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ABSTRACT: Olinia rochetiana is one of the medicinal plants traditionally In Vitro Antibacterial and DPPH Radical Inhibitory Activities and In Silico
of Compi lated from the Leaves of Olinia

used in Ethiopia to treat various ailments, including wounds, snake bites,
tuberculosis, and cancer. However, there is a lack of comprehensive
investigation regarding the biological activities of the phytoconstituents

rochetiana

Olinia mchenana Ieaves DCM:MeOH (1 1) extract

extracted from its leaves. This study aims to isolate compounds and evaluate |

their in vitro antibacterial properties and DPPH radical scavenging activities, Am‘bacte"al iy l! —
complemented by in silico molecular modeling. Thirteen compounds were RRgrscavenongasssll

identified using GC—MS from combined fractions 4—17. Ursolic acid (14), S- @( . °°"'°°"'7'°s‘

hydroxy-4-methyl-S,6-dihydro-(2H)-pyran-2-one (15), hyperoside (16), and
4-O-f-p-glucopyranosylcaffeic acid (17) were purified using chromatographic
techniques and characterized using 1D and 2D NMR spectral data and a
thorough comparison with literature data. At S mg/mlL, the inhibition zones
(1Zs) of isolated compounds ranged from 9.00 to 12.67 mm against all of the
evaluated bacteria. Among all isolated compounds, compound 14 exhibited more inhibition against Streptococcus pyogenes with an
inhibition zone of 12.67 mm, and compound 17 also exhibited potent inhibition activity against Staphylococcus aureus with an
inhibition zone of 11.00 mm. Escherichia coli and Pseudomonas aeruginosa were better inhibited using compound 16 with IZs of 12.30
and 11.70 mm, respectively. The antibacterial activity of compound 16 against E. coli and P. aeruginosawas validated using in silico
molecular docking studies against the target enzymes E. coli DNA gyrase B (—8.4 kcal/mol) and Pseudomonas quinolone signal A
(—9.3 kcal/mol), respectively. At 62.5 pg/mL, the highest (89.2%) and the lowest (50.5%) DPPH radicals were scavenged by
compounds 16 and 14, respectively. Compounds 14, 15, and 17 obey Lipinski’s rule of five, and none of the isolated compounds
were predicted to be fatal if swallowed. These findings reinforce the traditional use of the plant as a remedy for various bacterial
diseases. However, further in vivo studies are essential to assess the biological and toxicological properties of the isolated compounds.

1. INTRODUCTION Furthermore, a compound known as cyanogenic glucoside

Olinia rochetiana A. Juss (Figure 1) is a notable traditional prunasin was identified and quantified in the aqueous phase of

17
medicinal plant in Ethlopla, belonging to the genus Olinia within the acetone extract from the leaves and stems of the plant.

the family Penaeaceae. Locally known as Nole in Afan Oromo, However, there is a lack of detailed studies on the biological
this species is native to Ethiopia as well as parts of Kenya, Sudan, activities of the phytoconstituents extracted from the leaves of
Tanzania, and Uganda. It grows to heights of 4 to 27 m. the plant. Therefore, this study aimed to isolate phytochemicals
Traditionally, the leaves of the plant are used in Ethiopia to treat from the leaves of O. rochetianaand analyze their in vitro
various diseases including the common cold eczema and warts, antibacterial and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
toothache, bone tuberculosis, and wounds.””” The latex is used scavenging properties. Hence, we report here on the
to treat snakebite, and the root, leaf, or bark is used for the phytochemical constituents isolated from the leaves of the
treatment of diarrheal related diseases, the evil eye, and

10 plant and their in vitro antibacterial and DPPH radical
cancer.

The antibacterial activities of various solvent extracts from the
barks and leaves of Olinia rochetiana have been docu-
mented.'' ™" Notably, the methanol extract from the leaves
has demonstrated antidiarrheal properties.'® Preliminary
phytochemical screening of the different solvent extracts from
the leaves and stem bark revealed the presence of phenols,
tannins, steroids, terpenoids, saponins, and glycosides.15
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Figure 1. O. rochetiana (photo taken by Tolessa Duguma on July 12, 2021, around Cure, Waldoro Village, Homa Kebele, Abbay Chomman Woreda,

Horro Guduru Zone, Oromia Region, Ethiopia).

scavenging activities. In addition, to validate the experimental
antibacterial activities and predict the anticancer properties of
the isolated compounds, we performed in silico studies of
molecular docking, drug-likeness, and toxicity.

2. MATERIALS AND METHODS

2.1. Plant Materials. The leaves of O. rochetiana were
collected in July 2021 from Waldoro village, Homa Kebele (GPS
coordinates: 9°44'08.9"N, 37°16’06.2"E), Abbay Chomman
Woreda, Horo Guduru Zone, Oromia region, which is
approximately 300 km west of the capital, Addis Ababa,
Ethiopia. The plant was identified with the help of the available
literature and authenticated (TD04/2021) by Mr. Melaku
Wendaferash at the National Herbarium, Biology Department,
and Addis Ababa University, Ethiopia. Then, the collected plant
material was immediately brought to the Organic Chemistry
laboratory of Adama Science and Technology University and
allowed to dry at room temperature while shaded. The dried
plant material was then pulverized using an electric grinder and
stored at 4 °C for further analysis.

2.2. Extraction and Isolation. The pulverized leaves of O.
rochetiana (600 g) were extracted using DCM/MeOH (1:1,3 L,
1 gin S mL) on maceration for 72 h. After being filtered, the
extracts were concentrated using a rotary evaporator at 40 °C to
obtain 104 g yield. The extract (25 g) was adsorbed onto 25 g of
silica gel and subjected to column chromatography using 200 g
of silica gel (60—200 mesh size). The column was eluted with a
gradient of n-hexane and EtOAc (1:0 to 0:1) and EtAC and
MeOH (95:5 to 1:1). A total of 200 fractions of 100 mL each
were collected. Based on their TLC profile, fractions 1—-3 (13
mg), 18—25 (454 mg), and 197—200 (280 mg) were discarded.
Fractions 4—6 (195 mg), 7—17 (893 mg), 26—33 (127 mg),
34—81 (679 mg), 82—97 (1.640 g), 98—113 (739 mg), 114—
125 (473 mg), 126—135 (640 mg), 136—150 (2.540 g), 151—
160 (2.633 g), 161165 (729 mg), 166—180 (3.845 g), 181
(498 mg), 182—189 (2.110 g), and 190—196 (4.101 g) were
combined separately and saved in preweighed vials.
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Fractions 4—17 were eluted using petroleum ether/EtOAc
(9:1 to 85:15) and analyzed by GC—MS. In fractions 34—381,
white crystals were formed. The supernatant from these
fractions was decanted, and the crystals were washed by using
n-hexane and MeOH to obtain compound 14 (35 mg).
Fractions 98—113 (739 mg), which were eluted using n-
hexane/EtOAc (1:4), were subjected to silica gel column
chromatography in isocratic mode to collect 87 fractions, each
10 mL. Among these fractions, subfractions 35—66 (175 mg)
were further purified using PTLC to yield compound 15 (27
mg). Fractions 136—150 (2633 mg), which were eluted with
EtOAc/MeOH (95:5), were further subjected to silica gel
(about 53 g) column chromatography using the isocratic mode
to collect 120 fractions of 10 mL each. Subfractions 89—94 and
95—103 formed yellow and white crystals, resulting in
compounds 16 (30 mg) and 17 (50 mg), respectively.
Compound 16 was further purified for antibacterial and
DPPH radical scavenging activities.

2.3. GC—MS Analysis. The GC—MS method utilized in the
literature was followed to examine the individual components of
fractions 4—17 (1088 mg).'® Approximately 0.5 uL of the
fraction with a concentration of 200 ppm was placed in an
injector of an Agilent Technology 7890B gas chromatograph
that had an HP-5 column with a length of 30 m, an internal
diameter of 250 ym, and a 0.25 um thick film. The GC was
connected to an Agilent Technologies 5977B mass spectrom-
eter, which had a single quadrupole type detector with a scan
ability of m/z ranging from S0 to 550 at 70 eV of the EI
ionization source. The total run time was 60 min, which started
at 40 °C for S min, was raised to a final temperature of 250 °C at
a heating rate of 6 °C/min, and was continued isothermally for
about 20 min. The GC injector was set to the splitless mode at
250 °C. The carrier gas, helium, was set at a flow rate of 1 mL/
min. The mixture of n-alkanes containing C7—C30 was analyzed
using the same procedure as described above for essential oil to
determine the retention index (RI) of each essential component
using the formula given below (eq 1).

https://doi.org/10.1021/acsomega.4c10788
ACS Omega 2025, 10, 9547—-9562
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tx —

RIx = 100n + 100[7m]
tn+1—tn

1

where “x” is the unknown compound, “tx” is the retention time
(RT) of “x”, “tn” is the retention time of n-alkane eluted just
before “x”, and “tn + 17 is the retention time of n-alkane eluted
just after “x”.

The W11IN17 library that was loaded onto the device was
used to identify the fraction components, and the RI was
compared to the RI chosen from the PubChem online
database.'” Based on the peak area, the quantities of each
component were determined.

2.4. NMR Experiments. The 'H and "*C NMR spectra were
obtained using resonance frequencies of 400.2 and 100.6 MHz,
respectively, on a Bruker Avance III 400 NMR spectrometer
(Bruker Biospin AG, Fillanden, Switzerland) and a JNM-ECZ
400S (JEOL, Ldt. USA). A S mm CryoProbe Prodigy probe
equipped with a z-gradient with 90° pulse lengths of 11.4 us
(*H) and 10.0 us (**C) was used. NMR spectra were recorded at
298 K by applying Bruker standard pulse programs and
parameter sets to obtain all 1D 'H and *C NMR as well as
the 2D correlated NMR data (‘H-'"H DQF-COSY, 'H-"3C
HSQC, and 'H-'3C HMBC). The resonances of DMSO at § =
2.49/39.5 ppm were used for calibrating the 'H and *C NMR
chemical shifts (§) in ppm.

2.5. In Vitro Antibacterial Activity. The antibacterial
activity evaluation was conducted using the disk diffusion
method against two Gram-positive bacteria, including S. aureus
(ATCC 25923) and S. pyogenes (ATCC 19615), and two Gram-
negative bacteria, including E. coli (ATCC 25922) and P.
aeruginosa (ATCC 27853), using the procedure reported in the
literature.”® In detail, 38 g of Mueller—Hinton agar (MHA)
medium was dissolved in 1 L of distilled water, heated until
completely dissolved, and then allowed to cool. Twenty
milliliters of the medium was dispensed into a 100 mm Petri
dish to a depth of 4 mm, allowed to be solidified at room
temperature, and then stored at 4 °C. The test bacteria were
suspended in sterile saline (BaCl,) to adjust the turbidity to the
0.5 McFarland standard, which is equivalent to a test bacteria
suspension containing 1.5 X 10® cfu/mL. Within 15 min, each
inoculum was inoculated on a Petri dish containing MHA using
a sterile swab. A sterile 6 mm disc made of filter paper was
impregnated with 20 uL of a different concentration of DCM/
MeOH (1:1) extract (100, 50, and 25 mg/mL), fractions 4—17,
and each isolated compound (5, 2.5, and 1.25 mg/mL); placed
on the surface of the Petri dish; and incubated at 37 °C for 24 h.
The diameter of the IZs was measured, provided that inactive if
less than 6 mm and active if greater than 6 mm. The extent of
activity of the samples was compared with the positive control
ciprofloxacin (0.5 mg/mL). All samples were analyzed in
triplicate, and the data were reported in the form of mean =+
standard deviation.

2.6. DPPH Radical Scavenging Activity. The antioxidant
activity of the extract was evaluated using a DPPH radical
scavenging assay following procedures indicated in the
literature.” In detail, 4 mg of DPPH was dissolved in 100 mL
of MeOH to obtain 40 yg/mL and stored in a dark bottle at 4 °C
by covering it with aluminum foil. The DCM/MeOH (1:1)
extract and isolated compounds were separately dissolved in
MeOH to furnish 1000 pg/mL. Each was then serially diluted
(using the half dilution method) in MeOH to give 500, 250, 125,
and 62.5 pg/mL. The diluted solutions of the extract and
isolated compounds (1 mL each) were mixed with 1 mL of the
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DPPH MeOH solution (40 pg/mL). After heating to 37 °C in
the oven for 30 min, the absorbance of both the control and
experimental samples was measured by using a UV-—vis
spectrometer at 517 nm with MeOH as a blank. The percent
(%) inhibition of the DPPH free radical by the sample was
calculated (eq 2). ICy, was calculated from a regression line.””
Ascorbic acid was used as a standard. All samples were analyzed
in triplicate, and the data were reported in the form of mean =+
standard deviation.

A, — A,
£ X 100%
A, )

where A. is the absorbance of the control and A, is the
absorbance of the sample.

2.7. In Silico Molecular Docking Study of Isolated
Compounds. The docking of isolated compounds with
different model proteins was carried out according to the
procedure described.”® The structures of the compounds were
drawn using ChemDraw 22.0 and saved in .mol file format.
Subsequently, the structure was prepared for docking using the
Discovery Studio Visualizer 12.1 software and saved in .pdb file
format.”® The structures of the model proteins E. coli DNA
gyrase B (PDB ID: 7P2M), Pseudomonas quinolone signal A
(PgsA; PDB ID: SOE4), pyruvate kinase M2 (PKM2; PDB ID:
4GI1N), and human topoisomerase 11 (PDB ID: 3QX3) were
downloaded from the Protein Data Bank and saved in .pdb file
format.”> The target proteins were cleaned using the Discovery
Studio Visualizer software, and the binding sites were identified.
The docking simulations were performed with AutoDock Vina
and the supporting software MGLtools 1.5.6 and Python 3.10.9.
Each run was carried out for nine conformers by default. The
conformer with the lowest binding energy was selected and
analyzed with Discovery Studio Visualizer to visualize the
interactions between the ligand and target in 2D and 3D
structures. For comparison, simulations were carried out for
positive controls: ciprofloxacin (antibacterial agent), etoposide
(anticancer drug of topoisomerase II inhibitor), and PKIM2-IN-
1 (anticancer agent of pyruvate kinase M2 inhibitor).

2.8. In Silico Pharmacokinetics and Toxicity of the
Isolated Compounds. The canonical simplified molecular-
input line-entry system (SMILES) of known isolated com-
pounds was retrieved from the PubChem database and
submitted to the SwissADME online tool to estimate properties
such as physicochemical Zproperties, lipophilicity, water
solubility, and drug-likeness.”® For the prediction of in silicon
acute toxicity (the six classes of oral toxicity), organ toxicity, and
toxicity end points, the SMILESs of isolated compounds were
submitted to the Pro Tox 3.0 online tool.”” The result of the
isolated compounds was compared with the standard anti-
bacterial drug ciprofloxacin and standard anticancer agents
PKM2-IN-1 and etoposide.

3. RESULTS AND DISCUSSIONS

3.1. Characterization of Compounds from the Leaves
of O. rochetiana. 3.1.1. GC—MS Composition Analysis of
Combined Fractions 4—17. From the data generated using the
GC—MS analysis of fractions 4—17 of O. rochetianaleaves
(Figure S1), 26 components were identified. Among all
components, 13 (62.06%) components (Table 1) have been
identified (Figure 2) by comparing their calculated retention
indexes and mass fragments with the data from the PubChem
database."”

https://doi.org/10.1021/acsomega.4c10788
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Table 1. Compounds Identified from Fractions 4—17 of O.
rochetiana Leaves Using GC—MS

RI
S/N compound name RT calculated reported %A
1 4-ethynylcyclopentene S.11 7572 20.84
2 meso-2,5-dimethyl-3,4- 10.43 923.5 0.81
hexanediol
3 3-methyl-5-methylene- 13.31 1015.5 4.93
2(5H)-furanone
4 diethylbenzene 14.18 1045.7 1047 0.92
S (S)-(—)-4-benzoyloxy-5- 15.47 1091.1 0.27
oxopentyl pivalate
6 isooctanol 22.59 1383.8 0.16
7 (E)-methyl 5-(6- 2683 15892 071
fluoropyridin-3-y1)-S-
hydroxypent-2-enoate
8 dibutyl phthalate 31.74 1859.6 0.22
methyl palmitate 32.64 1913.0 1913 2.84
10 palmitic acid 33.16 1944.5 1945 0.92
11  ditridecyl phthalate 33.30 1953.4 0.43
12 59,13,17-tetramethyl 4830 28110 6.0
4,8,12,16-
octadecatetraenoic acid
13 neophytadiene 59.18 23.0

Neophytadiene (13, 23.0%) was the most dominant
component followed by 4-ethynylcyclopentene (1, 20.84%),
5,9,13,17-tetramethyl 4,8,12,16-octadecatetraenoic acid (12,
6.0%), 3-methyl-S-methylene-2(SH)-furanone (3, 4.93%), and
methyl palmitate (9, 2.84%). The dominant component,
neophytadiene (13), has been reported to have a wide range
of biological activities, including anxiolytic-like, anticonvulsant,
anticancer, anti-inflammatory, and antibacterial activities.”® %!
A report in the literature indicated that 4-eth27nylcyclopentene
(1) was found in Nam-Hom coconut.””* The fractions
containing 1-ethynylcyclopentene, which is close to compound
1 in the skeleton, displayed mosquito larvicidal activity.”® An
EtOH extract from Zea mayscob containing 1.0% of methyl
palmitate (9), 0.6% of palmitic acid (10), and 0.4% of 5,9,13,17-
tetramethyl 4,8,12,16-octadecatetraenoic acid (12) was re-
ported to have DPPH radical scavenging activities.”* In addition,

compound 9 was reported for its anti-inflammatory activities.”
The derivatives of 3-methyl-S-methylene-2(SH)-furanone (3)
were reported for their antibacterial activity.”® Essential oil
containing about 7 and 3.4% of (E)-methyl S-(6-fluoropyridin-
3-yl)-5-hydroxypent-2-enoate (7) showed repellant activities
against product insects and DPPH radical scavenging activities,
respectively.””*® Natural-based phthalates dibutyl phthalate (8)
and ditridecyl phthalate (11) were reported to have anti-
bacterial, DPPH radical scavenging, and antidiabetic activ-
ities.’”** Therefore, the nonpolar extract of the leaves of O.
rochetianahas a wide range of biological activities.

3.1.2. Characterization of Isolated Compounds. Four
compounds (Figure 3), including ursolic acid (14), S-hydroxy-
4-methyl-5,6-dihydro-(2H)-pyran-2-one (15), hyperoside (16),
and 4-O-f-p-glucopyranosylcaffeic acid (17), were isolated and
characterized from the leaves of O. rochetiana. The assignment of
1D and 2D NMR data led to the identification of the chemical
structures of the isolated compounds, as described below.

Compound 14 was isolated as a white solid with a melting
point of 283—286 °C, which agrees with data reported
previously for ursolic acid (identification described below).""
The TLC showed an R; value of 0.6 using n-hexane/EtOAc
(7:3) as the mobile phase (Figure S30).

The NMR spectral data (Figures S2—S4) clearly indicate that
the chemical structure of compound 14 is likely a terpenoid. In
the *C NMR spectrum (Figure S3), 29 well-resolved carbon
resonances were obtained. With the aid of a DEPT-135 NMR
experiment (Figure S4), six quaternary carbons were identified.
One additional signal of a quaternary carbon was detected in the
2D HMBC NMR experiment only since in the 1D *C NMR
spectrum, it is hidden under the signal of the solvent DMSO. In
addition, 9 methylene carbons and 14 carbons of CH or CH;
groups were observed (full analysis of the 2D NMR data
revealed that seven of both types of carbons were present, Table
2, Figures S5—S7). The resonance at 5'H = 2.99 of a hydrogen
directly connected to a carbon at 5'*C = 76.8 can most probably
be assigned to a —CH(OH) group and was used as a starting
point for the stepwise assignment of all carbon and hydrogen
signals via the 2D 'H-"C HSQC and HMBC NMR
correlations (Table 2). The crucial HMBC correlations used

0
1 F
9 OH
16
10
15

11

7 /!

13 0

Figure 2. Structures of compounds from fractions 4—17 characterized using the GC—MS spectral data.
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16

17

Figure 3. Chemical structures of isolated compounds characterized using NMR spectral data.

Table 2. '"H NMR (400.2 MHz) and *C NMR (100.6 MHz) Spectral Data of Compound 14 and NMR Data Reported for Ursolic

Acid

position

O 0 N NN W N~

—_
=]

[SEE N> 2N S R S T S T S I S T ST S S A U e e e oo e e
O ®©® I N LW = O N0 0NN R W

30
3-OH
17-COOH

compound 14/DMSO-dg

ursolic acid/pyridine-ds**

O'H
1.52 + 0.90 (m, 2H)
1.5—-1.4 (m, 2H)
2.99 (m, 1H)

0.65 (m, 1H)
1.45 + 1.29 (m, 2H)
1.43 + 1.26 (m, 2H)

1.45 (m, 1H)

1.83 (m, 2H)
5.12 (t, 3.2 Hz, 1H)

1.80 + 0.98 (m, 2H)
1.92 + 1.51 (m, 2H)

2.10 (d, 11.2 Hz)
1.29 (m, 1H)

0.90 (m, 1H)

1.41 + 1.27 (m, 2H)
1.6—1.5 (m, 2H)
0.88 (s, 3H)

0.66 (s, 3H)

0.85 (s, 3H)

0.74 (s, 3H)

1.03 (s, 3H)

0.80 (d, 6.3 Hz, 3H)
0.90 (br, 3H)

428 (d, 5.1 Hz, 1H)
11.9 (s(br), 1H)

5C
382
27.0
76.8
38.4
54.8
18.0
32.7
38.5
46.8
36.5
22.8
124.6
138.2
41.6
27.5
23.8
47.0
52.4
384
38.4
30.2
36.3
28.3
16.1
15.2
16.9
23.3
178.3
17.0
21.1

COSY

H-3

H-2, 3-OH

H-12
H-11

H-19
H-18, 29

H-24
H-23

H-19

'H-13C HMBC

c3
C-2,4,23,24

Cs, 8

C-9,11, 14,18

C-8, 12,13, 16
C-15,17, 28

C-12, 13, 14, 16, 17, 19, 20, 28, 29

C-20,28
C-3,4,5,24
C-3,4,5,23
C-1,5,9, 10
C-7,8,9, 14
C-8,13, 14, 15

C-18, 19, 20
C-19, 20, 21
C-2,3,4

§'H 5C
1.58 + 1.00 39.2
1.81 282
3.44 782

39.6
0.88 55.9
1.58 + 1.39 18.8
1.59 + 1.39 33.7
40.1
1.65 48.1
37.5
1.96 23.7
5.49 125.7
1393
42.6
233 +1.22 28.8
2.14 +2.01 25.0
48.1
2.63 53.6
1.49 39.5
1.05 39.4
149 + 1.40 31.1
1.97 37.4
1.24 28.8
1.02 16.5
0.92 15.7
1.06 17.5
124 24.0
179.7
1.02 17.5
0.97 214

for establishing the chemical structure of the terpenoid skeleton
are shown in Figure 4. Once the terpenoid skeleton was
assigned, a comparison with literature data showed that fraction
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14 could be ursolic acid.** Although the NMR data in the cited
paper were recorded under completely different conditions
(NMR solution in pyridine at 310 K) than in our experiments

https://doi.org/10.1021/acsomega.4c10788
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Figure 4. Crucial 'H—"C HMBC NMR correlations were identified for
the assignment of the skeleton of the chemical structure of sample 14.

(DMSO at 298 K), all *C NMR chemical shifts agree very well
(deviations of the 5'*C NMR data of only +0.3 to +1.5 ppm, see
Table 2). In all cases where the two diastereotopic protons of the
methylene groups in the literature show well-distinguished 'H
NMR resonances, this behavior has been observed for our data
as well ("H NMR data at positions 1, 6,7, 15, 16, and 21 in Table
2). As aresult of the interpretation work, long-range correlations
(Figure S6) of the methyl protons (positions 6 and 27) to a '*C
resonance at 39.1 (position 8) were observed. This is exactly the
resonance of a quaternary carbon that was missing in the 1D *C
NMR data. Ursolic acid (14) is known for its wide range of
biological activities. It has been reported to exhibit antibacterial,
antioxidant, anticancer, antidiabetic, anti-inflammatory, and
antiviral activities.">~*¢

Compound 15 was isolated as a brown, amorphous solid.
TLC showed a spot at an R; value of 0.4 by using n-hexane/
EtOAc (3:2) (Figure S30). In the 'H NMR spectrum (Figure
S8), resonances of two single methine protons were observed at
5.91 and 4.96 ppm (both are multiplets), and the signal of a
methyl group is found at § 2.03 (dd, J = 1.5 and 0.4 Hz). Further,
partly hidden in the foot of the water resonance, two possibly
diastereotopic protons both appearing with doublet X doublet
coupling patterns at 3.77 and 3.62 ppm were observed. In the
13C NMR data, in total, six carbons have been identified (Figures
S9 and S10): two methine C’s at 116.7 and 85.2 ppm, one
methylene (59.4 ppm), one methyl (13.6 ppm), and two
quaternary C’s at 173.1 and 168.1 ppm. The chemical structure
of compound 15 was established over the analysis of the 2D
NMR spectral data (Figures S11 to S13). From 'H—"C long-
range correlations detected from the methyl protons at 2.03 ppm
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Figure 5. Crucial 'H—"*C HMBC NMR correlations were identified for
the assignment of the skeleton of the chemical structure of compound
16.

to four carbons, the 'H and '*C NMR spin system at positions
2—5 of compound 15 was assignable, and the chemical structure
was finally identified as S-hydroxy-4-methyl-S,6-dihydro-(2H)-
pyran-2-one. All NMR data are summarized in Table 2 and
compared with the NMR data of this residue esterified at
position § to caffeic acid.”’

Compound 16 was isolated as a yellow solid with a melting
point of 243—246 °C, which is in agreement with the data
reported for hyperoside (discussion of NMR data, see below).**
The TLC showed a spot at R; value 0.7 using EtOAc/MeOH
(24:1) as the mobile phase (Figure S30). Based on the "H NMR
spectral data (with 5'H at 7.65, 7.51, and 6.80 ppm, as shown in
Figure S14) and DQF-COSY correlations (Figure S17, relevant
Jun of 8.5 and 2.1 Hz), compound 16 was found to possess a spin
system characteristic of a 1,2,4-substituted aromatic moiety. The
carbons at positions 1’ to 6 (as depicted in Figure 3) were
assigned using one-bond ('J) and multibond 'H-"C NMR
correlations. The aromatic ring must be connected through
correlations from H-2" and H-6’ to an exocyclic carbon C-2 at
156.2 ppm (Table 3), which was ultimately identified as part of a
4H-chromen-4-one structure. Two additional 'H NMR
resonances observed at 6.39 and 6.18 ppm (Jyy = 1.9 Hz)
were identified as being in meta positions to each other within a
1,2,4,6-tetrasubstituted second aromatic system. Long-range
correlations from the two aforementioned 'H NMR signals
indicated connections to a total of five different quaternary
carbons, as well as to each other due to their meta positions. The
correlation of both protons to a carbon at 177.4 ppm suggested
that a carbonyl group is directly attached to the tetrasubstituted

Table 3. "H NMR (400.2 MHz) and *C NMR (100.6 MHz) Spectral Data of Compound 15 and NMR Data Reported in the

Literature®’
compound 15/DMSO-dy 5-hydroxy-4-methyl-5,6-dihydro-(2H)-pyran-2-one residue*’
TH_BC SBC/
no. 8'H (J in Hz) 8BC  Ccosy HMBC 5'H MeOD
2 173.1 173.9
3 591 (m, 1H) 1167 H-S5,7  C2,4,57 598(t)=15,1H) 1174
4 168.1 167.5
5 496 (m, 1H) 852  H-3,6  C3,46 526 (m, 1H) 83.1
6 3.77(dd,J=29,12.5,1H) 3.62 (dd,J=3.6,12.5,1H) 594  H-S C4,5 448 (dd, J = 4.0, 124, 1H) 4.61 (dd, J = 3.2, 12.4, 60.1
1H)
7 203 (dd, J =04, 1.5, 3H) 136  H3,5 C2,345 217(dd, J=08, 1.6, 3H) 12.5
9552 https://doi.org/10.1021/acsomega.4c10788
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Table 4. "H NMR (400.2 MHz) and **C NMR (100.6 MHz)
Spectral Data of Compound 16 and NMR Data Reported for
Quercetin-3-0-(1-p-galactopyranoside)

compound 16, DMSO-d, hypemside48
5"C,
C-No 5'H 8BC  cosy 'H-'3C HMBC DMSO-dg
1
2 156.2 156.2
3 1335 1335
4 1774 177.5
S 161.2 161.2
6 6.19 (d,] = 987 H8 C4,5,7,8,10 98.7
1.9, 1H)
7 164.4 164.2
8 639 (d,] = 93.5 H-6 C-4,6,7,9, 10 93.5
1.9, 1H)
9 156.3 156.3
10 103.8 103.8
I 121.1 121.1
2/ 7.52(d,J = 1159 H-§ C2,1,3,4,6 115.9
2.1, 1H)
3 144.9 144.8
4 148.5 148.5
s 6.80 (d,] = 1152 H-6' C2(w), 1,2,3,4 115.2
8.5, 1H)
6' 7.65 (dd, ] = 122.0 H-2, C2,2, 4 122.0
8.5,2.1, s’
1H)
1" 536 (d, ] = 101.8 H-2" Cc3,27,3,8" 101.8
7.7, 1H)
2" 3.56 (m, 1H) 712 H-17, Cc-17,3" 71.2
3
3" 336 (m,1H) 732  H-2/, 73.2
&
4" 3.63 (m,1H) 679  H-3" c2",3",6" 67.9
s” 330 (m, 1H) 758 Cc-1” 75.9
6" 345and 329  60.1 C-5" 60.1
(m, 2H)
S- 12.62 (s, 1H)
OH
OH
HO \
\) ©
HO
D
HO 0
HO
OH

Figure 6. Crucial 'H—"*C HMBC NMR correlations were identified for
the assignment of the skeleton of the chemical structure of compound
17.

aromatic system. As a further part of compound 16, the 'H and
3C NMR spin system of a carbohydrate was identified by using
the set of 2D NMR correlations. This carbohydrate moiety was
linked to the 4H-chromen-4-one structure through an HMBC
correlation from H1” to C3 (Table 3, Figure S18). A literature
search indicated that compound 16 must be hyperoside (Figure
5), which is a derivative of quercetin with galactose.** We found
that the "*C NMR chemical shifts reported closely match our
data with deviations of only +0.2 ppm (Table 3). Compound 17
was identified as a major impurity, as indicated by identical cross
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Table 5. "H and ">*C NMR Chemical Shift Assignments (in) of
Compound 17 and Data Reported for 4-O-f-p-
Glucopyranosylcaffeic Acid

4-O-f-p-
glucopyranosgylcaffeic
compound 17/DMSO-dg acid*
C- 'H-13C
No S'H s8¢ COSY HMBC §C/CD,0D
1 129.0 1312
2 7.2 (m, 1H) 114.9 C4,6,7 115.7
3 146.9 148.5
4 147.3 148.7
5 7.10 (m, 1H) 116.2 C-1,3 117.9
6 7.05(dd,J= 120.7 C2,4,7 122.1
8.5, 1.7, 1H)
7 745(d,J= 143.9 H-8 C-1,9 146.0
15.9, 1H)
8 631(d,J= 1174  H-7 C-1,9 1182
15.9, 1H)
9 167.9 170.6
1 476(d,]= 101.7  H-2' C-4 103.5
7.3)
2" 329 (m, 1H) 73.3 H-1' C-1,4 74.8
3" 3.28 (m, 1H) 75.9 H-4' Cc-1,2 77.5
4 3.17 (m, 1H) 69.9 H3,5 C3,6 71.3
5" 3.35(m, 1H) 77.3 H-4,6' c4,6 78.4
6 371(dd,J= 60.8 H-5' Cc-4,5 624
11.8 1.9, 1H)
347 (dd, ] =
11.8, 5.9,
1H)

peaks observed in the 2D NMR spectra for both the impurity of
compound 16 and compound 17. Additionally, we have
evidence for small amounts of a compound known as olinioside
that consists of compound 17 esterified at C-9 with the hydroxyl
group of compound 1§ at position S (data not shown).*
Hyperoside (16) is known for its numerous benefits and has
been documented to exhibit a range of biological activities. It has
been reported to possess antioxidant, antibacterial, anticancer,
antidiabetic, anti-inflammatory, and antifungal properties).”*~>°

Compound 17 was isolated as a white solid with a melting
point of 110—112 °C in accordance with the literature value of
4-O-f-p-glucopyranosylcaffeic acid (assignment of NMR data,
see below).”” The TLC displayed an R; value of 0.6 by using
EtOAc/MeOH (24:1) as the mobile phase (Figure S30). Based
on the *C NMR spectral data (Table 4, Figures S21 and S22),
we identified 15 carbons: 4 quaternary carbons (Cq), 10
methine carbons (CH), and 1 methylene carbon (CH,). The
chemical shifts suggest that six of these carbons are part of a
carbohydrate moiety. The two protons at 7.45 and 6.31 ppm in
the "H NMR spectrum (Figure S20) show a coupling constant |
= 15.9 Hz, which is characteristic of an olefinic group in the E
configuration. The 'H—"*C HMBC spectrum (Figure S24 and
Figure 6) shows cross-peaks at 0 7.45/129.0 and 7.45/167.9,
confirming the linkage of this olefinic group to both a carboxylic
carbon and an aromatic moiety. Additionally, for the second
olefinic proton at 6.31 ppm, in addition to the cross-peaks
mentioned above, correlations to two aromatic CH carbons at
120.7 and 114.9 ppm are observed. Although the typical
coupling pattern of a 1,2,4-substituted aromatic system was not
clearly observable in the "H NMR spectrum due to the similar
chemical shifts (§ 7.05—7.12 ppm) of the three involved
protons, leading to a higher-order spectrum, we were able to
identify all resonances of positions 1—9 of compound 17 to the

https://doi.org/10.1021/acsomega.4c10788
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Table 6. Antimicrobial Activity of Test Samples against Four Bacteria by Using the Disk Diffusion Method”

1Z (mm)
test sample concentration (mg/mL) S. aureus S. pyogenes E. coli P. aeruginosa
DCM/MeOH (1:1) extract 100 14.93 + 0.25 14.10 £ 0.70 14.20 + 0.59 13.53 £ 0.37
S0 10.40 + 0.43 9.20 £ 0.51 9.1+ 0.37 9.5 £ 041
25 7.80 + 0.22 8.10 £ 0.17 7.60 + 0.49 7.60 + 0.26
fractions 4—17 N 13.8 £ 0.51 13.17 £ 0.63 13.07 = 0.41 12.70 = 0.59
2,5 9.33 £ 0.47 8.43 + 0.52 8.90 + 0.65 9.07 £ 0.33
1.25 NI NI NI NI
14 N 10.30 £+ 0.50 12.67 + 0.27 11.53 £ 0.45 10.43 = 0.39
2,5 847 £0.73 10.3 + 0.36 9.37 £ 0.55 847 +£0.33
128 NI 7.7 £ 0.30 NI NI
15 N 9.20 + 0.41 9.00 + 0.45 9.50 + 0.41 10.00 + 0.39
2,5 7.30 £ 0.42 7.07 £ 0.57 7.4+ 0.33 7.5 £0.37
128 NI NI NI NI
16 S 10.00 + 0.5 10.53 + 0.46 12.30 £ 0.50 11.70 + 0.24
2,5 8.10 £ 0.51 8.40 + 0.45 9.37 £ 0.46 7.77 £ 0.26
125 NI NI NI NI
17 N 11.00 £+ 0.41 9.9 + 045 947 £ 041 9.53.18 + 0.39
2,5 9.07 £ 0.42 7.7 £0.57 7.4+ 0.33 7.5 £0.37
1.25 NI NI NI NI
ciprofloxacin 0.5 18.42 + 0.26 19.93 + 0.21 20.00 + 0.21 22.18 +£0.22
“Note: NI= no inhibition.
Table 7. DPPH Radical Scavenging Activities of the Extracts and Isolated Compounds
% DPPH inhibited by each concentration in pg/mL
sample 1000 500 250 125 62.5 ICs value (pug/mL)
ascorbic acid 97.9 £+ 0.06 97.3 + 0.05 97.2 + 0.05 97 0.0 £ 0.1 96.9 + 0.06 0.5
DCM/MeOH (1:1) extract 88.33 £ 0.11 87.00 £ 0.23 82.81 + 0.09 74.68 + 0.1S 70.60 + 0.04 19.0
fractions 4—17 61.32 + 0.11 57.06 + 0.28 56.42 + 0.04 53.37 £ 0.11 S1.41 £0.07 11.5
14 60.41 + 0.11 56.39 + 0.07 55.51 £ 0.04 5428 +£0.11 50.50 £ 0.07 11.1
15 69.48 + 0.14 65.46 + 0.20 64.58 + 0.09 63.34+0.21 59.56 + 0.13 9.4
16 96.43 + 0.09 96.22 + 0.15 94.62 + 0.11 91.34 £ 0.04 89.21 £ 0.20 5.8
17 90.66 + 0.20 89.70 £ 0.19 83.89 £ 0.23 79.24 + 0.22 60.80 & 0.04 31.5

Table 8. Molecular Docking Results of Isolated Compounds against E. coli DNA Gyrase B and PqsA (BA Is the Binding Affinity in

kcal/mol)

target

E. coli
DNA
gyrase B

PgsA

ligand
14
15

16

17
ciprofloxacin
14
15

16

17

ciprofloxacin

BA
-8.1

-84

=71

-9.3

-74

H-bonding

Gly-77, Thr-165

Val-43, Met-95

Arg-76

Arg-76

Thr-304

Thr-304, 304,
Arg-397, Asp-
382,382

Thr-304, Tyr-
378, Thr-323,
Asp-382

Arg-397, Gly-
302, Asp-299

alkyl: Ile-78

carbon hydrogen bond: Glu-50; alkyl: Ile-78

hydrophobic and electrostatic

van der Waals

Ala-73, Asp-49, 73, Arg-76, Glu-50,
Asn-46, Thr-165, Val-120, Pro-79,

Ile-94

Asn-46, Asp-73, Gly-164, 75, Arg-76,

Pro-79

carbon hydrogen bond: Val-43; Pi-cation and anion: Arg-76, Glu-50; Pi-alkyl:
Pro-79, lle-78

carbon hydrogen bond: Asp-73; halogen: Asp-73; amide pi-stacked: Gly-77;
alkyl and pi-alkyl: Pro-79, Ile-94, Ile-78

carbon hydrogen bond: Asp-73; halogen: Asp-73; amide pi-stacked: Gly-77;
alkyl and pi-alkyl: Pro-79, Ile-94, Ile-78

carbon hydrogen bond: Gly-279

carbon and pi-donor hydrogen bond: Gly-307, His-308

carbon and pi-donor hydrogen bond: Tyr-380, Gly-279, Tyr-211; Pi-alkyl:
Ala-278

carbon hydrogen bond: Glu-305; Pi-anion: Asp-382; amide pi-stacked: Gly-
279; Pi-alkyl: Tle-301

carbon hydrogen bond: Gly-300, Thr-323; halogen: Gly-302; Pi-cation and
anion: Arg-397, Asp-382; amide pi-stacked: Gly-279; alkyl and Pi-alkyl: Ile-
301, His-394, Arg-397
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Arg-136, Asp-73, 49, Ala-47, Val-71,
167, 120, Thr-165, Asn-46, 1le-94,
Gly-119

Arg-136, Glu-50, Thr-16S, Val-120,
167, 43, Asn-46, Ala-47

Glu-50, Thr-165, Val-120, 167, 43,
Asn-46, Ala-47

Ser-280, Pro-234, 208, Ile-204, Lys-
206, Phe-209, Val-254

Val-309, Gly-302, 279, 210, Ala-278,
303, Tyr-211

Val-309, Gly-302, 210, Ala-303, Ile-
301, Tyr-378, Arg-372, Thr-164, His-
394,

Thr-164, Ala-303, Gly-302, 300, Pro-
281, Phe-384, Asp-299, His-394, Ser-
280, Arg-397

Ala-278, Leu-282, Phe-384, Pro-281,
Ser-280

https://doi.org/10.1021/acsomega.4c10788
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Figure 7. 3D and 2D binding interactions of compound 16 (top) and ciprofloxacin (bottom) against E. coli DNA gyrase.

caffeic acid moiety (Figure 3) using 2D 'H-"*C NMR
experiments. By analyzing the 2D NMR data, positions 1’ to 6’
of the carbohydrate ligand were assigned. The connection
between position 1" of the carbohydrate ligand and C-4 of the
caffeic acid moiety was confirmed by a cross-peak at 4.76/147.3
ppm in the HMBC NMR spectrum (Figure S24). The coupling
constant of 7.3 Hz observed for H-1" indicates that the sugar
moiety is present as the f-anomer. The complete NMR
assignments for compound 17, as summarized in Table S, are
compared with the data reported for 4-O-p-p-glucopyranosyl-
caffeic acid.*” While the reported data (spectra recorded in
CD;0D) were primarily assigned based on chemical shift
arguments rather than 2D NMR correlations, our '*C NMR data
(recorded in DMSO) show acceptable deviations of —0.8 to
—2.7 ppm compared to the published values. All relevant 2D
NMR correlation signals were observed and unambiguously
assigned in our analysis. 4-O-f-p-Glucopyranosylcaffeic acid
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(17) is reported to exhibit antibacterial and antioxidant
activities.”*>’

3.2. Antibacterial Activity. Table 6 shows the results of the
antibacterial activities of extracts, fractions, and isolated
compounds conducted against S. aureus, S. pyogenes, E. coli,
and P. aeruginosa. The 1Zs of the extract (100 mg/mL) and
fractions and isolated compounds (5 mg/mL) against all
selected bacteria ranged from 9.00 + 0.45 to 14.93 + 0.25
mm, compared to the IZs of the standard antibacterial drug
ciprofloxacin, which ranged from 18.42 + 0.26 to 22.18 + 0.22
mm. Among all selected bacteria, both DCM/MeOH (1:1, 100
mg/mL) extract and fractions 4—17 (5 mg/mL) showed the
maximum IZs of 14.93 + 0.25 and 13.8 + 0.51, respectively,
against S. aureus, whereas 5 mg/mL of compounds 14, 185, 16,
and 17 exhibited the maximum IZs of 12.67 + 0.27, 10.00 +
0.39, 12.30 + 0.50, and 11.00 + 0.41 against S. pyogenes, P.
aeruginosa, E. coli, and S. aureus, respectively. Among all isolated
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Figure 8. 3D and 2D binding interactions of compound 16 (top) and ciprofloxacin (bottom) against PqsA.

compounds, we found that S. aureus, S. pyogenes, and both E.
coliand P. aeruginosawere most inhibited by compounds 17, 14,
and 16, respectively. However, as depicted in Table 6, the
antibacterial activities of isolated compounds are less than the
activities of the DCM/MeOH (1:1) extract. Some compounds
in small amounts that NMR was unable to detect were observed
in the extract. Therefore, we can infer that the extract may
contain more active compounds in small amounts or a
synergistic effect. The report in the literature indicated that
our results are comparable to the results of the antibacterial
activity test conducted on the various solvent extracts from the
leaves of O. rochetiana.'>"’

3.3. DPPH Radical Scavenging Activity. The radical
scavenging ability of the extract and isolated compounds was
evaluated using the DPPH assay, and the results are presented in
Table 7. As indicated, at a concentration of 62.5 ug/mL, the
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radical scavenging abilities of the DCM/MeOH (1:1) extract
and fractions 4—17 of O. rochetiana leaves were 70.60 and
51.41%, respectively. Compounds 14, 15, 16, and 17 inhibited
50.50, 59.56, 89.21, and 60.80% DPPH radicals, respectively.
The concentrations that inhibited 50% (ICs,) of DPPH radical
were 19.0,11.5,11.1,9.4, 5.8, and 31.5 ug/mL for DCM/MeOH
(1:1) extract, fractions 4—17, and compounds 14, 15, 16, and
17, respectively. In comparison to the radical scavenging ability
(96.9%) and the IC, value (0.5 pg/mL) of the standard
(ascorbic acid), compound 16 exhibited a greater radical
scavenging activity than did the crude extracts and the other
isolated compounds. This could be related to the number of
phenolic hydroxyl groups found in compound 16, suggestin§
that phenolic compounds exhibit strong antioxidant activities.”
3.4. In Silico Molecular Docking Analysis of the
Isolated Compounds. The molecular docking study of
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Table 9. Molecular Docking Results of Isolated Compounds against PKM2 and Human Topoisomerase IIf

binding
affinity
target ligand (kcal/mol) H-bonding hydrophobic and electrostatic van der Waals
PKM2 14 —4.1 Asp-354, Asn-350 carbon hydrogen bond: Leu-394; Pi-sigma: Phe-26; alkyl: =~ Lys-311, Asn-350, Lys-311, Asp-354, Gly-
Leu-27 355, Arg-445, Asn-318, Gln-393, Glu-
397, Met-30, Phe-26, Leu-353
15 55 Tyr-390 alkyl and Pi-alkyl: Leu-394, Tyr-390, Phe-26 Leu-353, 27, Tle-389, GIn-393, Phe-26,
Met-30,
16 —9.6 Lys-311, 311, Gly- carbon hydrogen bond: Leu-353, Ile-359; Pi-sigma: Met-  Ile-314, Leu-27, Ala-388, Glyn-393, Leu-
318, Asp-354, 30, Phe-26; Pi-pi stacked and T-shaped: Phe-26, Phe-26; 353, Asn-350
Tyr-390, Leu-394 Pi-sulfur: Met-30; Pi-lone pair: Asp-354
17 —8.5 Tyr-390, His-29, carbon hydrogen bond: Leu-353; Pi-pi T-shaped: Phe-26  Ile-389, Leu-394, Phe-26, Leu-394, Ile-
Ala-388, Tyr-390, 389, Leu-353, Met-90, Leu-394,
Asp-354, Lys-311
PKM2-IN-1 —9.6 Lys-311 Pi-sigma: Leu-353; Pi-sulfur: Phe-26; Pi-pi T-shaped: Phe-  Asp-354, 354, Lys-311, Tyr-390, 390, Ala-
26; alkyl and Pi-alkyl: Leu-353, 353, Phe-26 388, 388, Ile-389, 389, Met-30, His-29,
human topo- 14 -5.0 Asp-439, Arg-503, Gly-504, Lys-505, Ala-
isomerase I} 779
15 2.7 Arg-503 alkyl: 503
16 -5.1 Met-782, GIn-778, carbon hydrogen bond: Gly-776; Pi-sulfur: Met-782; Pi- ~ Lys-505, Gly-504, His-775
Gly-776 alkyl: Arg-503, Ala-779
17 —4.2 Gly-776, GIn-778, carbon hydrogen bond: GIn-778 His-775, Ala-779, Gly-504
Arg-503
etoposide =53 Arg-503, GIn-778 alkyl and Pi-alkyl: Ala-779 Gly-776

isolated compounds was carried out against E. coli DNA gyrase
B, PqsA, PKM2, and human topoisomerase IIf. E. coli DNA
gyrase B is a bacterial enzyme responsible for DNA replication,
transcription, and recombination, whereas Pseudomonas quino-
lone signal A (PgsA) is a bacterial enzyme that plays a role in the
virulence factor of P. aeruginosa.’”®® Pyruvate kinase M2
(PKM2) is one of the isoforms of the pyruvate kinase enzyme
used to meet the energy demand for cancer cells, and human
topoisomerase II# is a tumor cell enzyme used in the
multiplication of DNA."~* The results of docking analysis
against E. coli DNA gyrase B and PqsA were compared with the
standard antimicrobial ciprofloxacin (Table 8). The docking
study against E. coli DNA gyrase B revealed that the binding
affinity of the isolated compounds ranged from —8.4 to —5.1
kcal/mol compared to the binding affinity of ciprofloxacin (—7.4
kcal/mol). The highest binding score was observed with
compound 16 (—8.4 kcal/mol), while the lowest binding
score was observed with compound 15 (—S5.1 kcal/mol). As
indicated, like ciprofloxacin, compound 17 interacted with E. coli
DNA gyrase B through only one hydrogen bond with Arg-76
amino acid residues. In contrast, compounds 15 and 16
interacted with E. coli DNA gyrase B was through two hydrogen
bonds. However, no hydrogen bonding was observed between
compound 14 and the target enzyme, E. coli DNA gyrase B.
Compound 16 with the maximum binding affinity (—8.4 kcal/
mol) exhibited good antibacterial activity against E. coliwith an
1Z of 12.30 + 0.50 mm (Table 6). Hence, the mechanism of
action of compound 16 was predicted and illustrated in 2D and
3D modes of interaction (Figure 7). For compounds 14, 15, and
17, the 2D and 3D modes of interactions with E. coli DNA gyrase
B are depicted in Figure S26.

The docking analysis against PqsA indicated that the binding
affinity of isolated compounds ranged from —9.3 to —6.3 kcal/
mol compared with the docking score of ciprofloxacin (—7.2
kcal/mol). The highest docking score was observed with
compound 16 (—9.3 kcal/mol), whereas the lowest binding
score was seen with compound 15 (—6.3 kcal/mol). Compound
16 interacted with PqsA through five hydrogen bonds, while
compound 15 interacted with PgsA through only one hydrogen
bond. The value of binding affinity, which is not only determined
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by the number of bonds, is affected by various factors like the
bond length and type of hydrogen bonds as discussed in the
literature.”*> Compound 16, the compound with good
antibacterial activity against P. aeruginosa (11.70 = 0.24 mm,
Table 6), exhibited the highest binding score (—9.3 kcal/mol)
with PqsA depicted in the form of 2D and 3D modes of
interactions (Figure 8). The 2D and 3D modes of interaction of
compounds 14, 15, and 17 against PqsA are shown in Figure
$27.1In conclusion, the in silico antibacterial study supported the
in vitro antibacterial activities test and shows the potential of the
isolated compounds as antibacterial agents.

The results of the docking analysis against PKM2 and human
topoisomerase IIf were compared with the results of the positive
controls PKM2-IN-1 and etoposide (Table 9), respectively. The
docking against PKM2 showed that the docking scores of
isolated compounds ranged from —10.5 to —4.1 kcal/mol
compared to the docking score of PKM2-IN-1 (—9.5 kcal/mol).
The highest binding affinity (—9.6 kcal/mol) was shown by
compound 16, while the lowest (—4.1 kcal/mol) was seen with
compound 14. Compound 16, with the highest binding affinity
(—9.6 kcal/mol), interacted with PKM2 using six hydrogen
bonds through Lys-311, 311, Gly-315, Asp-354, Tyr-390, and
Leu-394 amino acid residues. In contrast, compound 14, with
the lowest binding affinity (—4.1 kcal/mol) interacted with
PKM?2 using only two hydrogen bonds through Asp-354 and
Asn-350 amino acid residues. In another way, six hydrogen
bonds were observed in the interaction between compound 17
and PKM2. However, the binding affinity of compound 17 was
less than that of compound 16. This condition might be related
to factors such as the strength of the hydrogen bond and bond
length.®*®> The interaction of the compound with the highest
binding affinity (compound 16, —9.6 kcal/mol) is shown in 2D
and 3D modes (Figure 9). For other compounds, their 2D and
3D modes of interaction with PKM2 are listed in Figure S28.

The docking against human topoisomerase IIf displayed that
the binding affinity of isolated compounds ranged from —5.1 to
—2.7 kcal/mol, compared with the binding affinity of etoposide
(—5.3 kcal/mol). The highest docking score (—5.1 kcal/mol)
was observed with compound 16, while the lowest docking score
(—2.7 keal/mol) was observed with compound 15. Compound
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Figure 9. 3D and 2D binding interactions of compound 16 (top) and PKM2-IN-1 (bottom) with PKM2.

16, exhibiting the highest binding affinity, interacted with
human topoisomerase IIf using three hydrogen bonding
interactions through Met-782, GIn-778, and Gly-776 amino
acid residues, while compound 15, with the lowest binding
affinity, showed one hydrogen bonding interaction with human
topoisomerase II/3 through Arg-503 amino residues. In addition,
compound 16 demonstrated greater hydrophobic and electro-
static forces compared to compound 15. The 2D and 3D modes
of interaction of compound 16 are depicted in Figure 10. For the
rest of the compounds, their 2D and 3D modes of interaction
with human topoisomerase II are displayed in Figure S29.
3.5. In Silico Pharmacokinetics and Toxicity of the
Isolated Compounds. Table 10 shows the calculated drug-
likeness properties of the isolated compounds using Swis-
sADME following Lipinski’s rule. As indicated, compounds 14
and 17 violate one of the rules stated in Lipinski’s rule of five,
whereas, similar to the standard anticancer drug, etoposide,
compound 16 violates two rules among the rules described in
Lipinski’s rule of five. Unlike etoposide and the isolated
compounds, positive controls ciprofloxacin and PKM2-IN-1
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do not violate Lipinski’s rule of five. As a rule, a drug that can be
orally active has no more than one violation of the rule set in
Lipinski’s rule of five.°® Therefore, except for compound 16, the
rest of the isolated compounds fulfill the rule stated in Lipinski’s
rule of five. Thus, compounds 14, 15, and 17 could be used as
drugs orally because of their good solubility and permeability in
the human bodies.

Table 11 presents the results of oral acute toxicity, organ
toxicity, and toxicological end points calculated using the Pro
Tox 3.0 online tool. Compounds 14 and 15 showed toxicity class
4, like the toxicity class of the standard antibacterial drug
ciprofloxacin and the anticancer positive control PKM2-IN-1.
Compounds 16 and 17 were predicted to be in toxicity class S.
Therefore, none of the isolated compounds were shown to be
fata617if swallowed, as the predicted LD, was greater than 50 mg/
kg.

Furthermore, compound 14 was predicted to affect the
normal function of the heart, like some drugs claimed to cause
cardiotoxicity through different mechanisms, and also affect the
respiratory system through either of the multiple mechanisms
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Figure 10. 3D and 2D binding interactions of compound 16 and etoposide against Human topoisomerase IIf3.
Table 10. Drug-likeness Predictions of Isolated Compounds Computed by SwissADME
comp. molecular formula  MW/g/mol NRB NHA NHD TPSA (A°2) log P(MLOGP < 4.15) log S/ESOL  Lipinski’s rule of §
14 CyoHyg05 4567 1 3 2 57.5 5.82 72 1
15 Ce¢HgO4 128.1 0 3 1 46.5 —0.11 —0.31 0
16 CyHy0s 464.4 4 12 8 210.5 -2.59 -15 2
17 CysH,40, 3423 s 9 6 156.9 -1.63 -12 1
ciprofloxacin C7H gFN30, 331.3 3 N 2 74.6 1.28 -13 0
PKM2-IN-1 CysH,sNO,S, 345.5 4 2 - 94.8 2.05 —4.13 0
etoposide C,oH5,015 588.6 S 13 3 160.8 —0.14 -3.75 2

reported,”>” whereas compounds 16 and 17 were predicted to
cause nephrotoxicity similar to drugs claimed to affect the
normal function of the kidney.®® Moreover, unlike compound
16, compounds 14 and 17 are predicted as agents of
immunotoxicity. The immune system serves as a guard to
protect the body from disease-causing agents, such as fungi,
parasites, bacteria, and viruses. This normal function can be
affected by drugs that inhibit the immune system cells, including
T and B lymphocytes.” In addition, compound 17, like
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compound 18, is predicted to affect the normal function of
the blood—brain barrier (BBB). BBB is a blood vessel used to
regulate the movement of ions, molecules, and cells between the
blood and the brain.”’ Some drugs affect the normal function of
the BBB; for example, increasing its permeability increases the
influx of toxic materials to the brain.”* In general, from these
results, we conclude that compound 16 is less toxic than the
other isolated compounds and the positive control.
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Table 11. Toxicity Predictions of Isolated Compounds
Calculated Using the Pro Tox II Online tool

LDy, toxicity toxicological end
comp. (mg/kg)  class organ toxicity points

14 2000 4 respiratory immunotoxicity
toxicity and
cardiotoxicity

15 1890 BBB

16 5000 N nephrotoxicity

17 4000 S nephrotoxicity immunotoxicity

and BBB

ciprofloxacin 2000 4 neurotoxicity, mutagenicity and
nephrotoxicity, clinical toxicity
and respiratory
toxicity

PKM2-IN-1 500 4 respiratory BBB
toxicity

etoposide 218 3 respiratory immunotoxicity

toxicity and
cardiotoxicity

4. CONCLUSIONS

In this study, we report for the first time the identification of 13
compounds from the DCM/MeOH (1:1) extract of the leaves of
O. rochetiana based on GC—MS spectral data. Additionally, four
compounds, i.e., ursolic acid (14), 5,6-dihydro-4-methyl-(2H)-
pyran-2-one (15), quercetin-3-O-(f3-p-galactopyranoside) (16),
and 4-O-f-p-glucopyranosylcaffeic acid (17), were isolated from
the extract, and their structures were established using 1D and
2D NMR data. The antibacterial activities were evaluated
against S. aureus, S. pyogenes, E. coli, and P. aeruginosa. The
antioxidant activity was performed using the DPPH radical
scavenging assay. The molecular docking was conducted against
E. coli DNA gyrase B, PqsA, PKM2, and human topoisomerase
II3. The drug-likeness and toxicity properties of the isolated
compounds were predicted using SwissADME and Pro Tox 3.0
online tools, respectively. Based on the findings of this study,
compound 14 was identified as a good antibacterial agent for S.
pyogenes. Compound 16 was selected as a more effective
antibacterial agent for both E. coli and P. aeruginosa. On the other
hand, compound 17 was considered a better antibacterial agent
for S. aureus. Therefore, compounds 14 and 17 exhibit strong
antibacterial properties against Gram-positive bacteria, and
compound 16 is a good antibacterial agent against Gram-
negative bacteria. The antibacterial activity of compound 16 was
validated using a molecular docking study against bacterial
enzymes E. coli DNA gyrase B and PqsA for E. coliand P.
aeruginosabacteria, respectively. Furthermore, compound 16
can be considered a promising anticancer agent, as it effectively
scavenges DPPH radicals and exhibits strong stabilization of the
complex with the target enzymes PKM2 and human
topoisomerase IIf, both of which play crucial roles in the
proliferation of cancer cells. Except for compound 16, all
isolated compounds were predicted to have good solubility and
permeability in the human body. All isolated compounds are
nonlethal, exhibit lower toxicity levels compared to the positive
control used in this study, and are suitable for oral
administration. These findings reinforce the traditional use of
the plant as a remedy for various bacterial diseases. However, the
synergetic effect of isolated compounds or using further isolation
and characterization techniques for compounds found in smaller
amounts can be the focus of the next study. In addition, in vivo
studies are essential to assessing the biological and toxicological
properties of the isolated compounds.
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