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ةيبطلاتاتابنلانماهيلعلوصحلامتييتلاسلورتسوتيفرهتشت:ثحبلافادهأ
ةداضملاوناطرسلاوةيومدلاةيعولأاوبلقلاويركسللةداضملااهصئاصخب
نمديدعلايف)تايناغوللاةلئاعيفوضع(يكوشلانكرطسلإاومني.تابوركيملل
.ةيبطلاضارغلألمدختسيامابلاغوةيقيرفلأالودلا

نمليثيلإاتاتيسأصلختسمليفارجوتاموركلالصفلاىدأ:ثحبلاقرط
لوريتسوتيساتيبو)1(لورتسيبماكلزعىلإ)رذجلاءاحل(يكوشلانكرطسلإا
)2(.

يوونلايسيطانغملانينرلاويلتكلافيطلاسايققيرطنعاهلكايهديكأتمت:جئاتنلا
.تابنلانملوريتسوتيساتيبولورتسيبماكنعديدجريرقتوهاذه.بدلأاتانايبو
ةيدوقنعلاتاروكمللطبرلاعقاومعم1طابترلااتاطابترانأماحتللااتاساردتفشك
و7.8-تناكةيراجنزلاةفئازلاةعوفلالماعمظنموزلايسكوبركلاتافوريبةيبهذلا
تاطابتراىلع2يوتحي،كلذىلعةولاع.يلاوتلاىلع،لوم/يرولاكوليك7.9-
ةيدوقنعلاتاروكملالطبرلاعقاومعملوم/يرولاكوليك7.7-و7.6-غلبتةمزلم
)يسايقءاود(نيساسكولفوربيسيوتحيامنيب،يلاوتلاىلع،ةيراجنزلاةفئازلاوةيبهذلا
.لوم/يرولاكوليك8.7-و6.6-ةمزلمتاطابتراىلع

يوتحييكوشلانكرطسلإارذجءاحلنأىلإةساردلاهذهتراشأ:تاجاتنتسلاا
ماحتللااتاقيقحتنأو،لوريتسوتيساتيبولورتسيبماكنمينغدوجوىلع
طابتراعقاومعمديجلكشبلعافتتتابكرملانأترهظأوكيليسيفيئيزجلا
.ةيبهذلاةيدوقنعلاتاروكملاوةيراجنزلاةفئازلا
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Abstract

Objectives: Phytosterols obtained from medicinal plants

are well known for their anti-diabetic, anti-cardiovascu-

lar, anti-cancer, and anti-microbial properties. Strychnos

innocua (a member of the Loganiaceae family) grows in

several African nations and is frequently used for me-

dicinal purposes.

Methods: The chromatographic separation of S. innocua

(root bark) ethyl acetate extract resulted in the isolation

of campesterol (1) and b-sitosterol (2).

Results: The structures of 1 and 2 were confirmed by

mass spectrometry, nuclear magnetic resonance (1D and

2D NMR), and literature data. This is a novel report of

campesterol and b-sitosterol from S. innocua. Docking

studies revealed that the binding affinities of 1 with the

binding sites of Staphylococcus aureus pyruvate carbox-

ylase (PDB: 3HO8) and Pseudomonas aeruginosa viru-

lence factor regulator (PDB: 2OZ6) were �7.8 and

�7.9 kcal/mol, respectively. Furthermore, 2 had binding

affinities of �7.6 and �7.7 kcal/mol with binding sites of

S. aureus and P. aeruginosa, respectively, whereas cipro-

floxacin (a standard drug) had binding affinities of �6.6

and �8.7 kcal/mol.

Conclusion: This study indicated that S. innocua root

bark is rich in campesterol and b-sitosterol. In silico

molecular docking demonstrated that the compounds

interact well with the binding sites of S. aureus and

P. aeruginosa.
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Introduction

Compounds derived from plants have enormous potential
for the development of new drugs.1 The various parts of

plants (leaves, stems, roots, fruit, and flowers) are used in
multiple applications, including medicinal purposes.2

In medicinal plants, the phytochemicals and secondary
metabolites, such as phytosterols, contain active medicinal

components with therapeutic potential.3,4 Campesterol is a
naturally occurring plant sterol that has been associated
with cholesterol lowering and cancer prevention.5

Plumbago zaylanica contains b-sitosterol, which has
antibacterial, antimalarial, antifertility, anti-inflammatory,
blood coagulation, wound healing, and anticancer

properties.6

Several approaches, such as in vitro, in vivo, and in silico
methods, have been used to investigate the antimicrobial

activity of natural plant constituents. Docking is one tech-
nique that has seen widespread use in the development of
antimicrobial medicines.7,8

Strychnos innocua (Figure 1) is a plant of the Loganiaceae

family with a straight stem and a height up to 18 m. It has a
trunk diameter ranging from 7 to 40 cm, and many branches.
Its leaves are normally simple, with a rounded base in rare

instances. S. innocua can be found in Cameroon, Malawi,
and Nigeria. The root bark of the plant has been reported
to cure gonorrhea, and a fresh infusion of the plant’s root

is used to treat snake bites.9,10 The plant can be harvested
in Kaduna State, Nigeria.

The chemical compositions and antimicrobial activities of
S. innocua root bark extracts have been investigated.11e15

However, research on the isolation of phytosterols from
S. innocua root bark is lacking. Herein, the phytosterols
campesterol (1) (Figure 2) and b-sitosterol (2) (Figure 3)

were isolated from the root bark of S. innocua,
characterized, and docked to assess their antibacterial
activity. This is a novel report of phytosterol compounds

from the plant root bark.

Materials and Methods

Plant collection

S. innocua was obtained in the wild in Kaduna State,
Nigeria. Mr. Namadi Sunusi identified and authenticated the

specimen at the Department of Biological Sciences at ABU,
Zaria, where V/N-01884 is the herbarium voucher number.

Extraction

The root bark of S. innocua was dried in the shade, then
crushed to a fine powder. According to a prior report,11 the
powder (i.e., crushed sample, 2 kg) was subjected to
extraction with the maceration method with solvents n-

hexane (HEX), ethyl acetate (EA), and methanol, with
increasing polarity.

General experimental procedure

GCeMS analysis of the isolated compounds was per-
formed on a GC 7890B, MSD 5977A, Agilent Tech instru-

ment. The carrier gas used was helium at a flow rate of 1 mL/
min. The sample supernatant (1 mL) was injected into the GC
while the temperature of the GC oven was set to rise from
80 �C to 150 �C at a rate of 12 �C/min, then to 270 �C at a

rate of 9 �C/min, followed by a 5-min isothermal step at
325 �C. The ion source temperature was set at 230 �C, and
the ionization voltage was set to 70 eV. The NMR (1D and

2D) spectra were obtained on a VarianeVnmrs 400 MHz
spectrometer with chloroform (CdCl3). Chemical shifts (d)
are reported in ppm.

The chemicals and reagents used in the investigation were
of analytical grade.

Isolation and purification

With several solvent systems, thin layer chromatography
(TLC) of ethyl acetate extract revealed many spots. The

extract (30 g) was mixed with 60e120 mesh silica gel and
dried. After parking (with silica gel and HEX), the dried
extract was placed in a column (size, 5 � 60 cm) and eluted
with a suitable solvent (HEX:EA) under gradually increasing

polarity (HEX 100%, 9:1, 8:2, 7:3, 6:4, 1:1, 4:6, 3:7, 2:8, 1:9,
and 100% EA) at a flow rate of 1 drop/sec, thereby yielding
261 collections of 50 mL. To monitor these collections, we

used TLC plates pre-coated with spraying reagent
(CH3OH:CH3COOH:H2SO4:CH3OC6H4CHO at a ratio of
85:10:5:0.l mL), thus generating 24 fractions (F1eF24).
Fractions 8 and 9 were mixed and separated with column
chromatography with increasing concentrations of HEX:EA
(HEX 100%, HEX:EA, 9:1) to obtain 60 collections of 5 mL
each. A pre-coated TLC plate was also used to monitor the

collections, thus yielding eight subfractions (FF1eFF8). The
FF4 and FF5 subfractions were further combined and
separated on a column before being eluted with HEX:EA

(9.1), thus yielding three smaller fractions (SF1, SF2, and
SF3). On TLC, SF2 revealed one spot representing com-
pound 1 (Rf ¼ 0.41), thus yielding 46 mg. FF2 and FF3 were

combined and eluted with HEX:EA (9:1), and four smaller
fractions (SF1, SF2, SF3, and SF4) were obtained. On TLC,
SF3 revealed one spot, which was used to obtain compound

2 (Rf ¼ 0.18), with a yield of 37 mg.

Molecular docking study

Compounds 1 and 2, as well as ciprofloxacin (standard

drug), were docked in silico with target receptors (PDB:
3HO8, and 2OZ6) obtained from the Protein Data Bank
(www.rcsb.org). ChemDraw professional 16.0 was used to

design its two-dimensional (2D) structure, which was sub-
sequently optimized in three dimensions with Spartan
20v.1.1/2020. The target receptors were created in three di-

mensions with Discovery Studio Visualizer, saved in PDB file

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 2: Structure of campesterol (1).
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format, and then uploaded to the Pyrx program for docking.
To investigate proteineligand interactions, the docking

output was shown in Discovery Studio together with the
binding energy.16,17

Results and discussion

Compound 1 (46 mg), in the form of a white powder, had
a melting point of 162 �C. The mass spectrum (Figure 4) of

1 at retention time (RT ¼ 10.880 min) showed peaks at an
m/z of 400, with molecular ion and fragment ion m/
z values of 367, 316, 289, 255, 213, 173, 145, 109, 81, and

43, thus suggesting a molecular formula of C28H48O. The
NMR spectra data (Table 1) of 1 was highly similar to that
of campesterol in the literature, with 1H NMR (Figure 5)

displaying dH for one olefinic methine proton (dH 5.51 H-
6), one hydroxyl proton (dH 4.53 OH), six methyl protons
(dH 0.83 H-18, 0.67 H-19, 0.81 H-21, 0.77 C-26, 0.80 H-27,

and 0.66 C-28), ten methylene protons (dH 1.99 H-1, 1.82
H-2, 1.60 H-4, 1.13 H-7, 1.12 H-11, 1.20 H-12, 2.12 H-15,
1.92 H-16, 2.20 H-22, and 1.08 H-23), and eight methine
protons (dH 3.53 H-3, 1.80 H-8, 0.98 H-9, 1.46 H-14, 1.80

H-17, 2.27 H-20, 0.90 H-24, and 1.27 H-25). The 13C
NMR (Figure 6) and DEPT revealed 28 carbon signals for
six methyl carbons (dC 15.58 C-18, 12.19 C-19, 14.35 C-21,

21.28 C-26, 20.01 C-27, and 15.64 C-28), ten methylene
carbons (dC 37.44 C-1, 31.85 C-2, 42.49 C-4, 32.12 C-7,
23.25 C-11, 39.97 C-12, 24.51 C-15, 26.22 C-16, 34.31 C-

22, and 34.13 C-23), eight methine carbons (dC 72.03 C-3,
32.09 C-8, 51.44 C-9, 56.96 C-14, 56.23 C-17, 36.35 C-20,
39.25 C-24, and 33.90 C-25), three quaternary carbons (dC
145.43 C-5, 36.71 C-10, and 46.01 C-13), and one olefinic

methine carbon (dC 121.94 C-6) (see Table 2).
Compound 2 (37 mg), in the form of a clear crystal, had a

melting point of 147 �C. The mass spectrum (Figure 7) of 2 at

retention time (RT ¼ 27.486 min) indicated fragment ion
peaks at an m/z of 396, representing a H2O loss from the
molecular ion peak (m/z 414). Other fragmentation ions
Figure 1: Strychnos innocua branches fruit, and leaves.
included m/z of 381, 342, 303, 255, 213, 173, 145, 109, 81,

and 43, thereby suggesting a molecular formula of
C29H50O. The NMR spectra data (Table 1) of 2 were
highly similar to those in the literature for b-sitosterol,
with 1H NMR (Figure 8) displaying dH for six methyl

protons (dH 0.87 H-18, 0.78 C-19, 0.97 H-21, 0.82 H-26,
0.85 H-27, and 0.88 H-29), eleven methylene protons (dH
1.72 H-1, 1.93 C-2, 2.32 H-4, 1.95 H-7, 1.19 H-11, 1.22 H-

12, 1.53 H-15, 1.20 H-16, 1.43 H-22, 1.22 H-23, and 1.39
H-28), nine methine protons (dH 3.57 H-3, 5.46 H-6, 2.19
H-8, 1.10 H-9, 1.15 H-14, 1.21 H-17, 1.51 H-20, 1.14 C-24,

and 1.57 H-25), and one hydroxyl proton (dH 4.82 OH).
The 13C NMR (Figure 9) and DEPT displayed 29 carbon
signals for six methyl carbons (dC 14.31 C-18, 19.52 C-19,

20.70 C-21, 22.86 C-26, 22.81 C-27, and 14.35 C-29), eleven
methylene carbons (dC 38.89 C-1, 30.27 C-2, 41.25 C-4,
32.14 C-7, 22.91 C-11, 40.09 C-12, 28.95 C-15, 28.88 C-16,
33.20 C-22, 28.98 C-23, and 24.85 C-28), eight methine

carbons (dC 72.06 C-3, 31.88 C-8, 51.46 C-9, 56.52 C-14,
55.00 C-17, 33.77 C-20, 45.02 C-24, and 29.91 C-25), three
quaternary carbons (dC 143.71 C-5, 37.34 C-10, and 43.51

C-13), and one olefinic methine carbon (dC 122.21 C-6).
The ethyl acetate extract demonstrated the presence of

steroids in the phytochemical investigation, and further dis-

played potent antibacterial action against S. aureus, P. aeru-
ginosa, and B. subtilis.13 Campesterol and b-sitosterol were
isolated from the extract after chromatographic separation,

and their structures (Figures 2 and 3) were identified with
spectroscopic investigations and comparison with data from
the literature.18e23 These compounds are present in a variety
of plant species; their biological activities have been
Figure 3: Structure of b-sitosterol (2).



Table 1: NMR (400 MHz, CDCl3) data for campesterol (1).

Campesterol Literature data18,19

Position 1H (ppm) 13C (ppm) DEPT 1H (ppm) 13C (ppm) DEPT

C-1 1.99 (m, 2H) 37.44 CH2 1.55 (m, 2H) 37.30 CH2

C-2 1.82 (m, 2H) 31.85 CH2 1.52 (m, 2H) 28.90 CH2

C-3 3.53 (m, 1H) 72.03 CH 3.40 (m, 1H) 71.90 CH

C-4 1.60 (m, 2H) 42.49 CH2 1.40 (m, 2H) 42.30 CH2

C-5 145.43 C 142.40 C

C-6 5.51 (m, 1H) 121.94 CH 5.31 (m, 1H) 121.90 CH

C-7 1.13 (m, 2H) 32.12 CH2 1.33 (m, 2H) 31.80 CH2

C-8 1.80 (m, 1H) 32.09 CH 1.73 (m, 1H) 31.00 CH

C-9 0.98 (m, 1H) 51.44 CH 51.20 CH

C-10 36.71 C 36.50 C

C-11 1.12 (m, 2H) 23.25 CH2 1.13 (m, 2H) 21.10 CH2

C-12 1.20 (m, 2H) 39.97 CH2 1.21 (m, 2H) 39.80 CH2

C-13 46.01 C 43.10 C

C-14 1.46 (m, 1H) 56.96 CH 1.83 (m, 1H) 56.90 CH

C-15 2.12 (m, 2H) 24.51 CH2 21.80 CH2

C-16 1.92 (m, 1H) 26.22 CH2 1.92 (m, 1H) 25.00 CH2

C-17 1.80 (m, 1H) 56.23 CH 1.73 (m, 1H) 56.10 CH

C-18 0.83 (s, 3H) 15.58 CH3 1.10 (s, 3H) 19.80 CH3

C-19 0.67 (s, 3H) 12.19 CH3 0.73 (s, 3H) 12.20 CH3

C-20 2.27 (m, 2H) 36.35 CH 2.17 (m, 1H) 32.50 CH

C-21 0.81 (d, 3H) 14.35 CH3 0.81 (d, 3H) 19.10 CH3

C-22 2.20 (m, 2H) 34.31 CH2 34.50 CH2

C-23 1.08 (m, 2H) 34.13 CH2 1.20 (m, 2H) 30.30 CH2

(continued on next page)

Figure 4: Mass spectrum of campesterol (1).
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Table 1 (continued )

Campesterol Literature data18,19

Position 1H (ppm) 13C (ppm) DEPT 1H (ppm) 13C (ppm) DEPT

C-24 0.90 (m, 1H) 39.25 CH 1.08 (m, 2H) 42.40 CH

C-25 1.27 (m, 1H) 33.90 CH 1.77 (m, 1H) 36.10 CH

C-26 0.77 (d, 3H) 21.28 CH3 0.83 (d, 3H) 21.20 CH3

C-27 0.80 (d, 3H) 20.01 CH3 0.79 (d, 3H) 19.10 CH3

C-28 0.66 (d, 3H) 15.64 CH3 0.70 (d, 3H) 15.39 CH3

OH 4.53 (s, 1H)

Campesterol and b-sitosterol from Strychnos innocua (Delile)570
thoroughly investigated, and their pharmaceutical effects have

been established. The antifungal activity of campesterol and
b-sitosterol obtained from Dendrocalamus asper against
some fungal pathogens has been determined, and they have
Figure 5: 1H NMR spectr
been found to have exceptional antifungal properties.24

These compounds have also been shown to have anti-
inflammatory, antibacterial, and anti-tumor effects.25 In
general, approximately 250 phytosterols are found in plants,
um of campesterol (1).



Figure 6:
13C NMR spectrum of campesterol (1).

Table 2: NMR (400 MHz, CDCl3) data for b-sitosterol (2).

b-sitosterol Literature data20,21

Position 1H (ppm) 13C (ppm) DEPT 1H (ppm) 13C (ppm) DEPT

C-1 1.72 (m, 2H) 38.89 CH2 1.85 (m, 2H) 37.39 CH2

C-2 1.93 (m, 2H) 30.27 CH2 1.95 (m, 2H) 31.76 CH2

C-3 3.57 (m, 1H) 72.06 CH 3.55 (m, 1H) 71.95 CH

C-4 2.32 (m, 2H) 41.25 CH2 2.38 (m, 2H) 42.39 CH2

C-5 143.71 C 140.85 C

C-6 5.46 (m, 1H) 122.21 CH 5.37 (m, 1H) 121.85 CH2

C-7 1.95 (m, 2H) 32.14 CH2 1.99 (m, 2H) 32.06 CH2

C-8 2.19 (m, 1H) 31.88 CH 2.00 (m, 1H) 31.93 CH

C-9 1.10 (m, 1H) 51.46 CH 0.94 (m, 1H) 50.28 CH

C-10 37.34 C 36.64 C

C-11 1.19 (m, 2H) 22.91 CH2 1.02 (m, 2H) 21.22 CH2

C-12 1.22 (m, 2H) 40.09 CH2 1.16 (m, 2H) 39.92 CH2

C-13 43.51 C 42.46 C

C-14 1.15 (m, 1H) 56.52 CH 1.00 (m, 1H) 56.90 CH

C-15 1.53 (m, 2H) 28.95 CH2 1.58 (m, 2H) 28.39 CH2

C-16 1.20 (m, 2H) 28.88 CH2 1.09 (m, 2H) 28.35 CH2

C-17 1.21 (m, 1H) 55.00 CH 1.12 (m, 1H) 56.18 CH

C-18 0.87 (s, 3H) 14.31 CH3 0.85 (s, 3H) 12.12 CH3

C-19 0.78 (s, 3H) 19.52 CH3 0.82 (s, 3H) 19.40 CH3

C-20 1.51 (m, 1H) 33.77 CH 1.35 (m, 1H) 36.29 CH

C-21 0.97 (d, 3H) 20.70 CH3 0.95 (d, 3H) 18.92 CH3

(continued on next page)
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Table 2 (continued )

b-sitosterol Literature data20,21

Position 1H (ppm) 13C (ppm) DEPT 1H (ppm) 13C (ppm) DEPT

C-22 1.43 (m, 2H) 33.20 CH2 1.33 (m, 2H) 34.07 CH2

C-23 1.22 (m, 2H) 28.98 CH2 1.16 (m, 2H) 26.14 CH2

C-24 1.14 (m, 1H) 45.02 CH 0.94 (m, 1H) 45.99 CH

C-25 1.57 (m, 1H) 29.91 CH 1.66 (m, 1H) 28.91 CH

C-26 0.82 (d, 3H) 22.86 CH3 0.83 (d, 3H) 21.38 CH3

C-27 0.85 (d, 3H) 22.81 CH3 0.84 (d, 3H) 19.18 CH3

C-28 1.39 (m, 2H) 24.85 CH2 1.25 (m, 2H) 23.20 CH2

C-29 0.88 (m, 3H) 14.35 CH3 0.85 (m, 3H) 12.19 CH3

OH 4.82 (s, 1H)

Figure 7: Mass spectrum of b-sitosterol (2).

Campesterol and b-sitosterol from Strychnos innocua (Delile)572



Figure 8:
1H NMR spectrum of b-sitosterol (2).

A.J. Uttu et al. 573
including sitosterol, stigmasterol, campesterol, brassicasterol,
ergosterol, and b-sitosterol. They are related to cholesterol

and, according to their structural components, have been
identified in plant biological membranes.26

The interactions of the compounds with the target

receptors (PDB: 3HO8 and 2OZ6) were studied with
molecular docking and compared with those of cipro-
floxacin (standard drug). Compounds 1 and 2 exhibited

considerably greater binding energy (Table 3) toward
S. aureus pyruvate carboxylase, 3HO8 (receptor) than
ciprofloxacin. Campesterol had a greater binding energy
(�7.8 kcal/mol) than b-sitosterol (�7.6 kcal/mol); their

interactions with the receptor are shown in Figures 10
and 11, respectively. The binding energy of
ciprofloxacin was �6.6 kcal/mol, and its interaction

with the receptor is represented in Figure 12. These
figures also indicate that the target residues involved in
interactions with the docked compounds included PHE,

PRO, LYS, VAL, PHE, TYR, and GLY, thus
emphasizing the relevance of these residues in S. aureus
suppression. S. aureus has long been associated with
soft tissue infections and skin conditions, such as food

poisoning, abscesses, respiratory infections, furuncles,
pneumonia, cellulitis, and joint infections.27

Campesterol isolated from Fiscus religiosa shows

substantial interactions with binding sites in the crystal
structure of the KelcheNeh2 complex (PDB: 2FLU),
thus suggesting that it is a viable competitive agent to

counteract Keapl and hence may be used in cancer
chemoprevention (28).

Furthermore, compounds 1 and 2 had considerably
lower binding energy (Table 4) than ciprofloxacin toward

the P. aeruginosa virulence factor regulator 2OZ6
(receptor). Campesterol had a higher binding energy
(�7.9 kcal/mol) than b-sitosterol (�7.7 kcal/mol), and

their interactions with the receptor are shown in
Figures 13 and 14, respectively. Ciprofloxacin’s binding
energy was �8.7 kcal/mol, and Figure 15 displays its

interaction with the receptor. The target residues (LEU,
ILE, and ARG) were involved in interactions with 1, 2,



Table 3: Binding energy of isolated compounds/ciprofloxacin with receptor (PDB: 3HO8).

Ligands Binding score (kcal/mol) Protein interaction Types of interaction Bond distance Å

Campesterol �7.8 PHE516 Alkyl 4.74

PRO410 Alkyl 5.03

PRO410 Alkyl 5.46

PRO410 Alkyl 5.16

LYS518 Alkyl 4.92

LYS518 Alkyl 5.46

LYS518 Alkyl 4.23

VAL404 Alkyl 4.37

PHE516 Pi-alkyl 5.42

TYR400 Pi-alkyl 5.37

TRY400 Pi-alkyl 5.27

GLY408 Carbon hydrogen bond 2.81

b-sitosterol �7.6 PRO410 Alkyl 4.97

PRO410 Alkyl 4.00

PRO410 Alkyl 4.70

LEU926 Alkyl 5.03

LYS518 Alkyl 5.25

LYS518 Alkyl 4.77

LYS518 Alkyl 4.14

VAL404 Alkyl 4.79

PHE516 Pi-alkyl 4.81

Figure 9: 13C NMR spectrum of b-sitosterol (2).
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Table 3 (continued )

Ligands Binding score (kcal/mol) Protein interaction Types of interaction Bond distance Å

PHE409 Pi-alkyl 4.68

PHE934 Pi-alkyl 5.13

TYR400 Pi-alkyl 5.06

TYR400 Pi-alkyl 4.61

TRY923 Pi-alkyl 4.77

GLY408 Carbon hydrogen bond 2.99

Ciprofloxacin �6.6 PRO410 Pi-sigma 3.70

PHE934 Pi-alkyl 5.28

PHE409 Pi-alkyl 5.12

PRO410 Pi-alkyl 5.06

LYS518 Alkyl 4.14

PRO410 Pi-alkyl 5.15

ASN403 Conventional hydrogen bond 2.73

Figure 10: 2D Interaction of campesterol (1) with crystal structure

of S. aureus (PDB: 3HO8).

Figure 11: 2D Interaction of b-sitosterol (2) with crystal structure

of S. aureus (PDB: 3HO8).
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and ciprofloxacin, thus indicating their importance in
P. aeruginosa inhibition. The pathogen is a multidrug-

resistant bacterium that causes illness in both plants
and animals, such as septic shock, pneumonia, gastro-
intestinal conditions, and urinary tract infection.29 b-
sitosterol has also been discovered in Fiscus religiosa,
and has been found to substantially interact with
binding sites of the Kelch-Neh2 complex (PDB: 2FLU)

crystal structure, thus suggesting that it is a potential
competitive drug to counteract Keapl and may be
applied in cancer chemoprevention.28
Figure 12: 2D Interaction of ciprofloxacin with crystal structure of

S. aureus (PDB: 3HO8).



Table 4: Results of binding energy of isolated compounds/ciprofloxacin with receptor (PDB: 2OZ6).

Ligands Binding score (kcal/mol) Protein interaction Types of interaction Bond distance Å

Campesterol �7.9 ALA77 Alkyl 3.79

LEU59 Alkyl 4.43

ILE44 Alkyl 4.22

VAL79 Alkyl 5.46

ARG116 Alkyl 5.26

ARG116 Alkyl 4.05

ARG116 Alkyl 5.57

LEU117 Alkyl 4.92

LEU68 Alkyl 3.82

LEU68 Alkyl 5.42

LEU68 Alkyl 4.48

LEU68 Alkyl 4.48

LEU68 Alkyl 4.42

b-sitosterol �7.7 ILE56 Alkyl 4.16

ILE44 Alkyl 4.44

ILE44 Alkyl 3.95

LEU59 Alkyl 4.25

ARG116 Alkyl 4.20

ARG116 Alkyl 4.50

LEU68 Alkyl 4.70

LEU68 Alkyl 4.84

MET113 Alkyl 4.74

MET113 Alkyl 4.32

LEU117 Alkyl 4.16

LEU117 Alkyl 5.03

LEU117 Alkyl 4.25

LEU117 Alkyl 4.19

Ciprofloxacin �8.7 GLU57 Pi-anion 4.48

ILE44 Pi-sigma 3.99

ALA77 Carbon hydrogen bond 2.52

LEU68 Alkyl 4.76

ALA77 Alkyl 5.14

ALA77 Alkyl 4.72

ILE56 Alkyl 4.42

ALA77 Alkyl 4.72

ARG116 Pi-alkyl 4.84

LEU68 Pi-alkyl 5.43

ILE44 Pi-alkyl 4.16

THR120 Conventional hydrogen bond 2.37

GLY66 2.37

Figure 13: 2D Interaction of campesterol (1) with crystal structure

of P. aeruginosa (PDB: 2OZ6).

Figure 14: 2D Interaction of b-sitosterol (2) with crystal structure

of P. aeruginosa (PDB: 2OZ6).
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Figure 15: 2D Interaction of ciprofloxacin with crystal structure of

P. aeruginosa (PDB: 20Z6).
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Conclusion

The structures of two compounds (campesterol and b-
sitosterol) isolated from S. innocua root bark were charac-

terized with MS and NMR spectroscopy. In the docking
study, campesterol and b-sitosterol showed binding energies
of �7.8 and �7.7 kcal/mol with the binding site of S. aureus

(PDB: 3HO8), values higher than that of ciprofloxacin.
Furthermore, the compounds showed binding energies
of �7.9 and 7.7 kcal/mol with the P. aeruginosa binding site
(PDB: 2OZ6), values slightly lower than that of ciprofloxacin

(�8.7 kcal/mol). These findings suggest that the compounds
might serve as potential antibacterial agents.
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