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Abstract

This study aims to isolate secondary metabolites from Syzygium aqueum leaves and assess their suitability for targeting Epidermal Growth
Factor Receptor (EGFR) proteins in lung cancer treatment. The methods utilized include maceration, fractionation, chromatography, and
molecular docking. The isolated compounds were characterized using UV-VIS spectroscopy, FTIR, and NMR techniques. The
compounds were 2',4'-dihydroxy-6'-methoxy-3',5'-dimethylchalcone (DMC) and lupeol. Molecular docking simulations were performed
between DMC compounds and EGFR proteins (PDB ID: 1M17, SD41, SUGS, 5UGY, and 6LUD). Mutations in the EGFR kinase domain,
particularly T790M, L858R, and V948R, confer resistance to first-generation inhibitors, including osimertinib. According to the in-silico
docking results, DMC shows promise as an alternative inhibitor candidate. It can maintain interactions with the key residue Lys745 and
provides stabilization through Asp855 ansamod Glu762. In contrast, osimertinib relies more on hydrophobic interactions and loses direct
contact with Lys745, contributing to decreased affinity. This suggests that DMC may effectively overcome resistance associated with
mutations, especially T790M, while maintaining crucial interactions within the ATP binding pocket. Therefore, DMC can be developed
into a new non-covalent scaffold for treating lung cancer with EGFR mutations.
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INTRODUCTION

The Syzygium aqueum is a plant native to Indonesia,
primarily found on the island of Java (Manaharan et al.
2012). It is commonly utilized in traditional medicine to
treat Dbacterial infections, alleviate itching, reduce
swelling, and address conditions like a cracked tongue
(Habisukan et al. 2021) (Osman et al. 2009). This plant
has demonstrated several pharmacological properties,
including antidiabetic, anti-inflammatory, antioxidant,
hepatoprotective, antimicrobial, and anticancer effects
(Chandana et al. 2024). 2’,4’-Dihydroxy-6'-methoxy-
3',5'-dimethylchalcone (DMC) is one of the bioactive
compounds isolated from S. aqueum that possesses
notable antioxidant activity(Ei Ei Aung et al. 2020). It
protects the body's cells from oxidative damage caused
by free radicals, whose excessive accumulation can lead
to degenerative diseases such as cardiovascular and
cerebrovascular disorders, as well as cancer (Lee et al.
2003). DMC showed significant antiproliferative activity
against A549 lung cancer cells, while inducing apoptosis
via activation of caspase-9 and caspase-3 (Hadisaputri et
al. 2020).

Lung cancer is one of the most deadly diseases in the
world. It occurs when normal cells undergo mutations,

leading to uncontrolled growth (Khamto et al. 2021).
One of the most common treatments for cancer is
chemotherapy; however, it can cause significant damage
to normal cells (Hadisaputri et al. 2020). In the case of
lung cancer, chemotherapy works by inhibiting the
activity of the Epidermal Growth Factor Receptor
(EGFR) (Khuswatun Khazanah Ishak and Yuliana 2024).
EGFR is a receptor protein that plays a crucial role in cell
proliferation, angiogenesis, metastasis, and the inhibition
of the apoptosis process. When EGFR is overexpressed,
it can promote cancer cell growth. Tyrosine Kinase
Inhibitors (TKIs) are designed to inhibit EGFR
expression by disrupting the protein kinase signal
transduction pathway (Rasyid, Purwono, and Pranowo
2021). These small molecules function by breaking down
adenosine triphosphate (ATP) bonds within the
intracellular tyrosine kinase region, leading to tumor
regression through increased apoptosis, reduced cellular
proliferation, and decreased angiogenesis (Khuswatun
Khazanah Ishak and Yuliana 2024). Several generations
of TKIs targeting EGFR mutations have been developed.
Erlotinib and gefitinib are first-generation of TKIs that
target EGFR and effectively suppress cancer cell
proliferation. However, resistance commonly emerges
within about two years, ultimately diminishing their
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long-term therapeutic efficacy (Rasyid, Purwono, and
Pranowo 2021). To overcome this limitation, second-
generation EGFR inhibitors such as afatinib and
dacomitinib were developed, which target multiple forms
of EGFR including the wild type, although their activity
may lead to increased side effects (Khuswatun Khazanah
Ishak and Yuliana 2024). To address the limitations of
earlier generations, third-generation TKIs such as
osimertinib were developed, exhibiting approximately 30
to 100 fold greater activity against the EGFR T790M
mutation. However, resistance may also arise from a
substitution of cysteine with serine at position 797
(Rasyid, Purwono, and Pranowo 2021). Given these
challenges, further research and development of
anticancer agents with minimal side effects. This study
aimed to isolate secondary metabolites from the leaves of
S. aqueum and evaluate its activity against lung cancer.

MATERIALS AND METHODS

Extraction and fractionation

S. aqueum leaves weighing up to 10 kg were collected in
Padang City, West Sumatra Province. These were dried
and ground using a grinder. A total of 3.5 kg of ground
leaves was macerated using methanol (E. E. Aung et al.
2021). The concentrated methanol extract was suspended
using 500 mL of water and fractionated using hexane
solvent in a 1:1 ratio. This process is carried out until the
hexane fraction obtained is clear. Furthermore, it was
fractionated using ethyl acetate similarly (Abdullahi R
and Haque 2020).

Determination of Total Phenolic Content

The determination of total phenolics was performed on
hexane, ethyl acetate, and residue fractions using the
Folin-Ciocalteu method (Itam et al. 2021). A total of 1
mg of the sample was dissolved in methanol in a 10 mL
volumetric flask. Then, 0.5 mL of this sample solution
was transferred into a new 10 mL volumetric flask,
followed by the addition of 0.5 mL of Folin—Ciocalteu
reagent. The mixture was subsequently incubated for 5
minutes. After incubation, 1 mL of a 20% sodium
carbonate solution was added, and the mixture was
diluted with distilled water up to the mark on the flask. It
was then incubated for an 2 hours. After the incubation
period, the absorbance of the Mixtures was measured
using a UV-Vis spectrometer at 765 nm. The total
phenolic content was calculated based on a calibration
curve created with gallic acid at various concentrations,
reported as gallic acid equivalents per 10 mg of
concentrated extract.

Determination of Total Flavonoids Content

Determination of total flavonoid content was carried out
on hexane, ethyl acetate, and residue fractions using the
AICls method (Ghafar et al. 2017). An amount 3 mg of
the sample was dissolved in methanol in a 10 mL

volumetric flask. Subsequently, 1 mL of sample solution
was put into a 10 mL volumetric flask, and than 4 mL of
distilled water, and 0.3 mL of NaNO: solution were
added, then incubated for 5 minutes. Furthermore, 0.3
mL of 10% AICI solution was added and incubated for 5
minutes. After the incubation, 2 mL of 1 M NaOH
solution was added to the volumetric flask, then diluted
with distilled water to the limit mark. Absorbance
measurements were taken at a wavelength of 510 nm
using a UV-Vis spectrophotometer. Total flavonoid
content was calculated based on the calibration curve of
5 quercetins at various concentrations, and expressed as
quercetin equivalents per 10 mg of concentrated extract.

Determination of antioxidant

Antioxidant activity was carried out on hexane, ethyl
acetate, and residue fractions using the DPPH free radical
scavenging method (Itam et al. 2021). The negative
control was methanol, while the positive was ascorbic
acid. Parent solution with a concentration of 1,000
pg/mL was made by dissolving 10 mg of the sample into
a 10 mL volumetric flask. Furthermore, concentration
variations were made: 300, 400, 500, 600, 700, and 800
pg/mL for the hexane fraction, and 5, 10, 20, 30, 40, and
50 ug/mL for the ethyl acetate fraction and the residual
fraction. Each concentration variation and control was
put into a vial as a volume of 1 mL, then 3 mL of DPPH
solution was added. The mixture was incubated for 30
minutes in a dark room. Absorbance was measured using
a UV-Vis spectrophotometer at a wavelength of 517 nm.
Based on the absorbance values obtained, the percentage
(%) of inhibition was calculated using the following
formula:

Absorbance control—Absorbance Sample

% Inhibiton =

Absorbance control x 100 (1)

The percentage inhibition (% Inhibition) was
determined according to Equation (1), with Absorbance
control referring to the control absorbance and
Absorbance sample representing the absorbance of the
extract.

Isolation of Secondary Metabolite Compound

Isolation of secondary metabolite compounds was
conducted on the ethyl acetate fraction. The preliminary
layer chromatography (TLC) test was carried out by
dissolving the sample, then spotting it on a TLC plate
and eluting using hexane and ethyl acetate eluent with a
ratio of 8:2. The TLC results were observed under UV
light to determine the elution method used in column
chromatography (Efdi 2024). Isolation by column
chromatography was performed using hexane and ethyl
acetate eluents. The eluate was tested using TLC to see
the stain separation pattern. The eluate with the same
stain pattern was combined in a vial bottle. From several
fractions obtained, fractions with simple stain patterns or
single stains were selected for further purification.
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Purification of isolated compounds was carried out by
column chromatography for compound 1 and the
trituration method for compound 2 (Zala et al. 2012). The
purification was tested using TLC with a mixture of
hexanes and ethyl acetate eluents, in the ratios of 9:1,
8.5:1.5, and 8:2 for compound 1 and 9.5:0.5, 9:1, 8.5:1.5
for compound 2.
Characterization of Metabolite
Compounds

The isolated compounds were analyzed by UV-Vis,
FTIR, and NMR.

Secondary

Molecular Docking of isolated compounds to EGFR
target proteins

Compound 1 was evaluated against EGFR proteins (PDB
ID 1M17, 5D41, 5UGS8, 5UGY9, and 6LUD) and
compared with osimertinib. The proteins were
downloaded in pdb format from https://www.rcsb.org/,
while the 3D structures of compound 1 and osimertinib
were downloaded from the PubChem website in SDF
format, then converted to pdb format via
https://cactus.nci.nih.gov/translate/  (National Cancer
Institute). The separation of receptors and natural ligands
from EGFR proteins was performed using Pymol in
pdbqt format. The preparation of receptors and ligands
was performed using AutoDockTools, followed by the
docking process. The 2D interaction between ligands and
amino acid residues from EGFR proteins was visualized
using Discovery Studio Visualizer software (Wang et al.
2021).

RESULTS AND DISCUSSION

Extraction and fractionation

A concentrated methanol extract weighing 530 g was
obtained from S. aqueum leaves. A total of 260 g were
fractionated from this extract using hexane and ethyl
acetate solvents. The yields of the fractions were as
follows: the yield of hexane fraction was 24 g (9% yield),
29 g of ethyl acetate fraction (18.85% yield), and 160 g
of residue fraction (61.54% yield).

Determination of Total Phenolic Content

The total phenolic content was measured using a gallic
acid standard, with the regression equation represented as
y = 0.0046x + 0.0135 (R? = 0.9959), as illustrated in
Figure 1. The calculated total phenolic contents for the
hexane, ethyl acetate, and residue fractions were 212 mg,
451.1 mg, and 307.6 mg of gallic acid equivalents per
gram (GAE/g), respectively. This data indicates that
phenolic compounds were most abundant in the ethyl

acetate fraction, followed by the residue fraction, and
then the hexane fraction.
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Figure 1. Standard solution curve of gallic acid.

Determination of Total Flavonoids Content

The standard used to determine the total flavonoid
content is quercetin, represented by the regression
equation y = 0.0005x + 0.0441 (R? = 0.9839), as shown
in Figure 2. The total flavonoid content for the hexane,
ethyl acetate, and residue fractions calculated using the
quercetin calibration curve, was 46 mg, 209.4 mg, and
155.4 mg QE/g, respectively. This indicates that the ethyl
acetate fraction contains the highest concentration of
flavonoid compounds, followed by the residue fraction
and then the hexane fraction.
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Figure 2. Standard solution curve for quercetin.

Determination of Antioxidants

Samples that contain antioxidant compounds exhibit a
color change in DPPH (1,1-Diphenyl-2-picrylhydrazyl).
When these antioxidant compounds neutralize the
unpaired electrons in DPPH, the color shifts from purple
to yellow. The intensity of the yellow color indicates the
strength of the antioxidant activity; the more potent the
antioxidant, the more vivid the yellow becomes. The
results of the antioxidant activity measurements are
presented in the table below.
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Table 1. Antioxidant activity of S. aqueum leaf fractions.
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Fraction ICs0 (ng/mL) Antioxidant Activity
Hexane 469.01 Weak

Ethyl acetate 10.11 Very Strong
Residual 84.49 Strong

Ascorbic acid 3.60 Very Strong

The table indicates that the ethyl acetate fraction
exhibits vigorous antioxidant activity (Jun et al. 2003)
(Mustarichie, Runadi, and Ramdhani 2017). This is
attributed to ethyl acetate's ability to dissolve semi-polar
to polar compounds, including phenoslic and flavonoid
compounds. The results of the total phenolic and total
flavonoid content assays support this.

Isolation of Secondary Metabolite Compounds
Separation of compounds from the ethyl acetate fraction
was conducted using column chromatography with a
Step Gradient Polarity (SGP) eluent system. The eluents
employed were a mixture of hexane and ethyl acetate in
ratios ranging from 10:0 to 10:10. The eluate was
collected in wvials and analyzed wusing thin-layer
chromatography (TLC). Based on the TLC results, the
eluates that displayed similar spot patterns were
combined, resulting in 11 fractions. Fractions Fs4 and Fs
were then further purified using gravity column
chromatography, again employing the SGP elution
system. Separation of compounds in fraction F4 was
conducted using hexane and ethyl acetate eluents in
ratios ranging from 10:0 to 7:3. This process resulted in
five subfractions. Subfraction F44 yielded the first pure
compound, which had a mass of 21 mg. The second pure
compound, obtained from subfraction Fa», was purified
using the trituration method and had a mass of 48 mg.
The purity of both isolated compounds was analyzed
using TLC with three different eluent ratios. The first
isolated compound was tested using hexane and ethyl
acetate in the ratios of 9:1, 8.5:1.5, and 8:2. The second
isolated compound was analyzed using the same solvents
in the ratios of 9.5:0.5, 9:1, and 8.5:0.5. Based on the
purity tests, it can be concluded that both isolated
compounds are pure, as each one produced a single spot
on the TLC plates.

The separation of compounds from fraction Fs was
achieved using hexane and ethyl acetate eluents in a ratio
varying from 10:0 to 7:3, resulting in the collection of
five subfractions. Subfraction Fs4 underwent purification
through gravity column chromatography with an
isocratic eluent system. TLC analyses indicated that the
isolated compound from subfraction Fs4 was identical to
the compound found in subfraction F44. The structure of
the isolated compound was further analyzed using UV-
Vis, FT-IR, and NMR spectroscopy. The structure of the
first compound is illustrated in Figure 3, while the
second compound is shown in Figure 4.

OH (e}
Figure 3. Structure of 2'4'-Dihydroxy-6-methoxy-3',5'-dimethylchalcone
(DMC).
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Figure 4. Structure of lupeol.

Structural Elucidation

Compound I: Yellow powder, UV-Vis A 336.0 nm, IR v
max 3341.80, 2926, 1722,72, 1607,14 cm™'; 1H NMR
(400 MHz, CDCls, 6, ppm): 7.65 (2H, dd, J = 1.77 and
7.78 Hz, H-2), 7.40 (3H, m, H-4), 7.84 (1H, d, J = 15.66
Hz, H-B), 7.99 (1H, d, J = 15.66 Hz, H-a), 13.60 (1H, s,
H-2’0H), 5.45 ppm (1H, s, H-4’0OH), 2.14 ppm (3H, d, J
= 15.88 Hz, H-5’CH3). '3C NMR (100 MHz, CDCls): §
135.5 (C-1), 130.2 (C-4), 128.4 (C-5), 128.9 (C-6), 142.9
(C-B), 126.7 (C-a), 193.4 (C-C=0), 106.6 (C-1), 162.1
(C-2), 108.9 (C-3°), 159.2 (C-4’), 109.0 (C-5), 158.9
(C-6;), 8.3 (C-3’CH3), 7.6 (C-5’CH3), 62.3 (C-6’OCH3).
Based on NMR data and literature studies, compound 1
is  2'4'-Dihydroxy-6"-methoxy-3',5'-dimethylchalcone.
Comparison of NMR data with previously reported 2',4'-
Dihydroxy-6'-methoxy-3',5'-dimethylchalcone can be
seen in Table 2.
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Table 2. Comparison of NMR spectrum identification of compound 1 with the literature (Vachiraarunwong et al. 2023).

Position (C) oH . SH (lit.) . 8C 8C (lit.)
(Mult, J in Hz) (Mult, J in Hz (ppm) (ppm)
1 - - 1354 135.5
2 7.65 (dd, 1.77,7.78) 7.64 (m) 128.9
3 7.41 (m) 128.4
4 7.40 (m) 7.41 (m) 130.2 130.2
5 - - 128.4 128.4
6 7.54 (m) 128.9 128.9
B 7.84 (d, 15.66) 7.84 (d, 15.7) 142.9 142.9
o 7.99 (d, 15.66) 7.99 (d, 15.7) 126.7 126.7
Cc=0 - - 193.4 193.4
I’ - - 106.6 106.6
2’ - - 162,1 162.0
3 - - 108.9 109.0
4 - - 159.2 159.3
5 - - 109.0 109.0
6’ - - 158.9 158.8
2’-OH 13.60 (s) 13.69 (s) - -
3’-CHs 2.14 (s) 8.3 8.2
4-OH 5.45 (s) 5.38 (s) - -
5’-CHs 2.14 (d, 15.88) 2.16 (s) 7.6 7.6
6’-OCHj3 3.66 3.66 (s) 62.4 62.3

Compound II: White crystal, UV-Vis A 297.0 nm, IR
v max 2925.64, 145521, 1378 cm’'; 1H NMR (400
MHz, CDCls, 3, ppm): 1.56 (1H, s, H-2), 1.66 (1H, s, H-
2), 3.18 (1H, dd, J = 3.5 and 4.71 Hz, H-3), 0.68 (1H, s,
H-5), 1.36 (2H, m, H-6), 1.25 (1H, s, H-9), 1.23 (2H, m,
H-11), 1.07 (2H, m, H-12), 2.38 (1H, d, J = 5.87 and
11.09 Hz, H-19), 0.76 (1H, s, H-24), 0.83 (1H, s, H-25),
0.96 (1H, s, H-27), 4.69 (3H, d, J = 2.52 Hz, H-29), 1.92
(2H, m, H-30). 3C NMR (100 MHz, CDCls): 4 37.8 (C-
1), 27.4 (C-2), 79.0 (C-3), 38.9 (C-4), 553 (C-5), 18.3

(C-6), 34.3 (C-7), 40.8 (C-8), 50.4 (C-9), 37.2 (C-10),
21.0 (C-11), 25.1 (C-12), 38.1 (C-13), 42.8 (C-14), 27.4
(C-15), 35.6 (C-16), 43.0 (C-17), 48.0 (C-18), 48.3 (C-
19), 150.9 (C-20), 29.9 (C-21), 40.0 (C-22), 28.0 (C-23),
15.4 (C-24), 16.1 (C-25), 16.0 (C-26), 14.6 (C-27), 18.0
(C-28), 19.3 (C-29), 109.3 (C-30). Based on NMR data
and literature studies, compound 2 is lupeol. Comparison
of NMR data with previously reported lupeol compounds
can be seen in Table 3.

Table 3. Comparison of NMR spectrum identification of compound 2 with the literature (Al-Temimi and Kadhum 2023).

i oH SH (lit. 5C 3C (lit.
Position (©)  \juit, 3 in Hz) (lelt, ,)I in Hz (ppm) (ppfn) :
Ha=0.9 (s
1 o 1.77( ()O) 37.8 37.8
1.56 Ha=1.53 (s),
2 1.66 Hb = 1.64 Eo)) 274 275
3 3.18 (dd, J=4.71, 11.59 Hz) 333 (dd,J = 3.5, 1.8 Hz) 79.0 79,0
4 - 38.9 38.9
5 0.68 (s) H = 0.66 (S) 55.3 553
6 1.36 (m) H=135(0) 183 183
7 1.44 343 343
8 - 40.8 409
9 1.25 (s) 1.28 (s) 50.4 50,5
10 - 372 37.2
11 1.23 (m) 1.23 21.0 21.0
12 1.07 (m) 1.04 (o) 25.1 252
13 1.64 (0) 38.1 38.1
14 - 428 429
15 1.04 (0) 27.4 275
16 1.34 (0) 35.6 35.6
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o oH oH (lit. oC oC (lit.
Position (C) 11t J in Hz) (Mu(lt, } in Hz (ppm) (ppfn) :
17 - 43.0 43.0
18 1.35 (0) 48.0 48.0
19 2.38 (d, J=5.87, 11.09 Hz) 2.3(d,J=11.8 Hz) 48.3 48.3
20 - 150.9 150.9
21 1.28 29.9 29.9
22 1.15 (s) 40.0 40.0
23 0.9 (s) 28.0 28.0
24 0.76 (s) 0.76 (s) 15.4 153
25 0.83 (s) 0.83 (s) 16.1 16.1
26 1.04 (0) 16.0 16.0
27 0.96 (m) 0.92 (s) 14.6 14.6
28 0.86 (s) 18.0 18.0
29 4.69 (d, = 2.52 Hz) gﬁ% E‘;’)J 36.0 Hz), 19.3 19.3
30 1.92 (0) 1.77 (o) 109.3 109.3

Molecular Docking the optimal binding locations and affinities of the ligands

Docking simulations were conducted to evaluate the with the protein receptors (Ahmad et al. 2022). The
potential of DMC compounds and to compare their results of the docking data are presented in Table 4 and
interactions with osimertinib in both wild-type and the 2D visualizations can be seen in Figure 5.

mutated EGFR. The aim of this simulation was to predict

Table 4. Docking data of DMC compounds with various EGFR proteins.

EGFR Affinity RMSD

PDB ID mutation Ligand (kkal/mol) A) Interactions
AQ4 -1.0 0.990 DMC: Leu, Val, Ala, Phe, Lys Met.
1IM17 Wild type DMC -7.6 0.686 Osimertinib: Leu, Val, Lys, Met, Ala,
Osimertinib 7.6 1.751 Gly, Glu, Cys, Asp.
ANP -8.0 0.730 DMC: Glu, Leu, Phe, Met, Ile, Lys, Asp,
sp4] T790M DMC 7.1 0.992 Met.
V948R ) L Osimertinib: Ile, Leu, Glu, Phe, Met,
Osimertinib -6.1 0.937 Lys, Asp.
T790M 8BP -8.8 1.540 DMC: Phe, Leu, Val, Ala, Met, Arg.
5UGS L858R DMC -7.8 0.543 Osimertinib: Met, Leu, Val, Ala, Asn,
V948R Osimertinib 7.5 1.123 Arg, Phe, Cys.
T790M 8AM -9.1 1.427 DMC: Arg, Phe, Leu, Val, Ala, Met.
5UG9 L858R DMC -7.7 0.543 Osimertinib: Val, Met, Ala, Leu, Phe,
V948R Osimertinib -8.0 1.755 Glu, Cys.
T790M YY3 -7.3 1.622
Sgggg DMC -1.2 0.942 DMC: Phe, Leu, Met, Val, Ala, Met.
6LUD ES65A Osimertinib: Met, Gln, Ala, Leu, Ser,
ES66A Osimertinib -7.8 1.053 Gly, Val

K867A
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Figure 5. Interaction of Ligands with Amino Acid Residues.

Docking analysis revealed that the DMC compound
possesses a competitive affinity relative to osimertinib. A
negative affinity value determines the level of protein-
ligand stability; the more negative the value, the more
stable the protein-ligand complex and the stronger or
more spontaneous the interaction (Afriza et al. 2024). A
lower RMSD value indicates a more stable bond
position, which is considered valid if < 2A (Prasetiawati
et al. 2021). The EGFR wild type (1M17) exhibits an
affinity comparable to or greater than its natural ligand,
reflecting its capability to bind competitively at the ATP-
binding site.

DMC demonstrates a better binding affinity in the
T790M/V948R (5D41) mutation. Threonine 790 acts as a
gatekeeper residue, influencing the specificity of
inhibitors in the ATP binding pocket. The T790M
mutation leads to a narrowing of the ATP pocket, which
increases ATP affinity and results in drug resistance,
diminishing the effectiveness of inhibitors (Yun et al.
2008). It can maintain its binding with the critical residue
Lys745 and form additional interactions with Asp855
and Glu762, leading to strong stabilization. In contrast,
osimertinib relies more on hydrophobic interactions and
loses direct contact with Lys745, which reduces its
binding affinity (Tamirat et al. 2021). Therefore, it can
be concluded that DMC has the potential to overcome the
resistance caused by the T790M mutation, as it preserves
critical interactions within the ATP-binding pocket.

Mutations in SUG8 and 5UG9 occur in T790M,
V948R, and L858R. The L858R mutation enhances the
constitutive activity of EGFR, and its coexistence with
T790M leads to a more complex resistance mechanism
(Gomatou, Syrigos, and Kotteas 2023). DMC exhibits an
affinity of —7.8 kcal/mol (5UGS8) and -7.7 kcal/mol
(5UGY9), slightly better or nearly equivalent to
osimertinib (7.5 and —8.0 kcal/mol). The low RMSD of
DMC (0.543 A) indicates bond stability and
demonstrates its potential in addressing this mutation
combination (Prasetiawati et al. 2021).
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6LUD (Osimertinib)

Mutations in the 6LUD protein, specifically T790M,
K867A, L858R, E865A, E866A, and C797S, signify
advanced resistance to EGFR treatment. The C797S
mutation notably diminishes the effectiveness of
osimertinib due to its reliance on forming a covalent
bond at Cys797 [21]. Docking studies indicate that
osimertinib exhibits a better binding affinity (-7.8
kcal/mol) than DMC (-7.2 kcal/mol). Interaction analysis
reveals that DMC forms hydrogen bonds with Met793
and establishes hydrophobic interactions with Leu718,
Leu844, Val726, Ala743, and Met790. In contrast,
osimertinib interacts with Met793, Ser797, and Gly796
but loses its covalent bond with Cys797 due to the
mutation. This implies that while osimertinib retains a
superior affinity, DMC may have the advantage of
flexible non-covalent interactions that are not dependent
on the Cys797 residue, potentially allowing it to remain
effective in advanced resistance.

CONCLUSIONS

The compounds isolated using maceration, fractionation,
and column chromatography methods were 2'4'-
dihydroxy-6-methoxy-3',5'-dimethylchalcone (DMC)
with MW: C3H 304 and 1upe01 with MW: C3oHs00. The
anticancer potential of DMC was simulated against the
EGFR protein. The docking simulations revealed that
DMC possesses potential as an alternative EGFR
inhibitor, showing comparable or enhanced binding
affinity relative to osimertinib in various mutations,
particularly T790M and T790M/L858R/V948R, which
are known to cause resistance to first- and second-
generation inhibitors. The interaction pattern of DMC,
which is dominated by hydrophobic residues, provides
bond stability even without covalent bonds in Cys797,
making it potentially more tolerant to the C797S
mutation. Thus, DMC has the potential to be a promising
non-covalent scaffold in overcoming EGFR resistance,
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although validation through in vitro and in vivo tests is
still needed.
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