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Abstract

This study reports the isolation of p-sitosterol from the methanol extract of the sponge
Acanthostrongylophora ingens, collected from the Spermonde Islands. The methods employed in
this study included extraction, phytochemical testing, toxicity assessment, and chromatographic
fractionation. Characterization of the isolate was performed using FTIR and GC-MS techniques.
Isolate I-3 showed characteristic absorption bands corresponding to functional groups associated
with f-sitosterol, and its molecular mass was confirmed at 414 g/mol. The potential anticancer
activity was evaluated using an in silico approach. The toxicity test results indicated that the
methanol extract exhibited high toxicity, with an LCsy value of 24.831 pug/mL. Furthermore, the in
silico molecular docking analysis d emonstrated a strong interaction between [3-sitosterol and the
target protein, with the lowest binding energy recorded at -11.49 kcal/mol. This significant value
suggests that [3-sitosterol has excellent interaction potential with the active site of the target
protein, highlighting its promising candidacy as an anticancer agent.
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A. ingens, such as halicyclamine derivatives

Introduction and diketopiperazines, exhibit antibacterial

The sponge Acanthostrongylophora activity [3]. In addition, four [-carboline
ingens is a species belonging to the class alkaloid compounds, namely 1,2,3,4-
Demospongiae and is known to contain tetrahydronorharman-1-one, acanthomine
secondary metabolites with antibacterial A, annomontine, and ingenine E, have
[1,2], anticancer [2], and cytotoxic activities. shown the most potent cytotoxicity [4].
This species is also distributed in Steroid compounds have also been found in
Indonesian waters, including  the sponges with various molecular
Spermonde Islands. Various secondary frameworks, such as manadosterols A and B
metabolites have been identified from A. from the sponge Lissodendryx fibrosa [5]
ingens, including alkaloids, steroids, and and B-sitosterol from Haliclona sp. [6]. B-
phenolics. Several alkaloid compounds from Sitosterol is known to have potential as a
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chemopreventive agent against breast
cancer [7]. Therefore, given the presence of
B-sitosterol in the sponge species A. ingens
in this study, further exploration of its
potential and activity through an in silico
approach is necessary. Through in silico
studies, information can be obtained

Experimental Section

a)i

regarding whether steroid compounds have
the potential to be developed as anticancer
drugs.

a4

b)

Figure 1. Sponge sample photograph: (a) underwater and (b) exposed on the surface.

Materials

The research materials included
marine animal samples, namely sponges
collected from the waters of Lanjukkang
Island, with the code number 01 (LJK-01),
by hand using SCUBA diving equipment at a
depth of 5 m. Documentation of the sponge
was carried out underwater and above the
surface. The color of the sponge underwater
was dark blue (see Figure 1a), whereas after
some time on the surface, it changed to
brownish blue (see Figure 1b). This color
change occurred because the body parts of
this sponge species underwent oxidation in
response to the surrounding environment.
Other materials used were methanol p.a.
(Merck), n-hexane p.a. (Merck),
dichloromethane p.a. or DCM (Merck), ethyl
acetate p.a. or EA (Merck), cerium sulfate
p-a. (Merck), Kieselgel G60 (Merck), thin-
layer chromatography plates, aluminum
plate, 20 x 20 cm, silica F254, Merck,
Dragendorff's reagent, Mayer’'s reagent,
Wagner’s reagent, Liebermann-Burchard
reagent, Salkowski reagent, FeCls, and filter
paper (Whatman No. 41).

2

Instruments

The instruments wused included
analytical balances (Mettler AE 100 and
PM200), a melting point apparatus, a rotary
evaporator (Heidolph 4000), an FTIR
spectrophotometer (Shimadzu Prestige-21),
and GC-MS instruments, namely GC-Thermo
Scientific Trace 1310-ISQ7000 and MS-
Thermo ISQ Series.

Procedure

This research was conducted in
several stages, including extraction and
partitioning, phytochemical tests, toxicity
tests, fractionation and chromatography,
FTIR analysis, GC-MS analysis, and in silico
analysis.

Extraction: maceration and partitioning

A total of 587.5 g of wet A. ingens
sponge (see Figure 1) was extracted using
the maceration technique with 3 x 1200 mL
of methanol p.a. The extraction product was
then filtered using Whatman No. 41 filter
paper. Next, the methanol solvent in the
filtrate was evaporated using a rotary
evaporator to obtain the LJK-01 methanol
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extract. Not all of the methanol extract was
subjected to the partitioning stage; some
was used for toxicity testing and TLC
analysis. The methanol extract was then
partitioned sequentially using three
solvents of different polarities: n-hexane,
dichloromethane (DCM), and ethyl acetate
(EA). Before partitioning, the concentrated
methanol extract was suspended in 5%
distilled water in methanol. The partitioning
process was then continued using n-hexane
for 6 x 24 h, resulting in the n-hexane
extract, which was subsequently evaporated
using a rotary evaporator to obtain the
concentrated n-hexane extract. The
methanol-water  portion was then
partitioned using DCM for 6 x 24 h to obtain
the DCM extract. Finally, the methanol-
water portion was partitioned using ethyl
acetate for 6 x 24 h to obtain the ethyl
acetate extract and residue.

Phytochemical tests

For the alkaloid test, the
methanol, n-hexane, DCM, and ethyl
acetate extracts of A. ingens sponge were
placed in separate test tubes and
reacted with Dragendorff’s, Mayer’s, and
Wagner’s reagents. A positive result for
alkaloids was indicated by the formation
of an orange color with Dragendorff’s
reagent, a white color with Mayer’s
reagent, and a brown color with
Wagner’s reagent. For the steroid test,
the sample was reacted with
Liebermann-Burchard reagent, which
produces a bluish-green color in the
presence of steroids. For the terpenoid
test, Salkowski reagent was used. In this
test, the sample dissolved in chloroform
was reacted with sulfuric acid, resulting
in the formation of a red or brown ring
at the bottom layer. For the phenolic
content test, the sample was reacted
with FeCls, producing a dark purple to
black color.

Toxicity test

Isolation And Characterization Of...

The toxicity test of the methanol
extract was conducted using Artemia salina
larvae through the brine shrimp lethality
test (BSLT) method [8]. The methanol
extract was prepared in triplicate at
concentrations of 1000, 100, and 10 ppm,
along with a control solution. Each test
container was then filled with 10 A. salina
larvae, including the control group.
Observations were conducted for 24 h by
counting the number of dead larvae, and the
LCso value was calculated using probit
analysis.

Fractionation

Fractionation was performed using
silica gel G60 F254 by vacuum column
chromatography (VCC) with Kieselgel G60.
The column chromatography fractions were
collected in 100 mL bottles and examined
by TLC under a UV lamp, followed by
visualization with cerium sulfate reagent.
Fractions showing similar spots were
combined and then evaporated to obtain
dry or viscous isolates. Purification was
carried out by recrystallization and
monitored using two-dimensional TLC with
two to three solvent systems, as well as
melting point analysis, until the melting
point range did not exceed 2°C.

FTIR Analysis

[solate sample [-3 was placed in an
oven to remove water and then ground with
KBr. The mixture was pressed into pellets
and placed in the FTIR sample holder. FTIR
measurements were then performed.

GC-MS Analysis

GC-MS analysis of isolate 1-3 was
performed using GC-Thermo Scientific
Trace 1310-ISQ7000 and MS-Thermo ISQ
Series instruments with the following
column characteristics: column type, TG-
5MS; column length, 30 m; column
diameter, 0.25 mm; and film thickness, 0.25
um. The method type used was a general
acquisition method to acquire all data types.
The MS transfer line temperature was
250°C, the ion source temperature was

3
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200°C, and the ionization mode was
electron impact (EI). The retention time was
30 min, with a programmed temperature
range of 70-250°C.

In Silico Analysis
a. Analysis of Lipinski’'s Rule and

ADMET

Lipinski’s rule was used to assess
the stability and physicochemical properties
of compounds related to oral membrane
permeability, while ADMET analysis was
used to predict pharmacokinetic and
toxicity profiles [9], [10]. Compounds
obtained from the GC-MS results of A. ingens
were modeled in 3D and then converted
into .smile file format using the Open Babel
GUI application. Files in SMILES format for
Lipinski’s rule evaluation were uploaded to
the SwissADME online platform
(http://www.swissadme.ch/). The run
button was then pressed to obtain Lipinski’s
rule parameter data. For ADMET analysis,
the files were uploaded to the pkCSM online
platform
(https://biosig.lab.ug.edu.au/pkcsm/predic
tion). The ADMET button was then pressed
to  obtain  absorption,  distribution,
metabolism, excretion, and toxicity data
[11],[12]. The combination of Lipinski and
ADMET analyses provides a comprehensive
approach in the early stages of drug
selection, ensuring that compounds are not
only biologically active but also possess
favorable pharmacological characteristics
[13, 14].

b. Molecular Docking Analysis

The macromolecule used was the
EGFR receptor complex, downloaded from
the Protein Data Bank (PDB) with the PDB
ID 30LL (https://www.rcsb.org/structure).
Docking preparation included hydrogen
addition, charge addition, and residue
removal from the protein structure using
the Dock Prep menu in Chimera software.
Docking was performed using a grid-based

docking method with a flexible ligand-rigid
4

receptor approach. This method allows
efficient evaluation of ligand binding
energies at the protein active site while
maintaining structural stability and ligand
conformational  flexibility = [15]. The
molecular docking process was carried out
using AutoDock 4.2 with the assistance of
AutoDockTools [16]. Protein and ligand
preparations were saved in .pdb format
files. Each ligand was docked to the active
site of the protein. Docking parameters
were created by setting the grid box size to
40 x 40 x 40 A, centered on the ligand, with
a spacing of 0.375 A, and then saved in .gpf
format [17]. Each ligand was set to produce
10 conformations using the Lamarckian
genetic  algorithm, and the best
conformation was selected based on the
lowest binding energy. Validation of the
docking process was determined by
observing the RMSD value of the standard
ligand after redocking, with an acceptable
value of no more than 2 A. The docking
results were visualized using Discovery
Studio Visualizer software [18].

Results and Discussion

Extraction: maceration and partitioning

Extraction of 587.5 g of wet A. ingens
sponge using methanol p.a. yielded 0.8305 g
of  concentrated  methanol extract.
Furthermore, partitioning using n-hexane,
dichloromethane, and ethyl acetate
produced fractions weighing 197.9 mg,
282.7 mg, and 53.1 mg, respectively, while
the residual weight after evaporation was
155.8 mg. The extraction and partitioning
results are presented in Table 1.

Table 1. Weight and yield data from extraction
and partitioning

Extract Weight Yield

No. Type/Fraction (g/mg) (%)

1. Methanol extract  0.8305g -
2. n-Hexane fraction 197.9 mg 23.8

3. DCM fraction 282.7 mg 34.0

Ethyl acetate

fraction 53.1mg 64
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5.  Residue 155.8 mg 18.8

Phytochemical test

The results of the phytochemical
tests on the methanol extract, n-hexane
fraction, DCM fraction, ethyl acetate

Isolation And Characterization Of...

several specific reagents are shown in Table
2. Wagner’s, Mayer’s, and Dragendorff’s
reagents were used to detect alkaloids,
Liebermann-Burchard reagent was used to
detect steroids, Salkowski reagent was used
to detect terpenoids, and FeCl; was used to

fraction, and methanol-water residue using detect phenolic compounds.
Table 2. Results of phytochemical tests of extracts and fractions
No  SampleCode p8EOS et Resgemt  Terene g 70
1 E-Methanol +++ ++ ++ + +++ +
2 FH - - - ++ +++ _
3 FD ++ + ++ + ++ +
4 FEA + ] ) ) .
5 Residue + - - - +
Notes:

Response: +++ = strong; ++ = moderate; + = weak; - = no response.
FH = n-hexane fraction; FD = dichloromethane fraction; FEA = ethyl acetate fraction.

Toxicity test

Toxicity testing is a preliminary
assay used to determine the potential of an
extract as an anticancer agent. Toxicity
testing was performed on the LJK-01
methanol extract using the Brine Shrimp
Lethality Test (BSLT) method. The test
results are shown in Table 3. The toxicity

test results showed that the LCs, value of
the LJK-01 methanol extract was 24.831
ug/mlL, indicating strong toxicity. Therefore,
the methanol extract of LJK-01 has the
potential to be further investigated for
active secondary metabolites through
cytotoxicity testing using MCF-7 cancer
cells.

Table 3. Observation data on the lethality of A. salina Leach after 24 h for the sponge sample A. ingens

Number of Dead Larvae

Percentage of Larval

Larval Mortality (%) after

. oo .
Sample Code per Concentration Mortality (%) Control Correction
10 10 10 100 ppm 100 ppm 1000 100 ppm 1000
ppm ppm ppm ppm ppm
6 5 10
LJK-01 5 5 10
5 4 10
Total 16 14 30 53 47 100 27 30 60
mortality
24.83 (pg/mL)
Fractionation using CVC resulted in 19 fractions from

Fractionation was performed on the
partitioned n-hexane extract. The n-hexane
fraction was selected to obtain information
on secondary metabolites contained in the
non-polar fraction, particularly steroid
compounds. Separation of secondary
metabolites from the n-hexane fraction

gradient elution, with eluent compositions
ranging from 100% n-hexane, n-
hexane:DCM, 100% DCM, DCM:methanol,
and 100% methanol. TLC analysis of the 19
fractions yielded five combined fractions
based on their spot patterns.

5
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The FG-3 fraction was selected because it
had the largest major spot and the highest
mass, 61 mg, and its Rf value matched that
of the B-sitosterol standard. FG-3 was then
recrystallized using hot methanol, and
methanol-insoluble impurities were
removed by filtration. The filtrate was
cooled to form 32 mg of crystals, FG-3C,
which were separated from the mother
liquor, FG-3P. FG-3C was washed with a
small amount of cold solvent and allowed to
dry. Both isolates and the standard were
eluted on TLC using an eluent composition
of n-hexane:DCM, 4:6. The TLC results for
both isolates are shown in Figure 2. Further
purification of FG-3C using preparative thin-
layer chromatography (PTLC) yielded five
isolates, I-1 to I-5, as shown in Figure 3.
Spots [-2 and I-3 had nearly identical Rf
values of 0.12 in the eluent composition n-
hexane:DCM, 5:5, and differed from the
other spots.

FG-3P S FG-3C S

Figure 2. TLC results of FG-3P, FG-3C, and S, the
B-sitosterol standard.

-1 -2 -3 -4 1-5 -1 -2 -3 -4 I-5

6

I2 13

Figure 3. TLC results of five isolates obtained
from preparative thin-layer chromatography
(PTLC).

Subsequently, the two spots, [-2 and I-3,
were re-eluted and reacted with cerium
sulfate as a spot-detecting reagent. I-3
showed a major spot that changed from
orange to brown upon heating, as is typical
of [-sitosterol spots (see Figure 3).
Therefore, [-3 was selected for the
characterization stage, including FTIR and
GC-MS analyses, as well as in silico testing.

FTIR Analysis

The FTIR analysis results of isolate
[-3 are shown in Figure 4. The
interpretation of the FTIR spectrum is
presented in Table 4. The functional groups
identified at each wavenumber are closely
associated with steroid compounds,
particularly [-sitosterol, as indicated by
comparison with the TLC standard. The
functional groups O-H, C-0O, C=C, =C-H, and
C-H are present in B-sitosterol. In addition,
C=0, O-H, C-0, and C-H functional groups
are associated with fatty acids.

EsHIMADZU

L
%r |

75—

i se—

25—

00 3500 5
Sampel 13 tiem

Figure 4. FTIR spectrum of isolate I-3.

Table 4. Interpretation of the FTIR spectrum of
isolate I-3

Functional Group Wavenumber (cm™)

O-H stretching 3431.36
=C-H stretching 3032.10

C-H stretching 2935.66 and 2866.22
C-H bending 1463.97 and 1377.17
C=0 stretching 1712.79
C=C stretching 1670.35
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C-0 stretching 1047.35 and 1136.07

GC-MS analysis

The GC analysis results are shown in
Figure 5. Based on the phytochemical and
TLC test results, I-3 was identified as a
steroid compound, namely [3-sitosterol, with
the molecular formula C,oHsqO0 and a
molecular weight of 414.718 g/mol. This
finding is in good agreement with the MS
results from the GC-MS analysis, as shown
in Figure 6. Six selected compounds were
identified based on their library similarity,
as shown in Table 5.

Table 5. Six selected compounds identified
by GC-MS

Relative Relative
No. Compound Name T Area Similarity
(%) Index

1 n-Hexadecanoic acid 19.965 6.17 88.6

9,12-Octadecadienoic

2 acid (Z,Z)-, methyl 21.570 2.73 90.0
ester

3 9-Octadecenoic acid 21641 4.64 94.0
(Z)-, methyl ester

trans-13-

4 Octadecenoic acid 22199 572 90.0
5 cis-Vaccenic acid 22.237 7.70 88.5
6 B-Sitosterol 25.029 0.55 84.7

Figure 5. GC chromatogram of [-3.

Isolation And Characterization Of...

120 Apex Peak #85 Scan: #7350 RT: 25.03 min NL: 2.0

em51

1 430 mainlib Library Hit: B-Sitosterol

414.0

Figure 6. MS spectrum of 3-sitosterol.

In silico analysis

Lipinski’s rule and ADMET analysis

In silico analysis of three identified
compounds from A. ingens, namely (-
sitosterol, cis-vaccenic acid, and n-
hexadecanoic acid, revealed distinct profiles
and provided relevant pharmacokinetic
implications for their development as
anticancer agents. In silico predictions
indicate antioxidant potential associated
with anticancer activity for one of the
possible compounds, namely n-
hexadecanoic acid [19]. Evaluation using
Lipinski’s criteria (see Table 6), including
molecular weight <500 g/mol, H-bond
donors <5, H-bond acceptors <10, and Log P
<5, as well as flexibility parameters, such as
the number of freely rotating bonds,
provided an overview of the priorities and
optimization needs for each compound.

Table 6. Lipinski’s rule

Molecul H-Bond H- No. of
Compound ar Acceptor Bond = Rotata LogP
p Weight s p Donor ble J
(g/mol) S Bonds
1 414.71 1 1 6 6.73
2 282.46 2 1 15 4.57
3 256.42 2 1 14 4.19

In silico analysis of the three key
compounds from A. ingens showed that all
compounds generally met Lipinski’s criteria
in terms of molecular weight, <500 g/mol,
and the number of hydrogen bond donors

7
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and acceptors, thus predicting good oral
absorption. Although lipophilicity supports
membrane permeability, formulation
approaches or structural modifications are
needed to reduce pharmacokinetic risks
[20]. Furthermore, all three compounds
exhibited a high number of freely rotating
bonds, 26 and up to 15, reflecting significant
conformational flexibility. According to
Lipinski’s rule, a molecule is likely to be
orally inactive if it violates two or more of
the four rules [21]. The analysis showed
that most of the compounds have molecular
characteristics suitable for development as
drug candidates. This supports the potential
of compounds in A. ingens to act as
anticancer agents, which can be further
optimized through structural or formulation

the pharmacokinetic behavior and safety of
the three bioactive compounds identified in
A. ingens. The ADMET predictions in Table 7
indicated that all compounds had good oral
absorption potential, as evidenced by their
relatively high Caco-2 permeability values
and human intestinal absorption (HIA)
values, ranging from 90% to 96%. This
indicates the possibility of adequate
bioavailability if the compounds are
formulated appropriately. However, all
three compounds showed low aqueous
solubility, ranging from -5.5 to -6.9, which
may represent a major obstacle to actual
absorption. This condition highlights the
importance of developing formulation
strategies, such as the use of solubility
enhancers or nanoformulation techniques,

modifications.  Absorption, distribution, to improve the solubility of these
metabolism, excretion, and toxicity compounds [14].
(ADMET) analysis was performed to predict
Table 7. ADMET prediction
Compound
rediction Model Name
1 2 3
Water solubility -6.957 -5.924 -5.562
Caco-2 permeability 1.267 1.563 1.558
Human intestinal absorption 95.884 91.823 92.004
bsorption Skin permeability -2.705 -2.725 -2.717
P-glycoprotein substrate No No No
P-glycoprotein I inhibitor Yes No No
P-glycoprotein Il inhibitor Yes No No
VDss, human 0.12 -0.558 -0.543
istribution Fraction unbound, human 0 0.052 0.101
BBB permeability 0.824 -0.168 -0.111
CNS permeability -1.379 -1.654 -1.816
CYP2D6 substrate No No No
CYP3A4 substrate Yes Yes Yes
CYP1A2 inhibitor No Yes No
[etabolism CYP2C19 inhibitor No No No
CYP2C9 inhibitor No No No
CYP2D6 inhibitor No No No
CYP3A4 inhibitor No No No
cretion Total clearance 0.628 1.883 1.763
Renal OCT2 substrate No No No
oxicity AMES toxicity No No No
Maximum tolerated dose -0.341 -0.81 -0.708
8
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hERG I inhibitor

hERG II inhibitor

Oral rat acute toxicity
Oral rat chronic toxicity
Hepatotoxicity

Skin sensitization

T. pyriformis toxicity
Minnow toxicity

Isolation And Characterization Of...

No No No
Yes No No
2.854 1.417 1.44
1.085 3.259 3.181
No No No
No Yes Yes
0.477 0.676 0.84
-2.079 -1.438 -1.083

Regarding metabolism, there was no
strong indication that these compounds act
as major CYP enzyme inhibitors. However,
there is a possibility of metabolism via the
CYP3A4 pathway; therefore, the risk of
presystemic metabolism should still be
considered. Meanwhile, the excretion
profiles indicated that the compounds had
variable clearance rates, with no indication
of being substrates for the renal transporter
OCT2. Thus, renal elimination is not
expected to be a major pathway [20]. In
terms of toxicity, the prediction results
indicated that all compounds were non-
mutagenic, as shown by negative AMES test
results, and non-hepatotoxic, which are
initial indications of safety. However, some
compounds were predicted to have
potential skin sensitization effects and hERG
II channel inhibition, indicating the need for
experimental confirmation of possible
cardiotoxic effects. Overall, these ADMET
results provide positive indications of the
compounds’ suitability as drug candidates,
particularly in terms of absorption and
initial safety. However, challenges such as
low  solubility,  potential = metabolic
interactions, and possible cardiotoxic side
effects require further investigation.

Molecular docking analysis is a
method used to predict the activity of a
compound against a specific protein based
on its binding energy [22]. The three major
compounds of A. ingens were used as
ligands and then compared with the native
ligand. The native ligand, estradiol, found in
the PDB structure 30LL, was used as a
control ligand for validation and
comparison in the docking analysis. This
ligand represents the natural binding

position in the EGFR active site and was
used to assess the suitability of the ligand
position in the docking results. Validation of
the docking method was performed by
observing the root-mean-square deviation
(RMSD) value. An RMSD value of <2 A
indicates  that the native ligand
conformation obtained through redocking is
close to the test conformation used for
molecular docking analysis [23]. The
molecular docking results in Table 8 are
expressed as binding energy values and
provide an overview of the effectiveness of
the interaction between the ligand and the
protein.

Based on the binding energies
obtained, (-sitosterol exhibited the lowest
value, at -11.49 kcal/mol, indicating the
strongest binding affinity among all ligands
and even stronger than that of the native
ligand, which had a binding energy of -9.62
kcal/mol. This value indicates that f-
sitosterol has excellent interaction potential
with the protein active site, likely driven by
its lipophilic nature and ability to form
extensive hydrophobic interactions. The
more negative binding energy value of f3-
sitosterol compared with that of the native
ligand suggests the possibility of stable and
specific binding, making this compound a
promising candidate for anticancer activity.

Table 8. Molecular Docking Results of Three
Compounds from A. ingens

No Ligand I(BIiICl;ili/nri(})Elr)lergy
1 [3-Sitosterol -11.49

2 cis-Vaccenic acid -4.57

3 Hexadecanoic acid -4.88

9
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4 Native ligand -9.62

The compounds cis-vaccenic acid
and hexadecanoic acid exhibited binding
energies of -4.57 kcal/mol and -4.88
kcal/mol, respectively, which were much
higher, or less negative, than those of -
sitosterol and the native ligand. This
indicates that both compounds have weaker
binding affinities and may not interact
optimally with the protein active site. This
difference may be attributed to the linear
structure and lack of specific interacting
groups in fatty acids, resulting in more
nonspecific interactions.

The visualization of the docking
results in Figure 7 shows that the
interaction of B-sitosterol with the target
protein is dominated by hydrophobic bonds
and van der Waals interactions with key
residues in the binding pocket. A more
negative binding energy generally indicates
greater complex stability, making f-
sitosterol potentially more effective than the
other two compounds in inhibiting the
activity of the target protein. The main
interactions formed by the native ligand
included hydrogen bonds with the residues
HIS A:475, GLU A:305, and ARG A:346, as
well as hydrophobic interactions, such as -
alkyl and m-mt T-shaped interactions, with
aromatic residues such as PHE A:356. These
interactions indicate a strong affinity for the
protein active site. [-Sitosterol, as a
lipophilic compound, exhibited
predominantly hydrophobic interactions
with residues such as LEU A:298, LEU
A:339, MET A:340, ILE A:373, and PHE
A:356. Although it did not form hydrogen
bonds, these interactions indicate a
potentially high affinity due to the
involvement of key residues in the active
site.

Meanwhile, cis-vaccenic acid formed
one hydrogen bond with the residue GLY
A:472 and interacted through numerous
hydrophobic interactions with residues
such as LEU A:298, MET A:336, PHE A:356,
and LEU A:380. This indicates that its long
alkyl tail is relatively stable in the active site
10

pocket. Hexadecanoic acid, or palmitic acid,
exhibited two significant hydrogen bonds
with residues GLU A:305 and ARG A:346, as
well as several hydrophobic interactions
with residues such as PHE A:356, LEU
A:298, and MET A:295. This interaction
pattern indicates that all three test
compounds are capable of occupying the
protein active site through various types of
interactions, including hydrogen bonding
and hydrophobic interactions. However, the
strength of these interactions varies
depending on the type of ligand and the
position of the involved residues, which can
affect the overall stability and affinity of the
ligand-protein complex.

The docking results indicated that
estradiol interacted primarily with residues
MET295, LEU476, HIS475, and GLY472,
which form the active binding pocket of the
EGFR kinase domain. This site is the binding
site for natural ligands and specific
inhibitors, which play a crucial role in
inhibiting receptor phosphorylation.
Meanwhile, the compounds identified by
GC-MS from A. ingens, namely [-sitosterol,
cis-vaccenic acid, and hexadecanoic acid,
showed varying interaction patterns but
remained within the same active region as
the control ligand.

[-Sitosterol showed stable
interactions with residues MET295, HIS475,
and LEU476, as well as involvement of the
same residues as estradiol, including
GLU305, HIS475, LEU298, MET295, and
ALA302. This indicates that [-sitosterol
binds to an identical active domain and
therefore has the potential to inhibit EGFR
activity through a competitive mechanism.
Cis-vaccenic acid interacted with residues
MET295, PHE356, and GLY472, which were
also identified among the estradiol-binding
residues. This indicates that this ligand
occupies a similar domain, although its
orientation is slightly shifted due to the
length and flexibility of its aliphatic chain.
Consequently, its binding affinity value was
lower than that of -sitosterol. Meanwhile,
hexadecanoic acid showed major
interactions with residues LEU476, ARG346,
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GLY472, and GLU305, with hydrophobic
interactions as the dominant bonding force.

Although not all interacting residues
were identical to those of the control ligand,
the involvement of GLY472 indicates that
this compound is still located near the main
active site, but with a weaker binding
affinity. This difference is related to its
smaller molecular size and lack of polar
functional groups that can participate in
hydrogen bonding [24]. Overall, the results
of the interaction domain analysis indicate

Isolation And Characterization Of...

that the three docked compounds occupy
the same active site as, or are located very
close to, the control ligand estradiol. The
similarity of these interaction domains
strengthens the hypothesis that compounds
from A. ingens have the potential to inhibit
EGFR activity through a competitive binding
mechanism in the same catalytic region.
Thus, these interactions may serve as a
potential basis for the development of drug
candidates.
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Figure 7. Binding and interaction areas of ligand and protein: (A) 3D protein and ligand; (B) native
ligand; (1) B-sitosterol; (2) cis-vaccenic acid; and (3) hexadecanoic acid.

Conclusion

[-Sitosterol was successfully
isolated from the n-hexane fraction of the
sponge A. ingens collected from the waters
of the Spermonde Archipelago. The toxicity
test results showed that the methanol
extract was highly toxic, with an LCs, value
of 24.831 pug/mL. Characterization of isolate

[-3 using FTIR showed typical absorption
bands corresponding to the functional
groups of [B-sitosterol, namely O-H
stretching, =C-H stretching, C-H stretching,
C-H bending, C=C stretching, and C-O
stretching. The molecular mass of (-
sitosterol was confirmed by GC-MS analysis
at 414 g/mol. In silico analysis through
molecular docking showed a strong

11
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interaction between [-sitosterol and the
target protein, with the lowest binding
energy of -11.49 kcal/mol. This value
indicates the possibility of stable and
specific binding, making this compound a
promising candidate for anticancer activity.
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