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ABSTRACT 

Objective: Aspergillus fungus is a rich source of natural products with broad biological activities. This study was conducted to identify secondary 
metabolites from the rice culture of Aspergillus species isolated from Melaleuca subulata leaves and evaluated their anticancer activity. 

Methods: Ethyl acetate extract was fractionated on silica gel and Sephadex columns. Structures of the compounds were established using physical 
and chemical methods. Cytotoxic activities of the extract and pure compounds against two human cancer cell lines (Mcf-7and Hep G2) were 
evaluated using microculture tetrazolium assay as well as the mode of the cytotoxicity was evaluated. Molecular docking studies have been 
performed using the Hsp 90 enzyme as an anticancer target.  

Results: Methyl linoleate (1), arugosin C (2), ergosterol (3), sterigmatocystin (4), diorcinol (5), alternariol-5-O-methyl ether (6), averufin (7), 
averufanin (8), and alternariol (9) were identified from ethyl acetate extract. All tested compounds exhibit week activity against MCF-7 and Hep G2 
cell lines but a mixture of compounds 7 and 8 is considered to be more active towards both MCF-7 and Hep G 2 in comparison to other compounds. 
Compound 4 exhibits moderate activity against Hep G2 only as well as the ethyl acetate extract exerts moderate activity against MCF-7 cell line 
Moreover, compound 4 and a mixture of 7 and 8 caused a decrease in the number of Hep G2 cancer cells due to apoptotic and necrotic processes. 
Most active anticancer candidates 7 and 8 showed binding to the active site similar to geldanamycin reference ligand. 

Conclusion: Secondary metabolites identified from Aspergillus sp. and their anticancer activity were evaluated. Molecular docking suggested active 
candidates as Hsp 90 inhibitors. 
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INTRODUCTION  

Plant endophytes are considered as a fungal or bacterial 
microorganism that spends whole or part of its life in the living 
tissues of the plant without causing apparent symptoms of disease 
[1, 2]. Taxol, sanguinarine, and gallic acid are examples for 
secondary metabolites obtained from the endophytic fungi known to 
possess significant biological activities like anticancer, antimicrobial, 
and antioxidant activities [3-5]. Recently, a great deal of interest has 
been generated in the discovery of remarkable pharmacological 
agents from endophytic fungi [2]. Genus Aspergillus represents a 
large genus of fungi that includes about 185 species distributed 
worldwide with pathological and therapeutic importance [6]. Some 
of the secondary metabolites isolated from Aspergillus species are 
well known as penicillin, viridivatin, mevinolin, pseurotin A, and 
cyclopiazonic acid [6]. Particularly, secondary metabolites isolated 
from different Aspergillus species have frequently attracted the 
interest of pharmacologists due to their broad range of biological 
activities as anticancer and antimicrobial effects as well as their 
structural diversity range from polyketides, terpenoids, and 
alkaloids [6-10]. M. subulata (Cheel) Craven belongs to the family 
Myrtaceae and is cultivated in Egypt. This study aimed to investigate 
the metabolites from Aspergillus sp. isolated from leaf tissue of M. 
subulata and to evaluate the anticancer activity of the total ethyl 
acetate extract and the pure isolated compounds. Apoptotic and 
necrotic studies were done to detect the mode of cell death as well 
as molecular docking was applied to suggest the mechanism of 
anticancer activity of most active compounds. 

MATERIALS AND METHODS  

General  

Column chromatography was carried out on silica gel 60 (Merck, 
Darmstadt, Germany) and Sephadex LH-20 (Sigma-Aldrich 

Steinheim, Germany). Analytical and preparative TLC was 
performed on pre-coated silica gel 60 F254 plates (Merck, Darmstadt, 
Germany). 1D and 2D NMR spectroscopic data of the isolated pure 
compounds were recorded on Bruker Avance [Bruker, Rheinstetten, 
Germany (400, 500 and 600 MHz for 1H NMR and 100,125 and 150 
for 13C NMR)]. Results were reported as δ ppm values relative to 
TMS as an internal reference. ESI-MS was done on a Micromass AC-
TOF spectrometer (Micromass, Agilent Technologies 1200 series, 
Waldbronn, Germany). UV spectra were recorded on a UV-, V-630 
BIO spectrophotometer (JASCO, USA). All other chemicals and 
solvents were of analytical grade. Human breast adenocarcinoma 
(MCF-7) and Hepatocellular carcinoma cells (Hep G2) were 
purchased from ATCC, VA, USA. Fetal bovine serum, L-glutamine, 
penicillin, streptomycin s, amphotericin B, trypsin/EDTA were 
purchased from Sigma/Aldrich, USA. Dulbecco’s Minimum Essential 
Media (DMEM) was purchased from Cambrex BioScience 
(Copenhagen, Denmark). 

Fungal material 

Melaleuca subulata (Cheel) Craven (Myrtaceae) fresh leaves were 
collected from El Orman Botanical Garden, Giza, Egypt in February 
2017. The plant was identified by Dr. Trease Labib, former specialist 
of plant taxonomy, El Orman Botanical Garden, Giza, Egypt. The 
voucher specimen (18-Msu-1-2017) was deposited at the herbarium 
of the Pharmacognosy Department, Helwan University, Helwan, 
Egypt. Leaves were cut into small pieces and washed with sterilized 
distilled water, then carefully, the surfaces were treated with 70% 
aqueous ethanol (2 min, two times) followed by rinsing with 
sterilized distilled water and dried. The outer surface was scratched 
with a sterile scalpel and the inner tissues were cleaved into 1 cm 
small segments and carefully placed onto potato dextrose agar 
(PDA) plates [200 g potato, 20 g glucose, and 15 g agar in purified 
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water (11)]. After 3-6 w from the plate's incubation at 25 ᵒC, the 
resulted colonies with different morphological characteristics were 
selected and transferred to fresh PDA media and refrigerated at 40 
ᵒC. Pure strains were isolated by repeated inoculation. 

Identification of fungal cultures 

The fungal isolates were identified by a partial sequence of large 
subunit ribosomal RNA (18S rDNA). The total genomic DNA of the 
endophytic fungus was extracted from in vitro culture using the ABT 
DNA mini extraction kit (Applied Biotechnology Co. Ltd, Egypt) and 
firmly following the guidelines. The nuclear ribosomal internal 
transcribed spacers (ITS rDNA) were amplified as single fragments 
by Polymerase Chain Reaction (PCR). A pair of primers, ITS1 
(sequence: 50-TCC GTA GGT GAA CCT GCG G-3') and ITS4 (sequence 
50-TCC TCC GCT TAT TGA TAT GC-3') were mixed with Hot starTaq 
Master Mix Kit and DNA template in an I Cycler (Bio-Rad, Hercules, 
Ca) thermal cycle according to the following protocol: (1) initial 
denaturation 95 ᵒC for 15 min to activate Hot StarTaq® DNA 
polymerase; (2) denaturation 95 ᵒC, 1 min (3) annealing for 56ᵒC for 
0.5 min, (4) extenuation at 72ᵒC for 1 min, (5) final extenuation of 72 
ᵒC for 10 min. Steps from 2-4 were repeated 35 times [11]. Each 
sample consists of 25 µl of Taq polymerase master mix, 3 µl of 
primers ITS 1 and ITS 4 (10 pmol/µl each), 3 µl of template DNA 19 
µl of water. 20 µl from the PCR product was purified by loading onto 
agarose gel (2% agarose in TBA buffer, 5 µl of ethidium bromide 1 % 
m/V solution per 100 ml of gel) then subjected to electrophoresis at 
70 V for 60 min. The band due to the PCR product (approximate size 
550 bp), which was detected by UV fluorescence, was isolated from 
the gel slice using the Gen Elute™ Gel extraction kit according to the 
manufacturer's protocol. The corresponding ITS-rDNA sequence of 
each fungus was then used for similarity analysis using the Blast N 
algorithm against the public database at the National Centre for 
Biotechnology Information (NCBI; http://www.ncbi.nlm.nih.gov). 
The sequence data have been submitted to and deposited at Gen 
Bank (accession number of MH665645). The search result showed 
that the sequence was most similar to different types of Aspergillus 
sp as shown from the phylogenetic trees that were constructed 
using Molecular Evolutionary Genetics Analysis (MEGA) version 
10.0.5. A voucher strain is kept at Microbial Chemistry Department, 
Genetic Engineering and Biotechnology Research Division, National 
Research Centre, Dokki-Giza, Egypt. 

Cultivation  

Mass growth of fungi was carried out by transferring fungi from PDA 
media and mix it with 5 ml sterile distilled water then inoculated 
into 100 ml of yeast/malt extract broth (10 g malt extract; 4 g yeast 
extract; 4 g glucose) at 25 ᵒC for 3 d to be used as the seed culture. 5 
ml of seed culture was grown on a solid autoclaved rice substrate 
medium (5X1000 ml Erlenmeyer flasks, each containing 100 g rice, 
and 150 ml distilled water) for 14 d at 25 ᵒC under the static station.  

Extraction and isolation of the secondary metabolites  

300 ml of the ethyl acetate were added to the rice cultures and left 
overnight; then it was subjected to repeated extraction with ethyl 
acetate for 3-5 d till exhaustion, then the collected extract was 
evaporated under vacuum yielding 4.7 g of dry extract. The residue 
was dissolved in 40 ml of dichloromethane (DCM)/MeOH mixture 
(90:10 v/v), mixed with 15 g silica gel and dried at 40 ᵒC. The dry 
residue was subjected to fractionation on a silica gel column (200 g, 
60 x 3 cm) and eluted with cyclohexane then gradually increasing 
the polarity with DCM (20%, 40% till 100% DCM), followed by 1%, 
3%, 5% till 50% MeOH/DCM to give 19 fractions each of 0.5 l. Based 
on their behavior under UV light and spraying reagents on TLC, they 
were collected into six major fractions (I-VI). Fr. I (1.1 g) was 
chromatographed on a silica gel column and eluted with 
cyclohexane: DCM in gradient order to yield a chromatographically 
pure sample of 1 (10 mg). Fr. II (0.4 g) was fractionated on a 
Sephadex LH-20 using DCM/MeOH (1:1v/v) as an eluent to afford 
two subfractions. The first subfraction was further purified on a 
Sephadex LH-20 column using DCM: MeOH (1:1v/v) as an eluent to 
give pure sample 2 (4.8 mg). Compound 3 (7.4 mg) was precipitated 
from the second subfraction by excess MeOH. Fr. IV (0.8 g) was 
precipitated from DCM by the addition of excess cyclohexane to give 

a pure sample of 4 (8 mg). Fr. V (0.2 g) was subjected to Sephadex 
LH-20 column using DCM: MeOH (1:1v/v) to afford two 
subfractions. The first subfraction was further subjected to 
Sephadex column and eluted with DCM/MeOH (1: 1) to yield 6.5 mg 
of compound 5. The second subfraction was applied to preparative 
TLC (PTLC) using DCM/MeOH (95: 5) followed by a Sephadex 
column to afford a pure sample of 6 (1.4 mg) and a mixture of 7 and 
8 (4.5 mg). Fr. VI (0.3 g) was fractionated on a Sephadex LH-20 
column and eluted with MeOH to give a chromatographically pure 
sample of 9 (0.8 mg). The purity of the isolated compounds was 
established based on their appearance under UV-light and behavior 
towards spray reagent on TLC.  

Compound 1: Colorless oil; Rf (0.5, DCM: cyclohexane, 1:1); it gives 
intense violet color with anisaldehyde/sulfuric acid reagent. 1HNMR 
(500 MHz, CDCl3-d): δH 5.29 (m, 4H, H-9,10,12,13), 3.60 (s, 1H, 
COOCH3), 2.70 (t, 2H, J = 6.5 Hz, CH2-2), 2.23 (t like, 2H, J = 7.5 Hz, 
CH2-11), 1.96 (m, 2H, CH2-14), 1.55 (2H, m, CH2-3), 1.23; 1.18 (CH2)n, 
0.81 (m, 3H, CH3-18). 

Compound 2: Yellow powder; Rf (0.6, DCM/MeOH, 97:3); dark purple 
color with anisaldehyde/sulfuric acid reagent. UV (MeOH, λmax, nm): 
308; 358 (sh), 1HNMR (500 MHz, CDCl3-d) and 13CNMR (125 MHz, 
CDCl3-d) data (table 1); Positive ESI-MS: m/z: 447. 3 [M+Na]+.  

Compound 3: White powder; Rf (0.31, DCM/MeOH, 97:3); it gives 
blue color after spraying with anisaldehyde/sulfuric acid and 
heating. Positive ESI-MS m/z: 379.3 [M+H-H2O]+. 1H NMR (400 MHz, 
CDCl3-d) δH 5.59 (1H,d, J = 3.2 Hz, H-6), 5.41 (1H, d, J = 2.0 Hz, H-7), 
5.28-5.16 (2H, m, H-22, H-23), 3.69-3.63 (1H, m, H-3), 2.49(1H, d, J = 
16.7 Hz, H-4a), 2.30 (1H, t, J = 13.2 Hz, H-4b), 2.09-1.85 (5H, m, CH2-
2, H-9, H-16a, H-17), 1.28 (2H, s, CH2-12), 1.07 (3H, d, J = 6.8 Hz, CH3-
21), 0.96 (3H, s, CH3-19), 0.94 (3H, d, J = 6.8 Hz, CH3-28), 0.89 (3H, d, 
J = 6.0 Hz, CH3-27), 0.85 (3H, d, J = 6.4 Hz, CH3-26), 0.65 (3H, s, CH3-
18). 13C NMR (CDCl3-d, 100 MHz), δC 141.4 (C-8), 139.8 (C-5), 135.6 
(C-23), 132.0 (C-22), 119.6 (C-6), 116.3 (C-7), 70.5 (C-3), 55.8 (C-
17), 54.6 (C-14), 46.3 (C-9), 42.8 (C-13,24), 40.8 (C-4), 40.4 (C-20), 
39.1 (C-12), 38.4 (C-1), 37.0 (C-10), 33.1 (C-25), 32.0 (C-2), 29.7 (C-
16), 23.0 (C-15), 22.7 (C-11), 21.1 (C-21), 20.0 (C-27), 19.7 (C-26), 
17.6 (C-19), 16.3 (C-28), 12.0 (C-18).  

Compound 4: Yellow needles; Rf (0.14 (DCM); yellow followed by 
grey color upon spraying with anisaldehyde/sulfuric acid reagent 1H 
NMR (500 MHz, CDCl3-d) and 13C NMR (125 MHz, CDCl3-d) data 
(table1); Positive ESI/MS: m/z: 347.1 [M+Na]+and 671.1 
[2M+Na]+and negative ESI/MS: m/z: 322.9 [M-H]-.  

Compound 5: Pale yellow oil, Rf (0.37, DCM/MeOH 95:5), it gives 
intense pink color on spraying with anisaldehyde/sulfuric acid 
reagent. UV (MeOH, λmax, nm): 208, 278. Positive ESI/MS: m/z: 
231.1102 [M+H]+and negative ESI/MS: m/z: 229.1232 [M-H]-.1H 
NMR (500 MHz, CDCl3-d) δH 6.34 (4H, d, J = 6.5Hz, 4/4', 6/6'); 6.23 
(2H, t-like, J = 2.0 Hz, 2/2'); 4.68 (2H, s, 3/3' OH); 2.20 (6H, 7/7' 
CH3). 13C NMR (125 MHz, CDCl3-d), δC 158.1 (C-1/1'), 156.5 (C-3/3'), 
141.0 (C-5/5'), 112.1 (C-6/6'), 111.1 (C-4/4'), 103.5 (C-2/2'), 21.5 
(C-7/7'). 

Compounds 6 and 9 were isolated as reddish-white needles with 
blue fluorescence under long UV light (360 nm). UV λmax (MeOH) nm: 
254.0; 338.0 (6) and 254.0, 292.0 336.0 (9). 1H NMR (500 MHz for 
compounds 6 and 600 for 9, (CD3)2-d6) and 13C NMR (150 MHz for 6 
and 125 for 9, data are represented in table 2. Negative ESI-MS being 
m/z 270.9 and 256.8 for [M-H]-of 6 and 9 respectively) 

Compounds 7 and 8 were isolated as a mixture with a ratio 2:1 
(based on the NMR data) and due to their small amount to be 
separated so they were identified in mixture form. The mixture was 
isolated as an orange powder and it gives orange fluorescence under 
long-UV (366 nm) light; UV (MeOH, λmax, nm): 292, 450. Negative ESI 
mass showed m/z 367. 28 [M-H]-for 7 and m/z 368.922 [M-2H]-for 
8. 1H NMR (500 MHz, (CD3)2-d6) and 13C NMR (125 MHz, (CD3)2 O-
d6) data are represented in (table 3).  

Cytotoxicity assay 

Cytotoxic activities were tested using Human Breast 
adenocarcinoma (MCF-7), Hepatocellular carcinoma cells (Hep G2), 



and normal cell lines WI-38 using the microculture tetrazolium 
assay (MTT), and compared to that of untreated controls 
were routinely cultured in Dulbecco’s Minimum Essential Media 
(DMEM), which supplemented with 10% fetal bovine serum
unit/ml penicillin, 100 units/ml streptomycin, and 250 ng
amphotericin B (Cambrex BioScience, Copenhagen, Denmark). Cells 
were maintained at sub-confluence at 37 ᵒC in
containing 5% CO2. For sub-culturing, monolayer cells were 
harvested after trypsin/EDTA treatment at 37 ᵒC. Cells were used 
when confluence had reached 75%. For cytotoxicity assay, cells 
(0.5X105 cells/well), in serum-free medium, were seeded in 96
microplate and treated with tested compounds and the extract (20
µl medium/well) at four concentrations (100, 50, 25 and 12.5 µg
in DMSO) then incubated for 24 h at 37 ᵒC, in a humidified 5% CO
atmosphere. After incubation, media was removed and 40 
solution/well was added and incubated for an additional 4 
crystals were solubilized by the addition of 180 µl
well using a micropipette and left at room temperature for 4
presence of viable cells was visualized by the development of purple 
color due to the formation of formazan crystals and then measur
the absorbance at 570 nm using a microplate ELISA reader. 
Triplicate repeats were performed for each concentrat
average was calculated. Data were expressed as 
relative viability compared to the untreated cells and the vehicle 
control (DMSO), with cytotoxicity indicated by
viability. The half-maximal inhibitory concentration 
(IC50) was calculated from the equation of the dose-

Mode of cell death  

To identify the mode of the anticancer activity of the compounds 
and mixture of 7 and 8, each cell line (1 x 104 cells) was treated with 
50 % of the IC50 on cell culture slides (SPL, South Korea) for 24 
The slides were washed with phosphate buffer saline (PBS) and 
stained with ethidium bromide/acridine orange (10 
of each in equal volume mix in 100 µl PBS) for 10 
and then examined under a fluorescence microscope (Axio Imager 

  

Fig. 1: Structure

Compound 2 

Based on its chromatographic properties, it was expected 
hydroxylated and/or methylated xanthones [20]. Its 
(table 1) exhibited two characteristic singlet signals of the two 
exchangeable protons at δH 13.80 and 10.63 for OH
respectively. It also displayed three aromatic protons, two of which 
are ortho coupling at δH 6.34 (H-9) and 7.21 (H-10) 
as a singlet signal for H-4 (δH 6.74), which confirmed the presence of 
two aromatic rings (A, C). The presence of doublet signal at 
(CH2-14) together with multiplet one integrated for one proton at 
5.25 (CH-15) in addition to the presence of two singlet signals each 
integrated for three protons at δH 1.69 and 1.65 for two methyl 
group at C-17 and 18 respectively gave evidence for the presence of 
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38 using the microculture tetrazolium 
, and compared to that of untreated controls [12]. Cells 

ulbecco’s Minimum Essential Media 
which supplemented with 10% fetal bovine serum, 100 

streptomycin, and 250 ng/ml 
BioScience, Copenhagen, Denmark). Cells 

in humidified air 
culturing, monolayer cells were 

. Cells were used 
when confluence had reached 75%. For cytotoxicity assay, cells 

free medium, were seeded in 96-well 
microplate and treated with tested compounds and the extract (20 

medium/well) at four concentrations (100, 50, 25 and 12.5 µg/ml 
, in a humidified 5% CO2 
removed and 40 µl MTT 

solution/well was added and incubated for an additional 4 h. MTT 
 of DMSO to each 

well using a micropipette and left at room temperature for 45 s. The 
presence of viable cells was visualized by the development of purple 
color due to the formation of formazan crystals and then measuring 
the absorbance at 570 nm using a microplate ELISA reader. 
Triplicate repeats were performed for each concentration and the 

expressed as a percentage of 
the untreated cells and the vehicle 

control (DMSO), with cytotoxicity indicated by<100% relative 
maximal inhibitory concentration of viability 

-response curve. 

To identify the mode of the anticancer activity of the compounds 4 
each cell line (1 x 104 cells) was treated with 

on cell culture slides (SPL, South Korea) for 24 h. 
The slides were washed with phosphate buffer saline (PBS) and 
stained with ethidium bromide/acridine orange (10 µl of 100 µg/ml 

PBS) for 10 min. in the dark 
and then examined under a fluorescence microscope (Axio Imager 

Z2, Zeiss, Germany). Percentage of liv
cells were calculated for each sample concentration at its respective 
cell line. 

Molecular docking study  

The three-dimensional structures of the most active compounds
and 8) against MCF7 and hepatocellular 
done. 7 and 8 in their neutral forms were constructed using the MOE 
of Chemical Computing Group Inc software. The lowest energy 
conformer of both analogs ``global-minima` `was
conformational search. The protein structure of the heat shock 
protein enzyme with the code number of 1YET was taken from 
Protein Data Bank of Brookhaven National Laboratory and imported 
into MOE software [13]. Crystal structure of heat shock protein 90
geldanamycin (Hsp 90) complex: targeting of a protein chaperone by 
an anticancer agent. Protein preparation was carried out and it was 
energy minimized, all of the hydrogen atoms were added and the 
enzyme structure was subjected to refinement protocol imported in 
MOE followed by docking of most active conformers into 
enzyme-binding domain. The energy of binding was calculated. The 
docking was performed using the Alpha Triangle placement method 
and the London dG scoring method. 300 Results for each ligand were 
generated, discarding the results with an RMSD value
best-scored result of the remaining conformations for each ligand 
was further analyzed [14, 15].  

RESULTS AND DISCUSSION  

Chemistry 

Chromatographic fractionation of the ethyl acetate extract of 
Aspergillus sp isolated from M. subulata
identification of nine compounds (fig.
established using different physical and chemical methods. 
Compounds 1 and 3 were identified as methyl lineolate and 
ergosterol, respectively based on their 
comparison with authentic sample and published data 

Structures of the compounds identified from Aspergillus sp 

 

it was expected that 2 is 
. Its 1H-NMR data 

exhibited two characteristic singlet signals of the two 
13.80 and 10.63 for OH-12 and 3, 

respectively. It also displayed three aromatic protons, two of which 
 and the third one 

which confirmed the presence of 
The presence of doublet signal at δH 3.24 

together with multiplet one integrated for one proton at δH 
addition to the presence of two singlet signals each 

and 1.65 for two methyl 
17 and 18 respectively gave evidence for the presence of 

prenyl group in its structure. In addition to the 
1) showed a doublet signal at δH 5.01 for sp3 oxygenated methine
proton (H-25) and doublet triplet signal at 
oxygenated one (H-20) together with one sp3 methylene group at 
4.30 and 4.12 (CH2-19) which gave evidence for the presence of 
tetrahydropyran ring in the structure (D).
methyl groups at C-22, 23, and 24 were
singlet signals at δH 1.25, 1.19, and 2.17
13CNMR (table 1) confirms that all non
resonances were associated with the directly attached carbon atoms. 
Analysis of the 1H-1H COSY and 1H-13C HMBC
and the coupling values of the protons of 
between H-9 (δH 6.34) and H-10 (δH

spectrum there is a correlation between H

Int J Pharm Pharm Sci, Vol 12, Issue 10, 52-61 

54 

Z2, Zeiss, Germany). Percentage of living, apoptotic and necrotic 
cells were calculated for each sample concentration at its respective 

dimensional structures of the most active compounds (7 
against MCF7 and hepatocellular and HeP G2 cell lines were 

in their neutral forms were constructed using the MOE 
of Chemical Computing Group Inc software. The lowest energy 

minima` `was found by the 
conformational search. The protein structure of the heat shock 

th the code number of 1YET was taken from 
Protein Data Bank of Brookhaven National Laboratory and imported 

. Crystal structure of heat shock protein 90-
targeting of a protein chaperone by 

Protein preparation was carried out and it was 
of the hydrogen atoms were added and the 

enzyme structure was subjected to refinement protocol imported in 
MOE followed by docking of most active conformers into the Hsp 90 

binding domain. The energy of binding was calculated. The 
docking was performed using the Alpha Triangle placement method 
and the London dG scoring method. 300 Results for each ligand were 
generated, discarding the results with an RMSD value>3 Aᵒ. The 

scored result of the remaining conformations for each ligand 

Chromatographic fractionation of the ethyl acetate extract of 
M. subulata leaves resulted in the 

fig. 1), their structures were 
established using different physical and chemical methods. 

were identified as methyl lineolate and 
respectively based on their spectroscopic data and 

comparison with authentic sample and published data [16-19]. 

 

In addition to the 1H NMR data (table 
5.01 for sp3 oxygenated methine 

25) and doublet triplet signal at δH 2.30 for non-
20) together with one sp3 methylene group at δH 

19) which gave evidence for the presence of 
tetrahydropyran ring in the structure (D). Moreover, the three 

were confirmed from the three 
1.25, 1.19, and 2.17, respectively. HMQC with 
confirms that all non-exchangeable proton 

resonances were associated with the directly attached carbon atoms. 
C HMBC (table 1) experiments 

and the coupling values of the protons of 2 indicated the correlation 
H 7.21) as well as in HMBC 

correlation between H-9 and C-13 (112.6), C-



Moharram et al. 
Int J Pharm Pharm Sci, Vol 12, Issue 10, 52-61 

55 
 

11(124.1), C-8 (159.1) and C-1 (197.2) besides the correlation 
between H-10 and C-8 (159.1), C-12 (163.4) and C-14 (27.7) which 
support the substitution pattern of the ring A. Moreover, the 
substitution pattern of the ring C is established from the correlation 
between H-4 (δH 6.74) and C-6 (145.3), C-3 (155.6), C-2 (119.7), C-1 
(197.2), and C-24 (16.6). The presence of the prenyl group was 
confirmed from the correlation of CH2-14 (δH 3.24) with H-15 (δH 
5.25). HMBC spectrum confirmed this suggestion by the presence of 
the correlations between CH2-14 (δH 3.24) with C-15 (121.8) and C-
16 (133.3) and the correlation of CH3-17 (1.69) and CH3-18 (1.65) 
with C-15 (121.8) and C-16 (133.3). Its position was proven to be at 
C-11 of ring A by correlations between CH2-14 and C-10 (137.7), C-
11 (124.1), and C-12 (163.4). The presence of ring D was established 
from the correlation of H-19 (δH 4.12, 4.30) with each other, and 
with H-20 (δH 2.3) as well as H-20 was correlated with H-19 and H-

25 (δH 5.01). Moreover, ring D was confirmed from the HMBC in 
which H-19 (δH 4.12,4.30) is coupled with C-20 (49.3), C-6 (145.3), 
and C-25 (74.1); H-20 (δH 2.30) correlated with C-19 (65.2) and C-25 
(74.1) as well as H-25 (δH 5.01) is correlated with C-19 (65.2), C-20 
(49.4), C-6 (145.3), C-7(120.6) and C-8 (159.1). The presence of 
isopropyl group was confirmed from the HMBC where the correlation 
between CH3-22 (δH 1.25) and 23 (δH 1.19) with C-21 (71.2) and its 
position was established from the correlation between CH3-22 and 23 
with C-20 and between H-25, H-20, and H-19 with C-21. The methyl 
group at C-5 was confirmed from the coupling of CH3-24 with C-4 
(120.2), C-5 (136.5), and C-6 (145.3). The carbonyl carbon was detected 
in ring B due to the correlation between H-9 and H-4 with C-1 (197.2). 
Finally, the positive ESI/Ms showed a base peak at 447.3 for [M+Na], 
+which confirms the molecular formula C25H28NaO6. Based on the above 
analyses 2 is identified as arugosin C [21, 22]. 

  

Table 1: 1H NMR (500 MHz) and 13C NMR (125 MHz) in (CDCl3-d) data for 2 and 4 

S. 
No.  

2 4 
δC δH 1H-1H  

COSY 
HMBC δC δH 1H-1H 

COSY 
HMBC 

1 197.2    181.4    
2 119. 7    109.0    
3 155.6    162.3    
4 120.2 6.74 (s)  6, 3, 2, 1,24 111.3 6.69 (dd, 8.5, 1.0) 5 2,3,7,13 
5 136.5    135.7 7.44 (t like, 8.0) 4,6 2,3,7 
6 145.3    105.9 6.77 (dd, 7.0,1.0 overlapped with H-14) 5 1,2,4,7 
7 120. 6    155.0    
8 159.1    154.1    
9 108.9 6.34 (d, 8.5) 10 13,11,8,1 106.5    
10 137.7 7.21 (d, 8.5) 9 12,8,14 164.6    
11 124.1    90.5 6.38 (s)   1,8,9,13,10,12 
12 163.4    163.3    
13 112.6    106.0    
14 27.7 3.24 (d, 7.5, CH2) 15 10,11,12,15,16 113.3 6.77 (d, 7.0) 15 9,10,15,16,17 
15 121.8 5.25 (m) 14 18,17,14 48.1 4.75 (dt, 7.5, 2.5) 14,16 9,10,14,16,17 
16 133.3    102.5 5.39 (t, 2.5,3.0) 15,17 14,15,17 
17** 25.8 1. 69(s, 3H)  15,16 145.4 6.44 (dd, 2.5, 2.0) 16 14,15,16 
18** 17.8 1.65 (s, 3H)  15,16     
19a 65.2 

 
4.30 (dd,11.5,4.0), 20 6,21,20,25     

19b 4.12 (dd, 11.5,7.0)  
20 49.4 2.30 (dt, 7, 4.00) 19,25 19,21,25     
21 71.2         
22 29.0 1.25(s, 3H)  20,21     
23 28.2 1.19(s, 3H)  20,21     
24 16.6 2.17 (s, 3H)  4,5,6     
25 74.1 5.01(d,4.5) 20 6,7,8,19,20,21     
12-
OH  

 13.80 (s)  11,12,13     

3-OH  10.63 (s)  3,2,4,5  13.16  1,2,3,4,5 
OCH3     56.8 3.93 (s)  11,12 

*Data between parentheses represent the J value in Hz; ** H-17 and H-18 are exchangeable 

 

Compound 4 

As in the case of 2, it was expected that compound 4 is related to 
hydroxylated and/or methoxylated xanthones [20]. Its 1HNMR data 
of 4 (table 1) showed a singlet signal at δH 13.16 for the hydrogen-
bonded phenolic hydroxyl proton at C-3. The trisubstituted aromatic 
ring (A) was established from the presence of three signals at δH 
6.69 (dd); 7.44 (t-like), and 6.77 (dd), in addition to the presence of a 
singlet signal at δH 6.38 for H-11 revealed the presence Penta 
substituted aromatic ring (B). The presence of rings A and B 
confirmed that 4 is related to hydroxylated and/or methoxylated 
xanthones. Moreover, the presence of four proton signals at δH 6.77 
(d H-14), 4.75 (dt, H-15), 5.39 (t like H-16), and 6.44 (dd, H-17) and 
singlet signal at δH 3.93 gave evidence for the presence of furan ring 
and methoxy group respectively. 13C NMR spectrum (table 1) 
showed thirteen carbon resonances characteristic for xanthone 
nucleus with the key signal of carbonyl carbon at δC 181.4 [23, 24] in 
addition to the methoxy group at δC 56.8 and another four carbons of 
the furan ring. 1H-1H COSY data (table1) confirmed the presence ring 

A by the presence of a correlation between H-5 (δH 7.44) with H-4 
(δH 6.69) and H-6 (δH 6.77) and it was further established from the 
HMBC (table 1) by the correlation between H-4 (δH 6.69) and C-2 
(109.0), C-3 (162.3) and C-7 (155.0), also between H-5 (δH 7.44) and 
C-3 (162.3) and C-7(155), in addition to the correlation between H-6 
(δH 6.77) and C-1 (181.4), C-2 (109.0), C-4 (111.3), and C-7 (155.0). 
The presence of ring B was confirmed by the presence of a 
correlation between H-11(δ 6.38) and C-12 (163.3), C-13 (106.0), C-
1 (181.4), C-8 (154.0), C-9 (106.5), and C-10 (164.6) in HMBC. 
Moreover, the correlations of CH3-18 (δH 3.93) with C-11 (90.5) and 
C-12 (163.3) gave evidence for the presence of the methoxy group 
attached at C-12. The presence of bisfuranic ring was established 
from 1H-1H COSY through the correlation between H-15 (δH 4.75), H-
14 (δH 6.77) and H-16 (δH 5.39) as well as the correlation of H-16 (δH 
5.39) with H-15 (δH 4.75) and H-17 (δH 6.44) and further confirmed 
from HMBC which showed a correlation between H-14 (δ 6.77) and 
C-9 (106.5), C-10 (164.6), C-15 (48.1), C-16 (102.5) and C-17 (145.4) 
as well as the correlation between H-15 (δH 4.75) and C-9 (106.5), C-
10 (164.6), C-14 (113.3), C-17 (145.4) and C-16 (102.5), in addition 
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to the correlation between H-17 and C-14, C,15 and C-16 The 
presence of OH-3 was established from the correlation between OH-
3 and C-1, C-2, C-3, C-4 and C-5 in the HMBC. The above 
interpretation for the structure of 4 was finally positive ESI/MS, 
which showed a molecular ion peak at m/z 347.1, for a molecular 
formula C18H12O6 Na. Therefore it was identified as sterigmatocystin 
[23, 24].  

Compound 5 exhibits chromatographic properties and UV data that 
resemble a simple aromatic compound [25]. Its 1H NMR showed a 
doublet signal integrated for four meta coupled protons at δH 6.34 
(4/4', 6/6') and t-like signal integrated for two meta coupled 
protons δH 6.23 (2/2'), which is an indication that 5 may be identical 
molecules linked together. Moreover, the singlet signal at δH 2.20 for 
7/7' CH3 which was integrated for 6 H and another one at δH 4.68 for 
two protons of phenolic OH-3/3' confirmed this suggestion. 13C NMR 
data and HSQC data showed that compound 5 has six CH group and 
quaternary carbons in the aromatic region in addition to two methyl 
groups. Positive and negative ESI/MS showed m/z at 231.1102 
[M+H]+) and 229.1232 [M-H]-) respectively together with 1H-1H 
COSY and HMBC data establish that compound 5 is a dimer of 3-
hydroxyl, 5-methyl phenyl ether and identified as 3, 3'-dihydroxy-5, 
5'-dimethyl diphenyl ether (diorcinol) [25]. 

Compounds 6 and 9 

They gave physical and UV data typical to the pattern of coumarin 
compounds like alternariol [26]. 1H NMR data of them (table 2) 
showed the presence of four meta-coupling doublets each integrated 

for one proton (δH 6.44 to 7.18) and (δH 6.46 to 7.37) respectively 
indicated the presence of two tetrasubstituted aromatic rings. In 
addition to the presence of singlet signals at δH ≈ 2.7 integrated for 
three protons gave evidence for the presence of methyl groups 
attached to an aromatic ring. Moreover, the presence of a singlet 
signal at δH 3.85 in 6 indicated to the presence of additional methoxy 
in its structure, which confirmed from the [M-H]-of 6 at m/z 270.9 
with an increase of 14 mass units compared to 9 (m/z 256.8). The 
singlet signal at δH ≈11.85 is indicative of the presence of a chelated 
hydroxyl group. 13C NMR data of both compounds (table 2) revealed 
the presence of 14 carbons atoms among which a signal at δC (165.2) 
indicated the presence of a conjugated lactone (C-7) characteristic 
for coumarin structure together with signal ≈ δC 24.7 for methyl 
group, besides, to signal at δC 55.4 for methoxy group in 6. Further 
confirmation of the two compounds was achieved by HMBC 
spectrum (table 2), which showed the correlations of the meta-
coupled protons, H-4 to C-2, C-3, C-5, and C-6 as well as H-6 to C-2, 
C-4, C-5, and 1` which established the structure of the first aromatic 
ring. Moreover, the second aromatic ring was confirmed from the 
correlation H-3` with C-1', C-2', C-4', and 5' as well as H-5` to C-1', C-
3' and 6'-CH3. The position of CH3 at C-6' was proved from the 
correlations of the aromatic methyl group to C-1, C-1', C-5', C-6' and 
C-6'. Furthermore, the correlation of the OCH3 group to C-5 in 
compound 6 was indicative of its position. Moreover, correlations of 
the methyl group to C-6' and correlation of H-6 to C-1` proved the 
point of attachment of both aromatic rings. Based on the above data, 
compound 6 is identified as alternariol-5-O-methyl ether and 9 is 
alternariol [26-28]. 

 

Table 2: 1H and 13C-NMR in [(CD3)2-d6] data for 6(500, 125 MHZ) and 9(600,150 MHZ) 

Carbon  6 HMBC for 6/9 9 
δ C δ H δ C# δ H 

1 138.2   138.6  
2 98.9**   98.3  
3 165.1   165.1  
4 98.0** 6.44 (1H, d, 2.0) 2,3,5,6 (6); 2,3,6(9) 101.0 6.46 (1H, d, 1.8) 
5 166.7   165.1  
6 103.7 7.18 (1H, d, 2.0) 2, 4, 5, 1' (6); 2,3,4,1' (9) 104.3 7.37 (1H, d, 1.2) 
7 165.2   165.1  
1' 109.7   109.8  
2' 153.2   153.2  
3' 101.9 6.58 (1H, d, 2.5) 1', 2', 4', 5' (6);1', 2',5' (9) 101.8 6.70 (1H, d, 2.4) 
4' 158.5   158.1  
5' 117.6 6.68 (1H, d, 2.5) 1', 3', 6'-CH3 117.4 6.80 (1H, d, 2.4) 
6' 138.8   138.7  
3-OH  11.85 (1H, s) 2,3,4  11.95 (1H, s) 
5-OCH3 55.4 3.85 (3H, s) 5 -  - 
6'-CH3 24.7 2.68 (3H, s) 1, 1', 5', 6',6 24.8 2.78 (3H, s) 

The value between parentheses represents J value in Hz; * obtained from HMQC and HMBC experiments; ** Carbon value may be interchangeable  

 

Compound 7 and 8 

Based on the color of compounds 7 and 8 under long UV light and 
the UV absorbance at λmax (MeOH) 292 and 450 nm, we suggested 
that the two compounds have a phenyl anthraquinone chromophore 
[29]. 1H NMR of 7 (table 3) displayed two singlet signals for 
hydrogen-bonded hydroxyl groups at δH 12.39 (OH-1) and 12.06 
(OH-8). Moreover, it revealed the presence of three aromatic 
protons, two of which are meta doublets at δH 7.10 and 6.51 for H-5 
and H-7 of the ring C and the other one at δH 6.98 for H-4 of the ring 
A. Besides it showed one methyl group at δH 1.41 (H-6'), one 
methine at δH 5.16 attached to an oxygen atom, and three methylene 
groups δH 1.69-1.73, 1.30-1.58; 1.74-1.94 (1H, m), for H-2', H-3' and 
H-4', respectively. 13C NMR and DEPT (table 3) spectra showed 20 
carbon signals, attributable to one methyl (δC 27.12), three 
methylene (δC 15.66, 27.17, 35.48), four methane (δC 66.63, 107.64, 
108.12, 108.68), ten quaternary (δC 101.34, 108.76, 109.39, 116.31, 
133.65, 135.53, 159.07, 160.68, 165.07, 165.17), and two ketone 
carbonyl (δC 180.84, 189.79) carbons which indicative for the 
presence quinine group. Based on the 13C NMR together with 1H 
NMR and mass spectral data, the molecular formula of 7 is C20H16O7, 

which supported by m/z 368.928 [M-H]-. The assignments of the 
protons and carbons signals were accomplished by a further 
analysis of the 1H-1H COSY and HMBC data, which confirmed the 
configuration of the ring C through the correlation between H-5 and 
H-7 as well as its correlation with C-6, C-10, and C-8a and the 
correlation between H-7 with C-8, C-8a. Furthermore, H-4 in ring A 
is correlated with C-10, C-2, and C-3. The presence of the methine 
group attached to the oxygen atom (δH 5.16, H-1') as well as its 
position, was confirmed from the correlation between H-1' and C-2, 
C-3, C-3', C-5' and C-2' in HMBC. Moreover, the correlation between 
the CH3-6' and C-1', C-4', C-5', C-3 gave evidence for its position. The 
presence of the remaining three methylene groups (H-2', H-3' and H-
4' was established from the 1H-1H COSY and HMBC (table 3). 
Therefore compound 7 was identified as averufin. [30-33]. As in the 
case of 7, compound 8 showed two singlet signals for hydrogen-
bonded hydroxyl groups and the signals characteristic for 
anthraquinones nucleus (table 3). Moreover, a doublet signal at δH 
1.19 (CH3-6'), two methines at δH 5.01 (dd, J = 11.0, 2.5, H-1') and δH 
3.69 (m, H-5') attached to an oxygen atom and three methylene groups 
for H-2', H-3' and H-4' gave evidence for the presence of another 5-
methyl pyran ring in the structure. 13C NMR and DEPT spectra (table 



3) establish the presence of a quinine group. Besides, it confirmed the 
presence of the pyran ring by displaying the two carbon signals at 
76.01 and 75.78 characteristics for two methane carbons at C
5' respectively, and three methylene groups at (δC 30.0, 23.0, 32.6 for 
C-2', C-3' and C-4' respectively. Furthermore, the presence of a carbon 
 

Table 3:1H (500 MHz) and 

S. No.  7 
δ C δ H 1H-1H COSY

1 159.1   
2 116.3   
3 160.7   
4 107.6 6.98(1H, s)  
5 108.7 7.10 (1H, d, 2.5) 7 
6 165.1   
7 108.1 6.51 (1H, d,2.0) 5 
8 165.2   
9 189.8   
10 180.8   
10a 135.5   
8a 109.4   
9a 108.8   
4a 133.7   
1' 66.6 5.16(1H,d, 3.0) 2' 
2' 27.2 1.69-1.73 (2H, m) 1', 3' 
3' 15.7 1.30-1.58 (2H, m) 2', 4' 
4' 35.5 1.74-1.94 (2H, m) 3' 
5' 101.3  - 
6' 27.1 1.41(3H, s)  
1-OH  12.39(1H, s)  
8-OH  12.06  

*Data between parentheses represent the J value in 

 

Cytotoxic activity 

Cytotoxic activity of the tested compounds and the ethyl acetate extract 
on both tested cell lines was expressed as IC50 in (table 4
compounds 7 and 8 showed moderate cytotoxic activity in comparison 

  

Table 4: Cytotoxic activity of the ethyl acetate extract and identified compounds

Compound/extract 

Ethyl acetate extract 
2 
4 
5 
6 
7, 8 
9 

 

Compound 4 and the mixture of 7 and 8 d
necrotic and apoptotic cell death in the case of MCF
(fig. 2) while in the case of Hep G2, compound 4 caus
apoptotic and necrotic cell death with 60 and 20
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Besides, it confirmed the 
presence of the pyran ring by displaying the two carbon signals at δC 
76.01 and 75.78 characteristics for two methane carbons at C-1' and C-

30.0, 23.0, 32.6 for 
' respectively. Furthermore, the presence of a carbon 

signal at δC 21.26 gave evidence for the presence of one methyl group 
at C-6'. Based on the 13C NMR together with 
data, the molecular formula of 8 is C20

(table 3) together with a comparison with reference data 
the structure as averufanin [30, 32, 33]. 

H (500 MHz) and 13C-NMR (125 MHz) in (CDCl3-d) data for 7 and 8 

8 
H COSY HMBC δ C δ H 1H-1

 160.8   
 119.5   
 163.2   
10, 2, 3 109.6 6.96(1H, s)  
6, 10,8a 108.7 7.10(1H, d, 2.5) 7 
 165.1   
8, 8a 108.1 6.51(1H, d, 2.0) 5 
 165.2   
 189.9   
 180.9   
 135.5   
 109.4   
 108.7   
 133.7   
2, 3, 3', 5',2' 76.0 5.01 (1H, dd, 11.0, 2.5) 2'' 
3', 4', 5' 30.0 1.45-1.94 (2H, m) 1', 3'
 23.0 1.83 (2H, m) 2', 4'
1', 3', 2', 5' 32.6 1.2-1.67 (2H, m) 3', 5'
 75.8 3.69 (1H, m) 4' 
4', 5', 3, 1' 21.3 1.19 (3H, d,6.5)  
1, 2, 9a  12.42(1H, s)  
8, 7  12.04(s)  

Data between parentheses represent the J value in H; **H-17 and H-18 are exchangeable 

Cytotoxic activity of the tested compounds and the ethyl acetate extract 
table 4). A mixture of 

activity in comparison 

to other compounds against two cell lines with IC
respectively, while compound 4 exhibited
G2 only (IC50 86.6), as well as the ethyl acetate extract
activity against MCF-7 cell line (IC50 84.0) 
weak cytotoxic activity against both cell lines.

Table 4: Cytotoxic activity of the ethyl acetate extract and identified compounds 

IC50 (µg/ml) 
MCF-7 Hep G2
84.0 115.0
191.0 296.0
131.0 86.8
133.0 149.0
347.0 ˃2000
77.3 76.6
˃2000 240.0

did not manifest 
death in the case of MCF-7 (10-35%) 

while in the case of Hep G2, compound 4 caused 
apoptotic and necrotic cell death with 60 and 20 % respectively 

while in case of a mixture of 7 and 8 
finding suggests that the decrease in the number of Hep G2 cells 
using these compounds was due to apoptotic and
processes. 

 

Fig. 2: Mode of cell death in MCF-7 

Int J Pharm Pharm Sci, Vol 12, Issue 10, 52-61 

57 

gave evidence for the presence of one methyl group 
C NMR together with 1H NMR and mass spectral 

20H18O7. 1H-1H COSY and HMBC 
comparison with reference data confirmed 

 

1H COSY HMBC 
 
 
 
2,10 
6, 10, 8a 
 
8, 8a 
 
 
 
 
 
 
 

 2, 3 
1', 3' Not detected 
2', 4' 5' 

5' 2' 
 
4', 5' 
1, 2, 9a 
8, 7 

to other compounds against two cell lines with IC50 value77.3 and 76.6 
ed moderate activity against Hep 

), as well as the ethyl acetate extract, exerted moderate 
84.0) Compound 2, 4 and 5 showed 

weak cytotoxic activity against both cell lines. 

Hep G2 
115.0 
296.0 
86.8 
149.0 
˃2000 
76.6 
240.0 

 being 40 and 15(fig. 2). This 
decrease in the number of Hep G2 cells 

using these compounds was due to apoptotic and necrotic 



Fig. 4: 3D view of Hsp90 protein incorporated with reference inhibitor geldanamycin ligand in the crystal structure of human Hsp 9

Fig. 5: 2D binding mode and residues for reference ligand 

Fig. 6: Lowest energy conformers of (a) compound 7, (b) compound 8 and (c) geldanamycin reference, with balls and cylinders
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Fig. 3: Mode of cell death in Hep G-2 

 

 

4: 3D view of Hsp90 protein incorporated with reference inhibitor geldanamycin ligand in the crystal structure of human Hsp 9
(1YET. pdb) using MOE 

 

 

2D binding mode and residues for reference ligand geldanamycin active site of Hsp 90

 

 

6: Lowest energy conformers of (a) compound 7, (b) compound 8 and (c) geldanamycin reference, with balls and cylinders
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4: 3D view of Hsp90 protein incorporated with reference inhibitor geldanamycin ligand in the crystal structure of human Hsp 90 

Hsp 90 

6: Lowest energy conformers of (a) compound 7, (b) compound 8 and (c) geldanamycin reference, with balls and cylinders 



Fig. 7: 2D binding mode and residues involved in recognition of (a), compound 7 and (b) compound 8 into the ATPase site of Hsp 90 

Fig. 8: The aligned conformations of active compounds (a) compound 7 and (b) compound 8 occupying the active site cavity of Hsp 90

Molecular docking study 

To suggest a mechanism of action of the compounds 
were subjected to a molecular docking study in comparison to 
geldanamycin (a natural reference product of Hsp 90 inhibitor) (
4). Important amino acids that were incorporated into the binding of 
geldanamycin into Hsp 90 enzyme were represented i
found to be composed of asp 93A, phe138A, Lys 112A, and lys 58A, 
hydrogen bonding interactions were found to be of great importance 
in binding. The lowest energy conformers of compounds under 
concern were represented in fig. 6. Molecular docki
indicated that 7 had recognition sites via hydrogen bonding network 
with the key amino acid asp 93 fig. 7a with a binding energy of
11.7561 Kcal/mol. Compounds 8 showed a bond acceptor 
interaction with asp 93 with a binding energy of-12.9432 Kcal/
(fig. 7b). Fig. 8 clearly showed that both ligands 7 and 
buried in the active site showing that hydrogen bonding interactions
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7: 2D binding mode and residues involved in recognition of (a), compound 7 and (b) compound 8 into the ATPase site of Hsp 90 
enzyme 

 

 

8: The aligned conformations of active compounds (a) compound 7 and (b) compound 8 occupying the active site cavity of Hsp 90
enzyme 

 

To suggest a mechanism of action of the compounds 7 and 8, they 
were subjected to a molecular docking study in comparison to 

product of Hsp 90 inhibitor) (fig. 
). Important amino acids that were incorporated into the binding of 

geldanamycin into Hsp 90 enzyme were represented in fig. 5 and 
found to be composed of asp 93A, phe138A, Lys 112A, and lys 58A, 
hydrogen bonding interactions were found to be of great importance 
in binding. The lowest energy conformers of compounds under 

. Molecular docking study 
hydrogen bonding network 

7a with a binding energy of-
showed a bond acceptor 

12.9432 Kcal/mol 
and 8 docked and 

buried in the active site showing that hydrogen bonding interactions 

were representing an extremely important factor in binding with the 
enzyme. Therefore 7 and 8 were suggested to h
activity via Hsp 90 inhibition. 

Cancer is one reason for death worldwide
(2004), about 12.5% of the population can
characterized by the uncontrolled growth of abnormal cells 
attacks the normal tissues; moreover
spread to other body parts to produce new tumors and 
lead to death if the spread of cells becomes uncontrolled 
cancer is considered as one of the four major cancer 
represents the highest incidence rate and is the second
cause of death in females [36]. Moreover, liver cancer 
cancer represents the sixth most frequent cancer and is the second 
leading cause of death [37]. The main difficulty in t
cancer is the limited specificity of available chemical treatments
which lead the researchers to seek the isolation
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7: 2D binding mode and residues involved in recognition of (a), compound 7 and (b) compound 8 into the ATPase site of Hsp 90 

8: The aligned conformations of active compounds (a) compound 7 and (b) compound 8 occupying the active site cavity of Hsp 90 

representing an extremely important factor in binding with the 
were suggested to have their anticancer 

worldwide and according to the WHO 
population can die by cancer. It is 

characterized by the uncontrolled growth of abnormal cells which 
moreover, the cancer cells can also 

spread to other body parts to produce new tumors and which can 
lead to death if the spread of cells becomes uncontrolled [35]. Breast 
cancer is considered as one of the four major cancer types; it 
represents the highest incidence rate and is the second-highest 

Moreover, liver cancer or hepatic 
cancer represents the sixth most frequent cancer and is the second 

The main difficulty in the fight against 
cancer is the limited specificity of available chemical treatments, 

the isolation and screening of 
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natural compounds that can effectively target cancer cells without 
causing undesirable adverse side effects on normal cells. In recent 
years endophytic microorganisms have been considered a promising 
source of new drugs. Endophytic microorganisms are symbiotically 
associated, which causes indistinct symptoms, as well as they, have 
been recognized as a rich source of bioactive secondary metabolites 
[38]. Vincristine, vinblastine, taxol, and bleomycin are examples for 
currently used anticancer agents that have been isolated from 
endophytes and used in the treatment of different forms of cancers 
[39]. Sterigmatocystin (4) is structurally similar to mycotoxin with a 
bisdihydrofuran moiety and it has similar toxicity to Aflatoxin B1 
and it is widely distributed in many endophytes and cereal grains of 
corn [40]. It can inhibit ATP synthesis and impair cell cycle also, it is 
considered to be a carcinogenic agent [40], as well as it forms an 
adduct of 1,2-dihydro-2-(N(7)-guanyl)-1-hydroxysterigmatocystin 
through its reaction with DNA in an Exo-ST-1,2-oxide structural 
form [41]. Due to the hepatocarcinogenic property of 4, the human 
hepatoma Hep G2 cell was used as the cell model to investigate their 
cytotoxicity. It was reported that the low water solubility of 4 is 
considered the reason for its cytotoxicity since the low water 
solubility makes it easy to diffuse into the cells [40]. Anthraquinone 
compounds as compounds 7 and 8 have long been used as effective 
anticancer drugs. Based on their chemical skeletons, anthraquinone 
drugs can kill tumor cells through different mechanisms, involving 
different initial intracellular targets that normally contribute to 
drug-induced toxicity [42]. Both tested anthraquinone compounds 
contain basic planer skeleton, which represents the major 
contributor to the cytotoxicity properties, it was reported that the 
planar tricyclic structure of anthraquinone is essential for their 
cytotoxic activities and has been widely investigated for cancer 
therapy [43]. Previous researchers found that the position but not 
the number of the hydroxyl group in anthraquinone structure 
played an important role in determining its toxicity against normal 
and cancerous cell lines since they increase their solubility and 
might facilitate absorption or diffusion across the cellular 
membrane. Moreover, the polycyclic structure of anthraquinone can 
intercalate with DNA in between base pairs, either covalently or 
electrostatically, which possibly inhibits the DNA replication in 
cancer cell lines [44]. Hsp 90 enzyme has been implicated in a 
variety of disease states importantly in cancer, in which the 
chaperoning of mutated and overexpressed oncoproteins was 
critical. Inhibition of Hsp 90 leads to the degradation of multiple key 
proteins that depend on the interaction with Hsp 90 for maintaining 
their bioactive conformation. Targeting multiple oncogenic proteins 
provides an advantage for cancer therapy due to the potential to 
increase the therapeutic efficacy and to overcome the drug 
resistance that occurs in many cancer types, including our 
concerned ones; hepatic cancer and breast cancer. So, Hsp 90 was 
chosen to be our target for the anticancer mechanism of our active 
compounds. 

This study reinforced the hypothesis that endophytes isolated from 
medicinal plants play an important role in the search for anticancer 
compounds. The observations from our study encourage further 
investigation on these plants. 

CONCLUSION  

Ethyl acetate extract of the rice culture of the Aspergillus sp isolated 
from M. subulata leaves showed the presence of different secondary 
metabolites, such as xanthones, coumarins, and anthraquinones. The 
extract and some of the pure compounds showed cytotoxic activity 
against MCF-7 and Hep G2 cell lines with different strengths. 
Moreover, the strongest compound exhibited its activity through the 
apoptotic and necrotic process as well as binding to the effective site 
as in the case of geldanamycin. 
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