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KEYWORDS ABSTRACT
Anticancer activity, Background: Globally, breast cancer is a leading cause of morbidity and mortality,
Ascidians, Didemnum especially among women. Although the results of current treatments have improved,

perlucidum, there remains an urgent need to develop new therapeutic agents. A potential source
Lissoclinum of bioactive substances with potent anticancer effects is marine biodiversity. Marine
bistratum, MCF — 7, tunicates are believed to contain a variety of bioactive compounds with the most
MTT assay important anticancer properties. The family Didemnidae of the class Ascidiacea is

known to be a highly adaptable source of natural marine chemicals with a wide range
of biomedical applications.

Materials and Method: This study investigates the cytotoxic effects of crude and
fractionated extracts of the marine ascidians Lissoclinum bistratum and Didemnum
perlucidum on MCF-7 breast cancer cell lines. The cytotoxic activity was assessed
using the MTT assay at different concentrations from 5 to 20 pg/ml.

Results and Discussion: The F2 fraction of both the species exhibited the highest
activity, and the results showed significant dose-dependent cytotoxicity. F2 of D.
perlucidum and L. bistratum had IC50 values of 10.22 pg/mL and 11.80 pg/mL,
respectively, which were much lower than those of the crude extracts.

Conclusion: These results highlight the potential of D. perlucidum as a source of
anticancer drugs, calling for further investigation into its bioactive components for
potential therapeutic uses.

Introduction

In 2020, more than 19 million new cases of cancer were reported globally, resulting in nearly 10
million deaths. Breast and lung cancers are the most common in terms of prevalence and mortality,
each being the reason for more than 2 million diagnoses in 2020. Despite advances in the treatment
and diagnosis of malignant carcinoma, breast cancer remains one of the leading causes of death around
the world. Among women, breast cancer is the leading cause of death, with approximately 600,000
deaths. In addition, by 2040, the number of new cancer cases worldwide is expected to exceed 28
million, with deaths surpassing 16 million.! Worldwide, breast cancer is one of the most common
causes of female morbidity and mortality, accounting for 23% of breast cancer diagnoses annually
(1.38 million women) and 14% of breast cancer deaths (458,000 women).? If the cancerous tumor is
situated exclusively in the breast cells, the survival rate is expected to be 99%. If the tumor spreads to
nearby lymph nodes, the spread rate would be 85%, if the cancerous tumor spread to distant parts, the
survival rate would drop to 27%. Breast cancer is associated with decreased health-related quality of
life and high medical costs due to high risk factor.3# The oceans are home to approximately 250,000
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species and are therefore a great treasure trove of life and biodiversity.> Keeping this in mind that
until recently there were only certain types of microorganisms (bacteria, actinobacteria, cyanobacteria
and fungi), microalgae, macroalgae (seaweeds), invertebrates, sponges, soft corals, sea fans, sea hares,
nudi branches, bryozoans and tunicates have been investigated for cancer treatment,%’8°

marine organisms have been shown to be important bioactive compounds, the origin of which is unk
nown, leading to increased research and studies on these compounds.

Scientists suggest that marine compounds are more versatile and have greater biological activity than
terrestrial counterpart.’® Because marine organisms, especially resident organisms, are physically and
biologically diverse, they have a wide range of secondary metabolites with biological effects.!%2 This
clearly demonstrates a 10- fold increase in the number of persistent organisms competing for food
and space, leading to the production of secondary metabolites as part of life's defense mechanism.!3
Over the years, many antibiotics obtained from the marine environment have been tested in human
clinical trials.1#1>16.1718arious marine compounds have attracted attention due to their activity
against various types of cancer.'®?°2122 Many marine organisms such as ascidians, mollusks, and
sponges have been shown to be sources of anti-inflammatory, antibacterial, and medicinal
properties.?®242> Drugs derived from ascidians, such as Didemnin B, Ecteinascidin 743, and aplidin,
have anti-inflammatory properties and are in clinical trials.?6327

Marine tunicates are considered to possess the most important anticancer components, and various
compounds with antitumor activity.?82°% The tunicates of the Didemnidae family are recognized as
a widely versatile source of natural marine compounds with many biomedical applications.

Many pharmaceutical properties of bioactive compounds are also dermined from natural products pr
oduced by ascidians, including anti-inflammatory drugs.3-3 A comprehensive report on 580 ascidian
compounds isolated during 1994 to 2014, describing their structures and reporting biological activities
(antibacterial, anti-inflammatory, antiviral, anti-diabetic, anti-proliferative, anti-parasitic).

The Didemnidae family of the Tunicata class includes many genera such as Diplosoma, Lissoclinum,
Polysyncraton and Trididemnum that are fertile and well-known natural biologically active producers.
Among the tunicates of the Didemnidae family, the genus Didemnum stands out, with more species
described than any other tunicate. The genus Didemnum is home to many different symbiotic bacteria,
which may also be involved in the production of secondary bioactive metabolites isolated from whole
animals. Didemnum, the most abundant species in the genus, is also very rich in bioactive secondary
metabolites.3* Many chemical and biological studies have investigated the genus Didemnum, but most
of these studies have not identified animals to species. Studies have shown that the Didemnum genus
is rich in many types of natural products, including peptides, alkaloids, indole/alkaloids, B-alkaloid
carbolines, spiroketals, polyketides, halogenated compounds, steroids, etc. Biological investigations
of these entities have shown that some of these compounds have anticancer, antibacterial and
antimalarial properties.®

The discovery of a new cyclic hexapeptide, cycloxazoline, from the marine ascidian Lissoclinum
bistratum has been reported. Two new cyclic hexapeptides, bistratamide A and bistratamide B, and
two new macrocyclic ethers isolated from L. bistratum showed cytotoxic activity against human
fibroblasts and tumor cell lines.® Bistramide D and K extracted from the sea squirt L. bistratum had
low toxicity, antitumor activity, and could induce the differentiation (G1DT) of small cell bronchial
carcinoma (NSCLCNG) in vitro, but not the activity of others.® Marine compounds, bistratene A and
cycloxazoline isolated from L. bistratum accumulated HL-60 leukemia cells in G2/M phase and
inhibited cytokinesis.®” Lissoclibadin 2 (2) isolated from Lissoclinum cf. badium was the most
interesting compound possessing potent inhibitory activity against colon (DLD-1 and HCT116),
breast (MDA-MB-231), renal (ACHN), and non-small-cell lung (NCI-H460) cancer cell lines and
showed no toxicity to mice, and preferable stability in rat plasma.®® Lissoclibadins 1(1), 3(2), 4(3),
7(4), 8(5) and 14(6) from the Indonesian ascidian Lissoclinum cf. badium which inhibited the growth
of HCT-15, HelLa-S3, MCF-7 and NCI-H28. Lysocrivasin 1 (1) is the most potent cytotoxic agent
and induces apoptosis mainly through an internal pathway that activates the caspase-dependent
pathway in HCT-15 cells.>®
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Natural products 6-bromotryptamine derivatives were first isolated as from Didemnum candidum.*
The compound eusynstyelamide B (142), a bisindole alkaloid isolated from D. candidum has shown
potent anti-cancer activity against MDA-MB-231.% Additionally, the authors found that 142 induced
MDA-MB-231 cell death via apoptosis. Therefore, the genera Didemnum and Lissoclinum present
surprising biological and chemical properties.

In Indian sea waters, 263 species including 41 genera, 12 families, 3 subclasses and 2 orders of the
Ascidaceae family have been reported.*> However, there are very few studies on cytotoxicity of
ascidian compounds in India. Therefore, we selected the less studied group of ascidians Didemnum
perlucidum and Lissoclinum bistratum, distributed throughout the Gulf of Mannar in southern India,
for their anticancer properties in MCF-7 cells.

Materials and Methods

Ascidian species

For the evaluation of the anticancer activity of ascidians, the most common and abundantly available
colonial ascidian species such as Didemnum perlucidum and Lissoclinum bistratum were chosen.

Preparation of Crude Extracts:

Preparation of animal material

Sufficient colonies of each student animal were collected by the scuba hand-picking method from
various pillars of Jetty on the Mandapam coast of southern India at a depth of 1-2 meters. Freshly
collected samples were washed separately with fresh seawater to remove all contaminants and other
epibionts. The samples were then dried in the shade and further dried in a hot air oven at room
temperature. The dried samples were ground and sieved to remove hull particles and used to prepare
crude methanol extracts.

One specimen of each species is preserved at the Museum of Islamiah College (Autonomous) in
Vaniyambadi, India. The species has already been described in a previous publication.*?

Crude methanol extracts

To extract the biological compositions of the collected species, the dry material was separately
immersed in 1.20 w/v methanol (100% A.R grade). The extract was filtered and then concentrated
using a rotary evaporator (Buchi type). The dry extracts were resuspended in methanol for 24 hours,
and the combined extracts were filtered by Whatman paper No. 1, and again forced into the rotary
evaporator. The extraction residue was resuspended in 20 ml of 100% A.R. Methanol grade was used
and transferred to a new beaker to remove the precipitated salt. The methanol extract dissolved in
deionized water was dried and dissolved. Extracts were prepared at different concentrations dissolved
in dimethylsulfoxide and stored at 4°C for further use.

Fractionation

Thin Layer Chromatography and Silica Gel Column Chromatography

The proper solvent was selected and the sample's solubility was pre-evaluated using thin-layer
chromatography (TLC Silica gel 60 F2s4) for the subsequent silica gel G-60 column chromatography.

Solvent Selection

The selection of solvents for this study was primarily based on their polarity characteristics to ensure
optimal separation during chromatographic analysis. Initially, four different solvents such as
chloroform, ethanol, glacial acetic acid, and DMSO were chosen, and their performance was
evaluated through Thin Layer Chromatography (TLC) with various concentrations. This step aimed
to identify the most effective solvent ratio for subsequent column chromatography.

The determination of the final solvent ratio was guided by the quality of separation observed in the
TLC, as indicated by distinct separation bands and retention factor (Rf) values. After careful analysis
and optimization, the following solvent system was selected for column chromatography: chloroform,
ethanol, glacial acetic acid, and DMSO in the ratio of 2:1:5:4. This combination was found to provide
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the most efficient separation of the target compounds, ensuring reliable and reproducible
chromatographic outcomes.

Column Chromatography

The glass column measuring 60 x 2.54cm was used for the silica gel G-60 column chromatography.
Solvent systems were selected based on the polarity such as Chloroform, ethanol, DMSO and Glacial
acetic acid as mobile phase. Then 2.5ml fractions were collected every 10 minutes. The recovered
fractions were concentrated, dried and utilized for the further analysis.

Cell Viability Assay
The effect of the organic extract of D. perlucidum and L. bistratum on cell viability of MCF-7 was
evaluated by MTT assay.

Breast Cancer Cell Line - MCF-7
Breast Cancer Cell Line — MCF-7 was used to determine the cell Cytotoxicity activity obtained from
National Centre for Cell Science, Pune, India (NCSS).

Experiment

Cells were maintained in minimal essential medium supplemented with 10% FBS, penicillin (100
U/ml), and streptomycin (100 pg/ml). These were grown as monolayers to 70-80% confluency at
37°C, 5% CO2. Cells were seeded in 96-well plates at 5000 cells/well. After 24 hours of incubation
and treatment, cells were treated with 6-fold dilutions of crude extracts of the two ascidians at
concentrations of 5, 10, 15 and 20 pg/ml. Dilutions of the stock solutions were performed in medium
to obtain a final extract concentration with a DMSO concentration of 0.1%. This concentration of
DMSO does not affect cell viability. Control cells were incubated with medium only. This experiment
was performed in triplicate on the same cell mass.

After 48 h of incubation, 15 pl of MTT (5 mg/ml) in phosphate-buffered saline (PBS) was added to
each sample as tetrazolium salt (Sigma) was added as an indicator of cytotoxicity for cell viability.
Wells were incubated at 30°C for 4 hours. The medium containing MTT was then shaken, the formed
formazan crystals were dissolved in 100 pl of DMSO, and the absorbance at 570 nm was measured
using a microreader. Tetrazolium salts are bound to formazan dyes by cellular enzymes (only in living
cells). % cell viability was determined using the following formula:

% cell viability = 100- Abs (sample)/Abs (control) x100.

After removing the medium, the phosphate solution was washed away. The samples were then placed
in fresh medium containing 50 pl of MTT solution (5 mg/ml) and each well was incubated for 4 hours.
After incubation, DMSO was added. Viable cells were determined by absorbance at 570 nm using a
microplate reader.

The inhibitory concentration required for 50% cytotoxicity (ICso) values were analyzed with
sigmaplot software.

Data interpretation

Absorbance values that are lower than the control cells indicate a reduction in the rate of cell
proliferation. Conversely a higher absorbance rate indicates an increase in cell proliferation. Rarely,
an increase in proliferation may be offset by cell death; evidence of cell death may be inferred from
morphological changes.

% inhibition= (C-T/C)*100

Determination of 1Cso

ICso, the concentration of compounds required to inhibit cell proliferation by 50%, it is proposed to
plot a graph of Log (concentration of extract) versus % cell inhibition. A line drawn from the 50%
value on the Y axis will intersect the curve and interpolated to the X axis. The values on the X-axis
are Log (concentration of the mixture). The antilogarithm of that value gives the 1Cso value.
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Results

The 48-hour in vitro cytotoxic activity of crude and fractionated extracts of Didemum pelucidum and
Lissoclinum bistratum against MCF-7 cancer cells at different concentrations (5, 10, 15 and 20 pg/ml)
was determined by MTT assay. MCF-7 cells were analyzed using phase contrast microscopy after
exposure to different concentrations of dimethyl sulfoxide (DMSO) as negative control and extracts
of D. perlucidum and L. bistratum and untreated cells as positive control. The untreated MCF-7 cells
were epithelial and reached 90-100% confluence in approximately 7 days.

The results of anti-cancer effect of ascidian crude and fractions on MCF-7 cells showed that the
viability of the cells was significantly reduced compared to the control group (Fig 1). The toxic effects
of D. perlucidum extract were clearly observed by both microscopy and MTT assay, but these effects
were less than L. bistratum (Fig 2).

Fig 1 and 2 demonstrated that the percentage viability of the cells was significantly decreased with
increasing concentration of the F2 fractions as compared to the other fractions of both the species.
The maximum percentage viability of the cells was 58.78%, 46.39%, 32.72%, and 15.94%, when
treated with F2 fraction of D. perlucidum at concentrations of 5, 10, 15 and 20 pg/ml respectively.
This indicated that there was a dose-dependent relationship of death rate of MCF-7 cells. Then the
percentage of cell density has been decreased evident the cell death.

The ICso value represents the need to inhibit half of the biological or biochemical activity. The I1Csg
values of D. perlucidum and L. bistratum extracts obtained against MCF-7 cancer cell line are
depicted in the Fig 3. ICso values for the F2 of both species are 10.22 and 11.80 pg/ml respectively
which are lesser than crude extract (16.24 pg/ml).

Control cells had a regular ovoid or spindle shape, and the cell surface was relatively smooth and
intact. Observed cell properties include stress-induced phenotypes such as cell shrinkage and
membrane rupture, ultimately leading to cell death (Fig 4 and 5). ANOVA analysis showed a
significant difference (p < 0.05) among the different fractions and crude extracts.
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Figure 1:
Cytotoxic activity of Didemnum perlucidum (Crude and fractionated extracts) on human breast cancer
cell line (MCF — 7). Bars represent the mean + standard error of replicates experiments (significant as
compared to control, P < 0.005). Cells viabilities were assessed by mitochondrial tetrazolium test
assay. Cells were incubated for 72 h.
CE: Crude Extract, F1: Fraction 1, F2: Fraction 2, F3: Fraction 3 F4: Fraction 4
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Figure 2:
Cytotoxic activity of Lissoclinum bistratum (Crude and fractionated extracts) on human breast cancer
cell line (MCF — 7). Data represent the mean * standard error of the mean separate experiments
(significant as compared to control, P < 0.005). Cells viabilities were assessed by mitochondrial
tetrazolium test assay. Cells were incubated for 72 h.
CE: Crude Extract, F1: Fraction 1, F2: Fraction 2, F3: Fraction 3 F4: Fraction 4
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Figure 3:

The median growth inhibitory concentration values (pg/ml) of crude and partition fractions of extract
of Didemnum perlucidum and Lissoclinum bistratum.

Results are expressed as mean + SD. SD: Standard deviation, CE: Crude Extract F1: Fraction 1, F2:
Fraction 2, F3: Fraction 3, F4: Fraction 4 ICso: The median growth inhibitory concentration
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Figure 4:

Inverted phase contrast images of MCF-7 in culture medium (A) and toxic effect of D. perlucidum
at ICso concentration of F2 (B). MCF-7 cells in culture reproduce in epithelioid form and they become
confluent by 7 days. Visualized with a 100-fold magnification.

Figure 5:

Inverted phase contrast images of MCF-7 in culture medium (A) and toxic effect of L. bistratum at
ICso concentration of F2 (B). MCF-7 cells in culture reproduce in epithelioid form and they become
confluent by 7 days. Visualized with a 100-fold magnification.

Discussion

We investigated the cytotoxic effects of D. perlucidum and L. bistratum extracts on MCF-7 breast
cancer cells. We observed that D. perlucidum was more harmful than L. bistratum extracts. The MTT
assay showed that D. perlucidum inhibited the proliferation and growth of breast cancer cells in a
dose-dependent manner.

Several studies have been conducted to determine the bioactive compounds produced by marine
ascidians.3*** Several metabolites were isolated and purified from several ascidians and their activity
has been demonstrated against several cancer cell lines. Marine ascidians of the family Didemnidae
have been reported to possess antitumor activity and exhibit cytotoxic activity against several cell
lines in culture. Compounds 68, 71, 75 and 76 isolated from Australian D. obscurum, and 20-sulfate
derivatives of lamellars B, C and L (63-65), demonstrated good inhibition of cell viability against
colorectal cancer cells (COLO-205) with IC50 value of 0.0056, 0.0002, 0.00025 and 0.009 uM
respectively.*® Mollamide B (123) isolated from D. molle tested against non-small cell lung cancer

457 |Page



Anticancer Potential of Colonial Ascidians Didemnum perlucidum and Lissoclinum
SEE]PH bistratum Against MCF-7 Human Breast Cancer Cell Line
£ SEEJPH Volume XXVI1,52,2025, ISSN: 2197-5248; Posted:03-02-25

cell line (H460), breast cancer cells (MCF7) and CNS at 100 uM, which showed significant growth
inhibition up to 29%, 44%, 42 % respectively in the cancer cell line of SF-268. However, when a
National Cancer Institute (NCI) evaluated a panel of 60 cell lines, none of the tested cell lines showed
above-average sensitivity to molamide B.*

Dehydrodidemmine B, a promising marine compound, is currently being used in many clinical trials.
Another interesting group of depsipeptides is tamandarins. They also belong to the family of ascidians
of Didemnidae which is found in Brazilian waters. Tamandarin showed strong cytotoxic activity
against human pancreatic cancer cells BX-PC3, prostate cancer cells DU-145, and head and neck
carcinoma cells UMSCC10b.*” Lamellarins are derived from amino acids phenylalanine or tyrosine
and are produced in the mollusk Lamellaria sp., Didemnum species and sponges. They have cytotoxic
activity, with 1C50 values ranging from nanomolar to micromolar range.*®

Our study documents the potential influence of fractions by causing cell damage, foaming of cell
membranes, and the formation of apoptotic bodies, which indicates the presence of cytotoxic effects
and the presence of bioactive compounds that may have antitumor significance.

The intensity of MCF-7 cell density were decreased by increasing the concentration of extracts from
5 pg/ml to 20 pg/ml. This infers the existence of dose-dependent properties of extracts against cancer
cell lines which was found effective.

Partitioning pattern of compounds into different solvents depends mainly on their structure. From
these results, metabolites in Fraction 2 of D. perlucidum happen to be the most interesting compounds.
Further studies need to be conducted to investigate the bioactive compounds of the Didmemnidae
family and their efficacy as effective therapeutic tools against cancer.
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