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ABSTRACT

The strong correlation between traditional practices and the pharmacological properties of these plants supports
their continued use in treating various health conditions. This study evaluated and predicted the active compound
in the ethanolic extract of Swietenia mahagoni leaves and their potency for inhibiting cancer cell growth. The
analysis included measuring DPPH free radical inhibition, total phenolic and flavonoid content, drug-likeness
evaluation, and molecular docking studies. Findings suggest that the ethanolic extract of S. mahagoni leaves
ethanolic extract exhibits antioxidant properties due to its content of phenolic and flavonoid compounds such as
Quercitrin, (+)-ar-Turmerone, and Hyperoside, which also meet Lipinski's criteria. Additionally, these compounds
might act as inhibitors of MDM2 or AKT-1, potentially blocking MDM2 and AKT-1 and inducing apoptosis in
cancer cells. Further research should be conducted in vitro to validate the activity of the studied compounds.
Keyword: Anticancer, Insilico, Plant-based medicine, Secondary metabolite, Swietenia mahagoni

1. INTRODUCTION

The incidence of cancer is increasing rapidly, fueling
the search for new treatments. Although progress in cancer
research is accelerating, only a few drugs make it through
clinical trials successfully [1,2]. Cancer cells are
categorized according to their origin or the genetic
mutations involved in their growth [3,4]. Effective
treatment usually requires a combination of drugs
designed to target the unique characteristics of the cancer
cells. As a result, there is growing interest in developing
novel anticancer therapies from natural sources [5-7].

Traditional healthcare practices include a diverse array
of methods, prominently featuring plant-based remedies
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used alone or in combination to treat diseases in humans
and animals globally [8]. These practices span various
traditional systems such as ancient Korean, Malay,
Chinese and Indian and African medicines [9]. Indonesian
folk medicine is noted for its distinctive diagnostic and
treatment methods, leveraging the country’s rich
biodiversity and diverse indigenous cultures. For
centuries, Indonesian communities have relied heavily on
plant-based remedies, with about 85% of their healthcare
formulations derived from plants [10].

The popularity of herbal remedies is due to their
cultural acceptance, cost-effectiveness, perceived efficacy,
and minimal side effects [11,12]. Recent research has
focused on analyzing medicinal plants recommended by
traditional practitioners to identify bioactive compounds
and enhance drug discovery. The strong correlation
between traditional practices and the pharmacological
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properties of these plants supports their continued use in
treating various ailments [13,14]. Additionally, conducting
drug-likeness analysis is essential for discovering high-
quality drug candidates from herbal medicine, as it helps
avoid unnecessary biological testing and clinical trial
expenses [15,16].

Swietenia mahagoni is utilized as a medicinal plant in
various regions, including India (within the Ayurvedic
system), several African countries, and in Indonesia and
Malaysia. Traditionally, it is used to treat malaria,
hypertension, diabetes, and diarrhoea, and serves as an
antipyretic, bitter tonic, and astringent[17]. The
pharmacological properties of S. mahagoni include
antimicrobial,  anti-inflammatory,  hepatoprotective,
neuropharmacological, anti-diabetic, immunomodulatory,
and anticancer activities [18]. However, the anticancer
mechanism of this plant has yet to be widely studied. Thus,
this study evaluated and predicted the active compound
that is contained in S. Mahagoni ethanolic extract and their
potency for inhibiting cancer cell growth.

2. MATERIAL AND METHODS

2.1 Swietenia mahagoni leaves extraction process

Powder dried leaves of S. mahagoni was obtained from
Materia Medica Batu, Batu, Indonesia. Extraction
processes were conducted at Pharmacology Laboratorium,
Universitas Brawijaya, Malang, Indonesia using ethanol as
the solvent. Powder leaves were macerated in ethanol with
ration 1:10 w/v (g/mL) for 24 hours. The macerated was
filtered using filter pape. The extract was dried using
rotary evapotaror in temperature 80°C.

2.2 Antioxidant analysis from the extract

The antioxidant activity which produced by extracts
was analysis with 2,2-diphenyl-1-picrylhydrazyl (DPPH)
[1] free radical. In this study, a freshly prepared DPPH
solution (0.2 mM) in 100% ethanol was employed. S.
mahagoni extracts and the equivalent amount (100 pL) of
the DPPH solution were combined in a microplate (Costar
96-well plate). The reaction mixture was let remain in the
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dark at room temperature (25 °C) for 30 minutes. For the
control, the same amount (100 uL) of ethanol and DPPH
solution were combined. Using a microplate
spectrophotometer (SPECTROstar Nano - BMG
LABTECH, Germany), the absorbance value of the
reaction mixtures was determined at 517 nm. Using
Equation 1, the DPPH radical scavenging activity was
determined. The IC50 value was calculated by
interpolating the fifty values to the linear regression
equation (R2 > 0.99) derived from the inhibition curve.

DPPH inhibition (%) = (*2-2%) x 100

Equation (1)
where, AB is absorbance of blank; AS is absorbance of the
sample

2.3 Total flavonoids assay

The colorimetric evaluate with aluminium chloride
was carried out to determine the total flavonoids content
[1]. The standard of reference was quercetin with
concentration of 0.0125, 0.025, 0.05, 0.1, 0.2, 0.4 mg/mL.
The 0.001 g/mL of S. mahagoni ethanolic extract was used
for sample. The 150 pL of 96% ethanol solution was added
after about 50 pL of S. mahagoni ethanolic extract or
standard was added to 10 pL of aluminium chloride (10%
w/v). Next, 10 pL of 1M concentration sodium acetate
(Sigma) was added to the solution. For forty minutes, the
solution was kept out of the light and incubated at room
temperature. At A =405 nm, the absorbance was measured
with a BioTek ELx808 ELISA reader. The total flavonoid
concentration was reported as mg QE/g w.b. of dry extract,
which is comparable to quercetin, according to the
quercetin standard curve equation.

2.4 Total phenolic content analysis

The Folin-Ciocalteau procedure was used to analyze
the total phenolic content [19]. The standard of reference
was gallic acid with concentration of 0.0125, 0.025, 0.05,
0.1, 0.2, 0.4 mg/mL. The 0.001 g/mL of S. mahagoni
ethanolic extract was used for sample In a 96-well
microplate, 30 uL of 1.0 N Folin-Ciocalteu reagent was
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combined with 60 pL of samples (standard and S.
mahagoni ethanolic extract), and the mixture was
incubated for 5 minutes. Next, 150 puL of a 20% sodium
carbonate solution was added, and the mixture was
allowed to sit at room temperature for 40 minutes in a dark
area. After 8 minutes of centrifugation (1600%g), the
absorbance of the the suspension was measured using a
Microplate Reader at 730 nm. Gallic acid (mg GAE/g
w.b.) was used in a standard curve to determine the
samples' total phenolic content.

2.5 Screening and identification of bioactive
compounds in phytochemicals

The phytochemical content in seagrass extracts was
analyzed using Liquid Chromatography-High Resolution
Mass Spectrometry (LC-HRMS) with a Q-exactive model
from Thermo Fisher Scientific. 1400 pL of modified
solvents (water, 50% ethanol, or 100% ethanol) were used
to dissolve 100 uL of S. mahagoni extract. Samples were
introduced into the LC-HRMS device after being filtered
using a 0.22 m RC minisart. A total of ten milliliter
samples will be automatically processed using a hypersil
gold aQ 50 x 1 mm x 1.9 column at positive polarity
conditions, with a flow rate of forty liters per minute and
an oven column temperature of thirty degrees Celsius. The
elution gradient will be as follows: 5% B for two minutes,
60%-95% B for fifteen to twenty-two minutes, and then
5% B for thirty minutes. Utilizing the Compound
Discoverer 3.1 program, which is based on the mzcloud,
the chromatogram data produced by the injection
procedure will be examined to identify the compounds
[19]

2.6 ADME and Drug-Likeness Analysis

The online web server pkCSM
(http://biosig.unimelb.edu.au/pkcsm/) can be utilized to
predict ADME (absorption, distribution, metabolism, and
excretion), while the web server at (https://tox-
new.charite.de/protox_I1/) is available for predicting
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toxicity and evaluating the Lipinski Rule.

2.7 Ligand and protein structures preparation

The ligands used for docking analysis were Quercitrin,
(+)-ar-Turmerone, Hyperoside, an imidazole (an MDM2
inhibitor) and AZD5363 (an AKT-1 inhibitor). The 3D
structures of three ligands (Quercitrin, (+)-ar-Turmerone,
and Hyperoside) were obtained from PubChem database
(https://pubchem.ncbi.nlm.nih.gov/). The 3D structure for
imidazole was obtained from native ligand in MDM2
protein (PDB 1D, 40Q3) from PDB database. The 3D
structure for AZD5363 was obtained from native ligand in
AKT-1 protein (PDB ID, 4GV1) from PDB database. The
proteins were cleaned using BIOVIA Discovery Studio
software.

2.8 Ligand docking studies

AutoDock Vina integrated in PyRx 0.8 was used to
analyze interactions between ligands and proteins. In order
to assess binding affinities and elucidate molecular
pathways, the docking approach was applied. In order to
execute docking, ligands were made into flexible
molecules and receptors into stiff molecules inside the
active site. By using BIOVIA Discovery Studio, docking
and binding interaction results were examined.

3. RESULT

3.1 Antioxidant activity of S. mahagoni ethanolic
extract

The antioxidant activity some compounds could be
determined by their ability to inhibit free radical, such
DPPH free radical. S. mahagoni ethanolic extract showed
their ability to inhibit DPPH free radical manner by
concentration (Table 1). Interestingly, about 25 ppm of S.
mahagoni ethanolic extract, DPPH free radical was
inhibited around 50%. This early finding has positive
value for S. mahagoni ethanolic extract for their
bioactivity.
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Table 1. Antioxidant activity analysis from the S. mahagoni ethanolic extract

Concentration (ppm)

DPPH inhibition (%)

0.39

2.32+0.11

0.78

430+1.25

1.56

7.03+0.35

3.13

11.12 +0.62

6.25

18.42 +0.77

12.50

32.47 + 0.85

25

50.14 £ 0.11

50

84.99+1.30

3.2 Total phenolic and Total flavonoid of S.
mahagoni ethanolic extract

Phenolic and Flavonoid are secondary metabolites
which support pharmaceutical effect in plant, as well as S.
mahagoni ethanolic extract. Total flavonoid and phenolic

content could be imaging the pharmaceutical effect the
plant. S. mahagoni ethanolic extract measured contain
TFC 458.91 + 21.60 (mgQE/g w.b) and TPC 299.90 +
14.28 (mgGAE/g w.b) (Table 2)

Table 2. Total phenolic and flavonoid contents of S. mahagoni ethanolic extract (SME)

Sample | TFC (mgQE/g w.b) | TPC (mgGAE/g w.b)
SME1 453.38 298.72
SME2 435.66 283.02
SME3 487.69 317.95
Mean 458.91 + 21.60 299.90 + 14.28

3.3 Compound identification of S. mahagoni
ethanolic extract using LC-HRSM analysis

The identification of active compound in S. mahagoni
ethanolic extract was continued with LC-HRMS analysis.
Around 40 compound was found in in S. mahagoni
ethanolic extract. Three active compound was selected for

future analysis, there are 2-(3,4-dihydroxyphenyl)-5,7-
dihydroxy-3-{[(2S,3R,4R,5R,6S)-3,4,5-trihydroxy-6-

methyloxan--2-ylJoxy}-4H-chromen-4-one  (Quercitrin),
(+)-ar-Turmerone, Hyperoside, more information as shown
in Table 3. Future analysis with these compounds including
druglikeness analysis and molecular interactions prediction.

Table 3. Characteristics of active compound from S. mahagoni ethanolic extract

mzCloud

Name Structure Formula Calc. MW | RT [min] | Area (Max.) Best
Match

Hyperoside ]C\ T C21 H20 012 | 464.09 7.16 5.42E+07 99.3
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mzCloud
Name Structure Formula Calc. MW | RT [min] | Area (Max.) Best
Match
Quercitrin o ‘ O C21 H20 O11 | 448.10 7.84 2.18E+07 99.1
CH,
(+)-ar-Turmerone C15H200 216.15 17.48 1.60E+07 98.1

3.4 Drug likeness analysis based on Lipinsky’s role

and ADME analysis

A druglikeness analysis was conducted based on
Lipinsky’s role which supported with ADME analysis.

Table 4 presents a drug-likeness analysis that
into four

categorized

parameters: molecular

is
mass,

hydrogen bond donors, hydrogen bond acceptors, and high

lipophilicity. Overall, two of four criterias were effective
in  Quercitrin, (+)-ar-Turmerone, and Hyperoside.
Additionally, pharmacokinetic information on the toxicity,
excretion, metabolism, distribution, and absorption of
hyperoside, quercitrin, and (+)-ar-Turmerone was assessed
in relation to the ADME study (Table 5).

Table 4. Lispinsky’s role of Quercitrin, (+)-ar-Turmerone, and Hyperoside

Lipinsky’s role Hyperoside | Quercitrin | (+)-ar-Turmerone
Molecular mass 464.38 448.10 216.32
High lipophilicity 0.54 0.49 4.02
Hydrogen bond donors 8 7 0
Hydrogen bond acceptors 12 11 1

Table 5. ADME prediction of Quercitrin, (+)-ar-Turmerone, and Hyperoside

Properties Parameters - L!ga_nds
Hyperoside | Quercitrin | (+)-ar-Turmerone
Absorption | Water Solubility (log mol/L) -2.92 -2.90 -4.45
Intestinal Absorption (%) 48.00 52.71 94.49
Distribution | Volume Distribution (VDss) (log L/Kg) 1.85 1.52 0.62
Metabolism | Inhibitor of CYP1A2 - - -
CYP2C19 - - -
CYP2C9 - - -
CYP2D6 - - -
CYP3A4 - - -
Excretion Total Clearance (mL/min/kg) 0.39 0.36 0.29
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3.5 Molecular docking analysis

The docking results for MDM2 and AKT-1 with the
three compounds found in S. mahagoni ethanolic extract—
Quercitrin, (+)-ar-Turmerone, and Hyperoside showed
binding affinities of —7.5, —6.9, and —7.3 kcal/mol for
MDM2, respectively, compared to a known inhibitor,
imidazole, which has a binding affinity of —9.6 kcal/mol.

Sapti Puspitarini et al.

For AKT-1, Quercitrin, (+)-ar-Turmerone, and Hyperoside
exhibited binding affinities of —7.8, —6.5, and —8.0
kcal/mol, respectively, in contrast to the known inhibitor
AZD, which has a binding affinity of —9.1 kcal/mol.
Furthermore, active compound from S. mahagoni exhibit
comparable amino acid residue interactions to those of the
control ligand (Table 6).

Table 6. Binding affinity and amino acid residue between compounds from S. mahagoni leave ethanolic extract and
AKT-1 or MDM2

AKT-1 MDM2
Ligand i‘;ﬁ:gg Amino acid residue i:‘r;:jr:lr'lcs Amino acid residue
(+)-ar- -6.5 MET227 ; ALA177; -7.3 ILE19; TYR100; HIS96;
Turmerone VAL164; MET281; LEU54; GLY58; PHESG;
LEU156; LYS179 LEUS7; ILE61; VAL93; ILE99;
PHE91
Quercitrin -7.8 GLY162; LYS158; -7.5 LEU54; VAL93; ILE61; ILES9;
GLU234; MET281; HIS96
VAL164; ALAL177
Hyperoside -8 PHE161; LYS158; -6.9 PHES55; GLY58; LEU54;
VAL164; GLU278; ILE6L; ILE99; VALI3 ;
GLY157 GLN72
Imidazole -9.6 HIS96; LEU54; ILE99; LEU57;
PHE91; PHES86; ILE61; VAL93
AZD5363 -9.1 GLU278; GLU234;
MET281; ALA230;
ASN279; GLY157,
MET?227; LEU181,;
LYS179; VAL164;
LEU156; ALA177;
GLY162

Note : Glu is glutamate; Met is methionine; Phe is phenylalanine; lle is leucine; Ala is alanine; Lys is lysine; His is histidine;
Leu is leucine; Asn is Asparagine; Val is valine; Gly is glycine; GIn is glutamine; and Try is tyrosine. Underline is mean

comparable amino acid residue interactions to the control ligand.

Further evaluation of the compounds’ orientation when

interacting with the active sites of AKT-1 and MDM?2
(Figures 1 and 2, respectively) is crucial for assessing their
potential as inhibitors. The analysis indicated that these
compounds from the S. mahagoni ethanolic extract bind to

the active sites of AKT-1 and MDM2 similarly to the
known inhibitors, suggesting that Quercitrin, (+)-ar-
Turmerone, and Hyperoside could be promising
candidates for inhibiting these proteins (Table 6).
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Figure 1. Interaction between AKT-1 and compounds
from S. mahagoni leaves ethanolic extract. a) docking of
AZD5363 as native ligand inhibitor; b) docking of
hyperoside; ¢) docking of quercitrin; d) docking of (+)-ar-
Turmerone. On the left, AKT-1 is presented in blue ribbon
structure with ligands presented as red. In the middle,
hydrophobicity surface map of the active site of AKT-1
with the ligands presented as red cylinders. At the right,
cylinder representation 2D interaction between AKT-1
and ligands

Figure 2. Interaction between MDM?2 and compounds from
S. mahagoni leaves ethanolic extract. a) docking of imidazole
as native ligand inhibitor; b) docking of hyperoside; c)
docking of quercitrin; d) docking of (+)-ar-Turmerone. On
the left, MDM2 is presented in blue ribbon structure with
ligands presented as red. In the middle, the hydrophobicity
surface map of the active site of MDM2 with the ligands
presented as red cylinders. At the right, cylinder
representation 2D interaction between MDM2 and ligands
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4. DISCUSSION

This study evaluated and predicted the active
compound that is contained in S. Mahagoni ethanolic
extract and their potency for inhibiting cancer cell growth.
Phytochemicals are natural bioactive compounds found in
plants, such as medicinal plants, which have work act as a
defense system against diseases. They exhibit extensive
potential as antioxidants, anticancer, anti-inflammatory,
and immunomodulator in the body system. In this study,
present that S. Mahagoni ethanolic extract has potency as
antioxidant that have been proven their capability to
inhibiting DPPH free radical. This study was supported by
another research that another part of S. Mahagoni plant,
such as seed and bark, also has been reported have potency
to inhibiting DPPH free radical [17,20].

Furthermore, In the study revealed a presence of
flavonoids and phenolic in the S. Mahagoni ethanolic
extract, as TFC 458.91 + 21.60 (mgQE/g w.b) and TPC
299.90 + 14.28 (mgGAE/g w.b), respectively. The result
of this study about TFC and TPC of S. Mahagoni leave
ethanolic extract was supported by another study about S.
Mahagoni. 24 compounds were characterized by the GC-
MS, and were grouped into phenolics, fatty acids and
hydrocarbons, and terpenoids [18] was found in Mahagoni
leave methanolic extract. Another part of S. Mahagoni
plant, such as seed and bark, also has been reported contain
the phytochemicals [21-24].

Flavonoids and phenolics are classes of compounds
commonly referred to as plant secondary metabolites.
They are characterized by an aromatic ring with at least
one hydroxyl group. Over 8,000 naturally occurring
phenolic compounds derived from plants have been
documented. Besides that, screening single compounds
needs to be conducted to know the specific compound that
is contained in this extract. Additionally, further screening
showed that this extract contains several plant secondary
metabolites, including Quercitrin, (+)-ar-Turmerone, and
Hyperoside. These compounds have been reported to have
several pharmaceutical function, such as antiinlamatory
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for quercitrin [25], anticancer for (+)-ar-Turmerone [26],
and anti-cancer, brain-protective, neuroprotective,
cardioprotective and renal-protective activities for
hyperoside [27].

Chemicals intended for use as oral drugs must possess
specific characteristics that align with the criteria for drug-
likeness. There are two primary types of analyses used to
evaluate drug-likeness: Lipinski’s Rule and ADME
prediction. Lipinski’s Rule identifies key physicochemical
properties common to drug-like compounds, while ADME
prediction Absorption, Distribution,
Metabolism, and Excretion, as well as Toxicity (ADME).
This analysis provides insights into oral bioavailability,
cellular permeability, metabolism, elimination, and
toxicity, which are crucial for understanding a drug
molecule's pharmacokinetics and pharmacodynamics.
Bioactive compounds isolated from plants can be
considered lead compounds if they exhibit a favorable
ADME profile. Even if these compounds do not always
meet standardized ADME criteria, modifications or
substitutions with similar compounds or herbs may still
achieve the desired therapeutic effects in herbal medicine.

In the absorption parameter, two critical factors are
water solubility and intestinal absorption. Water solubility
is essential for drug bioavailability. The ESOL model is
commonly used to categorize solubility based on a
logarithmic scale (Insoluble <-10, Poorly soluble <-6,
Moderately soluble <-4, Soluble <-2, Very soluble <0)
[15]. In this study, the water solubility of the three
compounds falls within the Moderately soluble to Soluble
range. (+)-ar-Turmerone shows a high intestinal
absorption value of 94.489%, indicating excellent
absorption, whereas Hyperoside and Quercitrin have lower
intestinal absorption values of 47.999% and 52.709%,
respectively. Optimal intestinal absorption is typically
above 80% [28].

The prediction of a drug's or lead compound's
distribution within the body is assessed by its volume of
distribution, which typically ranges from 0.5 to 3 L/kg.

evaluates
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Quercitrin, (+)-ar-Turmerone, and Hyperoside exhibit
relatively favorable drug delivery characteristics in the
bloodstream. The metabolism of a drug involves evaluating
whether it can inhibit CYP (Cytochrome P450) enzymes,
which are crucial for the digestive system and Phase 1
metabolic processes. Quercitrin, (+)-ar-Turmerone, and
Hyperoside do not inhibit these CYP enzymes. The final
pharmacokinetic parameter to consider is the excretory
system. Faster excretion rates lead to higher total clearance
values, which generally benefit the body.

Drug-likeness analysis often follows Lipinski’s Rule,
which provides criteria for evaluating chemical and
physical properties necessary for a compound to be
considered a viable drug. Lipinski’s Rule includes: Log P
less than 5, fewer than 10 hydrogen bond acceptors, fewer
than 10 hydrogen bond donors, and a molecular mass
under 500 Dalton [29]. Compounds from S. mahagoni
ethanolic extract typically have up to two violations of this
rule. According to Lipinski’s Rule, a compound is suitable
for oral administration if it has no more than one violation.
Compounds with two or more violations usually exhibit
poor solubility and permeability [30].

This study also aimed to predict the potential of
compounds from S. mahagoni leaves ethanolic extract in
inhibiting cancer cell growth through molecular docking.
The binding affinity of Quercitrin, (+)-ar-Turmerone, and
Hyperoside with MDM2 and AKT-1 was evaluated. Both
MDM2 and AKT-1 are targets in cancer therapy. MDM2
is involved in the degradation of p53, a pro-apoptotic
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