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Objective: Eudistoma kaverium, an ascidian belonging to the family Polycitoridae is previously recorded
from Indian waters. The work done on this species is limited only to taxonomy and ecology. As ascidians
are potential source of anticancer compounds, we have purified fractions of E. kaverium using HPLC and
evaluated its anticancer activity.
Method: Chromatography based fractionation of the crude extract was carried out and mass spectrome-
try was used to identify the active molecule. Cell viability was checked using MTT assay. Flow cytometry,
ROS generation, Hoechst staining and DNA fragmentation was performed to confirm the anticancer activ-
ity of the compound.
Results: A column fraction EK-7, which was identified as a sterol Cholesta-4,6-dien-3-ol using GC–MS
analysis, exhibited potent cytotoxicity with IC50 value of 6.5 lM in MCF-7 and 10.2 lM against HeLa cells.
Moreover, EK-7 triggered the cell cycle arrest in the sub G0/G1 stage and induced apoptosis twenty-four
hours post-treatment. Hoechst staining of EK-7-treated HeLa cells portrayed apoptotic events such as
changes in cell morphology, chromatin condensation, membrane swelling, and development of apoptotic
bodies. The changes in light scattering by the EK-7-treated HeLa cells indicate the general characteristics
of cell death as a result of apoptosis. The EK-7-treated HeLa cells show cell cycle arrest in G0/G1, G2/M and
S phases and the increased amount of sub G0/G1 population indicates the increase in the apoptotic
induced cell population. The isolated compound Cholesta-4,6-dien-3-ol (EK-7), based on the GC–MS anal-
ysis and library search from E. kaverium displayed potent anticancer activity which is mediated through
apoptosis targeting the G0/G1 phase.
Conclusion: Based on the experimental data, it shows that EK-7(Cholesta-4,6-dien-3-ol) a sterol deriva-
tive has potent anticancer activity mediated through apoptosis. If this research is continued further with
preclinical and clinical trials, EK-7(Cholesta-4,6-dien-3-ol) could be possibly used as a chemotherapeutic
agent in treating cancer.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

A good number of anti-cancer drugs currently used are of natu-
ral, especially from marine products or its derivatives (Simmons
et al., 2005). According to the researchers, marine compounds have
higher source and potential biological activity than terrestrial
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compounds (Gribble, 2015). Based on data from the National Can-
cer Institute, USA, more than 1% of marine-based compounds dis-
played antitumor potential, only 0.1% of terrestrial compounds
are found to exhibit antitumor potential (Vijayakumar et al.,
2020). Since marine organisms survive in different physical and
biological conditions, they are equipped with greater chemical
diversity (Frederick Grassle, 2013; Jensen et al., 2015), which justi-
fies this 10-fold rise. Additionally, marine organisms keep compet-
ing for food and space, resulting in the production of secondary
metabolites as a part of the defense and survival mechanism
(Cragg and Newman, 2005). Several anticancer compounds have
been tested with human clinical trials over the past decade that
are sourced from the marine environment (Arif et al., 2004; da
Rocha, 2001; Gordaliza, 2007; Molinski et al., 2009; Rawat et al.,
2006). A total of 20,000 and more natural products have been sep-
arated from several marine organisms. Alkaloids, steroids, ter-
penoids, polypeptides, polysaccharides polyethers, and
macrolides are molecules that have potential biomedical applica-
tions (Jiang et al., 2010; Menna, 2009). Numerous marine com-
pounds have caught attention because of their activity against
multiple types of tumours (Mayer and Gustafson, 2003; Newman
and Cragg, 2004; Olano et al., 2009; Rocha et al., 2011). The anti-
cancer drug Cytosar-U is isolated from Cryptotethya crypt, a marine
sponge, which contains modified nucleosides, such as spon-
gothymidine and spongouridine (Bergmann and Burke, 1955;
Cragg and Newman, 2013; Wright, 2007). Marine organisms such
as ascidians, mollusc and sponges have been a proven source of a
copious number of anticancer, antibacterial and potent drug com-
pounds (Datta et al., 2015; Gupta et al., 2013; Hughes and Fenical,
2010). Compounds such as didemnin B, ecteinascidin 743 and apli-
dine (Cragg and Newman, 2005; Lopes et al., 2003; Rinehart, 2000;
Singh et al., 2013) are derived from ascidians, which have anti-
cancer property and are into clinical trials.

In this study, the less explored ascidian Eudistoma kaverium is
assessed for its anticancer activity in HeLa and MCF-7 cells, to dis-
cover a potential anticancer molecule.
2. Materials and methods

2.1. Extraction of ascidian from the marine environment 9.2770� N,
79.1252� E

The ascidian Eudistoma kaverium Meenakshi, 2002 was col-
lected from the Mandapam coast (9.28230N, 79.20810E), from
Southeast India’s coast. The ascidian E. kaverium was identified
using standard keys (Montaser and Luesch, 2011). Ascidians were
extracted with methanol and dichloromethane. The crude extract
is used for further analysis (Houssen and Jaspars, 2012).

2.2. Isolation of cytotoxic compound-chromatographic method

2.2.1. Column fractionation
The potent crude dichloromethane extract was fractionated as

previously described by (Rajesh et al., 2010) with slight modifica-
tion. The crude extract was fractionated, based on gradient-
partitioning technique (Martins et al., 2014), with a step-gradient
solvent system of increasing polarity from hexane (H) to ethyl
acetate (EA) to methanol (M) (100% H- 100% EA- 100% M). A total
of 34 fractions were collected. Among these fractions, 14 major
fractions were analysed for cytotoxicity using MTT assay against
HeLa cell line.

2.2.2. High-performance liquid chromatography (HPLC)
Column fraction EK-7 (75% H: 25% EA), which exhibited signif-

icant cytotoxicity activity against HeLa cell line, was further con-
2

centrated and analysed using analytical HPLC (Shimadzu SPD20A
Prominence) with an analytical column Agilent ZORBAX 300SB-
C18 (5 mM, 4.6́150 mm) USA. A step gradient binary solvent system
from 95% water (0.1% trifluoroacetic acid) to 95% methanol (0.1%
trifluoroacetic acid) was employed to analyse the column fraction
EK-7 (Newman et al., 2003).

2.3. High-resolution-electrospray ionisation-mass spectrometry (HR-
ESI-MS) and GC–MS analysis

HR-ESI MS analysis of column fraction EK-7 was performed in
Bruker Daltonics Electrospray Ionisation Quadrupole Time of Flight
(ESI Q TOF; Maxis Impact). The intact mass of the target molecule
was obtained by directly infusing the sample into the mass spec-
trometer. GC–MS was performed in a gas chromatograph (Agilent
7890A) coupled with mass spectrometer (Agilent 5975C) (Agilent
Technologies, USA). The mass spectra and GC–TIC profiles were
obtained using the ChemStation data analysis software. In order
to identify column fraction W-7, its mass spectra were matched
with the corresponding entries in databases (NIST-08 MS library
version 2.0f).

2.4. Chemicals and source of antibodies

Chemicals and reagents of cell-culture require molecular biol-
ogy grade, as required, were used in this study. Most of the meth-
ods and molecular biology protocols adopted in this study are by
the standard protocols detailed in Molecular Cloning (El Gamal,
2010). Most of the reagents needed for cell culture including
media, antibiotics, Fetal Bovine Serum (FBS) and various other
required supplements were from Invitrogen Life Sciences, USA or
Sigma-Aldrich, USA. All tissue culture ware was procured from
either Nunc or Corning. All experiments were performed in multi-
ples for proper analysis of the results. Statistical significance for all
experimental analyses was determined by t-test or one-way
ANOVA using statics software Graph Pad Prism version 5.0. A p-
value of � 0.05 between the groups was considered significant.

2.5. Cell culture, maintenance of cell lines, growth medium and
treatment conditions

MCF-7 (Breast adenocarcinoma), HeLa (cervical carcinoma) and
HaCaT (Immortal keratinocytes) were from ATCC. Cell lines were
maintained in Dulbecco’s modified eagle medium (DMEM) with
FBS(10%), penicillin (100 units/ml) and streptomycin (100 lg/ml)
at 37 �C with 5% CO2. Cell culture was performed using standard
procedures in a laminar airflow chamber (Bergmann and Feeney,
1951).

2.6. Cell viability determination by MTT assay

Cells of optimum density were inoculated into a 96-well plate
and treated with varying concentrations of crude and purified frac-
tions. The cells were incubated for 24 h, and then treated with
5 mg/ml MTT dye, followed by incubation for 3 to 4 h. The for-
mazan crystals formed were measured spectrophotometrically in
a plate reader at 570 nm (Houssen and Jaspars, 2012; Vera and
Joullie, 2002).

2.7. Flow cytometric analysis of cells (apoptosis and necrosis)

Flow cytometric analysis was performed as described by
(Shashi et al., 2006). Briefly HeLa and MCF-7 cells were treated
with varying concentrations of EK-7. Following the instructions
of the manufacturer, cells were washed followed by staining with
annexin V -FITC antibody & PI. These cells were scanned for
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fluorescence intensity in FL-1 (FITC) and FL-2 (PI) channels. Quad-
rant statistics were used to analyse the cell population (apoptosis
and necrosis) in which the lower right quadrant indicated apopto-
sis and the upper right quadrant indicates necrosis.

2.8. Determination of hypo-diploid sub G1DNA (G0) population- flow
cytometric analysis

A total of 2x106/ml cells were seeded in a 6-well plate and trea-
ted with different concentrations (1, 5, 10, 15 lM) of EK-7 and
incubated for 24 h. The cells were washed with 70% ice-cold alco-
hol in phosphate buffer saline (PBS) and digested with 400 lg/ml
of DNase-free RNase at 37 �C. The cells were stained with PI
(10 lg/ml) to determine DNA fluorescence and cell cycle phase dis-
tribution. The samples were then measured using (FACS)-Canto
(BD Biosciences, USA) for hypo-diploid � (sub-G1, � 2n DNA)
apoptotic cell population from FL2-A vs. cell counts (Houssen and
Jaspars, 2012; Vermes et al., 1995).

2.9. Hoechst 33,258 staining of cells for nuclear morphology

Hoechst staining was performed as described in (Shashi et al.,
2006) with slight modification. HeLa cells were grown in T-25
flasks, on reaching optimal confluence, the cells were treated with
different concentrations of EK-7. Following which, the cells were
isolated, washed and suspended in 100 ml PBS gently. They were
further fixed in 400 ml cold acetic acid: methanol (1 + 3, v/v) and
incubated at 4 �C overnight. Cells were again washed, spread on
a clean slide and dried overnight at room temperature. Slides were
stained using Hoechst 33,258 and incubated for 30 minand
observed under microscope.

2.10. Measurement of intracellular peroxides- flow cytometric analysis

Intracellular peroxide and reactive oxygen species (ROS) levels
were estimated using 2,7-dichlorofluorescein diacetate (DCFH-
DA). The measurement of intracellular peroxidase is performed
Fig. 1. IC50 determination using MTT assay for the Column Fractions: IC50 value wer
fraction of E. kaverium extract. Data are means ± SD and representative of two similar e
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using flow cytometer following the procedure of Narayanaswamy
et al. (2018). After various stages of treatments, cells were incu-
bated with a medium containing DCFH-DA (5 mM; 10 mM stock
in 100% ethanol) for 1 h. Cells were washed in PBS, centrifuged
for 5 min at 100g and suspended in Dulbecco’s PBS. PI (5 mg/ml;
stock 1 mg/ml PBS) prior to analysis. The mean fluorescence peak
(10,000 events) was analysed from the gated cell population. The
green DCF-fluorescence was analysed in the FL-1 channel and PI
fluorescence was analysed in the FL-2 channel (Rothe and Valet,
1990).
2.11. DNA fragmentation assay

Genomic DNA isolated from MCF-7 cells were subjected to DNA
fragmentation assay. The cells (2x106/ml) are treated with EK-7 or
without EK-7 at different concentrations (5, 10, 15, 20 lM) for 24 h
and the treated DNA was electrophoresed on 1.8% agarose gel
(Pittman et al., 1993).
3. Results

3.1. Collection, Identification, extraction and purification of ascidian
secondary metabolites

The ascidian collected from Mandapam was identified as Eud-
istoma kaverium using standard keys (Meenakshi, 2002). The cold
steeped organic solvent crude extracts using methanol and
dichloromethane were used for preliminary screening against
cancer cell lines for finding the cytotoxicity of the crude extract.
The potent dichloromethane crude extract after column chro-
matography yielded several fractions (EK1- EK34). Each fraction
was separately screened for the presence of cytotoxicity against
cancer cell lines using the MTT assay (Fig. 1). Most of the frac-
tions produced cytotoxicity, but among them, fraction EK-7,
which produced significant activity was further analysed for
specific anticancer assays.
e calculated based on MTT assay, graph showing the IC50 values of different column
xperiments.



Fig. 2a. HPLC spectrum of column fraction EK-7 indicates single peak at the retention time of 18.6 min.

Fig. 2b. HR ESI-MS spectrum of column fraction EK-7 showing the molecular weight of 385.291(M + H) +.
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3.2. Hplcs of column fraction EK-7

HPLC analysis of EK-7 using an analytical C18 column showed a
single peak at a retention time of 18.6 min (Fig. 2a) which indicates
that the sample is pure. So this column fraction EK-7 was used for
further studies.
4

3.3. Mass spectrometry of EK-7

A high-resolution mass spectrum analysis of EK-7 indicates that
the molecule has a molecular mass of 385.291(M + H)+ (Fig. 2b).
GC–MS analysis spectrum presented in Fig. 2c identified the frac-
tion EK-7 as Cholesta-4,6-dien-3-ol.



Fig. 2c. GC–MS spectrum of the column fraction EK-7, NIST-08 MS library version 2.0f based profiling and identification of the compound cholesta-4,6-dien-3-ol.
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3.4. Determination of IC50 values and cell viability

The inhibitory concentration (IC50) was 19.5 lg for the crude
extract of E. kaverium. Cell growth inhibition induced by purified
fraction EK-7 displayed varied activity with different cell lines.
Fig. 3. Cytotoxicity of EK-7 on HeLa and MCF-7 cell proliferation: (a) Crude extract of
IC50 value of 6.5 mM (c) HeLa treated with EK- 7 showing a IC50 value of 10.2 mM.

5

IC50 value against MCF-7 was 6.5 lM and 10.2 lM against cervical
cancer cell lines. EK-7 treated HeLa and MCF-7 cells showed a
dose-dependent inhibition in cell proliferation at low concentra-
tion (Fig. 3), comparatively not inhibiting the growth of the control
cell line (HaCaT).
E. kaverium showing a IC50 value of 19.5 mg (b) MCF-7 treated with EK-7 showing a



Fig. 4. Flow cytometric analysis of EK 7 induced apoptosis in HeLa and MCF-7 cells using annexin V-FITC and PI double staining: The cancer cell lines were treated with
5 and 10 mM of EK-7 and after 24 h cells were stained and flow cytometric analysis was performed. Cells in the lower right quadrant represented apoptosis and in the upper
right quadrant indicated necrosis (represented by percentage). Apoptosis is high in MCF-7 cells (76.13%) in response to EK-7 than the HeLa cells (10.05%).
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3.5. Effect of EK-7 flow cytometry analysis using Annexin-V binding

Cell death induced by the test compound EK-7 is evaluated
using Annexin-V binding experiments, which were carried out in
both MCF-7 and HeLa cell lines. Both cell lines were separately
treated with different concentrations of EK-7 and incubated for
24 h, cell death by apoptosis was determined by flow cytometry,
based on binding of Annexin-V to the phosphatidylserine of the
exposed cells (Fig. 4). We observed an increase in apoptotic and
post-apoptotic cells, with increasing incubation period. In MCF-7
cells, 76% of apoptotic cells and 10.31% post-apoptotic cells were
observed, while in HeLa cells 76% of cells were alive, 10.05% were
apoptotic cell and 4.58% were necrotic cells. We concluded that
MCF-7 cells appeared to be more sensitive to EK-7 than the HeLa
cells, and also indicate that EK-7 induced apoptotic pathway for
cell death.

3.6. EK-7 increased G0 fraction cell cycle

EK-7 treated (5, 10 and 15 mM) HeLa and MCF-7 cells exhibited
high G0 fraction after 24 h, which includes both debris and apop-
totic fractions (Fig. 5). Higher EK-7 concentration demonstrated
cell death or increase in G0 fraction. HeLa cells treated with
15 mM EK-7 showed an increase of 40% G0 fraction when compared
to control, there was a 86% increase in G0 fraction for MCF-7 cells
6

after 24 h of treatment. There is no significant effect observed on
the G2/M fraction after 24 h, from which we conclude that EK-7
does not produce any delay in the cell cycle or block in the mitotic
pathway.
3.7. Hoechst staining of EK-7 induced HeLa cells

Untreated cell nuclei were round and normal. EK-7-treated cells
displayed early condensation of nuclei and concurrently morpho-
logical changes were observed in some cells. Upon extended expo-
sure of 10 mM EK-7 in the HeLa cells, morphological changes and an
increased number of apoptotic bodies were observed (Fig. 6).
3.8. EK-7 treated in HeLa and MCF-7 cells mediates the generation of
intracellular peroxides

Cancer cell lines were incubated with different concentrations
of EK-7 and stained using DCFH-DA followed by analysis in flow
cytometry (Fig. 7). Forward and side scattered gated cells were
analysed in FL1 vs. FL2, and FL1 vs. cell count channels for fluores-
cence intensity. There is no significant difference in DCF fluores-
cence on comparing untreated and lower concentrations (1 and
5 mM) of EK-7-treated cells. There is a moderate increase in the
DCF-positive cell population, which is derived based on the dou-



Fig. 5. DNA cell cycle analyses in HeLa and MCF-7 cells exposed to EK 7. Cells (1 � 106/ml) in culture were treated with different concentrations of EK 7 for 24 h. Cells were
stained with PI to determine DNA fluorescence and cell cycle phase distribution. The cells appear more as dead and as debris in the sample leading to the distribution in the
G0 phase, which is evident for cells treated with 15 mM of EK-7. In concentration of 10 mM the cell were in G0 phase and there was no change observed in the G2/M phase,
implying that EK-7 does not act by hindering the mitotic pathway.
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bling of log fluorescence intensity over control at high concentra-
tion of EK-7.
3.9. EK-7-mediated DNA fragmentation in MCF-7 cells

DNA fragmentation analysis was performed for both EK-7 trea-
ted and untreated cancer cell lines. The agarose gel (Fig. 8) of the
treated and untreated cells illustrated that EK-7 treated cells
induced DNA fragmentation. Apoptotic cells are characterized by
the presence of fragmented DNA, which is observed as a DNA apop-
totic ladder in a gel. Observed results clarify that DNA from EK-7-
treated cells exhibited DNA fragments which reflect those from
apoptosis. A fainted apoptotic DNA ladder was observed after
24 h of treatment when treated with low concentration of EK-7.
In prolonged exposure or higher concentration of EK-7, the apop-
totic DNA ladder was prominent, indicating a standard apoptosis
pattern linked with minimal post-apoptotic necrosis. DNA isolated
from untreated control did not show apoptotic DNA ladder (Fig. 8).
4. Discussion

Most of the medicinal drugs isolated from natural products are
of terrestrial origin; however, marine organisms are exceptional
because of the possibility to produce novel chemical and biological
7

products. As a result, recently, several marine-based medicinal
products have been successfully introduced into the market and
many others in clinical trials. The mechanisms by which marine
products induce apoptosis have become the subject of great atten-
tion in the process of developing anti-cancer agents. In this study,
we report for the first time that a sterol derivative Cholesta-4,6-
dien-3-ol, an ascidian fraction (EK-7), from E. kaverium, induces
apoptosis in HeLa and MCF-7 cells. This is also evident from the
fact that EK-7 induced the formation of apoptotic bodies in HeLa
and MCF-7 cells, which was confirmed by flow cytometry. All these
experimental end-points indicated that the process of apoptosis is
activated by EK-7.

The isolated novel ascidian-derived cytotoxic compound is
identified from the 14 column fractions, which were screened in
HeLa cell line. EK-7 is the most potent fraction, which arrested
the growth of HeLa cells, with a IC50 value of 10.2 mM (Fig. 3).
We found that EK-7 showed a concentration-dependent growth
inhibition on human cancer cell lines. The differential cytotoxicity
of EK-7 on human cancer cell lines HeLa and MCF-7(Singh et al.,
2021) can help in understanding its cytotoxic effect on different
types of progressive cancers. In the case of the breast cancer cell
line (MCF-7), the calculated IC50 value was of 6.5 lM, thereby
revealing the high efficiency of EK-7. In this regard, the effect of
EK-7 was studied for its apoptotic property to understanding the
mechanism leading to the activation of apoptosis and/or necrosis



Fig. 6. Hoechst 33,258 fluorescence staining of HeLa cells for nuclear morphology and apoptotic body formation. Cells were incubated with EK 7 for indicated time
periods. Condensed nuclei and the apoptotic bodies are indicated by arrows. (A) Untreated control -HeLa; (B) HeLa cells treated with 10 mM EK 7 for 24 h which indicate
condensed nuclei.

Fig. 7. EK 7 mediated generation of peroxides in (a) HeLa and (b) MCF-7 cells. Cells (1 � 106/ml/well) after various treatments with EK 7 in a 12-well culture plate for
indicated time periods were incubated with DCFH-DA (5 mM) for 1 h. Cells were washed in PBS, centrifuged at 100g for 5 min and suspended in DPBS and 10,000 events were
analyzed for DCF-fluorescence on flow cytometer in the FL-1 vs. FL-2 channels. Shift in fluorescence peek when treated with increasing concentration of EK-7(1, 5, 10, 15 mM)
againt Hela and MCF-7 cell lines.
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in HeLa and MCF-7 cells. It was observed that EK-7 did not cause
apoptosis even at the highest concentration in normal human cells
lines (HaCaT), which is as desirable as an ideal chemo-preventive
agent that should not exert toxicity to normal cells while eliminat-
ing the cancer cells. Experiments were performed to find the way
8

how EK-7 induced death in HeLa and MCF-7 cell lines. The cell
death was activated via apoptosis, which was determined
based on the Annexin-V staining, the exposed cells that are
detected using flow cytometry (Fig. 4). Comparing the basal apop-
totic population in the untreated cultures, EK-7 produced a



Fig. 8. EK-7 mediated DNA Fragmentation in MCF-7 Cells. Cells (1 � 106/ml/well)
after various treatments with EK-7 in 12-well culture were collected and the DNA
was run in 1% agarose gel to identify the DNA fragmentation event. Lane 1 control,
Lane 2–5 MCF-7 Cells treated with 5, 10, 15 and 20 mM of EK-7.
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concentration-dependent increase in the apoptotic cells and it is
noteworthy that MCF-7 cells showed a significant higher effect
towards EK-7 treatment than HeLa cell lines.

As a process of determining the anti-proliferative mechanism
and understanding the regulatory pathway of EK-7 on cancer cell
lines,cell cycle analysis was carried out. It was identified that EK-
7 induced G1 arrest and apoptosis in MCF-7 cells, EK-7 treatment
showed a rise in sub-G0 DNA population (<2n DNA) when com-
pared to control.G1 regulation is associated with many factors that
play an important role in proliferation, differentiation, oncogenic
transformation and programmed cell death (Owa et al., 2012;
Robbs et al., 2013). Nuclear endonuclease(s) activation is the first
step in signal transduction and plays an important role in prevent-
ing cancer (Pittman et al., 1993), teratogenesis (Guru et al., 2021;
Hays, 1981; Owa et al., 2012) and cell differentiation (Bursch
et al., 1990; Cinciripini et al., 1997). Activation the endonuclease
pathway will start a series of apoptotic event leading to the death
of cancer cell. This apoptotic DNA fragment observed in the MCF 7
when treated with EK-7 is a first step of triggering the cell death.
Thus, this sterol derivative Cholesta-4,6-dien-3-ol,extracted from
ascidian provides a novel strategy which can be therapeutically
effective against malignancy by selectively sensitizing the cancer
cells.
5. Conclusion

In this study, we report for the first time, that a purified fraction
EK7, possibly a sterol derivative Cholesta-4,6-dien-3-ol, from the
marine ascidian E. kaverium, possesses cytotoxic effect in HeLa
and MCF-7 cell line through apoptosis induction. Several experi-
mental studies like microscopic observation, flow cytometry-
9

based cell cycle analysis, Annexin-V-FITC assay, ROS generation
and DNA fragmentation inferred with the proof that the cell death
of the cancer cells were induced via proper mechanism. The evi-
dence hints towards the use of EK-7 fraction of E. kaverium as a
lead molecule in the discovery of potent anticancer drug in near
future.
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