 200 mm. The column of silica was eluted, using a gradient solvent sys-
tem starting from 1:1 ethyl acetate: hexane to 4:1 ethyl acetate: hexane (300 ml 
each in 5% step gradient), yielded fractions (25 ml each) number 20 - 23 was 
comprised the targeted compound and evaporated the preferred fractions by 
air-drying. Dried fractions were further washed with acetone to remove any 
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contaminations and spotted on silica gel plates to give a consolidated under 365 
nm UV lamp. Further purifications were performed using reverse phase prepar-
ative HPLC to obtain the purified product of the targeted compound. 

2.4. Purification by High Performance  
Liquid Chromatography (HPLC) 

Dried compound was further purified by a recycling preparative-HPLC (Model 
LC-908, JAI Co., Japan) eluting with a linear gradient from 9:1 to 3:7 wa-
ter:methanol acidified with 0.04% trifluoroacetic acid at a flow rate of 5 mL/min. 
Prime sphere C18 HC (10 g) 50 × 250 mm with a 50 × 30 mm guard column was 
used in the preparative HPLC. In this manner, purified HPLC fraction compris-
ing the compound 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)eth- 
enyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione was obtained in 
substantially purified form (≥98%) and the product can be dried using freeze-drying 
methods to obtain the amorphous yellow colour powder of 2-(3,4-dihydroxyphenyl)- 
6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2
'-furan]-3',4-dione. All chromatographic runs were performed at ambient tem-
perature using HPLC grade solvents. 

2.5. Identification and Characterization of the Compound  
by Nuclear Magnetic Resonance (NMR) 

Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker avance 
AV—400 or 500 MHz spectrometer in deuterated acetone: methanol (1:1) mixture. 
One and two-dimensional NMR experiments, including 1H-NMR (proton NMR), 
13C-NMR, DEPT13C-NMR (Distortionless Enhancement Polarization Transfer 
13C-NMR), H-H Correlation Spectroscopy (COSY), Heteronuclear Single Quantum 
Correlation (HSQC), Heteronuclear Multiple Bond Correlation (HMBC), Nuclear 
Overhauser Effect Spectroscopy (NOESY) provided molecular structure informa-
tion. In addition, HREIMS (High Resolution Electrospray Ionization Mass Spec-
trometry) was performed to obtain the high resolution mass spectrum. 

2.6. Cell Lines and Cell Culture 

Hep-G2 and CC-1 cell lines (ATCC) were cultured in DMEM supplemented 
with 10% heat inactivated fetal bovine serum (FBS), 3% glutamine, sodium bi-
carbonate and antibiotic (penicillin/ streptomycin). The cells were incubated at 
37˚C in a humidified CO2 incubator. 

Determination of Cytotoxicity Effect of  
2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'- 
methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione  
for Hepatoma and CC-1 Cell Lines Using MTT Assay 
Antiproliferative activities of 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxy- 
phenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione against 
hepatoma and CC-1 cells were determined using MTT (3,4,5-(dimethyl-thiazol- 
2-yl)2-5-diphenyl tetrazolium bromide) assay. Metabolically active cells reduce 
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MTT in to purple colored formazan crystals. Adherent cell lines were transferred 
with 0.12% trypsin and 0.5% EDTA and cells (2 × 105 cells/well) were seeded in 
24-well plates and incubated overnight with 1 mL of the DMEM medium de-
scribed above. The stock solution of the test compound was prepared in DMSO 
at a concentration of 1 mg/ml and subsequently diluted up to 1000 ng/ml in or-
der to prepare the working standards. The resulting monolayers of Hep-G2 cells 
and CC-1cells (70% confluence) were treated with different concentrations of 
the test solution and incubated for 24 hours at 37˚C. 

In all experiments, cycloheximide (5 mM, 50 μl) was used as the positive con-
trol and negative control contained 0.25% DMSO in growth media. The culture 
medium was replaced with fresh medium (1 ml) after 24 hours and MTT (5 
mg/ml; 100 µl) was added to each well. The cells were incubated at 37˚C for 3 
hours and the medium was aspirated carefully. The remaining formazan crystals 
were solubilized with 750 µl of 0.05 M HCl (in 2-propanol) and absorbance was 
measured at 570 nm. The absorbance given by the solution was measured at 570 
nm. 

1) Determination of IC50 value 
Percentage cell viability was calculated using the formula: Percentage cell viabil-

ity = [(Absorbance of untreated cells − Absorbance of treated cells)/Absorbance of 
untreated cells] × 100. The net absorbance from the wells of the untreated cells 
(negative control) was taken as the 100% viability. IC50 of the test solution 
against Hep-G2 cells was determined by regression analysis of the corresponding 
dose response curve. 

2) Determination of selectivity index 
CC50 of the test solution against CC-1 cells was determined using the regres-

sion analysis of the corresponding dose response curve. Safety of the compound 
against normal cells was determined in terms of selectivity index (SI) by calcu-
lating the ratio of CC50/IC50 (SI value > 2 is considered as safe) [17]. 

2.7. Morphological Determination and DNA Fragmentation  
of Apoptosed Cells 

The morphological changes of treated Hep-G2 and CC-1 cells with different 
concentrations of the test solution over 24 hours were detected by microscopic 
examination of cells. Morphological changes of the cells treated with negative 
and positive controls were compared under phase contrast microscope. 

Acridine Orange/Ethidium Bromide Staining of Apoptosed Cells 
Hep-G2 (2 × 103 cells/well) and CC-1 cells (2 × 102 cells/well) were seeded in 
chamber slides and resulting confluent layers were treated with different con-
centrations of the test solution and incubated at 37˚C for 24 hours. The adherent 
cells were washed with 200 µL of PBS and 2 μL of the dye mixture of ethidium 
bromide (100 mg/mL) and acridine orange (100 mg/mL) in 1:1 ratio was placed 
on each well of the chamber slide. Chamber slides were observed immediately 
under the fluorescence microscope. Images were photographed using a Nikon D 
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700 camera connected to the microscope. 

2.8. Determination of in Silico Pharmacokinetic, Physicochemical 
Parameters and Drug Likeliness of the Compound 

2.8.1. SwissADME Web Tool 
Assessment of in silico pharmacokinetic parameters, physicochemical parame-
ters, drug likeliness, lipophilicity and medicinal chemistry friendliness properties 
for the molecule were performed using SwissADME web tool. 

2.8.2. BOILED-Egg Construction Model 
The BOILED-Egg construction model was obtained via SWISSADME to assess 
the gastrointestinal absorption and brain penetration of the targeted compound. 
This model standardizes gastrointestinal absorption and brain penetration data-
sets and converts into SMILES notation which in turn subjected to lipophilicity 
(WLOGP) and polarity (tPSA) computation. 

2.8.3. Prediction of Target Proteins of the Compound 
The target proteins for the isolated molecule have been predicted using the Swiss 
target prediction software. Interactions were selected based on following criteria; 
I) involve human proteins (II) annotate as direct binding with an activity (Ki, Kd, 
IC50 or EC50) ≤ 10 µM (III) involve molecules consisting of 80 heavy atoms and 
(IV) involve targets that are single proteins or protein complexes. 

2.9. Calculations and Statistics 

All experiments were carried out in triplicate and set values are representative 
for at least three independent experiments. All the results of the experiments 
were presented as the mean ± standard deviation (Mean ± SD). The results were 
statistically analyzed by SPSS statistic software package. A p-value less than 0.05 
was considered as statistically significant. 

3. Result and Discussion 
3.1. Structure Elucidation of the Flavonoid Compound Isolated 

from Fulviformes fastuosus 

The spectroscopic methods including 1D and 2D NMR experiments were used 
to identify the chemical structure of the isolated compound. It was confirmed as 
2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspir
o-[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione (Figure 1) with C25H18O9, mole-
cular formula and m/z 462 g/mol as determined by HREIMS (High resolution 
electrospray ionization mass spectrometry) and by combination of the 1H-NMR 
(proton NMR), 13C-NMR, DEPT13C-NMR (Distortionless Enhancement Polari-
zation Transfer 13C NMR), Heteronuclear Multiple Bond Correlation (HMBC), 
Heteronuclear Multiple Quantum Correlation (HMQC), H-H Correlat17ion 
Spectroscopy (COSY) and Nuclear Overhauser effect spectroscopy (NOESY). 
Table 1 shows the assigned 13C and 1H chemical shifts for the isolated compound.  
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Figure 1. The structural formula of 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyp- 
henyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione. The red colour 
circles indicate four hydroxy groups that can be derivatized to produce analogs of 
2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-fur
o[3,2-c]pyran-3,2'-furan]-3',4-dione. 

 
Table 1. 13C-and 1H-NMR chemical shift values of 2-(3,4-dihydroxyphenyl)-6-[(E)-2- 
(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dion
e (ppm, CD3OD + (CD3)2CO, 600 and 400 MHz respectively). 

C. No. δC δH (J, Hz) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1’ 

2’ 

3’ 

4’ 

5’ 

6’ 

7’ 

8’ 

9’ 

10’ 

11’ 

160.3 

99.7 

176.6 

95.8 

166.9 

116.8 

139.7 

128.5 

115.1 

149.4 

147.8 

116.6 

122.6 

192.6 

105.1 

202.8 

95.5 

95.6 

123.2 

115.9 

146.9 

146.3 

115.5 

120.3 

- 

- 

6.51 

- 

6.75 d (15.6) 

7.43 d (15.6) 

- 

- 

7.08 br s 

- 

- 

6.79 d (8.4) 

7.01 br d (8.4) 

- 

5.57 s 

- 

- 

5.65 s 

- 

6.76 br s 

- 

- 

6.72 d (8.4) 

6.59 br d (8.4) 
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The spectral data obtained for the isolated compound were in good agreement 
with previously reported data for the flavonoid compound 2-(3,4-dihydrox- 
yphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]
pyran-3,2'-furan]-3',4-dione from the methanolic extract of Inonotus xeranticus 
by Kim J, Yun B, Shim YK, Yoo I (1999) [18]. 

The structure of the isolated compound 2-(3,4-dihydroxyphenyl)-6-[(E)-2- 
(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-
3',4-dione’s structure is indicated in Figure 1. 

2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylsp
iro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione possesses interesting structural 
properties. It is highly oxygenated and functionalized aromatic compound that 
possess a basic structural unit, namely, the 6-[2-(3,4-dihydroxyphenyl) ethenyl]- 
4-hydroxy-2H-pyran-2-one (hispidin) moiety. The four hydroxy groups that are 
circled in red can be derivatized as polyethylene glycol (PEG) esters to give ana-
logs of the targeted compound. Biochemical studies have demonstrated, PEGs 
are practically nontoxic after acute oral exposure with animals LD50 values gen-
erally greater than 2000 mg/kg [19]. Apart from this, this compound can be bio-
synthesized via rearrangement of interfungins A, which is resulted from the 
condensation of hispidin and hispolon moieties (Figure 2). 

3.2. Determination of in Vitro Cytotoxicity of Isolated Compound 
2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]
-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione 

3.2.1. Cytotoxicity of 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4- 
dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran- 
3,2'-furan]-3',4-dione against Hep-G2 Cell Line 

2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspir
o[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione have exhibited a strong cytotoxici-
ty against Hep-G2 cell line with lower IC50 value in a dose-dependent manner. 
Cycloheximide (positive control) showed 76% growth inhibition at the concen-
tration of 5 mM (50 μL), while, 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihy- 
droxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione 
demonstrated a linear relationship of dose dependent increase of cytotoxicity 
(Figure 3). Moreover, this notable activity was further confirmed by the IC50 of 
20.8 ± 2.22 µg/ml determined for the mean of the three independent test sample 
solution against Hep-G2 cell line. 

3.2.2. Cytotoxicity of 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4- 
dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran- 
3,2'-furan]-3',4-dione against CC-1 Cell Line 

The test solution of 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)- 
ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione showed less 
cytotoxicity against CC-1 cell line. Figure 4 depicts that IC50 value obtained for 
the mean of three independent sample preparations of test solution dissolved in 
DMSO against normal CC-1 cells was 167.00 ± 2.55 µM. In this manner, high 
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selectivity index of 3.86 has shown by the test compound against Hep-G2 cells 
and normal cells. Further, this conveys that 2-(3,4-dihydroxyphenyl)-6-[(E)-2- 
(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-
3',4-dione isolated from Fulvifomes fastuosus possess potent anticancer activity 
(IC50 = 20.8 µg/ml) for hepatoma with less cytotoxicity effect on normal CC-1 
cells. 

3.3. Morphological Changes of Apoptosed Cells 

Apoptosis is an orderly process of the terminal morphological and biochemical 
events of programmed cell death which is represented by the specific changes in  

 

 
Figure 2. Biosynthetic pathway of 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)- 
ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione via rearrangement of 
interfungins A, which is resulted from the condensation of hispidin and hispolon moieties. 
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Figure 3. The percentage induction of cytotoxic activity of 2-(3,4-dihydroxyphenyl)-6- 
[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',
4-dione for Hep-G2 cell line as revealed by MTT assay (24 hour incubation period). The 
graphical data are represented as mean ± SD of three independent MTT experiments (n = 
3). 

 

 
Figure 4. The percentage induction of cytotoxic activity of 2-(3,4-dihydroxyphenyl)- 
6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-
3',4-dione against CC-1 cell line as determined by MTT assay (24 hour incubation pe-
riod). The graphical data are depicted as mean ± SD of three independent MTT experi-
ments (n = 3). 

 
cell surface and nuclear morphology [20]. The morphological changes that can 
be observed after undergoing the process of apoptosis are cellular shrinkage, ir-
regular shapes, nuclear fragmentation and condensed cytoplasm. The changes of 
morphological characteristics of apoptosed Hep-G2 and CC-1 cells after the 
treatment with targeted compound are indicated in Figure 5 and Figure 6. 

Hep-G2 and CC-1 cells treated with higher doses predominantly exhibited 
apoptotic features including cellular shrinkage, oval or irregular in shape, frag-
mented nuclei and condensed cytoplasm. Hep-G2 and CC-1 cells treated with 
the lower concentrations of test solution of compound 2-(3,4-dihydroxyphenyl)- 
6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-
furan]-3',4-dione manifested elongated shape. 

https://doi.org/10.4236/fns.2019.1011095


M. D. M. Fernando et al. 
 

 

DOI: 10.4236/fns.2019.1011095 1324 Food and Nutrition Sciences 
 

 
Figure 5. The morphological changes of Hep-G2 cell line treated with 2-(3,4-dihydroxy- 
phenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'
-furan]-3',4-dione test solution for 24 hour incubation at differrent concentrations de-
tected by light microscopy. (A) 0.1 μg/mL; (B) 20 μg/mL; (C) 100 μg/mL; (D) Cyclohex-
imide (positive control) 5 mM; 50 μL. White colour arrows show elongated form of the 
normal cells. Black arrows denote nuclear fragmentation (×400). 

 

 
Figure 6. The morphological changes of CC-1 cell line treated with 2-(3,4-dihydroxy- 
phenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'
-furan]-3',4-dione test solution after 24 hour incubation at different concentrations de-
tected by light microscopy. (A) 0.1 μg/mL; (B) 20 μg/mL; (C) 80 μg/mL; (D) Cyclohex-
imide (positive control) 5 mM; 50 μL. White colour arrows represent elongated appear-
ance of the normal CC-1 cells. Black arrows show fragmented nuclei (×400). 

3.4. Acridine Orange/Ethidium Bromide Staining  
of Apoptosed Cancerous Cells 

Acridine orange-ethidium bromide (AO/EB) fluorescent staining of apoptosed 
Hep-G2 and CC-1 cells treated with the test solution of 2-(3,4-dihydroxy- 
phenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]
pyran-3,2'-furan]-3',4-dione were depicted in Figure 7 and Figure 8. Distinctly, 
the number of apoptotic cells was gradually increased with the treatment dose of 
the test solution. 
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Figure 7. Acridine orange-ethidium bromide (AO/EB) fluorescent staining of Hep-G2 
cells treated with 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'- 
methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione test solution depicts the apoptot-
ic morphology of Hep-G2 cells. (A) Negative control; (B) 20 μg/μL; (C) 50 μg/mL; (D) 
Cycloheximide (positive control) 5 mM; 50 μL. Green arrows indicate live cells, greenish 
yellow shows early apoptotic cells, orange red represents late apoptotic cells, dead cells are 
represented by red colour. Some cells have fragmented and faded appearance. White co-
lour arrows point out blebbing formation (Original magnification 400×). 

 

 
Figure 8. Acridine orange-ethidium bromide (AO/EB) fluorescent staining of CC-1 cells 
treated with 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro- 
[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione test solution depicts the apoptotic morphol-
ogy of CC-1 cells. (A) Negative control; (B) 40 μg/mL; (C) 80 μg/mL; (D) Cycloheximide 
(positive control) 5 mM; 50 μL. Green arrows indicate live cells, greenish yellow shows 
early apoptotic cells and orange red represents the late apoptotic cells. Dead cells were 
depicted by red colour. Some cells have fragmented and faded appearance. White arrows 
indicate blebbing formation (Original magnification 400×). 

 
Figure 7 and Figure 8 illustrate that live cells are represented by nuclei stained 

with greenish colour while early apoptotic cells are represented by greenish yellow. 
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Condensed orange red colour nuclei specify late apoptotic cells whereas red co-
lour shows dead cells. The untreated cells of the negative control and treated 
cells with the lower concentrations of the test solution are appeared with the 
normal nuclei coloured in bright green. Cells treated with higher doses of the 
test solution and cells treated with positive control demonstrate distinctive fea-
tures of apoptosis such as nuclear fragmentation, chromatin condensation, 
presence of apoptotic bodies and blebbing formation by staining with ethidium 
bromide/acridine orange. Chromatin condensation and nuclear fragmentation 
were predominantly observed apoptotic features with high concentrations of the 
test solution and total number of apoptotic cells was gradually amplified with the 
treatment dose of the test solution. 

3.5. Determination of the in Silico Toxicological Parameters of the 
Isolated Compound Using SwissADME 

The SwissADME tool has estimated the key physicochemical, pharmacokinetic, 
drug-like and and medicinal chemistry friendliness properties for the molecule. 
This SwissADME section gives access to five different rule-based filters, with di-
verse ranges of properties inside of which the molecule is defined as drug-like. 
These filters often originate from analyses by major pharmaceutical companies 
aiming to improve the quality of their proprietary chemical collections. The Li-
pinski (Pfizer) filter is the pioneer rule-of-five implemented rules. The Ghose 
(Amgen), Veber (GSK), Egan (Pharmacia) and Muegge (Bayer) methods have 
made other 4 rules for drug likeliness. Multiple estimations allow consensus 
views or selection of methods best fitting the end-user’s specific needs in terms 
of chemical space or project-related demands. Any violation of any rule de-
scribed here appears explicitly in the output panel [21]. 

The 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-me- 
thylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione was first described by its 
chemical structure and canonical SMILES together with the Bioavailability Ra-
dar. Bioavailability Radar displays rapid appraisal of drug-likeness [21]. Six phy-
sicochemical properties were taken into account: lipophilicity, size, polarity, so-
lubility, flexibility and saturation, pharmacokinetics, drug-likeness and medicin-
al Chemistry (Figure 9). 

SWISS-ADME has analyzed pharmacokinetics parameters including the re-
sponse towards CYP and P-gp/MDR1proteins that are localized at the apic-
al/luminal membrane of enterocytes [21]. P-gp/MDR1 and CYP3A proteins act 
as a major protective barrier for the bioavailability of orally administered drugs 
synergistically. Moreover, P-gp/MDR1 also plays a role in counteracting active 
transport of drug molecules back to the lumen after it is passively absorbed into 
the enterocytes [21]. The localization of P-gp/MDR1 and CYP3A represents that 
the quantity of substrates metabolized by the CYP3A enzyme can be controlled 
by P-gp/MDR1. The decreased P-gp activity in the intestine causes dramatic in-
crease in the bioavailability of drug substance. Conversely, P-gp activity can be 
increased due to various factors such as drug interactions or genetic mutations  

https://doi.org/10.4236/fns.2019.1011095


M. D. M. Fernando et al. 
 

 

DOI: 10.4236/fns.2019.1011095 1327 Food and Nutrition Sciences 
 

 
Figure 9. Computed parameter values grouped in to different sections of the one-panel-par-molecule 2-(3,4-dihydroxyphenyl)-6- 
[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione output (Physicochemical Prop-
erties, Lipophilicity, Pharmacokinetics, Drug-likeness and Medicinal Chemistry). 
 

of the MDR1 gene. It leads to therapeutic failure for many drugs that are P-gp 
substrates [22]. Although the targeted test compound is a non-P-gp substrate, ac-
cidental increase of P-gp will not affect the therapeutic failure of the compound. 

The activity of CYP enzymes is increased or decreased due to the impact of 
drug via altering the rate at which the drug is metabolized and removed from the 
body. If the drug increases the activity of a CYP protein, it causes the drug to 
become ineffective, due to the rapid removal of drug from the body [22]. On 
contrary, if the drug inhibits a CYP protein, CYP can prevent the accumulation 
of drug to toxic levels, even to the level of causing an overdose. Among several 
families of CYP proteins, CYP1, CYP2, CYP3 and CYP4 are the most essential 
proteins in terms of drug biotransformation; particularly CYP3A4, act as the 
most prevalent CYP in the body and involves in metabolizing many drugs [23]. 
As this compound act as a non-inhibitor for CYP3A4, it is not responsible for 
increasing activity of other CYP proteins allowing better absorption and 
clearance of the drug. Furthermore, the resulted output was compared with the 
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computed parameters for well-known anti cancer targeted drug lapatinib using 
SwissADME. Notably, computed parameters for targeted compound using 
SwissADME is mostly compatible with the output resulted for lapatinib drug 
(Figure 10). 

Molecules targeting oral administration, solubility are one foremost property 
that influences absorption to deliver an adequate quantity of active ingredient in 
a small volume [24]. Moreover, it greatly facilitates various drug development 
activities, mostly the ease of handling and formulation. Since this targeted com-
pound is having soluble in water, it demands for drug developmental activities. 

3.5.1. BOILED-Egg Construction Model of the Molecule 
The BOILED-Egg model is a perceptive graphical classification model which 
predicts the propensity for a given small molecule to permit passive human 
gastrointestinal absorption (HIA) and blood-brain barrier (BBB) permeation 
(Figure 11). 

 

 
Figure 10. Computed parameter values grouped in to different sections of the one-panel-par-molecule lapatinib output (Physico-
chemical Properties, Lipophilicity, Pharmacokinetics, Drug-likeness of targeted compound and Medicinal Chemistry). 
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Figure 11. Overview of the BOILED-Egg construction. (a) Gastrointestinal absorption and (b) brain pene-
tration datasets cleansed, neutralized, standardized, converted into SMILES notation were subject to lipo-
philicity (WLOGP) and polarity (tPSA) computation. In addition, the points are coloured in blue if pre-
dicted as actively effluxed by P-gp (PGP+) and in red if predicted as non-substrate of P-gp (PGP−). 

 
The white region is the physicochemical space of molecules with highest 

probability of being absorbed by the gastrointestinal tract, and the yellow region 
(yolk) is the physicochemical space of molecules with highest probability to 
permeate to the brain. Yolk and white areas are not mutually exclusive. This 
model represents the tendency for 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihy- 
droxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione 
in permitting passive human gastrointestinal absorption (HIA) and blood-brain 
barrier (BBB) permeation. 

3.5.2. Prediction of Target Proteins of the Compound 
It appears that Glyoxalase I, Matrix metalloproteinase 9, Matrix metalloprotei-
nase 2 and Receptor protein-tyrosine kinase erbB-2 have a higher probability to 
act as target proteins for 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)- 
ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione. Moreover, Epi-
dermal growth factor receptor erbB1 and Vascular endothelial growth factor re-
ceptor 2 were also appeared as target proteins for 2-(3,4-dihydroxyphenyl)-6- 
[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-f
uran]-3',4-dione (Figure 12). All target proteins fit into the target classes namely 
enzymes, proteases, kinases, Phosphodiesterase and Lyase. Glyoxalase I is an 
enzyme and Matrix metalloproteinase 9, Matrix metalloproteinase 2 are pro-
teases. Receptor protein-tyrosine kinase erbB-2; Epidermal growth factor re-
ceptor erbB1 and Vascular endothelial growth factor receptor 2 are kinases. 
Frequency of the target classes is represented in the pie chart given in Figure 
12. 
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Figure 12. Target predictions for 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxy- 
phenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione given in Swiss 
target prediction report. Frequency of the target classes are represented in a pie chart. 

 
The given method is convenient and high in extraction efficiency to isolate 

2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspir
o[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione from Fulviformes fastuosus. The 
findings of the work primarily reveal that product 2-(3,4-dihydroxyphenyl)-6- 
[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-f
uran]-3',4-dione has novel anticancer activity against Hep-G2 cells after 24 hour 
treatment (IC50 = 20.8 µg/ml) with less cytotoxicity effect on normal CC-1 epi-
thelial cells (SI = 3.86). 

Furthermore, in silico study of 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihy- 
droxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione 
using SwissADME has depicted that computed parameters for test compound is 
mostly compatible with the output resulted for well-known anticancer drug la-
patinib. The above facts well imply the propensity of the product 2-(3,4-dihy- 
droxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo- 
[3,2-c]pyran-3,2'-furan]-3',4-dione to emerge as a safe pharmaceutical composi-
tion against hepatoma. 

Moreover, SwissADME has revealed that 2-(3,4-dihydroxyphenyl)-6-[(E)-2- 
(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-
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3',4-dione acts as a inhibitor for CYP2C9 protein and non-inhibitors for 
CYP1A2, CYP2C19, CYP2D6 and CYP3A4 proteins allowing better absorption 
and clearance of the targeted compound. Moreover, as test compound act as a 
non-substrate for P-gp/MDR1, it will not influence the therapeutic failure of the 
compound. 

As most of the mushrooms belong to the family hymenochaetaceae, which is 
the family of F. fastuosus have been used as edible forms or are known to be 
non-toxic [25] [26] test compound has a greater potential to act safely in human 
body without producing any complications. Also, this fact was greatly supported 
by the high selectivity index shown by the 2-(3,4-dihydroxyphenyl)-6-[(E)-2- 
(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-
3',4-dione. Accordingly, this compound can be developed as an adjuvant drug 
lead to use it with conventional cancer therapies. Especially, it can be directed as 
an active ingredient in pharmaceutical compositions including non-toxic, phar-
maceutically acceptable carriers Compositions may also contain flavors, color-
ings and coatings. However, added agents must be non-toxic and should not in-
terfere with the anticancer activity of the test compound [27]. Apart from it, 
substance can be added to fruit juice or nutrient drinks comprising nutraceuti-
cals such as dietary supplements, vitamins and minerals. 

4. Conclusion 

The compound 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]- 
5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione isolated from Fulvi-
fomes fastuosus has shown high, novel anticancer activity on hepatoma cells 
with less cytotoxicity on normal CC-1 cells. In silico study of 2-(3,4-dihydroxy- 
phenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]
pyran-3,2'-furan]-3',4-dione has shown that the test compound acts as a inhibi-
tor for CYP2C9 protein and non-inhibitors for CYP1A2, CYP2C19, CYP2D6 
and CYP3A4 proteins making better absorption and clearance of the targeted 
compound. Moreover, 2-(3,4-dihydroxyphenyl)-6-[(E)-2-(3,4-dihydroxyphenyl)- 
ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-furan]-3',4-dione does not pos-
sess an impact on the therapeutic failure of the compound since it acts as a 
non-substrate for P-gp/MDR1. Further, these computed parameters for said 
compound were compatible with the well-known anticancer drug lapatinib. All 
facts and findings are supportive to conclude that 2-(3,4-dihydroxyphenyl)-6- 
[(E)-2-(3,4-dihydroxyphenyl)ethenyl]-5'-methylspiro[2H-furo[3,2-c]pyran-3,2'-f
uran]-3',4-dione possess a high tendency to act as an adjuvant drug in the treat-
ment of hepatoma. 
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