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Antioxidant, photoprotective, and cytotoxic activities of Tristaniopsis merguensis
leaf fractions with molecular docking study of potential fraction

Abstract

Through experimental along with molecular docking techniques of potential fraction, this study intended
to evaluate the essential phytochemical elements of Tristaniopsis merguensis leaflets as well as potential
antioxidant, photoprotective, along with cytotoxic activities. The DPPH and ABTS tests were used to
evaluate the antioxidant efficacy of the n-hexane (HPF), ethyl acetate (EPF), and methanol (MPF)
fractions. Using an in-vitro solar protection factor (SPF) assessment, the photoprotective ability of T.
merguensis components against UV damage was examined. Subsequently, invitro cytotoxic research
were carried out against MCF-7 cell line (breast cancer line) assay. This was followed by molecular
docking stimulation testing against HER-2 protein through in-silico of potential cytotoxic fraction and
phytochemical analysis of potential fraction using LC-HRMS instrument. Based on the results, MPF was
categorized as having a very strong antioxidant activity with an IC50 value of 3.31 + 0.06 ug/mL, whereas
EPF showed a significant cytotoxic impact targeting MCF-7 malignant cells at an IC50 value of 25.85 ug/
mL.Photoprotective abilities of EPF and MPF showed significant value in the development of new
formulation sources. The existence of several secondary metabolites was also demonstrated by the LC-
HRMS analytical findings. Asiatic acid (7) showed stable protein-ligand complex interaction with HER-2
protein at binding energy -9.1 kcal/mol. The binding energies of asiatic acid were -5.87 kcal/mol as well
as -9.1 kcal/mol, respectively, lower than those of the natural ligand (3rcd).
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Abstract

This paper evaluated the essential phytochemical components of Tristaniopsis merguensis leaves and their antioxidant,
photoprotective, and cytotoxic activities through experimental and molecular docking techniques. The antioxidant ef-
ficacy of n-hexane (HPF), ethyl acetate (EPF), and methanol (MPF) fractions was assessed using DPPH and ABTS tests.
The photoprotective ability of T. merguensis components against UV damage was examined using an in vitro solar
protection factor (SPF) assessment. In vitro cytotoxic studies were conducted on the MCF-7 breast cancer cell line, fol-
lowed by molecular docking simulations against the HER-2 protein with TAK-285 as the native ligand. Meanwhile,
phytochemical analysis was performed using LC-HRMS. The results showed that MPF exhibited very strong antioxidant
activity with an ICs, value of 3.31 + 0.06 pg/mL in DPPH and 13.745 + 0.14 pg/mL in ABTS, while EPF demonstrated
significant cytotoxic effects on MCF-7 cells with an ICs, value of 25.85 pg/mL. Both EPF and MPF displayed significant
photoprotective properties, highlighting their potential in new formulation development. LC-HRMS analysis revealed
the presence of several secondary metabolites. Asiatic acid (7) formed a stable protein-ligand complex with HER-2
protein, showing a binding energy of —9.1 kcal/mol, compared to the binding energy of the native ligand (TAK-285) at
—5.87 kcal/mol.

Keywords: Triptaniopsis merguensis, Antioxidant, Photoprotective, Cytotoxic

1. Introduction activity, including antimicrobial, antidiabetic, anti-
oxidant, anti-inflammatory, wound healing, and
antidiarrhea activity [4]. As a result, T. merguensis
has been employed as an antipyretic, diuretic, and
cough suppressant as conventional medicine [5].
Although the leaves of T. merguensis is widely used
in Bangka Belitung Island both as traditional medi-
cine and tea, little scientific study has been pub-
lished on its biological activity, including tests for
antioxidant, photoprotective, along with citotoxity
actions against MCF-7 cell lines. Roanisca et al.
(2019) reported that the acetone extract of T. mer-
guensis leaf contained a total phenolic content of
215.22 mg GAE/g and exhibited an antioxidant ca-
pacity with an ICsy value of 22.15 pg/mL [2].

Tristaniopsis merguensis, belonging to Muyrtaceae
family, is naturally grown in the rainforest of
Namang city, Bangka Island, Indonesia, where it is
locally known as pelawan. The Myrtaceae family
consists of 155 genera and 4000 species [1,2]. This
plant species contains numerous bioactive com-
pounds such as phenolics, flavonoids, triterpenoids,
steroids, glycosides, saponins, and tannins [3]. T.
merguensis leaves have economic importance mainly
between local producers. Also, this leaf has been
recognized for its high nutritional value and rich
sources of bioactive compounds. These bioactive
compounds contribute to T. merguensis biological
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Although previous investigations reported that the
secondary compounds possess antibacterial and
antioxidant activity, the medicinal properties have
not been explored. Therefore, this research was
conducted wusing in vitro antioxidant, photo-
protective, and cytotoxic as well as in silico methods
to assess the cytotoxity activity of T. merguensis leaves
fractions against HER-2 breast cancer protein.

2. Materials and methods
2.1. Materials

In Namang City, Bangka Belitung, Indonesia,
twelve kilograms of T. merguensis leaves were gath-
ered. The chemicals utilized were DPPH (Sigma
Aldrich), n-hexane, ethyl acetate, and methanol, as
well as 2,2'-azino-bis (3-ethylbenzothiazoline-6-sul-
fonic acid). Additionally, the materials used
included, Trolox, 1.5 mL microtube (Merck Gene
follower MCTB015), 15 mL tube (Merck Biologix
109151), 75 ml T-flask (Merck NEST 708001), 96 well
plate (Merck NEST 701001), and Dimethyl sulfoxide
(DMSO) (Merck D1435). The Chemicals utilized
were phosphate buffered saline (PBS), antibiotic
(Sigma Aldrich P4333), and cisplatin (EDQM
C2210000). Trypan Blue (Sigma Aldrich T-8154), FBS
(Gibco 10270-106), Trypsin-EDTA (Gibco 25200-056),
and RPMI (Gibco 11875-093) were additional mate-
rials needed.

The devices used included an Ultra High-Per-
formance Li connected to an untargeted superior
performance Mass Spectroscopic (Thermo Scienti-
fic Dionex Ultimate 3000) RSLC Nanotechnology
UHPLC. This device was then connected to the a
Thermo Fisher Scientific Q Extraction (Thermo
Fisher Scientific, Massachusetts, USA), microscope
(EVOS XL Core, Thermo Scientific), centrifuge
(microCL17), CO, incubator (series 8000DH), and
multiple modes of reader (Tecan Infinite M200
PRO).

2.2. Determination and fractionation of plant

T. merguensis leaves were identified and deposited
in the Laboratory of Plant Systematics at Gadjah
Mada University, Special Region of Yogyakarta,
Indonesia with a voucher specimen (No. 0262/S. Tb/
11/2023). The leaves were collected and dried at
25 °C. 4.3 dry powdered samples were then frac-
tionated using n-hexane, ethyl acetate, and meth-
anol. After that, these fractions were filtered using
15—20 um pore size filter paper, followed by evap-
oration under reduced pressure.

2.3. Qualitative test for T. merguensis fractions

The colorimetric approach was employed in a
qualitative test to identify metabolites that were
secondary in the MPF, EPF, and HPF samples.
Subsequently, several experiments were conducted
using phytochemical testing methods to identify
alkaloids, phenols, tannins, flavonoids, steroids, and
terpenoids [6].

2.4. Total phenolic content (TPC)

Five milliliters of 7.5% Folin-Ciocalteu were added
to one milliliter of each extract and fraction solution,
totaling 250 pg/mL. The solution was allowed to
stand for a period of 8 min before four milliliters of
1% NaOH was added. The mixture was then incu-
bated for a further hour. Basic solutions containing
60, 50, 40, 30, and 20 pg/mL of gallic acid were
prepared. The coefficient of absorption at the
wavelength of 743 nm was measured using spec-
trophotometry [7,8].

2.5. Total flavonoid content (TFC)

2.8 mL of water, 0.1 mL of 1% AlCl3;, 0.1 mL of 1M
Na acetate, 1.5 mL of ethanol, and a total of 250 pg/
mL of extract and fraction were added to each
0.5 mL of extract and fraction. Standard solutions
were prepared using 80, 70, 60, 50, and 40 pg/mL of
quercetin. After shaking and digesting the solutions
for a period of 30 min at the ambient temperature,
the absorbance of the solution was checked at
426 nm [9].

2.6. DPPH radical scavenging assay

DPPH radical's scavenging potential of T. mer-
guensis leaf fractions was evaluated using Quang
et al.'s methodology with slight modifications [10].
The reaction mixture consisted of 600 pL of meth-
anol DPPH solution (1000 pg/mL) and 2400 pL of T.
merguensis fractions at varying concentrations. The
absorbance ability of each treatment was measured
at 515 nm following a 30-min incubation period at
room temperature. Ascorbic acid (vitamin C) and
Trolox were used as the positive control, while the
graph's ICsy was visually obtained by charting the
fraction quantity against the inhibitory percentage.
The ICsy value was determined by plotting the
proportion of DPPH free radicals that were scav-
enged against the concentration of test sample
concentration. The half-maximum inhibitory con-
centration, or ICsg, has been employed to quantify a



408 B. Situmeang et al. / Karbala International Journal of Modern Science 10 (2024) 406—417

sample's capacity to block a procedure; low ICsg
denotes significant antioxidant activity [11].

2.7. ABTS radical scavenging activity

The ABTS radical cation (ABTS®") bleaching test
was used to measure the fractions' capacity to scav-
enge free radicals [12]. A spectrophotometer was
utilized to measure the concentration of ABTS*"
after the freshly made solution had been mixed with
water that was deionized. Subsequently, the samples
were prepared in methanol at various concentrations
ranging from 20 pg/mL to 100 pg/mL). Trolox and
ascorbic acid in 2, 4, 6, 8, and 10 pg/mL dosage were
used as the standards [(A control — A sample)/A
control] x 100 was the formula used to determine
the ABTS inhibition percentage. The A control rep-
resented the absorbance of the control reaction
(which contained all components except the test
sample), while the A sample represented the
absorbance of test sample. The amount of the spec-
imen dosage needed for ABTSe+ to neutralize 50%
of the free radical is shown by the ICsq values [13].

2.8. Photoprotective activity

Using in-vitro SPF testing, the photoprotective
potential of T. merguensis ingredients upon UV
damage was examined. Sample absorbance values
were measured using a UV spectrophotometer
(Thermo Scientific) with a 290—320 nm wavelength
spectrum [14]. The sample had been diluted to 2 mg
per milliliter in 100% methanol. The SPF was
calculated using the following equation.

290
SPF=CF x ) EE (A)xI x Abs(})
320

The sun intensity spectrum is denoted by I(}),
while the erythemal effect spectrum is represented
by EE(M\). Abs (A) stands for absorption, and CF
(CF = 10) is the correction factor. Furthermore, the
values of EE (1) x I (A) remain constant [15].

2.9. Cytotoxic activity determination

The PrestoBlue® assay was utilized to assess the
cytotoxicity of HPF, EPF, along with MPF using a cell
viability test [16]. Initially, the cells were cultured in a
medium obtained from RPMI and enhanced with
10% (v/v) FBS and 1 pL/1 mL antibiotics (1% Peni-
cillin-Streptomycin). On 96 multi-well culture plates,
MCF-7 cells were placed at a dosage of
1.7 x 104 cells/well. It was subsequently maintained
at 37 °C in a moist condition with five percent carbon

dioxide. Following a 24-h period, fresh samples with
varying doses of 7.81, 15.63, 31.25, 62.50, 125.00,
250.00, 500.00, and 1000.00 pg/mL were added to the
medium, and then control was added. The sample
was then added to the PrestoBlue® solution (resa-
zurin dye) and processed for 48 h. At 570 nm, the
results of the PrestoBlue® test were extracted
employing a multimode reader, and the ICsy con-
centrations were ascertained using the GraphPad
Prism program and the linear regression approach.
The absorbance in control represents 100% viability,
and the ICs, value relates to the quantity of fractions
that reduces cell survival by 50% [17].

2.10. Targeted liquid chromatography-high
resolution mass spectrometry (LC-HRMS)

Targeted high-performance MS and Thermo Sci-
entific Dionex Ultimate 3000 RSLCnano UHPLC
System, in conjunction with the Scientific Q Extrac-
tive (Thermo Fisher Scientific, Massachusetts, USA)
ultra-high-performance LC were utilized to examine
the EPF and MPF samples. HRMS was conducted
using Acclaim™ Vanquish C18 Dim (mm) 150 x 2.1,
with 40 pL/min flow velocity, 5 pL injection size, and
a solvent slope over a 25-min observation period.
Mobile stage A and B consisted of 0.1 percent formic
acid in water and formic acid in methanol, respec-
tively. The gradient was coded as follows: 60% of
mobile stage B was achieved in 15 min, 95% in
22 min, 95% in 25 min, 5% in 25.1 min, and 5% in
30 min. Then, test were conducted utilizing heated
electrospray and positive ionization with parallel
reaction monitoring at a resolution of 35,000 FWHM,
and the data analysis was performed using Thermo
Scientific software [18,19].

2.11. Molecular docking method

The molecular docking protocol in this study was
conducted according to the procedure previously
reported, with some minor modifications. The HER-
2 receptor from Homo sapiens was prepared using
Chimera. Initially, non-standard residues such as
water molecules and native ligands were removed
from the PDB (3RCD) file. Hydrogen atoms were
then added to the protein to make it suitable for
docking [20]. The 3D structures of secondary me-
tabolites (1—10) were drawn using GaussView 5.0
and were optimized using the AM1 method in
Gaussian-09 Revision D.01. The optimized data
were saved in PDB format. Redocking was per-
formed using AutoDock4 with a grid box of
50 x 50 x 50 A and 100 runs of the Lamarckian
Genetic Algorithm (LGA). The method was deemed
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acceptable for further docking analysis if the RMSD
value was less than 2 A. The 2D structures of the
secondary metabolites (1—10) are shown in Fig. 5.
The same parameters as the redocking analysis (grid
map size and LGA) were used. All compounds were
docked into the receptor binding sites [20,21].

2.12. Statistical analysis

The one-way ANOVA test was used in statistical
evaluation, and data representation was performed
using the GraphPad Prism 10.1.2 software.

3. Results

3.1. Phytochemical screening

The phytochemical evaluation of HPF, EPF, and
MPF of T. merguensis leaf is displayed in Table 1.
Based on the results, HPF was found to contain al-
kaloids, flavonoids, triterpenoids, and steroids. EPF
contained alkaloids, flavonoids, triterpenoids, ste-
roids, and phenolic/tannins, while MPF had alka-
loids, flavonoids, triterpenoids, and phenolic/
tannins. These findings, which demonstrated the
presence of secondary metabolites in leaves, were in
conformity with other studies.

3.2. Total phenolic content, total flavonoid content,
and antioxidant activity assay

MPF of T. merguensis leaves revealed the highest
flavonoid content compared to HPF and EPF,

Table 1. Phytochemical screening of HPF, EPF, and MPF of T.
merguensis.

Bioactive Reagent HPF EPF MPF

compounds

Alkaloids Dragendrof, wagner, —+ + —+
meyer

Flavonoids AlCI3 5 % + + +

Triterpenoids Liebermann-Burchard + + +

Steroids Liebermann-Burchard + + -

Phenolic/tannins  FeCl3 5 % — + +

+ = present, — = absent.

Table 2. TPC, TFC, and antioxidant activity assay of HPF, EPF, and MPF.

suggesting the need for further investigation. Table
2 displays the results of TPC and TFC study for HPF,
EPF, and MPF. Employing DPPH techniques, the
effectiveness of antioxidants was measured in vitro
then contrasted with ascorbic acid, the appropriate
reference. The results showed that the MPF value of
T. merguensis leaf had the greatest concentration of
detoxifying free radicals when compared to HPF,
EPF, and ascorbic acid. Additionally, Figs. 1 and 2
display the percentages of DPPH and ABTS free
radical scavenging, respectively.

3.3. Photoprotective activity

UV spectrophotometry was utilized in this study
to evaluate the SPF value of T. merguensis fractions in
relation to two commercial sunscreens and estab-
lished standards. Table 3 displays the computed
SPF at a dosage of 2 mg/mL. Both MPF and EPF
had values of 74.19 and 55.78, respectively, indi-
cating their potential as natural sources of UV
protection.

100 5

Trolox
80 4 1] Ascorbic acid

60 -

40 -

DPPH scavenging (%)

20 -

=T
6

Concentration (pg/mL)

=T
8

Fig. 1. The radical scavenging activity of DPPH in ascorbic acid, HPF,
EPF, MPF, and Trolox. The data is presented as the mean (n = 3) plus
the standard deviation. The threshold for statistical significance was
*p < 0.05.

Sample TPC (mgGAE/g ext) TFC (mgQAE/g ext) DPPH (ICsp (ng/mL) ABTS (ICso pg/mL)
HPF 13.67 + 1.7 3822 +15 91.092 + 0.44° 79.737 + 0.03

EPF 128.67 + 4.7 247.11 + 4.2 43.386 + 2.09° 54.741 + 0.08

MPF 420.33 + 2.4 278.22 + 1.6 3.313 + 0.06" 13.745 + 0.14
Ascorbic acid - - 5.817 + 0.05° 7.71 + 0.04°

Trolox - - 9.590 + 0.05" 4.950 + 0.05

Note: Concentration sample (MPF and Ascorbic acid) 2, 4, 6, 8,10 ng/mL; (EPF) 25, 50, 75, 100, 125 pg/mL; (HPF) 50, 100, 150, 200, 250 pg/

mL for evaluation of DPPH radical scavenging activity [22].
? Moderate antioxidant activity.
P Active antioxidant activity.
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100

80 [ Ascorbic acid

=
=]
1

ABTS scavenging (%)
5
1

20 o

Concentration (pg/mL)

Fig. 2. Ascorbic acid, HPF, EPF, MPE, and Trolox all exhibit 2,2'-azino-
bis (ABTS) radical scavenging action. The data are displayed as the
mean + standard deviation (n = 3), with *p < 0.05 indicating statistical

significance.

Table 3. SPF values of T. merguensis fractions.

A (nm) HPF EPF MPF
290 3.88 + 0.04 7.72 + 0.04 9.28 + 0.03
295 4.60 + 0.05 8.25 + 0.05 11.53 + 0.17
300 8.07 + 0.05 9.77 + 0.05 21.01 + 0.04
305 6.80 + 0.04 11.54 + 0.05 10.43 + 0.03
310 4.57 + 0.05 7.63 + 0.05 9.02 + 0.04
315 2.86 + 0.04 6.18 + 0.05 8.17 + 0.03
320 1.62 + 0.05 4.69 + 0.09 4.75 + 0.04
Total 32.40 55.78 74.19

Standards SPF for commercial products

50.10 + 0.53

44.22 + 0.34

SPF: sun protection factor; HPF: n-hexane fraction; EPF: ethyl
acetate fraction; MPF: methanol fraction.

3.4. Cytotoxicity assay MCF-7 cell lines

The MCF-7, a breast cancer cell type, was used to
assess the cytotoxic effects of HPF, EPF, and MPF,
with cisplatin acting as the control agent. Based on the
results on percentage cell viability shown in Fig. 3,
EPF exhibits the highest amount of cytotoxic effect
towards cells, with an ICs, value of 25.85 pg/mL.

The morphology cell lines of MCF-7 after incu-
bation are presented in Fig. 4a—c.

3.5. Compounds of EFP and MFP of Triptaniopsis
merguensis leaves based on LC-HRMS/MS data

As can be seen in Table 4, LC-HRMS findings for
EPF revealed 10 major chemicals: (1) (2R)-5-hydroxy-
7-methoxy-2-phenyl-3,4-dihydro-2H-1-(benzopyran-
4-one, (2) 5,6-dimethoxy-2-(2-methoxyphenyl)-4H-

120 - HPF
EPF
= - MPF
100 - .
ES
80 ]
£
=
E 60
f T
3
40
=
20
I el
oL .

T T T T
15,63 3125 625 125 250 500
Concentration (ng/mL)

0 7,81

Fig. 3. The influence of MPF, HPF, and EPF on the longevity of MCF-
7 cells. The viability was evaluated using the MTT assay after a one-day
treatment period. The data were shown as mean + SD and the signif-
icance threshold was chosen at *p < 0.05.

chromen4-one, (3) 5-hydroxy-6,7-dimethoxy-2-phenyl-
4H-chromen-4-one, (4) Myricetin, (5) 7-Methoxy-
5,3,4" trihydroxyflavanone, (6) oleanolic acid, (7)
asiatic acid, (8) betulin, (9) ursolic acid, and (10)
siaresinol.

3.6. Molecular docking analysis

A total of ten active compounds were extracted
from EPF. The compounds were created by
employing the DFT approach with the B3LYP
hybrid function as well as 6-31G (d,p) basis set in
order to maximize their structure and acquire the
most constant energy with Gaussian 09W. The
improved structures were then verified using
AutoDockTools. Table 5 displays the degree of
connection between active substances and putative
target proteins for breast cancer. Target proteins
used in cancer treatments were utilized for in silico
assessment of the active chemicals. Furthermore, as
Fig. 5 illustrates, the protein code employed in this
study was TAK-285 (Her-2) (see Fig. 6).

4. Discussion

HPF included alkaloids, flavonoids, triterpenoid,
as well as steroid compounds, according to phyto-
chemical screening. The results also showed that
EPF contained alkaloids, flavonoids, triterpenoids,
steroids, and phenolic/tannin. Meanwhile, MPF
comprised alkaloids, flavonoids, triterpenoids, and
phenolic/tannins. As presented in Table 2, TPC and
TFC results demonstrated the biological activity of
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62.50 pg/mL 125 pg/mL ' 250 pg/mL 500 pg/mL 1000 pg/mL

RS e LB ) 3 O D s 3 O D05 -t ‘ o g
62.50 pg/mL 125 pg/mL 250 pg/mL 500 pg/mL 1000 pg/mL

Fig. 4. a. The morphology of MCEF-7 cell line of ethyl acetate fraction (EPF) with a scale bar indicating 20 times magnification. b. The morphology of
MCEF-7 cell line of methanol fraction (MPF) with a scale bar indicating 20 times magnification. c. The morphology of MCF-7 cell line of n-hexane
fraction (HPF) with a scale bar indicating 20 times magnification.

Table 4. Main constituents detected from EPF of T. merguensis using targeted LC-HRMS.

Compounds Name Formula Calculated Observed RT Absolute
Mass Mass (m/z) (min) Error (ppm)
1 (2R)-5-hydroxy-7-methoxy-2- Ci6H140, 270.08873 271.09583 11.226 2.7028

phenyl-3,4-dihydro-2H-1-
benzopyran-4-one

2 5,6-dimethoxy-2-(2- methoxyphenyl)- C1sH;1605 312.09985 313.10617 12.782 4.8382
4H-chromen4-one

3 5-hydroxy-6,7-dimethoxy-2- phenyl- C17H1405 298.08419 299.09070 11.143 4.4283
4H-chromen-4-one

4 Myricetin C15H1003g 318.03757 319.04419 5.677 3.8046

5 7-Methoxy-5,3',4' trihydroxyflavanone C16H1406 302.07904 303.08612 8.221 2.4828

6 Oleanolic acid C30Hy503 456.36059 457.36691 14.597 3.3088

7 Asiatic acid CaoH,e05 488.35019 487.34244 11.498 ~1.6393

8 Betulin C30H500, 44238107 443.38779 15.097 2.5092

9 Ursolic acid C30Hy505 456.36035 457.36710 11.739 2.3666

10 Siaresinol C30H4g04 472.35526 473.36258 13.665 1.1644
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Table 5. Connection affinity between EPF's active ingredients and putative target proteins for breast cancer.

Compounds Binding Energy RMSD H-Bonding other interaction
(kcal/mol)
TAK-285 —5.87 1.19 Met801, Asp863 Leu796, Leu852, Phe864, Thr862
(2R)-5-hydroxy-7-methoxy-2- —6.71 0.98 Met801 Thr798, GIn799, Leau800, Gly804,
phenyl-3,4-dihydro-2H-1- Cys805, Asp863, Thr862
benzopyran-4-one
5,6-dimethoxy-2-(2- methoxyphenyl)- —7.26 0.45 Lys753, Thr 798, Ser783  Ala751, 1le752, Thr862, Val797,
4H-chromen4-one Arg784, Met774, Phe864, Asp863,
Leu852
5-hydroxy-6,7-dimethoxy-2- phenyl- —8.56 0.18 Ser783, Thr862 Leu785, Gly727, Asp863
4H-chromen-4-one
Myricetin —6.64 0.22 Asp863, Lys753 Gly804, Phe1004, Met801, Thr862,
Leu796, Thr798, Leu785, Val797, 11e752
7-Methoxy-5,3',4' trihydroxyflavanone —7.86 0.4 Ser783, Thr862 Gly727, Leu726, Thr798, Asp863
Oleanolic acid —7.74 0.37 Glu770, G1y865, Lys753, Ile767, Phe731, Arg784, Met774,
Asp863, Thr862, Thr798, Phe864
Ser783
Asiatic acid -9.1 0.43 Ala751, Leu796, Leu785  Ser783, Thr798, 11e752, Val797, Thr862,
Asp863, Asn850, Val851, Arg849
Betulin —8.73 0.21 Thr862, Ser783 Leu785, Thr798, Asp863
Ursolic acid -8.07 0.54 Asp863, Lys753 Asp808, Thr862, Met801, Gly727
Siaresinol -73 0.64 Met801, Asp863, Lys753  Thr862

total phenolic as free radical scavengers and anti-
oxidants. The study found that the redox properties
of T. merguensis leaves, which acted as singlet oxy-
gen quenchers, reducing compounds, and dona-
tions of hydrogen, were the main source of the
leaves' antioxidant activity. The greatest phenolic
concentration was found in T. merguensis leaves,
with MPF measuring 420.33 + 2.4 mg/GAE.g ', EPF
came in second with 128.67 + 4.7 mg GAE.g ', and
HPF came in third with 13.67 + 1.7 mg GAE.g ™ ".

Flavonoid is among the largest natural phenolic
compounds, commonly found in the extract and
fractions of all plants. Table 2 exhibits that MPF had
the highest flavonoid content of 27822 + 1.6
mgQE.g ', followed by EPF at 24711 + 4.2
mgQE.g ', and HPF at 38.22 + 1.5 mgQE.g .

The DPPH free radicals has been employed to test
antioxidant activity [23]. It measures the change in
violet color caused by electron transfer. At room
temperature, it is a stable free radical that creates a
diamagnetic molecule by accepting electrons or
other free radicals, with the highest absorbance of
517 nm due to the existence of an odd electron. As
antioxidant molecules quench DPPH free radicals
and lower absorbance, the freshly generated DPPH
solution transform from deep blue to colorless.
Table 2 demonstrates the potent antioxidant
activity of MPF and EPF, with ICsy levels of
3.313 + 0.059 ppm and 43.386 + 2.090 ppm, respec-
tively. Tajammal et al. [20] classified an antioxidant
as extremely potent if its IC5y value was less than
50 ppm. The ICs, value of ascorbic acid used as a
positive control in this study was observed at

5.817 + 0.045 ppm, indicating very significant anti-
oxidant activity. Furthermore, with a score of
91.092 + 0.435 ppm, HPF was classified as having
significant antioxidant actions.

MPF had the strongest antioxidant activity, ac-
cording to the ABTS assay, with an ICsq of 5.498 ng/
mL. EPF and HPF came in second and third, respec-
tively, at 54.737 and 79.371 pg/mL. The Trolox as
positive control had antioxidant activity of 4.950 ug/
mlL, indicating a very strong category, while HPF and
EPF exhibited strong radical scavenging capacity. In
comparison, Trolox had higher antioxidant activity
than MPF and EPF, while HPF showed significantly
different results in DPPH and ABTS. A favorable as-
sociation was seen in the investigation of the corre-
lation between the radical scavenging activity toward
TPC and TFC, and the elevated concentrations of total
phenolic in MPF were shown to play a major role as
antioxidants [24,25]. Furthermore, other phenolic
compounds such as tannin, alkaloid, and terpenoid
contributed as antioxidant [26].

The SPF was evaluated in this study utilizing the
methodology proposed by Mansur. Only protection
against erythemally efficacious solar UV, which was
mostly constrained to UVB (290—320 nm) wave-
lengths, was indicated by SPF [27]. A UV spectro-
photometer was employed for the analysis, and
Table 3 exhibits the SPF values. To effectively pre-
vent skin damage, sunscreen should absorb a broad
spectrum, ranging from 290 to 320 nm. Phenolic and
flavonoid compounds have the ability to generally
suppress UV-induced lipid peroxidation and the
oxygen-free radicals production associated with
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pathological illnesses, hence preserving DNA from
damage [28]. Based on the results, a positive corre-
lation was observed between SPF as well as
phenolic and flavonoid content of T. merguensis

fractions. With SPF values of 55.78 + 0.05 or
74.19 + 0.04, respectively, EPF and MPF demon-
strated a noteworthy capacity for photo-screening;
these values are deemed high when compared to
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Fig. 6. The superimposed structure of TAK-285 as the native ligand before (gold) and after (black) re-docking process; (b) The visualization of
chemical interactions between TAK-285 with the active site of HER-2 enzyme.

the SPF values of commercial sunscreens (refer to
Table 3). These fractions also revealed significant
antioxidant activity with TPC, TFC, and SPF value,
indicating superior effectiveness compared to other
commercial sunscreen products [29].

The process of photolysis involves the creation of
singlet oxygen, which can cause permanent changes
in skin proteins, resulting in tissue photo-
degradation alongside other negative consequences
[30]. This finding makes sense given that EPF con-
tains a large number of phenolic and flavonoid
compounds which are known to act as photo-
protective agents against UV radiation [31]. As a
result, EPF and MPF of T. merguensis can be used in
sunscreen compositions. These findings are in line
with those of previous studies on crude extracts with
antioxidant capacity produced from the Myrtaceae
family. According to another study, plants' chemical
composition, particularly their flavonoid and
phenolic content, affects their ability to absorb UV
light [32]. Thus, T. merguensis's antioxidant and
photoprotective properties have significance for the
creation of novel photoprotective formulations.

Using cisplatin as a favorable control, the cytotoxic
activity of HPF, EPF, along with MPF towards the
MCF-7breast cancer cell line was assessed. With an
ICs5¢ value of 25.85 pg.mL-1, the analysis results
presented in Fig. 1 demonstrates that EPF had the
best cytotoxic activity and was placed in the strong
category [33]. The EPF value indicates that the
addition of triterpenoid and flavonoid components
enhanced cytotoxic action based on the LC-HRMS
data. Additionally, as demonstrated in Fig. 2, MPF
and HPF with ICsy values of 251.19 and 154.90 pg.
mL~", respectively, had mediocre effectiveness
against MCF-7 cell lines. The correlation analysis of
radical scavenging activity against cytotoxic activity
showed a weak positive correlation.

LC-HRMS findings for EPF (Table 4) revealed ten
chemicals. Based on the polarity of ethyl acetate, the

semi-polar compounds such as flavonoid, phenolic,
and triterpenes can be solved [34]. According to in
silico research, asiatic acid and ursolic acid com-
pounds showed significant potential to improve
cytotoxic activity.

The molecular docking analysis of EPF com-
pounds was shown in Table 5, while the interaction
of hydrogen bond was presented in Fig. 5. Utilizing
the 6-31G (d, p) foundation set and the DFT method,
all molecules were synthesized having B3LYP
composite functionality, adjusting their structure to
reach the best stable energy using Gaussian 09W.
These structures were then verified with Auto-
DockTools. The three compounds from triterpenoid
classes, namely asiatic acid (7), betulin (8), and
ursolic acid (9) showed good binding energy with
-9.1, —8,73, and —8,07 kcal/mol respectively for
breast cancer protein target HER-2. According to
Pantia et al. [35], asiatic acid has the potential to
impede NPC cell viability and motility, and may
cause cell death by elevating the production of
cleaved caspase-3. In NPC cells, aspartic acid
decreased the production of claudin-1 and pre-
vented the phosphorylation of STAT3. Meanwhile,
there was a small reduction in cell viability due to
STATS3 or claudin-1 knockdown, suggesting that the
anti-proliferative impact did not significantly
improve. The results also indicate that asiatic acid
might be a viable candidate for NPC-targeting
medications since it inhibits the proliferation,
migration, and death of human colon cancer cells by
regulating Pdcd4 via the PI3K/Akt/mTOR/p70S6K
communication pathway. Compared to native li-
gands (3rcd), asiatic acid has lower binding energy,
with —5.87 and —9.1 kcal/mol, respectively.

5. Conclusion

In conclusion, this research demonstrates that the
MPF and EPF fractions from T. merguensis leaves
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exhibit strong antioxidant and cytotoxic activities
against MCF-7 cell lines. MPF showed optimal
antioxidant activity, particularly in DPPH scav-
enging and reducing power, surpassing HPF and
EPF. The ICsy values of MPF and EPF were
3.313 + 0.059 pg/mL and 43.386 + 2.090 pg/mlL,
respectively, in DPPH assays, indicating very strong
antioxidant potential. In ABTS assays, MPF and EPF
showed ICsy values of 13.745 + 0.14 pug/mL and
54.741 + 0.08 pg/mL, respectively, further high-

lighting their robust antioxidant properties. MPF
exhibited higher activity than the standard ascorbic
acid. Furthermore, EPF and MPF demonstrated
significant photoprotective capabilities, suggesting
their potential for new formulation development.
EPF exhibited superior cytotoxic activity compared
to HPF and MPF. Additionally, in silico studies
revealed that asiatic acid had the lowest binding
energy of —9.1 kcal/mol against the HER-2 protein,
underscoring its potential therapeutic relevance.
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