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A B S T R A C T   

The marine environment is rich in natural bioactive compounds, including zebrafish and starfish species, which 
have garnered attention in drug research for their remarkable tissue regeneration abilities. Zebrafish, in 
particular, share a genetic resemblance of around 70% with humans. We chose to investigate Luidia maculata, a 
starfish species, due to its remarkable tissue regeneration abilities and the potential bioactive compounds it 
holds, making it a promising candidate for anticancer and antioxidant therapies. Human KB carcinoma cells were 
subjected to L. maculata tissue extracts to assess cytotoxicity using the MTT test. Intracellular ROS levels were 
measured via DCFH-DA, and mitochondrial membrane potential changes were evaluated using Rh-123 staining. 
Oxidative DNA damage was examined with the comet test, while morphological apoptotic changes were 
observed through the AO/EtBr dual staining technique. The active compounds in the starfish extracts were 
identified using HPLC, GC–MS/MS, and FTIR analyses. The bioactive fractions extracted from L. maculata 
demonstrated significant anti-proliferative effects on KB carcinoma cells, inducing apoptosis. These fractions led 
to a notable increase in intracellular ROS levels, resulting in alterations in mitochondrial membrane potential 
and oxidative DNA damage in the cells. Upregulation of Bax/Caspase 3 protein expression and downregulation of 
Bcl-2 protein expression indicated the involvement of apoptotic pathways. Comprehensive analyses confirmed 35 
starfish-derived anticancer compounds that inhibit cell proliferation, induce apoptosis, and target cancer-related 
pathways. Additionally, our study underscores the antioxidant potential of L. maculata starfish extracts, offering 
insights into marine organism-based therapies with promising medical applications.   

1. Introduction 

Echinoderms, especially starfish, possess remarkable natural regen
erative abilities, attracting significant attention from researchers and 

pharmacologists worldwide. Their exceptional regenerative skills serve 
diverse biological purposes and have garnered interest for potential 
therapeutic applications (Ben Khadra et al., 2018). Certain starfish 
species, such as Luidia senegalensis, Oreaster reticulatus, and Echinaster 
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sp., have traditionally been used in Brazilian countries for treating 
conditions like bronchial asthma, hypertension, diabetes, and cardiac 
diseases (Meyer-Rochow, 2017). Starfish extracts have been found to 
contain numerous biologically active compounds, including cerebro
sides, glycosides, glycosyl ceramides, steroids, astrosaponin, anthra
quinones, peptides, monosaccharides, and polysaccharides, exhibiting 
various pharmacological properties, such as hemolytic, cytotoxic, anti
viral, antifungal, anti-asthmatic, antimutagenic, analgesic, and antimi
crobial effects. Consequently, there is a need to screen and analyze 
metabolites from L. maculata, a species of starfish (Dong et al., 2011). 

Antioxidants are crucial in combating oxidative damage and 
enhancing the immune system against cancer and degenerative diseases 
(Venkatachalam et al., 2018). Marine protein hydrolysates derived from 
various sources, such as fish, squid, conger eel, jellyfish, microalgae, and 
green mussels, have demonstrated potential antioxidant properties 
(Balamurugan et al., 2017). While terrestrial plant products have been 
extensively studied for their pharmacological and biological properties, 
research on echinoderm extracts with antioxidant properties remains 
limited. The regenerated biomaterials from L. maculata starfish have yet 
to be thoroughly characterized. Organisms maintain ROS (reactive ox
ygen species) homeostasis through mitochondrial apoptosis, wherein 
apoptotic signaling pathways are inhibited, and the mitochondrial 
membrane depolarizes, resulting in increased levels of pro-apoptotic 
molecules in the cytosol. The induction of apoptosis is crucial for 
inhibiting cancer cell growth (Mann, 2002). 

Numerous extraction techniques have been developed to isolate 
novel secondary metabolites from aquatic organisms, including sponges, 
seaweed, algae, and other marine invertebrates, which are potential 
sources of therapeutics for human diseases, including cancer (Veríssimo 
et al., 2021). Echinoderms, including sea cucumbers, urchins, and 
starfish, have been particularly interesting due to their regenerative 
abilities and compounds with potential chemotherapeutic effects and 
apoptotic changes in cancer cell lines (García-Arrarás and Dolmatov, 
2010). Previous studies have investigated the pharmacological proper
ties of crude extracts of Luidia maculata (L. maculata). However, the 
bioactive compounds with antioxidant and anticancer effects from 
L. maculata regenerated tissue extracts still need to be identified, char
acterized and studied for their biological properties. Notably, no pub
lication has reported the partial purification of a bioassay-guided 
fractionation from an amputated starfish. Our research unfolds a 
multifaceted mission as we investigate the anticancer properties of 
L. maculata starfish tissue extracts on KB carcinoma cells. Beyond our 
overarching goal, we aimed to assess the innate antioxidant and anti
cancer potential in L. maculata regenerated tissue extracts. Simulta
neously, we endeavor to decipher the intricate mechanisms underlying 
their actions on KB cancer cell lines. We meticulously identify their 
hydrophobic constituents by employing state-of-the-art GC/MS/MS 
techniques. This comprehensive study aims to deepen our comprehen
sion of the biological properties of starfish regeneration extracts and 
specifically emphasizes unravelling their anticancer mechanisms. By 
embracing these diverse objectives, our research aspires to reveal the 
multifaceted dimensions of starfish regeneration extracts and their 
promising role in combating cancer while fostering wound healing. 

2. Materials and methods 

2.1. Ethics declaration 

In adherence to Indian ethics regulations, all animal experiments 
involving L. maculata were conducted, considering this species is neither 
endangered nor protected. The specimens were thoughtfully released 
into their natural habitat after completing the experimental procedures. 

2.2. Animal regeneration experiments 

Specimens of L. maculata (diameter 10–15 cm) were collected at a 

depth range of 10 to 15 m from Rameswaram Island in the Indian Ocean 
with the assistance of scuba divers (Fig. S1a-b). Starfish with no previous 
symptoms of regeneration were collected and kept at 15 ◦C in aquaria 
with seawater throughout the experimental duration. The starfish were 
fed small pieces of blue mussels (Mytilus edulis) twice a week. To induce 
regeneration, the starfish were anaesthetized with 4 % magnesium 
chloride in 50 % artificial seawater, and approximately 0.5 cm of the 
distal third of three arms for each specimen was amputated using a 
scalpel. The specimens were allowed to regenerate in the aquarium. The 
laboratory animal care committee of Aarupadai Medical College and 
Hospital, Puducherry, India, approved the experimental methods. 

2.3. Preparation, purification, and fractionation of starfish extract 

The extraction scheme for bioassay-guided fractionation from 
amputated L. maculata extracts using different solvents is shown in 
Fig. S2. Briefly, three-arm tips of each starfish specimen were amputated 
approximately 1.5 cm in length. The entire amputated starfish arm was 
macerated for 24 h at room temperature and refluxed in 6L of 70 % 
ethanol for 60 min (2.5 kg). Active fractions were pooled and condensed 
at 40 ◦C using a rotary evaporator, yielding 140 g of crude extract (LM- 
CE). The glassy brown suspension was dissolved in water and extracted 
three times with an equivalent amount of ether (petroleum) to obtain 
non-polar fraction compounds, such as lipids. The defatted water pro
cess was divided into ethyl acetate (EtOAc) and n-butanol (BuOH) 
fractions, yielding the ethyl acetate-derived portion (LM-EA-E, 49 g), the 
n-butanol fraction (LM-nB-E, 38 g), and the water-soluble fraction (LM- 
WS-E, 54 g). Furthermore, LM-nB-E was further fractionated using a 
chromatography column of Diaion HP-20 with H2O-MeOH solvent 
(100:0, 80:20, 70:30, 60:40, 40:60, 30:70, 20:80, 10:90, 0:100) to yield 
ten acetone fractions (LM-nB-E-Fr.1–10).The fraction eluted with H2O/ 
MeOH (10:90) (LM-nB-E-Fr8) was further fractionated using a prepar
ative C18 HPLC column with 80 % aqueous methanol and flow rates of 1 
ml/min to obtain five active fractions. The optimization of this prepar
ative C18 HPLC column separation involved adjustments in solvent 
composition, flow rate, and gradient conditions. The goal was to effi
ciently elute five active fractions representing distinct bioactive com
pounds for subsequent analysis and experimental investigations. Active 
fractions representing each peak were eluted and pooled together from 
HPLC (LM-nB-E-Fr8.1–5, 1.35 g) as a white amorphous powder (here
after referred to as the bioactive fraction), which was analyzed for 
GC–MS/MS study. The isolated fractions were dissolved at 100 mg/ml 
concentrations in 10 % dimethyl sulfoxide (DMSO) for further experi
mental investigations. 

2.4. Identification of the purified compounds 

The active peak fraction collected from the HPLC was pooled and 
further analyzed to identify pharmacologically active constituents using 
the A7890 GC fuel chromatography MS (GC–MS) system. A quadrupole 
MS 5975C detector (30 m long, internal 0.25-mm diameter, 0.25 μm 
thickness; Agilent technology, Germany) with helium as a carrier gas 
was used to quantify the detected compounds. The injector size and 
temperature were 2 μl and 250 ◦C, respectively. The samples were 
injected into the column after 1 min at 50 ◦C and then heated at a rate of 
25℃/min to 170℃ and 5℃/min to 280℃, respectively. The spectra 
were scanned in the 33–600 m/z range. The MS was run in electron 
ionization mode, and the collected mass spectra were compared to the 
MS software used in the NIST library databases. 

2.5. In vitro screening of crude extracts and active fractions 

Human oral epidermoid carcinoma KB cells were cultivated in 
RPMI1640 medium supplemented with 10 % fetal bovine serum and 1 % 
glutamine and incubated at 37 ◦C with 5 % CO2. The KB cells were 
seeded at a density of 1 × 106 cells per well in 96-well plates and 
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incubated for 24 h. Cells were treated with crude extracts and active 
fractions at different concentrations of L. maculata tissue extracts, 
ranging from 0.1 μg/ml to 10 μg/ml for 24 h, and DMSO was used as a 
control. After achieving 90 % confluence, attached cells were washed 
twice with phosphate buffer solution, and 20 µl of MTT solution was 
added to each well. After overnight incubation at 37 ◦C, the MTT solu
tion was removed, and DMSO was added to dissolve the formazan 
crystals produced by viable cells. Plates were agitated for 10 min, and 
absorbance was measured at 570 nm using a microplate reader. Cell 
viability was determined by comparing the absorbance of samples 
treated with cells to the absorbance of control cells. The IC50 value was 
calculated using linear regression analysis and repeated in triplicate for 
each concentration. 

2.6. Cell migration assay 

An in vitro cell wound healing assay was performed to study the 
migratory behavior of KB cells. Confluent KB cell monolayers (approx
imately 90 %) were manually wounded by scratching the cells with a 
sterile P200 pipette tip. Following the manual scratching, there was an 
incubation period of 24 h to allow the cells to respond and migrate. The 
wounded cells were cultured in a new medium containing L. maculata 
active fractions (1 µg/ml), crude, and controlled after washing the 
cellular debris twice with PBS. Healing of wounds was captured using an 
Olympus optical camera with a light microscope, and direct measure
ments of repaired regions were documented to measure cell migration 
(Mariadoss et al., 2021). 

2.7. DPPH radical scavenging assay 

The extract scavenging activity was assessed using the DPPH assay 
(Zhu et al., 2011). 1.5 ml of DPPH solution (0.1 mM methanolic 

solution) was mixed with 1 ml of the sample at various concentrations. 
The reaction mixture was stirred for 30 min in the dark and then 
absorbed by a spectrophotometer at 517 nm. A control group with 0.1 
ml (10 mg/ml) of ascorbic acid was used. The DPPH radical scavenging 
percentage was calculated using the following formula: 

(%Inhibition) = (Absorbance of control − Absorbance ofsample)

× 100/(Absorbance of control)

2.8. ABTS+ radical scavenging activity 

The radical scavenging activity of ABTS + was measured according 
to the procedures (Ilyasov et al., 2020). The ABTS+ solution was pre
pared and stored at room temperature for 16 h. Then, 1 ml of the ABTS 
+ solution was mixed with 30 ml of deionized water to obtain a work
able solution of 0.02 ± 0.70 at 734 nm. To 150 µl of the work solution, 1 
ml of samples at various levels was added, and the reaction mixture was 
kept in a dark room for about 10 min before measuring absorbance at 
734 nm. A standard control with 0.1 ml of ascorbic acid (10 mg/ml) was 
used. The ABTS scavenging activity was calculated using the following 
formula: 

(% Inhibition) = (Absorbance of control - Absorbance of sample) ×
100 / (Absorbance of control). 

2.9. Superoxide radical scavenging activity 

The superoxide radical scavenging activity of samples was deter
mined according to the procedures (Zhu et al., 2006). The reaction 
mixture consisted of 150 µM nitro tetrazolium, 1 ml of aliquots (pre
pared in 0.1 M Tris HCL buffer, pH 7.4 of 60 µM phenazine methosul
phate), and 468 µM nicotinamide adenine dinucleotide added to 1 ml of 
the sample at varying concentrations. The reaction mixture was then 

Fig. 1. HPLC a) and GC–MS/MS b) chromatogram of the bioactive fraction of L. maculata.  
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incubated for 5 min at 25 ◦C, and absorbance was measured at 560 nm. A 
standard control with 0.1 ml of ascorbic acid (10 mg/ml) was used. The 
superoxide radical scavenging activity was calculated using the 
following formula: 

(%Inhibition) = (Absorbance of control − Absorbance ofsample)

× 100/(Absorbance of control)

2.10. Hydrogen peroxide radical scavenging activity 

The hydrogen peroxide scavenging activity of the samples was 
determined according to the method of (Gülçin et al., 2004). A 40 mM 
hydrogen peroxide solution was prepared in PBS, and 1 ml of extracts 
was mixed gently with 2 ml of 40 mM hydrogen peroxide solution. The 
sample absorbance reaction mixtures were measured at 230 nm, this 
specific wavelength, chosen for its characteristic absorption peak related 
to hydrogen peroxide, enables us to assess the ability of the sample to 
neutralize this reactive oxygen species (ROS). Hydrogen peroxide is an 
important ROS involved in oxidative stress and cellular damage, 
rendering it a relevant target for antioxidant assessment. A standard 
control with 0.1 ml ascorbic acid (10 mg/ml) was used. The hydrogen 
peroxide scavenging activity was calculated using the following 
formula: 

(%Inhibition) = (Absorbance of control − Absorbance ofsample)

× 100/(Absorbance of control)

2.11. HPLC: Amino acid composition analysis 

The active fraction’s amino acid composition was determined by the 
HPLC method (Merck Hitachi Lachrome D-7000 HPLC System) using a 
Shimadzu C-18 column connected with two solvent systems: (a) 0.1 % 
TFA solutions and (b) 0.1 % TFA in 90 % acetonitrile (Baker and Han, 
1994). The samples were hydrolyzed in 6 M HCL for 24 h in vacuum- 
sealed ampoules at 110 ◦C, and then hydrolysates were analyzed on a 
Hitachi liquid chromatography system at room temperature. The HPLC 
system was used to identify and quantify amino acids by comparing 
retention time and peak areas to those of a standard amino acid 
composition (Sigma). The absorbance of HPLC column elutes was 
measured at 280 nm. 

2.12. GC–MS: Fatty acid profile analysis 

The fatty acid compositions of the active fraction extract were 
determined by GC–MS using a Varian Saturn 2000R gas chromatograph 
(Hewlett Packard 5890 model) programmed from 50 ◦C to 225 ◦C (40 
◦C/min), then kept constant for 30 min. FAMEs were categorized based 
on their electron effects MS spectra and retention time (Rt), which were 
comparable to a standard (Sigma), and quantified based on relative peak 
areas (Bligh and Dyer, 1959). 

2.13. FT-IR (Fourier transformed infrared) spectroscopy 

The FT-IR spectrometer (Thermo Nicolet, USA) was used to quantify 
the functional properties of the samples (Mariadoss et al., 2019a). 
Diffuse reflectance was applied in the mid-IR spectral region (400–4000 
cm-1). The extracted sample (2 mg) was compressed into a salt disc using 
a compression gauge (10 mm diameter) by combining it with 100 mg of 
potassium drying bromide powder (KBr). ORIGIN 8.0 software was used 
to investigate the peak absorption of light intensity. 

2.14. Measurement of intracellular ROS levels in cells 

The oxidation level of 2,7-diacetyl dichlorofluorescein (DCFH-DH; 
Sigma-Aldrich) was measured to determine the intracellular reactive 

oxygen (ROS) concentration, as described by (Sivaraj et al., 2018). The 
cells were seeded at a density of 5 × 104 cells/well into dark 96-well 
tissue culture plates and treated for 3 h with 1 µg/ml of crude and 
active fractions. Then, the cells were stained for 30 min at 37 ◦C in the 
dark with 10 M DCFH-DA and rinsed with PBS thrice. Images were 
photographed using a fluorescence microscope (Nikon, Japan) at a 
magnification of 400. Using a microplate reader, Fluorescence was 
measured at excitation and emission wavelengths of 485 and 335 nm, 
respectively. 

2.15. Morphological evaluation of apoptotic cells by acridine orange and 
ethidium bromide (AO/EtBr) 

The AO/EtBr double staining test examined the apoptosis-related 
morphological alterations(Qingming et al., 2010). In a 24-well plate, 
2 × 105 cells were plated in each well and incubated for 24 h before 
being treated with crude and active fractions for another 24 h at 37 ◦C. 
The cells were washed twice with 1 × PBS and stained with 5 µl of AO/ 
EB. Finally, fluorescent microscopy (Olympus) examined the cell 
morphology at 20 × magnification. Apoptotic cells were distinguished 
by morphological characteristics such as constricted cell bodies, 
condensed, consistently delimited, heavily coloured chromatin, and 
membrane-bound apoptotic bodies. 

2.16. DNA damage analysis 

DNA fragmentation, indicative of apoptosis, was assessed through 
alkaline single-cell gel electrophoresis, commonly called the comet 
assay, as described by (Gunaseelan et al., 2017). In this assay, cells were 
embedded in agarose gel on microscope slides, electrophoresed under 
alkaline conditions, and stained with a fluorescent DNA-binding dye. 
Subsequently, comet photographs were captured using an epifluor
escence microscope (Nikon, Japan). The movement of the DNA tail and 
its length damage were calculated using CASP software. The images 
were used to measure individual nuclei’s DNA content and calculate the 
percentage of DNA loss in the comet tail. 

2.17. Western blot analysis 

The cells (1x106 cells/well) were treated with 1 µg/mL of control, 
crude, and active fractions. Samples were washed with PBS lysis buffer 
and centrifuged at 12,000 × g for 15 min. The NanoDrop was used to 
measure the protein concentrations of the samples. Aliquots of the ly
sates (30 µg of protein) were boiled for 5 min at 95 ◦C and transferred 
onto nitrocellulose membranes for blotting. Primary antibodies Bax 
(B3428) (Sigma), Bcl-2 (B9804) (Sigma), Caspase-3 (C5737) (Sigma), 
PCNA (SAB4100556) (Sigma), Cyclin-D1 (C7464) (Sigma), and β-actin 
(A2228) (Sigma) were used to probe the membranes for 1 h in TTBS. 
After that, the membranes were rinsed three times with TTBS at 10-min
ute intervals before being incubated with secondary antibodies 
immunoglobulin-G-horseradish peroxidase for two hours at 37 ◦C. 
Chemiluminescence was used to detect the protein bands, which were 
then visualized using the luminescent image Studio device (LI-COR). 

2.18. Statistical analysis 

Statistical analysis of the results was performed using Version 5.0 of 
GraphPad Prism. Samples were collected in triplicate for each experi
ment, and one-way analysis of variance (ANOVA) was used to assess the 
variations between the control and active fractions. ANOVA analysis 
was used to compare the data from various samplings to evaluate the 
variations between the control and fraction. 
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3. Results 

3.1. HPLC evaluation of L. maculata active fractions 

The HPLC chromatograms of L. maculata are displayed in Fig. 1a. The 
partially purified fraction observed five peaks with retention times of 
2.50, 4.36, 5.74, 7.02, and 13.17 min. The presence of the active com
pound in the fractions was indicated by the most prominent and 
broadest peak at 4.36 min, while peaks at 5.74 and 7.02 min suggested 
the presence of other biologically active compounds. These retention 
times serve as key indicators of the compounds presence and are vital for 
the identification and characterization of bioactive components in 
L. maculata tissue extracts. 

3.2. Analysis of GC–MS/MS 

To confirm the presence of the compounds in the bioactive fraction, 
we performed an analysis, as shown in Fig. 1B and detailed in Table S1. 
In this analysis, we identified compounds such as 5-cholest-7-en-3-ol, 
hexadecanoic acid, myo-inositol, 9,12,15-Octadecatrienoic acid, and 
9,12-Octadecadenoic acid within the active fraction. Importantly, these 
compounds have demonstrated anticancer activity in various cell lines, 
including KB. While our study primarily focused on their identification 
and biological activities, the specific biosynthetic pathways responsible 
for these compounds within L. maculata were not investigated in detail 

in this study. We further verified these bioactive compounds’ identities 
and biological activities using Dr. Dukes’ phytochemical and elucidation 
techniques (Duke and Bogenschutz, 1994). This comprehensive 
approach confirmed their presence and established their specific 
chemical identity and ability to exhibit anticancer effects on KB cell 
lines. Our combined analytical and biological validation ensures the 
reliability of our findings and supports the bioactive nature of these 
compounds in the active fraction of L. maculata extract. 

3.3. Cell proliferation and anti-migration effects induced by L. maculata 
bioactive fraction 

The effect of the L. maculata bioactive fraction on cell growth and 
proliferation was assessed using the MTT assay. Fig. 2a illustrates a 
significant inhibition of KB cell proliferation by the active fraction after 
a 24-hour incubation period compared to the control and crude groups. 
Concentrations of 25, 50, or 100 µg/ml of the extracts did not signifi
cantly affect L. maculata. A dose-dependent response was observed with 
the active fractions effectively inhibiting KB cell growth at concentra
tions of 0.3, 0.78, 1.56, 3.12, and 6.25 µg/ml. The IC50 value of cell 
growth was determined to be 0.62 µg/ml, indicating a potent anti- 
proliferative effect of the active fraction. Moreover, treatments with 
active fractions at 6.25 µg/ml and 12.5 µg/ml demonstrated approxi
mately 80 to 81 % inhibition of cell proliferation, respectively. 

Apoptotic morphological changes were also observed, including 

Fig. 2. The cytotoxicity assay shows the impact of L. maculata active fraction on KB cells (a). The wound healing test was conducted on KB cells treated with 1 µg/ml 
control, crud, and active fractions for 24 h (b). T-Scratch software was used to capture and analyze wound edge photographs of cells treated with individual 
triplicates 24 h after treatment, allowing calculation of the percentage of migration. 
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nuclear chromatin attention, edge accumulation, cytoplasmic hyper
vacuolization, cellular shrinkage, and apoptotic bodies. Based on the 
MTT effects, working concentrations for further experiments were 
determined to be 0.3, 0.78, 1.56, and 3.12 µg/ml for active fractions. 
Furthermore, the potential impact of active fractions and crude extracts 
on KB cell migration was observed (Fig. 2b). The MTT assay confirmed 
that cells treated with active fractions migrated slower than untreated 
and crude extract-treated cells. Morphologically, the KB cells treated 
with the active fraction exhibited reduced adhesion, resulting in cell 
shrinkage and the appearance of apoptotic bodies. They eventually 
merged into massive cellular aggregates. In contrast, no distinct phe
notypes or directional migrations were observed in cells treated with 
untreated and crude extracts. These results indicate that active fractions 
of L. maculata are crucial in regulating cell proliferation and behavior. 

3.4. Evaluation of antioxidant activities by L. maculata bioactive fraction 

The scavenging of DPPH radicals by the extracts significantly 
increased DPPH concentrations (Fig. 3a). The most substantial DPPH 
radical scavenging activities were observed in the active fractions, 
control, and crude extracts, indicating a higher concentration of potent 
antioxidants than the crude and control samples. Similarly, the ABTS+

radical scavenging activity aligned with the DPPH results, with the 
active fraction exhibiting the highest ABTS+ radical activity, followed 
by the dose-dependent control and crude activities (Fig. 3b). The study 
also evaluated the radical scavenging activity of the three different ex
tracts in KB cells, considering that most cancer cell lines produce su
peroxide radicals, leading to oxidative stress and cellular damage 
(Fig. 3c). The active fraction displayed the highest scavenging activity of 
80 % at 30 µg/ml and the lowest activity of 20 % at 5 µg/ml, demon
strating superior superoxide (O2) radical scavenging activities compared 
to the control and crude extracts. 

Finally, the study assessed the hydroxyl radical scavenging activity, 

crucial for preventing cellular damage caused by reactive hydroxyl 
radicals (Fig. 3d). The crude extract exhibited the highest hydroxyl 
radical scavenging activity, followed by the active fraction and the 
control. The findings regarding antioxidant activities highlight the 
robust scavenging potential of the active fraction of L. maculata against 
various free radicals. This potent antioxidant capacity contributes to its 
potential therapeutic efficacy as an efficient antioxidant agent. 

3.5. Amino acid composition analysis of L. maculata active fraction 

The amino acid composition of the active fraction was determined by 
conducting an HPLC analysis, comparing it with 21 amino acid stan
dards (Fig. 4a). The active fraction exhibited enrichment in essential 
amino acids (EAAs) such as Histidine, followed by Phenylalanine, 
Methionine, Valine, Lysine, Tryptophan, Isoleucine, and Leucine. 
Conversely, non-essential amino acids (NEAAs) like asparagine, Alanine, 
Glycine, Aspartic acid, Glutamine, Glutamic acid, Proline, Tyrosine, and 
Serine were present in lower quantities in the active fraction (Fig. 4b, 
Table 1). HPLC analysis facilitated identifying and quantifying specific 
amino acids in the active fraction of L. maculata. The higher proportions 
of essential amino acids imply that the active fraction holds significant 
nutritional and therapeutic potential, warranting further scientific 
investigation. 

3.6. Fatty acid composition analysis of L. maculata active fraction 

The fatty acid composition of the active fraction was determined 
using gas chromatography FAME. Polyunsaturated fatty acids (PUFAs) 
were more abundant in the active fraction than saturated fatty acids. The 
primary components identified among the PUFAs were α-Linoleic acid 
C18:3 (545.6 mg) and Linoleic acid C18:2 (306.2 mg). Additionally, 
Oleic acid C18:1 (112.6 mg) was identified as the dominant mono
unsaturated fatty acid (MUFA) based on the standard’s Rf value (Fig. 4c- 

Fig. 3. The antioxidant activities were assessed through DPPH radical scavenging (a), ABTS radical scavenging (b), superoxide radical scavenging (c), and hydroxyl 
radical scavenging activity (d). The results are presented as the mean ± standard deviation of six experiments from each sample, with values significantly different (P 
< 0.05) from the control values. 
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d and Table 2). In addition to PUFAs and MUFAs, significant amounts of 
saturated fatty acids (SFAs) were present in the active fraction. Notably, 
Stearic acid C18:0 (325.70 mg), Margaric acid C17:0 (103.3 mg), and 
Palmitic acid C16:0 (34.7 mg) were identified as the most important 
components of SFAs. The predominance of PUFAs and MUFAs in the 
active fraction suggests potential health benefits and functional prop
erties, warranting further research in nutrition and health sciences. 

3.7. FTIR characterization of the active fraction 

The active fraction was subjected to FTIR evaluation to characterize 
its functional groups (Fig. 4e and Table 3) and compare them with 
standard FTIR data (Krimm and Bandekar, 1986). Free anti-symmetry 
O–H hydrogen-bonded stretching frequencies were indicated by a 
strong and sharp peak between 3738.64 cm− 1 and 3938.64 cm− 1. 
Moreover, amides and primary amine groups with N–H stretching 

frequency at 3369.64 cm− 1 and nitrile compounds with N-O asymmetric 
deformation at 2358.94 cm− 1 were identified in the active fraction. 
Additionally, C–H stretching vibrations of free sugars, a saturated 
aliphatic CO2 stretching band between 1828.52 cm− 1 and 1905.67 
cm− 1, and an aliphatic CH2 stretching band at 1454 cm− 1 with aliphatic- 
CH bending frequency were observed in the active fraction, pointing to 
the presence of hydrophobic compounds. Furthermore, the observation 
of alkene groups at 1653 cm− 1 indicated the existence of low C–C ring 
stretching frequency. The presence of hydrophobic compounds in the 
active fraction was further supported by the fingerprint range of car
bohydrates, which was positioned between 665 and 1220 cm− 1(Al-Assaf 
et al., 2007). 

3.8. Intracellular ROS induction by L. maculata active fraction 

Intracellular reactive oxygen species (ROS) accumulation is a 

Fig. 4. Standard Amino Acid Graph (a). Amino Acid Content of the Active Fraction (b), Gas Chromatography FAME: Profiling Fatty Acid Composition (c). Fatty Acid 
Content of the Active Fraction: The gas chromatography analysis identified fatty acid components in L. maculata active fraction, showing richness in PUFAs and 
significant SFAs (d). The Characteristic peaks corresponding to various functional groups were observed in the FT-IR Analysis of L. maculata Active Fraction, sug
gesting the presence of diverse compounds, including hydrophobic components, in the active fraction (e). 
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hallmark of the apoptotic process. Following the treatment of KB cells 
with control, crude, and active fractions, a significant elevation in ROS 
levels was observed, with the active fraction demonstrating the most 
substantial ROS generation (95 %), as depicted in Fig. 5a-b. These 
findings suggest that the induction of apoptosis may be attributed to the 

generation of ROS by the active materials present in L. maculata. 

3.9. Apoptotic morphological changes in cancer KB cells induced by the 
active fraction of L. maculata 

To elaborate on the mechanisms by which L. maculata extracts induce 
apoptosis in KB carcinoma cells, our study employed multiple ap
proaches. First, we assessed apoptotic morphological changes using 
acridine orange/ethidium bromide (AO/EB) double staining. Addition
ally, intracellular ROS accumulation was monitored (Fig. 5c). When not 
treated with the active fraction, the cancer KB cells displayed red/or
ange (EtBr stained) and green (AO stained) fluorescence. In contrast, 
when exposed to the active fraction, the cells exhibited typical apoptotic 
features, including cellular shrinkage, chromatin condensation, nuclear 
fragmentation, and the formation of apoptotic bodies. Remarkably, even 
at a concentration as low as 1 μg/ml, the active fraction induced 
apoptosis in 80 percent of the cells, showcasing its superior efficacy 
compared to other extracts. These observations strongly support the 
mechanisms by which L. maculata extract induces apoptosis in KB car
cinoma cells highlighting the potential of the active fraction as a potent 
agent in combating cancer cells. 

3.10. Induction of DNA damage by the active fraction of L. maculata: A 
comet assay analysis in cancer KB cells 

The presence of intra-nucleosome DNA fragmentation indicated 
apoptosis. To quantify DNA damage, the Comet assay was performed. 
The cells treated with the active fraction showed a substantial increase 
in DNA fragmentation, as evidenced by highly fragmented DNA 
compared to the large, non-fragmented DNA observed in the control 
group (Fig. 6a). Virtual images were analyzed using the CASP software 
to calculate various endpoints, with a particular emphasis on the DNA 
percentage in the comet tail, a commonly used parameter for evaluating 
DNA damage in the Comet assay (Fig. 6b). Remarkably, treatment with 
the active fraction at a concentration of 1 µg/ml consistently resulted in 
a significant increase in DNA percentage in the tail (35 %) and an 
elevation in tail movement (17 %) in KB cells. 

3.11. Impact of L. maculata active fraction on cell cycle-related and 
apoptosis-related protein expressions in KB cells 

The precise mechanisms by which the bioactive fraction inhibits cell 
growth and promotes apoptosis in KB cells were investigated in our 
study. Firstly, we examined cell cycle-related protein expressions, 
including PCNA and Cyclin D1, during cell damage. The results in 
Fig. 7a-b demonstrated that the active fraction significantly inhibited 
cell proliferation by downregulating PCNA and Cyclin D1 expression 
levels. This indicates that the active fraction induces cell cycle arrest, 
preventing the uncontrolled growth of KB cells. Additionally, we 
investigated apoptosis-related proteins, specifically Bax, Bcl-2, and 
Caspase 3, to understand the mechanisms of cell death induced by the 
active fraction. As shown in Fig. 7c-d, the pro-apoptotic protein Bax was 
significantly upregulated in KB cells treated with the active fraction, 
while the anti-apoptotic protein Bcl-2 was markedly downregulated. 
Moreover, the active fraction increased caspase-3 levels in KB cells. 
These findings collectively suggest that the L. maculata active fraction 
promotes apoptosis by regulating the expression of Bcl-2 family proteins 
and activating caspase-3, leading to cellular damage and reduced 
cellular proliferation. Our study reveals that the active fraction of 
L. maculata exerts its effects on KB cells by influencing both cell cycle 
progression and apoptosis pathways, contributing to its anticancer 
properties. These mechanisms provide insights into how the bioactive 
fraction inhibits cell growth and encourages apoptosis in KB cells. 

Table 1 
The amino acid content of active fraction.  

No Essential 
amino acids 
(EAA) 

Concentrations 
(mg/ 100 g) 

Non- 
essential 
amino acids 
(NEAA) 

Concentrations 
(mg/ 100 g) 

1 Histidine  5257.3 Asparagine  5354.7 
2 Phenylalanine  3254.6 Alanine  4135.7 
3 Methionine  3103.6 Glycine  3908.6 
4 Valine  2905.4 Aspartic Acid  3556.7 
5 Lysine  1093.4 Glutamine  3356.8 
6 Tryptophan  904.3 Glutamic 

Acid  
3305.8 

7 Iso-Leucine  456.7 Proline  3256.7 
8 Leucine  233.6 Tyrosine  2984.6 
9   Serine  2904.5  

Total (EAA)  17208.9 Total 
(NEAA)  

32764.1  

Table 2 
The fatty acids content of active fraction.  

Composition of 
fatty acids 

Carbon 
nomenclature 

Retention 
time 

Area 
% 

Concentrations 
(mg/ 100 g) 

Saturated fatty acids (SFA) 
Stearic acid C 18:0  33.5   10.4  325.7 
Margaric acid C 17:0  30.8   12.32  103.3 
Palmitic acid C 16:0  30.6   16.75  34.7  

Total saturated fatty acids  463.6 
Monosaturated fatty acids (MUFA) 
Oleic acid C 18:1  35.5   26.28  112.6  

Total monosaturated fatty acids  112.6 
Polysaturated fatty acids (PUFA) 
Alpha linolenic 

acid 
C18:3  40.2   10.74  545.6 

Linolenic acid C18:2  37.2   11.38  306.2 
Moroctic acid C18:4  44.6   24.45  93.2 
Docosahexaenoic 

acid 
C22:6  45.4   8.238  81.6 

Eicosapentaenoic 
acid 

C20:5  46.3   7.72  55.3  

Total polyunsaturated fatty acids  1081.9  

Table 3 
FT-IR analysis of L. maculata active fraction.  

Wavelength range 
(cm¡1) 

Assignment Functional groups 

665.44 C-BR stretch Alkyl halides 
759.95 C-Stretch Alkyl halide 
1026–1220.94 C-N stretch Aliphatic Amines 
1220.94 N–H in plane bending/C-N 

stretching vibration 
Amide II bands 
(Secondary amines group) 

1413.82 C-N stretching vibration Amide III bands (C-N 
Primary amines) 

1454.33 CH2 stretch vibration CH 2aliphatic compounds 
1653 C = 0 stretching vibration Amide I bands (Primary 

amines) 
1828.52–1905.67 C = O stretch Saturated aliphatic, Esters 
2042.62–2218.14 H-C = O:C-stretch Aldehydes 
2358.94 C = stretch Nitriles 
2524.82–2594.26 H-C = O:C–H stretch Aldehydes 
2833.43–2945.30 C–H stretch Alkanes 
3369.64 N–H stretch Amides and primary 

Arimes 
3738.64–3938.64 O–H stretch, free Alcohols (strong and 

sharp)  
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4. Discussion 

Echinoderms, particularly starfish, are recognized for their potential 
medicinal properties and remarkable regenerative abilities, making 
them valuable models for studying regeneration at the molecular level 
(Schram et al., 2011). The tissue regeneration fractions of the starfish 
L. maculata were found to have a stimulating activity or to promote the 
wound healing processes. There is currently no clinical evidence to 
justify using starfish components for clinical purposes. Consequently, 
this study has been conducted in vitro to determine human KB cells’ 
wound healing and anti-proliferation potential by selected starfish 
species. We presented the first evidence of the presence of these bioac
tive compounds in L. maculata regenerated tissue. We identified the n- 
butanol fraction as having potential anti-proliferative effects on KB cells 
and further studied its properties. Our findings align with a study by 
Higuchi et al., (2006), which demonstrated the biological activity of 
ganglioside compounds from starfish water-soluble lipid fractions 

(Higuchi et al., 2006). Similarly, previous research on Archaster typicus 
tissue extracts showed that ordinary fractions of hexane layers promote 
wound healing in zebrafish through in vivo and in vitro studies (Dai 
et al., 2016). 

HPLC analysis of the active fraction revealed the presence of polar 
compounds that may be responsible for promoting proliferation, anti
oxidant activity, and cell migration in KB cells. The HPLC profile showed 
several peaks, with the most significant peak observed at 4.36 min, 
indicating the presence of active compounds. In addition to its signifi
cant impact on inhibiting KB cell growth and inducing apoptosis, the 
active fraction derived from L. maculata extracts may hold promising 
implications for wound healing and tissue regeneration. The GCMS/MS 
evaluation of the whole fractions identified 27 compounds, including 
amino acids, fatty acids, and organic acids. These compounds are crucial 
for wound healing and tissue regeneration processes. The presence of 
sterol-compound 5α-Cholest-7-en-3β-ol (Lanosterol) further supports 
the potential wound-healing properties of the active fraction (Kicha 

Fig. 5. Intracellular ROS levels were assessed using DCFH-DA staining fluorescence microscopy in KB cells treated with 1 µg/ml L. maculata active fraction, revealing 
a pronounced increase in DCFH fluorescence, indicating elevated intracellular ROS (a). Intracellular ROS was quantified using spectrofluorometer analysis, con
firming a significant rise in ROS levels upon treatment with L. maculata active fraction (b). Apoptosis induction in KB cells was assessed using AO/EB staining and 
visualization under a fluorescence microscope (c). The active fraction-treated cells displayed distinct morphological changes and the presence of apoptotic bodies, 
indicating the initiation of apoptosis (20x magnification). 
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et al., 2001). Furthermore, the active fraction contains essential amino 
acids such as glycine, proline, and arginine, present in the active fraction 
of L. maculata, play vital roles in collagen synthesis and enhancing anti- 
oxidative capacity, which is essential for effective wound healing (Wen 
et al., 2010). Glycine and its derivatives, such as N and N-dimethylgly
cine, detected through GCMS/MS analysis, are known to have detoxi
fying properties during wound healing. Other amino acids like arginine, 
cysteine, glutamine, leucine, tryptophan, and proline are essential for 
various metabolic pathways related to wound repair, development, and 
immunity (Obreshkova et al., 2012). The high glutamine content further 
supports the role of the active fraction in accelerating wound healing, 
muscle metabolism, and cellular proliferation (Pochini et al., 2014). 
These findings suggest that the active fraction’s effects extend beyond its 
anticancer properties, holding promise for wound healing and tissue 
regeneration. However, it is important to note that further research, 
particularly in vivo models, is needed to explore and confirm these 
broader implications. 

Comparatively, our study aligns with other sea cucumber species 
(Holothuria scabra, H. fucogilya, H. arenicola, Actinopyga mauritiana, B. 
marmorata, H. fuscopunctata, and H. leucospilota), which also exhibited 
increased levels of glycine and demonstrated effective wound healing 
(Wen et al., 2010). The active fraction’s wound-healing properties are 
likely attributed to the hydrophobic compounds present. 

In the gas chromatography study, the active fractions exhibited more 
polyunsaturated fatty acids (PUFAs) than saturated fatty acids. This 
finding is consistent with previous research, which has identified PUFAs 
as major essential lipids for invertebrates, regulating cell membrane 
fluidity and serving as precursors for animal hormones (Ridzwan et al., 
2014). Our study revealed that seven out of eight compounds in the 
active fractions were fundamental invertebrate fatty acids, supporting 
the regenerative abilities of echinoderms and sea cucumbers. Notably, 
we observed a significant quantity of oleic acid, approximately 112.6 
mg, in the active fraction. Oleic acid plays a crucial role in wound 
healing and tissue regeneration processes. This finding aligns with 

previous studies demonstrating that applying oleic acid to wounds ac
celerates tissue regeneration (Pereira et al., 2008). The bioactive com
pounds found in L. maculata, especially the hydrophobic compounds, 
show promise as potential wound-healing agents with antioxidant and 
anticancer properties (Jorge et al., 2008). 

In the gas chromatography study, we observed the presence of 
polyunsaturated fatty acids (PUFAs) rather than saturated fatty acids in 
the active fractions. This finding aligns with previous research where 
PUFAs were identified as major essential lipids for invertebrates, regu
lating cell membrane fluidity and serving as precursors for animal hor
mones (Dyall et al., 2022). Our study identified seven out of eight 
compounds in the active fractions as fundamental invertebrate fatty 
acids, consistent with the regenerative abilities of echinoderms and sea 
cucumbers (Pangestuti and Arifin, 2018). Specifically, we found a sub
stantial amount of oleic acid, with 112.6 mg, in the active fraction, 
which plays a significant role in wound healing and tissue regeneration. 
This result aligns with previous studies showing that oleic acid appli
cation to wounds accelerates tissue regeneration. The bioactive com
pounds in L. maculata, particularly the hydrophobic compounds, hold 
promise as potential wound-healing agents with antioxidant and anti
cancer properties (Ambiga et al., 2007). 

Our Fourier-transformed infrared (FT-IR) analysis revealed charac
teristic bands corresponding to amide I, II, and III in specific wavelength 
regions: 1653 cm-1, 1454 cm-1, and 1413 cm-1, respectively. These 
bands primarily represent C = O stretching, NH bending, and C-N 
stretching in protein contributions (Vedantham et al., 2000). Moreover, 
the presence of N–H stretching and O–H free stretching and bonding was 
responsible for the ratio of the strong and sharp peak intensities of the 
bands located at wavelengths 3738.64 cm-1 and 3938.64 cm-1 [Table 4 
in supplementary data]. These findings indicate that combining bands in 
the FT-IR spectra could benefit biological tissue wound-healing pro
cesses. Additionally, specific amino acid group vibrations and alkyl 
chain groups were detected at wavelengths 1220.94 cm-1, 1112.93 cm- 
1, and 1026.13 cm-1 (Veeruraj et al., 2016). Amide III bands at 1413 cm- 

Fig. 6. Oxidative DNA damage was assessed using the comet assay, and fluorescence microscopy images of DNA fragmentation were captured in various treatment 
groups (a). The percentage of tail DNA, with standard deviation values from six experiments for each group was quantified as part of the comet parameter anal
ysis (b). 
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1 play a critical role in secondary structure determination in fish pep
tides (Damotharan et al., 2015). The FT-IR analysis further supports the 
significance of hydrophobic compounds in the active fraction for wound 
healing processes. Overall, the results of our study suggest that the 
active fraction of L. maculata contains bioactive compounds, such as 
fatty acids and proteins, which have significant potential for wound 
healing and tissue regeneration. These findings contribute to our un
derstanding of the biological properties of starfish-derived compounds. 
They may pave the way for further research and drug discovery in 
wound healing. 

Our study investigated the antioxidant activity of L. maculata ex
tracts using the ABTS and DPPH radical scavenging assays. Free radicals 
cause oxidative damage to biological molecules and are associated with 
various health disorders, including cardiac diseases, dementia, ageing, 
and cancer (Suresh et al., 2010, Karthikkumar et al., 2012). The ABTS 
radical scavenging activity assay is commonly used to measure antiox
idant activity by comparing the ability of different extracts to donate 
hydrogen and break free radical chains. The reduction in ABTS radical 
indicates the presence of antioxidants in the extracts. Similarly, the 
DPPH radical is widely used in biological systems to test the reducing 
substances, and it is sensitive enough to detect active compounds at low 
concentrations (Hu et al., 2011). A lower IC50 value in the radical 
scavenging assays suggests a more efficient radical scavenging behavior. 
Our study demonstrated that L. maculata exhibits strong radical scav
enging activity, as indicated by its minimum IC50 value in the ABTS 
assay and maximum antioxidant ability in the DPPH assay. 

Starfish have been found to possess antitumor cytotoxic activities 

due to the presence of various compound analogues. For instance, Cul
cita novaeguineae starfish contains an asterosaponin compound that is 
believed to inhibit the growth of human U87MG cell and A549 lung 
cancer cell lines by inducing apoptosis (Zhao et al., 2011). In vitro 
cytotoxicity assays on Astropectan monacanthus showed potent activity 
against human promyelocytic leukemia cells (HL-60), colorectal carci
noma cells (SNU-C5), and human prostate malignancy cells (PC-3) 
(Thao et al., 2014). Our current study investigated the antiproliferative 
effects of L. maculata crude extracts and their active fractions on KB cell 
lines. Interestingly, the active fractions showed higher cell death rates 
than crude extracts. Inducing apoptosis in tumor cells is a crucial 
strategy in cancer therapies and drug development (Cheng et al., 2012). 
The active fraction of L. maculata exhibited cytotoxic activity against KB 
cells and induced apoptosis morphological changes in the 74 % to 78 % 
range at concentrations between 6.25 µg/ml and 12.5 µg/ml. 

We employed fluorescence cell microscopy and observed distinct 
apoptotic morphology, including pyknosis, chromosomal condensation, 
and nuclear fission, further to investigate the mechanism of cellular 
death in KB cells. EtBr/AO staining revealed increased ROS levels and 
mitochondrial membrane damage in the KB cells treated with the active 
fraction. In contrast, the control cells did not show significant integra
tion of EtBr with living cells. The present findings indicate that the active 
fraction of L. maculata induces cellular death in KB cells by increasing 
intracellular ROS formation and damaging their mitochondrial mem
branes. This is consistent with a study by Sergediene et al. (1999), which 
demonstrated the cytotoxic potential of Conus vexillum venom and its 
role in inducing oxidative stress. 

Fig. 7. Western blot analysis of PCNA and cyclin D1 (a-b) and Bcl-2, Bax, and caspase-3 (c-d) expression in control, crude, and active fraction-treated KB cells. The 
lysates of KB cells were subjected to immunoblotting, revealing elevated levels of Bax and caspase-3 and decreased expression of Bcl-2 in the active fraction-treated 
cells, suggesting the induction of apoptosis. 

P. Nagarajan et al.                                                                                                                                                                                                                             



Journal of King Saud University - Science 36 (2024) 103035

12

Our study contributes valuable insights into the potential biomedical 
applications of L. maculata extracts, particularly in antioxidant activity 
and antitumor properties. The findings presented here shed light on the 
potential therapeutic applications of L. maculata-derived compounds 
and may pave the way for further research and drug discovery in the 
fields of antioxidant therapy and cancer treatment. Several studies have 
observed that active compounds derived from marine invertebrates 
induce apoptotic cell death through oxidative damage, leading to 
decreased ROS generation and loss of mitochondrial integrity in cells 
(Mariadoss et al., 2019b). Our study quantified ROS production using 
DCFH-DA on L. maculata active fraction. After 24 h of incubation with 
the active fraction, KB cells exhibited an increase in fluorescence in
tensity, indicating an elevated ROS level (76 % at 1 µg/ml), suggesting 
that the active fraction induces ROS production in KB cells, potentially 
leading to apoptosis morphology changes. Previous studies have re
ported that ROS causes apoptosis in many cancer cell lines(Jeong et al., 
2010). 

To further investigate the mechanism of apoptosis induction in KB 
cells by the active fraction, we performed DNA fragmentation assays and 
examined the expression of apoptosis-associated proteins. The results of 
this study confirmed the presence of normal morphological character
istics of apoptosis in KB cells treated with active fractions, including 
nuclear condensation and apoptotic formation. The comet assay also 
confirmed that the active fraction induces apoptosis in KB cells by 
causing DNA damage. Previous reports have indicated that phyto com
pounds can induce DNA damage in cervical cancer cells through ROS 
generation, which may result in increased oxidative DNA damage (Wang 
et al., 2008), supporting our findings that the L. maculata active fraction 
inhibits KB cell growth through the induction of apoptosis. 

Our investigation into the effects of the active fraction derived from 
L. maculata on KB cells revealed several key findings that shed light on 
its potential mechanisms of action. Firstly, we evaluated the expression 
of PCNA and Cyclin D1. The treatment with the active fractions led to a 
notable reduction in PCNA and Cyclin D1 levels, indicative of decreased 
cell proliferation. In cancer cells, the deregulation of cyclin D1 is linked 
to regulating the G1/S cell cycle transition, making it a crucial control 
point in cell cycles (Arber et al., 1996). Our study suggests that the 
antiproliferative effects of the active fraction on KB cells are mediated by 
inhibiting PCNA and Cyclin D1 expression, possibly due to its antioxi
dant properties. 

Furthermore, the expression of BCL-2 family proteins was examined 
to elucidate the molecular mechanisms of apoptotic induction by the 
active fraction in KB cells. Our results showed up-regulation of Bax and 
down-regulation of BCL-2, along with Caspase 3 activation, which is all 
associated with apoptosis in KB cells induced by the active fraction (Ren 
et al., 2008). Sequential caspase activation plays a significant role in 
implementing cell apoptosis. (Heo et al., 2011). Overall, our findings 
suggest that the active fraction of L. maculata may inhibit KB cell pro
liferation through mechanisms related to apoptosis induction, involving 
the regulation of BCL-2 family proteins and caspase activation. While 
our study did not directly investigate the tissue regeneration mecha
nisms in L. maculata starfish, the observed effects on KB cells provide 
intriguing insights into the potential interplay between tissue regener
ation and anticancer properties. Further research, including studies on 
tissue regeneration pathways in starfish, may help elucidate the broader 
implications of our findings. We believe exploring these potential con
nections could open new avenues for cancer therapy and regenerative 
medicine. 

In addition to elucidating apoptosis induction mechanisms, it’s vital 
to address previous limitations in crude L. maculata extract studies. 
These limitations often involve compound identification and specificity, 
with many failings to pinpoint bioactive compounds. Our research 
overcomes these issues using advanced techniques like NMR spectros
copy, HR-MS, and MS/MS for precise compound identification. This 
enables us to associate specific compounds with observed biological 
activities. Furthermore, our study focuses on key mechanisms, such as 

apoptosis and antioxidant activity, enhancing our understanding of 
L. maculata extract potential in cancer therapy. 

5. Conclusions 

In conclusion, our in vitro study on the regenerative tissues of 
L. maculata starfish demonstrated the bioactive fraction’s inhibitory 
effect on proliferation, induction of apoptosis, and increased ROS levels, 
leading to oxidative DNA damage. Identifying biomaterial compounds 
through HPLC and GC–MS/MS provided valuable insights into the 
presence of fatty acids, amino acids, alcohols, sterols, carbohydrates, 
and hydrocarbons. Notably, 5-Cholest-7-en-3β-ol, a sterol, was among 
the identified fatty acids. Several bioactive components, such as Hex
adecanoic acid, Myo-Inositol, 9, 12, 15-Octadecatrienoic acid, and 9,12- 
Octadecadienoic acid, were confirmed to possess antioxidant and anti
cancer properties. This study represents the first documentation of the 
composition of regenerative tissues in L. maculata. It highlights its 
bioactive compounds, revealing its potential as an agent with anti
proliferative, antioxidant, and apoptotic induction properties. Further 
research on these starfish animal models may provide sufficient evi
dence to support their potential as drugs for various types of cancer. 
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