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 A sponge of the family Axinellidae is a marine invertebrate with plenty 

of medical potential applications. The present study aimed to investigate 

the antioxidative, toxicity, and apoptotic effects of Axinella aruensis 

extracts and fractions, particularly from the Indonesian Kangean Islands. 

The sponge was extracted with methanol, then partitioned with hexane, 

ethyl acetate, butanol, and water. Each fraction was observed for its free 

radical scavenging properties to DPPH, toxicity, and apoptosis to HeLa 

and MCF-7 cell lines. Experimental results show that the ethyl acetate 

fraction provides the highest activity than the methanolic extract and 

other fractions. The ethyl acetate fraction gives a strong DPPH radical 

scavenging with an IC50 value of 27.724 ± 0.029 g/mL and is toxic to 

Artemia salina with an LC50 value of 24.711 ± 0.478 g/mL. Cytotoxic 

activity of ethyl acetate fraction against HeLa and MCF-7 cells provide 

IC50 values of 89.990 ± 2.133 g/mL and 94.143 ± 0.720 g/mL, and 

induced apoptosis in both cells with IC50 values of 96.659 ± 0.023 

g/mL and 93.474 ± 0.013 g/mL. The butanol fraction also showed 

intense activity, which was relatively comparable to the methanolic 

extract, although both activities were lower than that of the ethyl acetate 

fraction. Based on the metabolites fingerprinting analysis results, the 

ethyl acetate fraction consists of brominated compounds suspected of 

strongly influencing its anti-cancer properties. The sponge A. aruensis is 

undergoing further analysis to isolate and characterize the active 

constituents in each fraction, and thus can be developed for potential 

anticancer treatment. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Cancer is the most significant health problem in the world to date. There were approximately 19.3 million 
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new cases and 10 million deaths from cancer worldwide in 2020, predominantly breast cancer and cervical 

cancer for women [1]. Cancer cells in the body can form tumors that develop malignantly through 

activating invasion and metastasis, evading growth suppressors, avoiding immune destruction, enabling 

replicative immortality and tumor-promoting inflammation, inducing angiogenesis, genome instability and 

mutation, resisting cell death, deregulating cellular energetics, and sustained proliferative signaling. 

However, cancer remains a heavy burden because of its recurrence, drug resistance, and side effects [2]. 

The current systemic chemotherapy therapy for cancer treatment, in most cases, affects and damages 

normal cells, so it is necessary to identify new anticancer compounds to investigate possible mechanisms of 

synergistic effects between commonly used drugs [3]. 

 

Marine sponges are a source of secondary metabolites that are potentially anticancer for breast and cervical 

cancers. Reports on their efficacy [4- 6], include isolates or extracts from sponges of the family Axinellidae 

[7- 9]. The methanolic extract of the sponge Axinella donnani showed cytotoxicity in the brine shrimp assay 

[10]. Fatty acids and steroids isolated from Axinella sinoxea were active as antiproliferative against HT-29 

cells [11]. Methanol extract of Axinella sp from Togean Island showed cytotoxicity and proapoptotic 

activity against MCF-7 and HCT-116 cancer cells [12]. Lectin ACL-1 from Axinella corrugata displays a 

strong mitogenic and cytotoxic effect [13]. 

 

The anticancer potential of various Axinella sponge isolates is closely related to the role of the compounds 

contained therein. Sponges of the genus Axinella are sources of various secondary metabolites such as 

brominated organic compounds, terpenes, polyethers, cyclopeptides, and sterols [14]. The active 

compounds with anticancer or cytotoxicity properties include polyepoxysqualene-derived triterpenes, 

yardenone A and B from Axinella bidderi [15], cyclic peptides axinastatin from Axinella carteri [16], 

cerebroside from A. donnani [17], and bromopyrrolo-2-aminoimidazoles from Axinella sp Australian 

sponge [18]. Several diketopiperazine compounds, phospholipids and steroids are also found in A. sinoxea 

[19]. Brominated cyclic compounds in sponges of the genus Axinella have potent bioactivity. Two 

bromopyrrole alkaloids, damipipecolin and damituricin, were bioactive compounds isolated from Axinella 

damicornis [20]. The larger brominated organic molecular structure was found in sponge A. donnani, which 

contains dimeric pyrrole-aminoimidazole alkaloids (-) donnazoles A–B with four bound Br atoms [21]. 

 

Kangean Island is in East Java Province, Indonesia, surrounded by an ocean area overgrown with corals and 

sponges. The distribution of the sponge A. aruensis in the marine area of Kangean Island is moderately 

dominant, but there are no reports of screening of anticancer metabolites in the sponge yet. Therefore, as 

part of an ongoing investigation to discover the cytotoxic and proapoptotic metabolites of the Kangean 

Island sponge, extracts and fractions of A. aruensis are explored and reported in this paper for the first time. 

 

2. Materials and Methods 

 

2.1 Sponge Material 

The sponge sample was collected by scuba diving (3-10 meters with varying depths) from a reef habitat 

around Kangean Island (East Java, Indonesia). The sample was immediately frozen at -10 °C by dry ice and 

transferred to the laboratory. Through scanning optical microscope, skeletal slides and dissociated spicule 

mounts based on the Hooper identification key by the Zoology and Animal Engineering Laboratory of the 

Institute of Technology of Sepuluh Nopember (ITS) - Surabaya, the sample was identified as Axinella 

aruensis. 

 

2.2 Preparation and Partition of Methanol Extract 
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A 2.23 kg of powdered sample was macerated in 20 L of methanol for 48 hours and then the solvent was 

evaporated using a rotary vacuum evaporator to obtain 64.01 g brownish-yellow concentrated extracts. The 

methanolic extract was partitioned with hexane:water (ratio 1:1), in which 11.56 g hexane fraction was 

obtained. The water layer was partitioned with ethyl acetate and butanol, respectively, which resulting in 

ethyl acetate (19.04 g), butanol (18.20 g) and water (14.21 g) fractions. 

 

2.3 Metabolites Fingerprinting 

Metabolites analysis was performed on the crude fractions of A. aruensis on an Ultra Performance Liquid 

Chromatography Acquity UPLC(R)H-Class System (Waters, USA) with microflow meter system coupled 

to a Mass Spectrometer XEVO G2-S QTof (Waters, USA). Column C-18 (1.8 mm 2.1 x 100 mm), 

temperature: 50oC (column), 25oC (room), mobile phase: water + 5 mM ammonium formic (as solvent A) 

and acetonitrile + 0.05% formic acid (as solvent B), flow rate: 0.2 mL/min (with step gradient) running 23-

minute, injection volume: 5 L (filter through 0.2 mm syringe filter first). Mass spectrometer operating 

system includes Ionization: Electrospray Ionization positive mode, mass analysis range: 50-1200 m/z, 

source temperature: 100oC, desolvation temperature: 350oC, collision energy: 4 Volt (low energy) and 

Rampt Collision Energy: 25-60 Volt (high energy). MS converter software converted the raw data into 

divided positive ionization files. Obtained files were then processed with the data mining software 

Compound Discoverer with mzCloud MS/MS Library. 

 

2.4 Brine Shrimp Lethality Test 

Brine shrimp lethality test was used to assess the cytotoxic activity of methanol extract and hexane, ethyl 

acetate, butanol, and water fractions. The nauplii of Artemia salina L (Artemiidae) was used in this test. 

Brine shrimp eggs were hatched in 500 mL of filtered seawater under constant aeration for 48 h at 28oC. 

After hatching, active nauplii of the egg cell were collected and used for the test. One mg of each extract 

dissolved in 1 mL of DMSO and solutions of various concentrations (150, 125, 100, 75, 50, 25, 10, 5 

µg/mL) in triplicate were obtained by the serial dilution technique using seawater. Fifteen nauplii are then 

inserted into each vial and kept at room temperature for 24 hours. The vials were inspected using a 

magnifying glass, and the number of survived nauplii in each vial was counted. The data was then used to 

calculate the percentage of the lethality of the brine shrimp nauplii for each concentration. The filtered 

seawater and DMSO solvent were used as negative controls. The LC50 value was calculated using the curve 

method based on the probit analysis. 

 

2.5 DPPH Assay 

Free radical scavenging activity of extract and fractions was determined by the method described previously 

by [22], modified by [23]. DPPH radicals have a maximum absorption at 515 nm. Upon reduction by an 

antioxidant, the solution colour fades and the reaction progress is easily monitored by a spectrophotometer 

(UV Vis Shimadzu). Determination procedures were as follow: 0.1 mM DPPH solution was prepared by 

dissolving 3.94 mg DPPH powder in 100 mL methanol. A methanolic solution was prepared by dissolving 

2.5 mg samples in 10 mL methanol. Twenty µL of test extract at various concentrations was mixed with 0.5 

mL DPPH solution; after 20 min incubation at 37°C, the absorbance of the mixture was monitored at 515 

nm. A blank sample with 20 µl methanol in the above DPPH solution was also prepared and measured daily 

at the same wavelength. The experiment was carried out in triplicate. Radical scavenging activity was 

calculated using the following formula: % Inhibition = [(AC – AS)/AC] x 100, in which AC = absorbance of 

the blank sample, and AS = absorbance of the sponge extract or fractions. 

 

2.6 MTT Assay 

In vitro cytotoxic activity of the A. aruensis sponge extracts were evaluated by 3-(4,5-dimethylthiazol-2-yl)-
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2,5-diphenyltetrazolium bromide (MTT) reduction assay. MTT assay sample screens 2 cell lines, HeLa as 

cervix cell line and MCF-7 as human breast adenocarcinoma cell line. All cell lines were obtained from 

Central Laboratory of Life Science (LSIH) Brawijaya University. Hela and MCF-7 were cultured in RPMI-

1650 (Gibco, USA) medium. All cells were subculture after mild trypsinization with 0.25% trypsin-EDTA 

(Gibco, USA), and then determined the cell number and viability. The cells were seeds in 96-well plates at 

density 5 × 103 cells/well in 100 µL medium and incubated overnight. All media were supplemented at 10% 

with fetal bovine serum (Gibco, USA) and streptomycin-penicillin (1%, Gibco, USA). The cell lines were 

kept at 37ºC, with 5% CO2 atmosphere. A stock solution was prepared by dissolving the samples in 1% 

DMSO and was given 2000 ppm concentration. Cells that had been incubated 24 hours, then divided into 

several groups, a cell control and a media control (blank). The medium was removed and washed using PBS 

sterile, in which each well was added with 100 μl PBS. Then, each extract was added to each well to 

produce various concentrations of 50, 100, 200, 400, 600 and 800 μg/mL. Next, it was incubated for 24 

hours at 37°C and 5% CO2. Cells that had been treated and incubated for 24 hours were later dumped 

throughout the medium and washed using sterile PBS. Then in each well was added with 100 μl of MTT (5 

mg/mL) in a cultured medium, followed by 4 hours’ incubation at 37°C and 5% CO2. To each well, 100 μL 

of DMSO was added to dissolve the formazan crystals that may formed and then incubated again for 30 

minutes in room temperature. Optical density (OD) of each well was determine using ELISA reader at 595 

nm. Percentage cell viability was then calculated by the formula: [(OD of treatment – OD of blank) / (OD 

of control – OD of blank)] x 100. 

 

2.7 Apoptosis Assay 

To determine the effect of the sponge extracts on apoptosis, HeLa and MCF-7 cells were cultured in RPMI-

1640 (Gibco, USA) with 10 % FBS in the presence of different concentrations (50, 100, 200, 400, 600 and 

800 μg/mL) of the extract. After 24 h, the cells were harvested, washed in PBS, and stained with 50 µL 

Annexin V–PI solution in PBS (50 µg/mL) according to the manufacturer's instruction (Invitrogen, Life 

Technologies, Indiana, USA). The cells were incubated at room temperature for 40 minutes. Resuspend the 

cells in 500 µLPBS for running flow cytometry using BD FACSCalibur Flow Cytometer. The data were 

then analyzed using CellQuest program. 

 

2.8 Statistical Analysis 

Results were expressed as means ± SD of replicates (n = 3). Comparison between data sets was performed 

using one way analysis of variance (ANOVA) followed by Tukey test. All statistical analyses were 

performed using GraphPad Prism 8.0 (GraphPad Software Inc., San Diego, CA). Differences were accepted 

as statistically significant at p < 0.05.  

 

3. Results 

Characterization of the metabolites on the fractions of sponge A. aruensis was based on the separation 

results on the liquid chromatography column and the determination of the molecular weight and molecular 

formula of each component of the fractions using LC-MS/MS. Table 1 shows the retention time (RT), exact 

molecular weight (monoisotopic mass), and compound name of the major components in each fraction. 

 

Table 1. Major compounds*) in each fraction of A. aruensis based on the LC-MS/MS analysis 
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ght 

Hex

ane 

9.

47 

24.0

1 

844.

478

0 

C38H72

N2O18 

3‐[({5‐[amino(4,6‐dihydroxyoxan‐2‐yl)methyl]‐5‐hydroxyoxan‐2‐yl}oxy)methyl

]‐6‐({[6‐(1‐amino‐2,3‐ 

dihydroxypentadecyl)‐3,4,5-

trihydroxyoxan‐2‐yl]oxy}methyl)oxane‐2,3,4,5‐tetrol 

10

.7

0 

13.2

6 

317.

293

0 

C18H39

NO3 
1‐[(1‐hydroxyethyl)amino]hexadecane‐2,3‐diol 

Eth

yl 

acet
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4.

60 

44.0

2 

386.

933

0 

C11H11

N5OBr2 

5‐amino‐12,13‐dibromo‐1,4,6,15‐tetraazatetracyclo[7.6.0.03,7.010,14]pentadeca‐4,1

1,13‐trien‐2‐one 

 6.

81 

10.4

8 

370.

901

7 

C10H7N

5OBr2 

(3E)‐5,6‐dibromo‐3‐[(4,5‐dihydro‐1H‐1,2,4‐triazol‐5‐yl)imino]‐2,3‐dihydro‐1H‐i

ndol‐2‐one 

But
anol 

9.
67 

10.0
5 

826.
401

4 

C43H54

N8O9 

3‐{6‐benzyl‐15‐[(1H‐indol‐3‐yl)methyl]‐18‐(2‐methylpropyl)‐2,5,8,14,17,20,23‐
heptaoxo‐1,4,7,13,16,19,22-heptaazatricyclo [22.3.0.09,13] 

heptacosan‐21‐yl}propanoic acid  

Wat

er 

3.

98 

12.4

3 
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001

8 

C11H10

N5O2Br 

(4Z)‐N4‐[(4‐bromophenyl)imino]‐2,3‐dihydro‐1H‐imidazole‐4,5‐dicarboxamide 

 4.

49 

42.3

8 

386.

930

8 

C11H13

N3OCl3

Br 

1‐(4‐bromo‐2,3,5‐trichlorophenyl)‐3‐[2‐(dimethylamino)ethyl]urea 

 11

.8

9 

14.1

1 

892.

542

2 

C47H72

N8O9 

21‐[(4,5‐dihydro‐1H‐pyrrol‐3‐yl)methyl]‐9‐[(5‐methoxy‐1H‐indol‐3‐yl)methyl]‐

3,4,10,16,18‐pentamethyl‐6‐(2‐methylbutyl)‐12,15‐bis(2‐methylpropyl)‐1‐oxa‐4,

7,10,13,16,19-hexaazacyclohenicosane 2,5,8,11,14,17,20‐heptone 

*) area percentage > 10%. 

 

The free radical scavenging properties of each fraction compared to the methanol extract of A. aruensis 

were determined by the DPPH method. Table 2 shows the ability of each fraction to scavenge DPPH free 

radicals, represented by the IC50 value, whereas the brine shrimp LC50 values for the methanolic extract and 

four fractions of sponge A. aruensis evaluated in this study are presented in Table 3. 

 

Table 2. The free radical scavenging activity based on IC50 values of extract and fractions of sponge A. 

aruensis 

Extract, Fractions and Positive Control IC50 value (g/mL) R2 Antioxidant category 

Methanol 169.239 ± 0.725 0.9909 weak 
Hexane 55.505 ± 0.184 0.9560 moderate 

Ethyl acetate 27.724 ± 0.029 0.9752 strong 

Butanol 38.321 ± 0.058 0.9155 moderate 

Water 58.094 ± 0.662 0.9578 moderate 

Ascorbic Acid (Positive Control) 11.529 ± 0.004 0.9895 strong 

 

Table 3. LC50 values based on brine shrimp activity of MeOH extract and fractions from A. aruensis 

Extract and fractions LC50 value (g/mL) R2 Toxic category 

Methanol 71.027 ± 4.181 0.9386 very toxic 
Hexane 112.765 ± 2.493 0.9420 toxic 

Ethyl acetate 24.711 ± 0.478 0.9462 very toxic 

Butanol 38.377 ± 3.364 0.9097 very toxic 

Water 68.254 ± 2.387 0.9477 very toxic 

 

MTT test results are shown in Figure 1 and Table 4. Extract dan fractions of A. aruensis showed different 

levels of cytotoxicity effect, indicated by a decrease in the number of living cells parallel to an increase in 
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concentration. 
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Figure 1. Cytotoxicity of various concentration of A. aruensis extract and fractions on HeLa and MCF-7 

cells. The experiment was performed in triplicate and the final values were represented as the mean ± 

standard deviation (SD) p < 0.05. 

 

Table 4. The level of cytotoxicity of extract and fractions of A. aruensis are presented with IC50 values 

based on MTT assay. 

Extract and Fractions 
IC50 value (g/mL) 

HeLa MCF-7 

Methanol 174.747 ± 7.376 286.457 ± 0.254 

Hexane 447.853 ± 8.122 346.102 ± 0.569 

Ethyl acetate 89.990 ± 2.133 94.143 ± 0.720 
Butanol 211.078 ± 5.154 178.616 ± 1.600 

Water 258.067 ± 5.667 297.815 ± 5.682 

 

The effect of apoptosis of extracts and fractions of A. aruensis on HeLa and MCF-7 cells was observed by 

flow cytometry assay given in Figure 2 dan Table 5. 
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Figure 2. Effects of A. aruensis extract and fractions on the apoptotic of HeLa and MCF-7 cells. 
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Table 5. IC50 Values of apoptosis from extracts and fractions of A. aruensis 

Extract and fractions 
IC50 value of apoptotic (g/mL) 

HeLa MCF-7 

Methanol 166.312 ± 0.021 159.619 ± 0.020 

Hexane 318.100 ± 0.094 325.619 ± 0.067 

Ethyl acetate 96.659 ± 0.023 93.474 ± 0.013 

Butanol 312.632 ± 0.095 324.480 ± 0.038 

Water 391.544 ± 5.565 303.085 ± 0.033 

 

4. Discussion 

Based on the LC-MS/MS analysis results, it was found that the fractions of A. aruensis consisted of organic 

compounds containing N and O, and some of them showed the presence of halogens such as F, Cl, and Br. 

The presence of N can form an alkaloid framework. It can also form a combination of C=O and N in the 

amide group, as is often found in sponges isolated from the Axinellidae family. The molecular structure of 

the major compounds in each fraction is given in Figure 3 according to Table 1. 

 

The structure of brominated compounds that have been reported from the sponge Axinella is often found in 

the structure of bromopyrrole alkaloids such as spongiacidin, mukanadin, 2,3-dibromostyloguanidine [24], 

and hymenidin [25] from Axinella verrucosa, cylindradines A and B from Axinella cylindratus [26]. It can 

also be in pyrrole lactam structures such as stevensine from Axinella corrugata [27], and axinelline A-B 

from Axinella sp [28]. Meanwhile, other halides are found in aqueous fractions, such as organochlorines 

which are more polar. 

 

(a) (b) 

 

 

(c) (d) 

 

 

Figure 3. Molecular structures of some major compound in the fractions of A. aruensis: (a) hexane fraction; 

(b) ethyl acetate fraction; (c) butanol fraction; and (d) water fraction. 

 

The oxidative strength of the fractions was indicated by a decrease in the absorbance of DPPH at 515 nm. 

Ethyl acetate fraction showed the highest oxidative ability with an IC50 value of 27.724 g/mL compared to 

methanol extract and other fractions and was a strong antioxidant (IC50 < 30 g/mL). Relatively semi-polar 

butanol fractions such as ethyl acetate also showed strong radical scavenging abilities. Meanwhile, hexane 

(non-polar) and water (polar) fractions were moderate antioxidants (IC50 < 100 g/mL). All fractions 

showed higher oxidative properties than methanol extract. However, all fractions showed lower oxidative 
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properties than ascorbic acid as a positive control (IC50 11.529 g/mL), which was statistically significant at 

p < 0.001. The ability to prevent the growth of harmful tissues triggered by the free radical reaction 

mechanism is closely related to its antioxidant properties. The formation of free radical material in the form 

of reactive oxygen species (ROS) and reactive nitrogen species (RNS) in the body can trigger the growth 

and development of cancer cells [29]. Therefore, the ability of radical scavenging by A. aruensis fractions 

illustrates their potential in inhibiting the formation of cancer cells. In this case, the compounds that make 

up the ethyl acetate fraction are more effective as antioxidants and can inhibit the formation of cancer cells 

compared to methanol extract and other fractions. 

 

In the BSLT uji test, all extracts and fractions, except hexane, showed very toxic properties to A. salina in a 

dose-dependent manner with LC50 values at below 100 g/mL. Semi-polar fractions such as ethyl acetate 

and butanol showed substantial toxicity with LC50 values of 24.711 and 38.377 g/mL, respectively. 

Methanol extract and water fraction also showed toxic properties with LC50 values of 71.027 and 68.254 

g/mL. The hexane fraction showed the weakest toxic effect with an LC50 value above 100 g/mL. Ethyl 

acetate fraction showed a higher level of toxicity than other extracts and fractions. This toxicity can be 

attributed to alkaloids and brominated organic halides, which are thought to contribute to the cytotoxic 

effect of A. salina. 

 

In MTT assay (Figure 1), the ethyl acetate fraction showed a higher cytotoxicity effect on HeLa cells and 

MCF-7 cells than methanol extract and other fractions with IC50 values of 89.990 ± 2.133 g/mL and 

94.143 ± 0.720 g/mL, as shown in Table 3. Butanol fraction showed high cytotoxicity against these two 

cells. In general, the properties of the compounds in the fractions with moderate polarity showed better 

cytotoxicity activity than polar and non-polar fractions. Statistically, a significant difference was shown by 

the semi-polar ethyl acetate fraction against the hexane and water fractions with p < 0.001. 

 

When viewed electronically, the increase in cytotoxicity ability is partly due to the presence of an electron-

withdrawing deactivating group bound to the aromatic ring and the presence of an unsaturated heterocyclic 

ring [30]. The ethyl acetate fraction, which showed the highest toxic strength (below 100 g/mL) against 

HeLa and MCF-7 cell lines, contained compounds with molecular formulas indicating the presence of 

brominated compounds, which have been reported to be toxic to various cancer cell lines [31]. 

 

All fractions showed apoptotic ability against both HeLa cells and MCF-7 cells. Apoptosis is a programmed 

necrobiosis process that plays an essential role in developing and maintaining a healthy body by eliminating 

old, useless, and unhealthy cells [32]. External factors can also trigger apoptosis to encourage cells to 

eliminate abnormal cells. Based on Figure 2 and Table 5, the ethyl acetate fraction gave a more substantial 

apoptotic effect on HeLa and MCF-7 cells with IC50 values below 100 g/mL. Methanol extract showed a 

more substantial effect on MCF-7 cells than HeLa cells. The proapoptotic ability of the fractions other than 

ethyl acetate is still below that of methanol extract. Statistically, the apoptotic effect of the ethyl acetate and 

methanol fractions was significant compared to other fractions, with p <0.001 for HeLa and p<0.005 for 

MCF-7. 

 

In general, extracts and fractions show the potential to trigger cells to repair themselves through the process 

of apoptosis against unwanted cells, such as cancer cells. This potential can be triggered by the compounds 

contained in the extracts and fractions, especially from compounds containing halides. The EtOAc fraction 

contains more brominated compounds, while the other fractions contain chlorinated or fluorinated 

compounds. Brominated compounds such as bromopyrrole, aeroplysinin, bromotyrosine, brominated 
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oxoindole, and bromo-aromatics have been reported to induce apoptosis in various cancer cells [33- 37]. 

 

5. Conclusion 

Four fractions of the methanolic extract of A. aruensis, collected from the Kangean Islands, and their 

antioxidant, cytotoxic, and apoptotic activities were assessed. All fractions showed different effects, in 

which ethyl acetate fraction showed a more substantial effect than methanolic extract and other fractions. 

The bioactivity assay illustrates that A. aruensis sponge extract can be used in the future as an anticancer 

candidate, especially for breast and cervical cancer. However, to comprehensively study the anti-cancer 

activity, another anti-cancer biomarkers should also be investigated. Purification of the main component of 

the fraction ethyl acetate for further chemical-biological studies is ongoing. 
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