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Background: Cyphostemma cyphopetalum is a medicinal plant traditionally used to treat various ailments. Limited studies on
C. cyphopetalum inspired us to investigate the chemical nature and therapeutic potential of the plant.

Methods: Silica gel column chromatographic separation was used for isolation. 1D and 2D NMR spectroscopic analysis and literature
data were used for structural elucidation. Agar well diffusion assay was used for evaluation of antibacterial activity against E. coli,
P aeruginosa, and S. aureus. DPPH assay was used to evaluate radical scavenging activities. Molecular docking was done by
AutoDock Vina 4.2 open-source program. DFT calculations were performed using the Gaussian 16 program package.

Results: Dichloromethane/methanol (1:1) roots extract afforded a new hydroxyl-spongiane diterpenoid lactone derivative, 3-hydro-
xyisoagatholactone (1), along with B-sitosterol (2) and e-viniferin (3) whereas methanol extract afforded frans-resveratrol (4), gnetin
H (5), tricuspidatol A (6), e-viniferin-diol (7) and parthenostilbenin B (8). At 50 pg/mL, compound 3 recorded the highest inhibition
against E. coli (8.55 = 0.45 mm) and S. aureus (9.30 £1.39 mm). Against P. aeruginosa, compound 5 consistently outperformed
chloramphenicol (11.76 = 0.77 mm, at 30 g/mL). Maximum binding affinity were observed by compound 3 against DNA gyrase B
(-7.6 kcal/mol) where as compound 5 displayed maximum binding against PqsA (-8.8 kcal/mol) and S. aureus PK (-5.8 kcal/mol).
Compounds 1, 3 and 4 satisfy Lipinski’s rule of five. Trans-resveratrol (4) demonstrated strong DPPH scavenging activity at 12.5 g/
mL, with ICsy values of 0.052 pg/mL, compared to ascorbic acid (ICs, value of 0.0012 pg/mL).

Conclusion: In this work, eight compounds were identified from the roots extracts of C. cyphopetalum including a new hydroxyl-
spongiane diterpenoid lactone, 3-hydroxyisoagatholactone (1). Compounds 3 and 5 exhibited good antibacterial activity and binding
affinities. The docking result is in agreement with the in vitro antibacterial study. Overall, the study result suggests that the isolated
compounds have the potential to be used as therapeutic agents, which supports the traditional uses of C. cyphpetalum roots.
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Introduction

The genus Cyphostemma (Planch.) Alston, belonging to the Vitaceae family, includes approximately 259 taxonomically
accepted species of erect, prostrate, or climbing perennial herbs or shrubs, with or without tendrils, distributed throughout the
tropics and subtropics of the world.! Members of this genus have long been used in folk medicine to treat various ailments,
such as malaria, inflammation, kwashiorkor, and marasmus in children, snake bite, abortifacient, rabies, tooth ache, tumor.” >
The phytochemical constituents of the genus Cyphostemma include flavonoids, alkaloids, coumarins, saponins, terpenoids,
stilbenoids, and tannins.®'® These compounds exhibit diverse bioactivities, including antioxidant, antibacterial, antifungal,
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hepatoprotective, antiploriferation, and chemopreventive.'"'® C. cyphopetalum (Fresen.) is a medicinal plant up to 4—
6 m having scrambling succulent leaves and creamy yellow flowers distributed in tropical and subtropical African countries,
including Ethiopia, Cameroon, Sudan, Uganda, Kenya, Tanzania, Rwanda, Congo, and Zambia."'” In Ethiopia, it is locally
called as ‘Milas Golgul’ (Amharic),'®'” and Gindosh (Amharic)® and available in different parts of the country, including
Harerge, Afar, Ilubabor, Bale, Arsi, Welo, Shewa, Tigray, Gonder, Gojam, Welega, Sidamo, and Gamogofa.17 Various
traditional uses of the plant have been reported in Ethiopia, including treating tumor,” snake bite, rabies,” eczema (Atopic
dermatitis).”® In Kenya, the plant has various traditional uses, including eradicating insects.*!

The lack of report on the phytochemical and pharmacological studies on C. cyphopetalum, despite the reported
ethnomedicinal uses, inspired us to investigate and explore the chemical nature and therapeutic potential of the plant.
Reported herein are the isolation, structure elucidation, antibacterial and antioxidant activity evaluation of eight
compounds from the dichloromethane/methanol (1:1) and methanol root extracts of which 3-hydroxyisoagatholactone
(1) is a novel compound.

Experimental Part

General Experimental Procedure

IR spectra were recorded using KBr pellets on PerkElmer BX Infrared Spectrometer in the range 4000 to 400 cm™'. The
NMR spectra were recorded on Bruker Avance 400 MHz spectrometer with deuterated chloroform and methanol using TMS
as internal standard. Analytical TLC plates with silica gel 60 F254 TLC (Merck, Germany) were used to determine TLC
profiles. The spots on TLC plates were visualized using a UV lamp (254 and 365 nm). Silica gel column chromatography
was performed at silica gel (60—120 mesh). All chemicals, solvents and reagents were used to analytical grade.

Plant Material Collection and Identification

The roots of C. cyphopetalum were collected from the district of Huruta town, Lode Hetosa Woreda, Arsi Zone, Oromia,
Ethiopia, in September 2019. The plant material was authenticated by Melaku Wendafrash (Chief Technician, Botanist),
and voucher specimen (TCY09) was deposited at the National Herbarium, Department of Biology, Addis Ababa
University, Ethiopia.

Extraction and Isolation of Compounds from the Roots of C. cyphopetalum

The powdered roots of C. cyphopetalum (500 g) were extracted sequentially with n-hexane, dichloromethane/methanol
(1:1), and methanol (100%) by maceration, each for 72 h, thrice at room temperature. The filtrates were concentrated in
vacuo on a rotary evaporator at 40 °C to obtain 31 g, and 24 g of crude extracts, respectively.

The dichloromethane/methanol (1:1) roots extract (10 g) was subjected to silica gel column chromatography (silica gel
180 g) and eluted with increasing gradient of n-hexane/EtOAc followed by dichloromethane/methanol mixtures. A total of
145 fractions were collected (each 50 mL). Fractions 3744 obtained with n-hexane/EtOAc (1:1) were subjected to silica gel
column chromatography (20 g) eluting with DCM/MeOH (9.5:0.5) isocratic mode to afford the 3-hydroxyisoagatholactone
(1, 53 mg). Compound 2 (45 mg) was obtained from fractions 17-36 using n-hexane/EtOAc (3:1) as eluent. Fractions 45-52
obtained from n-hexane/EtOAc (2:3) were subjected to silica gel column chromatography (1-5% EtOAc in n-hexane as
eluent) to afford compound 3 (41 mg). The methanol roots extract (10 g) was subjected to gravity column chromatography
and eluted with increasing gradient of n-hexane/EtOAc and DCM/MeOH mixtures to afford 98 fractions. Fractions 27-29
eluted with n-hexane/EtOAc (5:2) were purified further using isocratic elution of 5% MeOH in DCM to afford compounds 4
(11 mg), 5 (6 mg), and 6 (20 mg). Finally, fractions 53—57 obtained with #-hexane/EtOAc (3:1) were purified using isocratic
elution with 10% MeOH in DCM as eluent and afforded compounds 7 (40 mg) and 8 (7 mg).

Antibacterial Activity

All isolated compounds were studied for in-vitro antibacterial activity against three standard human bacterial pathogens,
namely Staphylococcus aureus (S. aureus, ATCC 25923), Escherichia coli (E. coli, ATCC 25922) and Pseudomonas
aeruginosa (P. aeruginosa, ATCC 27853) collected from Ethiopian Public Health Institute (EPHI). Experiments were
done at the microbiology laboratory of the medical laboratory department, Haramaya University, in collaboration with
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microbiologists. The degree of susceptibility of each bacterial strain to the isolated compounds was evaluated by using
the agar medium disc-diffusion technique as per the standard protocols of Clinical and Laboratory Standards Institute
(CLSI).* That is, about 35 fresh colonies with similar morphology of each bacterial species were aseptically transferred
into a saline solution using a sterile inoculating loop, and bacterial turbidity was adjusted in reference to 0.5 McFarland
standard solution (10® CFU/mL). The Mueller Hinton Agar (HiMedia) medium was prepared as per the manufacturer’s
instruction. The bacterial suspension was then streaked by swapping with cotton swap onto Petri plates containing the
medium. Sterilized Whatman No. 1 filter paper discs (6 mm in diameter) were prepared using a puncher to hold samples.
A stock solution of each isolated compound (1 mg/mL) was prepared in 4% DMSO. Thereafter, four different solutions,
500, 300, 100, and 50 pg/mL, of each compound were prepared from their corresponding stock solutions. Standard
antibiotic disc of chloramphenicol (30 pg/disc) and DMSO solvent were served as positive and negative controls,
respectively. Each solution (100 puL), including the positive and negative controls, was loaded onto separate paper discs
(6 mm in diameter), placed discs onto the Petri plates with the bacterial culture inoculated MHA, and incubated at 37 °C
for 18-24 hr. Inhibition zones were monitored by the paper disc’s clear area and measured by caliper (in mm).?>** The
experiment was done in duplicate aseptically, and the result was expressed as mean + standard deviation using SPSS
(version 20).

Molecular Docking Studies of the Isolated Compounds
The docking calculations results include binding energy (kcal/mol), hydrogen bond distances, and pictorial representation
of viable docked poses. The protein E. coli DNA gyrase B (PDB ID: 6F86), PqsA (PDB ID: 3T07) and S. aureus
pyruvate kinase (PK) (PDB ID: 5SOE3) were used as target proteins. AutoDock Vina 4.2 (MGL tools 1.5.7) was used to
dock the isolated compounds (1-6) into active sites of the target proteins, following reported standard protocol.**
ChemOffice tool (Chem Draw 16.0) was used to prepare the chemical structures of the compounds (1-8) with
appropriate 2D orientations, and ChemBio3D was used to obtain the minimized energy of each compound. Then, the
energy minimized ligand molecules were then used as input for AutoDock Vina to carry out the docking simulation.
Crystal structures of the receptor protein molecules were obtained from the Protein Data Bank (PDB). The proteins
were prepared using protein preparation protocol,” applying default parameters (remove water molecules and cofactors).
The target protein file was generated by leaving the associated residue with protein by using Auto Preparation of target
protein file AutoDock 4.2 (MGL tools 1.5.7). A grid box size of 46x46x46 A pointing in x, y, and z directions with
a grid point spacing of 0.375 A was considered. Lamarckian genetic algorithm (LGA) program with an adaptive whole
method search in the Auto Dock was chosen to calculate the different ligand conformers. The potential binding energy
between ligand and protein was obtained using the docking Lamarckian genetic algorithm (LGA) program with an
adaptive whole method search in the AutoDock Vina. Nine different conformations were generated for each ligand
scored using AutoDockVina scoring functions. The conformations with the most favorable (least) free binding energy
were selected for analyzing the interactions between the target receptor and ligands by Discovery studio visualizer and
PyMOL. The ligands are represented in different colors, H-bonds and the interacting residues are represented in stick

model representation.

In silico Pharmacokinetic Analysis

Pharmacokinetic parameters were evaluated for the isolated compounds to investigate their drug candidate chances. The
ADMET properties were evaluated with the aid of SwissADME, an online ADME prediction tool (http://www.
swissadme.ch). The drug-likeness of the compounds was predicted by adopting the Lipinski’s rule of five.?® Structures
of the isolated compounds (1-6) were converted to their canonical simplified molecular-input line-entry system (SMILE)
and submitted to SwissADME and PreADMET tool to estimate in-silico pharmacokinetic parameters.”’ The toxicity
profile of the studied compound (1-6) was predicted using ProTox-II Web tool.?® The selection of the compounds as drug
candidates was determined by a parameter called drug score. The higher the drug score value, the higher the compound’s
chance is considered a drug candidate.”
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Radical Scavenging Activity

The antioxidant activity of each of the isolated compounds from the root of C. cyphopetalum was evaluated based on the
scavenging activity of the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical.*®*' Each sample was separately
dissolved in methanol and serially diluted to give 200, 100, 50, and 25 ug/mL concentrations. Freshly prepared 0.04%
DPPH solution in methanol was added to each concentration. The mixture was shaken and incubated in an oven at 37°C
for 30 min. The absorbance of the resultant solution was measured at 517 nm using UV-Vis spectrophotometry. Ascorbic
acid with a similar concentration of test sample was used as the positive control.

The DPPH radical scavenging activity of each of the tested compounds was reported by percentage inhibition using
the formula %DPPH Inhibition = [(4contror —Asampie)/Acontrot] * 100, Where A o401 is the absorbance of DPPH solution and
Agampie 1s the absorbance of the test sample (DPPH solution plus compound).”** The DPPH radical scavenging activity
of the compounds was also expressed as ICsq, the concentration of the test compound to give a 50% decrease of the
absorbance from that of the control solution.

Density Functional Theory Calculations
Currently, density functional theory (DFT) has become a general tool for understanding and predicting the behavior of
a broad range of biochemical phenomena applicable to compute the electronic structure of molecules and it enables the
determination of properties based on the evaluation of electron density.>>

DFT computations of the isolated compounds were performed by using the B3LYP functional,>* > and the 6-31++G
(d,p) basis set.”> Solvent effects were treated using the polarizable continuum model, and methanol as a solvent. All the
DFT calculations were performed using the Gaussian 16 program package.36 Frequency calculations were performed for
each optimized geometry to confirm that all the optimized geometries correspond to a real minimum. The optimized
structures of the compounds were used to determine the molecular electrostatic potential map (MEP), and highest
occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO). Based on the energies of HOMO
and LUMO of the compounds, the chemical reactivity parameters such as energy gap (AE = Erumo — Enomo)s
electronegativity (x = — %2 (Fnomo T ELumo), electronic chemical potential (n = %2 (Fnomo + ELumo) = — %), global
chemical hardness ( = % (ELumo — Enomo)» global softness (o = 1/2n), global electrophilicity index (o = p%/2n),
nucleophilicity index (Nu = 1/m), dipole moment, and natural atomic charges (NAC) calculations were carried out at the

same level of theory.>” >’

Results and Discussion

Characterization of the Isolated Compounds

The dichloromethane/methanol (1:1) and methanol root extracts of C. cyphopetalum were separately subjected to gravity
column chromatography over silica gel to afford one new spongiane diterpenoid lactone, 3-hydroxyisoagatholactone (1),
together with seven known compounds isolated from the plant for the first time. The structure of the known compounds
including p-sitosterol (2),** e-viniferin (3),*'** trans-resveratrol (4),*** gnetin H (5),%% tricuspidatol A (6),*"*® &-
viniferin diol (7),*® and parthenostilbenin B (8)® were characterized by comparison of their spectral data with those
values previously reported in the literature (Figure 1, Supplementary Tables 1-7).

Compound | (3-Hydroxyisoagatholactone)

A yellow solid with the characteristic UV absorption at A;,x = 220 nm suggesting © to «* transition of electrons. Its IR
spectrum displayed absorption bands at vy, = 1761 and 1687 cm 'attributed to the presence of an a, S-unsaturated y-
lactone ring.”° In addition, the IR spectrum showed bands for hydroxyl (3506 cm ') and sp® C—H stretches (2850 cm ™).
The "H/**C NMR data were consistent with published data reported for a spongiane diterpene lactone skeleton (9)°*!
(Table 1 and Figure 1). Its "H/">C NMR spectrum showed the presence of four methyl signals at d;;/0c0.78 (H-17)/14.1,
0.94 (H-18)/28.3, 0.97 (H-19)/22.1, and 0.87 (H-20)/15.1 (Supplementary Figures 1 and 2). The signal at dc 170.3 in the
3C NMR spectra was assignable to the lactone carbonyl at C-16, those at dc 136.4 and 126.9 to the olefinic carbons at C-12

and C-13, respectively (Supplementary Figure 2). In addition, signals at dc 53.9 and 67.2 were assignable to C-14 and C-15,

82 https: Advances and Applications in Bioinformatics and Chemistry 2022:15

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=377336.pdf
https://www.dovepress.com/get_supplementary_file.php?f=377336.pdf
https://www.dovepress.com/get_supplementary_file.php?f=377336.pdf
https://www.dovepress.com/get_supplementary_file.php?f=377336.pdf
https://www.dovepress.com/get_supplementary_file.php?f=377336.pdf
https://www.dovepress.com
https://www.dovepress.com

Dove

Degfie et al

Figure | Structure of compounds 1-8 and tetracyclic spongiane skeleton (9).

respectively, on y-lactone ring. The DEPT-135 spectra displayed sex methylene carbon signals (Supplementary Figure 3).
The '"H NMR spectra displayed signals for an olefinic proton at oy 6.88 (dd, J = 3.5, 3.5 Hz, H-12), while the diastereotopic
oxygenated methylene protons in the lactone ring resonated at dy; 4.36 and 4.03 (t, 1H each, J = 9.1, H-15a/b). The signals

Table | 'H (400 MHz, CDCl;), '*C NMR, COSY, and HMBC Spectra Data of

Isolated Compound | and '3C Data of Spongian Diterpene Lactone Skeleton (9)

Compound |°'

No. | 'H() 3¢ cosy HMBC 3¢
I 1.60 (m, 2H) 327 C-2, C-10, C-3 39.1
2 1.52 (m, 2H) 25.0 H-3 C-1,C-3 18.3
3 3.42 (t, 2.9, IH) 75.7 H-2 C-1, C-4, C-5, C-19 41.7
4 37.4 33.1
5 1.36 (m, IH) 493 c-10 56.6
6 1.39 (m, IH) 17.9 C-5, C-7 18.7
7 145 (m, 1H) 40.6 C-6, C-8 40.7
8 344 34.4
9 1.36 (m, IH) 51.1 C-7,C-10 51.1
10 37.0 372
I 2.31 (m, 2H) 24.1 H-9, H-12 C-9, C-12, C-13 24.1
12 6.85 (dd, 3.5, 3.5, IH) | 136.4 H-11 C-11,C-13,C-14,C-16 | 1362
13 126.9 127.0

(Continued)
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Table | (Continued).

Compound 1°'
No. | 'H () 3¢ cosy HMBC 3¢
14 2.79 (m, IH) 53.9 H-15 C-13, C-15 54.4
15 436 (t, 9.1, IH) 67.2 H-14 C-8, C-13,C-14 67.70
403 (¢, 9.1, IH)

16 170.3 170.0
17 | 078 14.1 C-8 14.1
18 | 0.94 (s, 3H) 283 C-4 333
19 | 097 (s, 3H) 22.1 C-3,C-4 21.56
20 | 0.87 (s, 3H) 5.1 C-1, C-9, C-10, 15.8
OH | 532 C-2,C3

at oy 3.45 (m, 1H, H-3) suggest an sp> oxygenated methine proton. The signals at dy 2.27 and 2.78 were assignable to the
methylene and methine protons at H-11 and H-14, respectively. The COSY spectra showed correlations between H-2 (dy
1.52) and H-3 (Jy 3.42), H-11 (dy 2.31) with H-9 (dy 1.36) and H-12 (dy 6.88), H-14 (dy 2.79) and H-15a (Jy 4.36) and
H-15b (dy 4.03) (Figure 2, Supplementary Figure 4). The H-C connectivity was determined by the HSQC correlation
(Supplementary Figure 5). The HMBC correlations observed between proton at dy 6.88 (H-12) to C-13 (¢ 126.9) and C-16
(dc 170.3) (Supplementary Figure 6) were in agreement with ¢, f-unsaturated ester carbonyl moiety. In addition, the same
olefinic proton at dy 6.88 (H-12) showed correlations with C-11 (d¢c 24.1) and C-14 (é¢ 51.0). Furthermore, the HMBC
spectral data also displayed correlations of dy1.60 (H-1) to C-2 (d¢ 25.0), C-3 (6c 75.7), and C-10 (¢ 37.3), oy1.52 (H-2)
to C-1 (dc 32.7) and C-3 (6¢ 75.7), oy 3.42 (H-3) to C-1 (6¢c 32.7), C-4 (6¢c 37.4), C-5 (dc 49.3), and C-19 (d¢ 22.1), i 0.78
(H-17) to C-7 (¢ 40.6), C-8 (dc 34.4), and C-14 (dc 53.9), o 0.94 (H-20) to C-1 (dc 32.7), C-9 (d¢c 51.1), and C-10 (d¢c
37.0), and Jy 0.97 (H-19) to C-3 (¢ 75.7), C-4 (oc 37.4), and doy (5.32) to C-3 (6¢ 75.7), and C-2 (dc 25.0) (Figure 2,
Supplementary Figure 6). Based on the above spectral data analysis and comparison with literature data, compound 1 was

elucidated as a hydroxyl derivative of spongiane diterpenoid lactone, 3-hydroxyisoagatholactone (Figure 1, 1), reported
herein as a new compound.

Spectra of Known Compounds (2-8)
The spectra data used to establish the structures of isolated compounds 2—8 in this work are tabulated and indicated in
Supplementary Tables 1-7, respectively.

Figure 2 Key 'H-'H COSY and HMBC correlations of compound I. Bolded bonds — 'H-'H COSY, arrows — HMBC.
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Compound 2 (B-Sitsterol)

Pale yellow solid, 'H NMR (400 MHz, CDCls), § 5.33 (bs, 1H, H-6), 3.50 (m, 1H, H-3), 2.31 (d, 2H, H-4), 2.04 (m, 2H,
H-7), 0.99 (m, 3H, H-21), 0.86 (m, 3H, H-19), 0.83 (m, 3H, H-26), 0.81 (m, 3H, H-29), 0.79 (m, 3H, H-27), and 0.66 (s,
3H, H-18). '*C NMR (101 MHz, CDCls) 3140.8 (C-5), 121.8 (C-6), 71.9 (C-3), 56.8 (C-14), 56.1 (C-17), 50.2 (C-9),
45.9 (C-24), 42.4 (C-13), 42.2 (C-4), 39.8 (C-12), 37.2 (C-1), 36.2 (C-20), 34.0 (C-22), 31.6 (C-2), 32.0 (C-7), 32.0
(C-8), 36.6 (C-10), 29.2 (C-25), 28.2 (C-16), 26.1 (C-23), 24.8 (C-15), 23.1 (C-28), 21.1 (C-11), 19.9 (C-26), 19.5
(C-27), 19.1 (C-19), 18.8 (C-21), 12.0 (C-29), and 11.9 (C-18).

Compound 3 (e-Viniferin)

Brown solid, 'H NMR (400 MHz, MeOD) § 7.16 (d, J = 8.6Hz, 2H, H-2/6), 7.06 (d, J = 8.7 Hz, 2H, H-2"/6"), 6.84 (d, J =
16.4 Hz, 1H, H-7"), 6.79 (d, J= 8.6Hz, 2H, H-3/5), 6.67 (d, J = 8.8 Hz, 2H, H-3"/5"), 6.63 (m, H-14"), 6.59 (d, J = 16.5
Hz, 1H, H-8), 6.25 (m, 12°), 6.19 (d, J = 3.0 Hz, 2H, H-10/14),6.18 (d, J = 2.0 Hz, 1H, H-12), 5.39 (d, ] = 6.6 Hz, 1H,
H-7), and 4.37 (d, J = 6.6 Hz, 1H, H-8)."*C NMR (101 MHz, MeOD) 162.7 (C-11°), 159.9 (C-11/13), 159.7 (C-13"),
159.4 (C-4), 158.3 (C-4"), 147.3 (C-9), 136.8 (C-9°), 133.8 (C-1), 131.1 (C-1"), 130.3 (C-7"), 128.8 (C-27/6"), 128.2 (C-2/
6), 123.6 (C-8°), 120.0 (C-10"), 116.3 (C-3/5), 116.3 (C-3’5), 107.6 (C-10/14), 104.3 (C-14"), 102.2 (C-12), 96.8
(C-12°), 94.8 (C-7), and 58.2 (C-8).

Compound 4 (Trans-Resveratrol)

Brown crystal, 'H NMR (400 MHz, MeOD), 6.04 (d, J = 8.0 Hz, 2H, H-2/6), 5.65 (d, J = 16.1 Hz, 1H, H-1"), 5.49 (d,J =
16.1 Hz, 1H, H-2"), 5.46 (d, J = 8.0 Hz, 2H, H-3/5), 5.16 (s, 2H, 2°/6"), 4.87 (s, 1H, H-4"), 8.02 (4-OH), and 7.85 (3"/5’-
OH). *C NMR (101 MHz, MeOD), 159.5 (C-3/5"), 158.2 (C-4), 141.2 (C-17), 130.3 (C-1), 129.3 (C-1°), 128.7 (C-2/6),
126.9 (C-2°), 116.4 (C-3/5), 105.7 (C-2°/6"), and 102.6 (C-4").

Compound 5 (Gnetin H)

Brown solid, "H NMR (400 MHz, MeOD) & 7.15 (d, J = 8.6 Hz, 2H, H-2/6), 7.04 (d, J = 8.8 Hz, 2H, H-2'/6"), 6.92 (d,
J= 8.4 Hz, 2H, H-2'/6"), 6.82 (d, J = 16.4 Hz, 1H, H-7"), 6.77 (d, J = 8.6 Hz, 2H, H-3/5), 6.72 (d, J = 8.6 Hz, 2H, H-3"/
5°), 6.66 (d, J = 8.6 Hz, 2H, H-3"/5", 6.58 (d, J = 16.9 Hz, 1H, H-8"), 6.24 (dd, J = 9.3, 3.1 Hz, 1H, H-12), 6.18 (dd, J =
6.8, 2.3 Hz, 1H, H-12), 6.18 (s, 1H, H-12"), 6.17 (d, J = 2.3 Hz, 2H, H-10/14), 5.93 (d, J = 2.2 Hz, 2H, H-10°/14"), 5.37
(d, J = 6.6 Hz, 1H, H-7), 5.19 (d, J = 6.2 Hz, 1H, H-7’), 435 (d, J = 6.6 Hz, 1H, H-8), and 3.79 (d, J = 6.4 Hz, 1H,
H-8")."*C NMR (101 MHz, MeOD) § 162.80 (C-13), 160.07 (C-117), 159.77 (C-11), 159.56 (C-13), 158.55 (C-11°/13"),
158.42 (C-4), 157.84 (C-4"), 158.42 (—4"), 147.37 (C-9), 147.35 (C-9°), 137.8 (C-17), 136.9 (C-1), 133.9 (C-9"), 133.8
(C-17), 130.4 (C-8°), 130.5 (C-2/6"), 128.3 (C-2/6"), 127.6 (C-2/6), 123.7 (C-7°), 120.3 (C-14"), 120.1 (C-10"), 116.4
(C-3, 5), 115.8 (C-3°/5"), 116.2 (C-3°/5"), 106.7 (C-10"/14"), 107.0 (C-10/14), 101.5 (C-12), 101.8 (C-12"), 96.6 (C-12°),
94.9 (C-7), 94.8 (C-7), 58.3 (C-8), and 57.7 (C-8").

Compound 6 (Tricuspidatol A)

'"H NMR (400 MHz, MeOD) § 7.27 (d, J = 8.5 Hz, 4H, H-2/6" 2°/6"), 6.76 (d, J = 8.4 Hz, 4H, H-3/5, 3°/5"), 6.23 (bs, 2H,
H-12/12°), 6.02 (s, 4H, H-10/14, 10°/14°), 5.40 (d, J = 6.0 Hz, 2H, H-7/7), and 3.58 (d, J = 4.4 Hz, 2H, H-8/8).
'*C NMR (101 MHz, MeOD) § 158.8 (C11/13, 11°/13), 158.1 (C4, 4°), 142.2 (C9, 9°), 133.9 (C1, 1°), 128.8 (C2/6, 2"/
6°), 116.1 (C3/5, 3°/5"), 109.0 (C10/14, 10°/147), 101.8 (12, 12°), 85.9 (C7, 7°), and 59.0 (8, 8").

Compound 7 (e-Viniferin Diol)

'"H NMR (400 MHz, MeOD), §7.14 (d, J = 8.6 Hz, 2H, H-2'/6"), 6.93 (d, J = 8.5 Hz, 2H, H-2/6), 6.71 (d, J = 8.6 Hz, 2H,
H-3'/5"), 6.58 (d, J = 8.5 Hz, 2H, H-3/5), 6.23 (d, J = 2.2 Hz, 1H, H-12), 6.20 (d, J = 2.2 Hz, 1H, H-14"), 6.09 (brs, 1H,
H-12), 5.93 (d, J = 2.2 Hz, 2H, H-10/14), 5.18 (d, J = 6.2 Hz, 1H, H-7), 4.07 (d, J = 6.6 Hz, 1H, H-7"), 4.07 (d, J = 6.6
Hz, 1H, H-8"), and 3.78 (d, J = 6.2 Hz, 1H, H-8). *C NMR (101 MHz, MeOD) § 162.7 (C-11°), 160.1 (C-11), 159.5
(C-13"), 158.4 (C-4), 157.8 (C-4"), 147.3 (C-9), 146.8 (C-9°), 137.8 (C-1), 133.8 (C-1°), 131.6 (C-2/6), 128.5 (C2°/6"),
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126.6 (C-10°), 116.3 (C-3/5), 115.9 (C-3°/5"), 107.5 (C-14’), 107.3 (C-10/14), 101.8 (C-12), 96.6 (C-12°), 94.8 (C-7),
73.2 (H-7"), 72.9 (C-8°), and 57.5 (C-8).

Compound 8 (Parthenostilbenin B)

'"H NMR (400 MHz, MeOD) 87.30 (d, J = 8.6 Hz, 2H, H-2/6), 6.97 (d, J = 8.6 Hz, H-2°/6"), 6.79 (d, J = 8.6 Hz, H-3/5), 6.71
(d,J = 8.6 Hz, H-3/5"), 6.25 (d, J = 2.4 Hz, H-14), 6.17 (d, J = 2.4 Hz, H-12), 6.14 (d, J = 2.0 Hz, H-12), 6.05 (s, H-10"/14"),
5.43 (d, J = 6.6 Hz, H-7), 4.20 (dd, J = 6.6, 6.3 Hz, H-8), 4.10 (d, J = 6.5 Hz, H-7"), and 3.59 (dd, J = 6.6, 6.3 Hz, H-8).
'3C NMR (101 MHz, MeOD) § 131.2 (C-1), 128.8 (C-2/6), 116.1 (C-3/5), 157.4 (C-4), 85.9 (C-7), 59.1 (C-8), 142.2 (C-9),
125.6 (C-10), 158.1 (C-11), 103.6 (C-12), 159.4 (C-13), 106.9 (C-14), 133.9 (C-1"), 128.8 (C-2"/6"), 116.1 (C-3/5"), 156.5
(C-4’), 5.6 (C-T°), 61.0 (C-8°), 150.3 (C-9°), 109.0 (C-10"/14), 158.9 (C-11"/13"), 101.8 (C-12°), and 59.1(OCH).

Antibacterial Activity

The in vitro antibacterial activities of each of the isolated compounds (1-8) from the roots of C. cyphopetalum were
tested against E. coli, S. aureus, and P. aeruginosa pathogens at concentrations of 50, 100, 300, 500, and 1000 pg/mL.
The obtained mean inhibition zone diameters (in mm) are presented in Table 2. Compounds 3-8 exhibited growth
inhibition (>7 mm inhibition zone diameter) against E. coli at all tested concentrations. The highest mean inhibitory value
of 10.45 £ 0.75 mm was exhibited by e-viniferin (3), followed by gnetin H (5) (10.02 + 0.13 mm) and parthenostilbenin

Table 2 Antibacterial Activity Inhibition Zone (Mean * SD, in Mm) of Isolated Compounds
Against Standard E. coli, S. aureus, and P. aeruginosa Bacterial Strains

B. strains Cl-8 Concentrations (ug/mL)
50 100 300 500 1000
E. coli | NA NA NA NA 7.32%1.9
2 5.65+0.55 5.75%0.45 6.05+0.25 6.25+0.05 7.54%0.15
3 8.55+0.45 8.70+0.20 9.35£1.05 9.90+0.30 10.45+0.75
4 8.16+0.15 8.28+0.13 8.41£0.11 8.42+0.02 | 8.72+0.02
5 7.43£0.02 8.54+0.16 9.86+0.18 | 9.98+0.13 10.02+0.13
6 8.42+0.20 8.67+0.05 8.74+0.04 | 8.75+0.03 8.92+0.04
7 8.06+0.04 8.39+0.16 8.55+0.05 8.74+0.04 | 8.83+0.02
8 8.19+£0.04 8.67+0.07 8.76+0.06 | 9.16+0.28 | 9.52+0.19
CA 19.06+2.28
P. aeruginosa | 6.3%0.1 6.55£0.15 6.65£0.45 6.92 £0.55 | 7.01+0.60
2 NA NA 7.05£0.65 7.8 0.2 7.85£0.15
3 7.76 £ 0.61 | 8.26+0.19 8.78+0.01 9.07+0.27 10.360.01
4 7.43£0.02 7.60£0.48 9.28+0.33 9.24+0.29 10.460.11
5 12.55+0.65 | 13.35+0.05 | 13.25+0.95 | 13.75+0.05 | 14.60+ 0.1
6 7.67+0.46 8.62+0.02 8.21£0.42 | 8.34+0.34 10.32+0.29
7 9.42+0.42 8.55+0.35 8.20+0.12 | 9.13+0.14 | 9.51£0.39
8 7.82+0.44 8.02+0.32 7.71£025 | 8.00+0.12 | 9.44+0.32
CA 11.76£0.77

(Continued)
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Table 2 (Continued).

B. strains Cl-8 Concentrations (ng/mL)
50 100 300 500 1000
S. aureus | NA NA NA NA NA
2 NA 720 £0.56 | 7.21£0.19 | 7.69+0.58 10.9+1.54
3 9.30£1.39 10.00x1.3 10.66+.73 10.75+0.2 12.22+.74
4 NA NA NA 8.60+0.7 8.62£1.5
5 NA NA 7.72#0.39 | 8.82+0.09 12.45+0.37
6 7.36£0.20 7.87 £ 0.01 | 8.06+0.14 | 8.84x0.11 10.79+0.24
7 NA NA NA NA NA
8 NA NA NA NA NA
CA 11.76+0.77

Note: |. CI1-8 — Compounds 1-8, CA-Chloramphenicol, impregnated purchased disc (30 ug/mL),
Abbreviation: NA, not active.

B (8) (9.52 + 0.19 mm) against E. coli at concentration of 1000 pg/mL. Compounds 6,7, 4, and 1 exhibited moderate
inhibitory effects against against E. coli (8.92 + 0.04, 8.83 + 0.02, 8.72 £ 0.0, and 7.32 £ 1.9 mm, respectively) at
concentration of 1000 pug/mL. At the lowest concentration of 50 pg/mL, the highest mean inhibition zone against E. coli
(8.55 = 0.45 mm) and S. aureus (9.30 £1.39 mm) was recorded by compound 3. Compound 5 scored better mean
inhibition zone (12.55 £ 0.65 mm) than chloramphenicol (11.76 £ 0.77 mm at 30 pg/mL) against the gram-negative
bacterium P. aeruginosa. The bacterium P. aeruginosa was found to be susceptible to all compounds at the concentration
of 1000 pg/mL. Gnetin H (5) displayed the largest mean inhibition zone of 12.55 + 0.65 mm at 50 pg/mL, which is better
compared to the inhibition zone displayed by chloramphenicol (11.76 = 0.77 mm at 30 ug/mL) followed by e-viniferin
diol (7, 9.42 + 0.42 mm) at 50 pg/mL. Against the gram positive bacterium, S. aureus, the highest activity was recorded
by gnetin H (5), followed by e-viniferin (3), B-sitosterol (2), tricuspidatol A (6), and trans-resveratrol (4) with inhibition
zone diameter of 12.45 = 0.37 mm, 12.22 = 0.74 mm, 10.93 £+ 1.54 mm, 10.79 £ 0.24 mm, 8.62 + 1.5 mm, respectively, at
the concentration of 1000 pg/mL. Compounds 1, 7, and 8 exhibited no activity against S. aureus at all concentrations. At
the lowest concentration of 50 pg/mL, except e-viniferin (3) (9.30 +1.39 mm) and tricuspidatol A (6) (7.36 + 0.20 mm),
all tested compounds indicated no sign of activity (<7 mm inhibition zone width) against the bacterium S. aureus. Over
all, compounds 3-8 exhibited antibacterial activity against E. coli at all tested concentrations, which is in moderate
compared to chloramphenicol. Similarly, all the compounds displayed dose-dependent pattern inhibitory activity at all
concentration against the bacterium P. aeruginosa, except p-sitosterol (2) at 50 and 100 pg/mL. Gnetin H (5) displayed
inhibitory activity higher than that of the standard, chloramphenicol (11.76 + 0.77 mm at 30 pg/mL) against
P aeruginosa, at all tested concentrations. Against the gram-positive bacterium, S. aureus, gnetin H (5), and e-viniferin
(3) showed growth inhibitory activity in good comparison with that of the standard, chloramphenicol (15.74 + 1.02 mm).
The result of the present finding generally indicates that the isolated compounds displayed an ability to inhibit the growth
of the Gram-negative bacterial strains at all tested concentration. Compounds 3 and 6 displayed growth inhibition against
Gram-positive bacterium at all concentrations, whereas compounds 2, 4 and S displayed promising activity at higher
concentrations.

Molecular Docking Binding Analysis of Isolated Compounds

The molecular docking study was carried out to assess the binding affinity and binding interaction of isolated compounds
1-6 toward target proteins E. coli DNA gyrase B (PDB ID 6F86), PqsA (PDB ID: 50E3), and S. aureus Pyruvate Kinase
(PDB ID: 3T07). The docked compounds (1-6) displayed binding affinity in the range of —6.6 to —7.6 kcal/mol, —6.4 to
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—8.8 kcal/mol, and —4.4 to —5.8 kcal/mol toward DNA gyrase B, PgsA, and S. aureus PK, respectively (Tables 3-5). All
tested compounds (1-6) recorded better binding affinities than the standard drug chloramphenicol (6.4 kcal/mol) against
the protein DNA gyrase B (—6.6 to —7.6 kcal/mol). The highest binding affinity (=7.6 kcal/mol) was recorded by
compound 3 followed by compounds 2 and 5 (each —7.4 kcal/mol). The ligand-PgsA interaction of compounds 2-6

Table 3 Molecular Docking Value of Isolated Compounds (1-6) Against E. coli DNA (PDB

ID: 6F86)
Compounds Affinity H-Bond Residual Interactions
(kcal/mol) .
Hydrophobic Van der Waals
/Pi-Cation
| —6.9 - lle-78, Pro-79, Gly-77, Glu-50, Thr,
165, Asp-73, Ala-47, lle-
94
2 -74 Glu-50 lle- 78, Val-120, lle-94, | Ser- 121, Val-97, Gly-
Val-93, Pro-79 119
3 7.6 Asp-73 lle-94, Asn- 46, lle-78, Ala-47, Gly-77
Arg-76, Pro-79
4 —6.6 Asn-46 Thr-165, Ala-47, Val- Met-95, Val-120, Val-43,
167 Val-71, Asp-73
5 74 Glu-50 lle-78, lle-94, Pro-79, Asp-49, Ala-53, Arg-
Arg-136 136
6 —6.8 Asn-46, HOH-616, lle-94, Pro- Asp-49, Gly-77, Arg-
Thr-165 79, lle-78, Glu-50, Arg- | 136, Hoh-685
76
Chloramphenicol | —6.4 Glu-50, lle-78 Val-43, Asp-49, Arg-76,
Gly-77, Asp-73, Ala-47, Thr-165
Asn-46

Table 4 Molecular Docking Value of Isolated Compounds (1-6) Against N-Terminal Domain of PgsA in Complex with Anthraniloyl-

AMP (PDB ID: 50E3)

Compounds Affinity H-bond Residual Interactions
(kcal/mol) L .
Hydrophobic/Pi-Cation Van der Waals
I —6.4 Arg-372, Lys-172 Ala-303, Thr-380 Arg-397, Gly-279, Phe-209, Gly-302, Thr-304, Thr-164,
Tyr-362, Tyr-378
2 -7.0 - lle-301, Phe-209, Val-309, | Gly-210, Gly-279, Gly-302, Thr-304, His-308, Thr-164,
Tyr-211, Ala-278 Glu-305, Lys-172, Arg-397, Thr-380, Tyr-378, Arg-372
3 —7.1 Asp-382, Gly-279 Ser-280, lle-301, Thr-164 Pro-281, Gly-210, Tyr-211, Phe-209, Thr-304, Glu-305,
Tyr-378, Lys-172
4 -75 Thr-304, Val-309 Gly-302, His-308, Ala-303 | Gly-210, Tyr-211, Gly-279, Thr-164, Glu-305
5 - 88 Thr-380, Tyr-378, Ser-280, Arg-397, Ala-303, | Asp-299, His-394, Gly-396, Pro-281, Ala-278, Arg-372,
Asp-382, Gly-300, Phe-209, Gly-302, lle-301 Phe-310, Tyr-211, Thr-304
Gly-279
(Continued)
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Table 4 (Continued).

Compounds Affinity H-bond Residual Interactions
(kcal/mol) . .
Hydrophobic/Pi-Cation Van der Waals
6 =72 Thr-380 Ala-303, Glu-305, Thr-164, | Tyr-378, Tyr-211, Gly-210

Phe-209, Gly-302, Gly-279

Chloramphenicol | ~7.0 Gly-279 Phe-209, Ala-278, His-308, | Ser-280, lle-307, His-394, Asp-382, Ala-303, Val-309,
Gly-302 Gly-210, Gly-307, Tyr-211

Table 5 Molecular Docking Value of Isolated Compounds (1-6) Against S. aureus PK in Complex with a Naturally Occurring Bis-
Indole Alkaloid (PDB ID: 3T07)

Compounds Affinity H-bond Residual Interactions
(keal/mol) Hydrophobic/Pi-Cation Van der Waals
| —4.8 - Leu-370, Leu-449, lle-469 Asn-583
2 —4.6 - His-365, lle-361 Thr-366, Asn-369, Ser-362, Ala-358, Thr-353
3 -5.4 Thr-353 Ala-358, lle-361, Ser-362, His-365 Thr-348, Ser-354, Leu-355
4 —4.4 Asn-583, Asp-571 Leu-370 Leu-499, Leu-471, GIn-574
5 -5.8 Asn-369 His-365, lle-361, Leu-370 Thr-366, Ser-362, Thr-348
6 —4.6 - lle-361, Thr-353, Ala-358 Thr-348, Ser-354, Asn-357
Chloramphenicol —4.6 Ala-358, Ser-362 - Lu-355, Thr-353, Thr-348, His-365

displayed binding affinities (=7.0 to —8.8 kcal/mol) equal and/or higher than chloramphenicol (=7.0 kcal/mol).
Compound 5-PgsA interaction showed the highest binding affinity (—8.8 kcal/mol), followed by compounds 4 (=7.5
kcal/mol) and 6 (—=7.2 kcal/mol). The binding affinities of the ligand—S. aureus PK interactions (—4.6 to —5.8 kcal/mol)
were found to be equal to or better than chloramphenicol (—4.6 kcal/mol), except compound 4 (—4.4 kcal/mol). Of these,
the strongest binding affinity was displayed by compounds 5 (—5.8 kcal/mol) and 3 (—5.4 kcal/mol). In general, the higher
binding affinities results of compound 3 to DNA gyrase (—7.6 kcal/mol), and 5 to PqsA (—8.8 kcal/mol) and S. aureus PK
(—5.8 kcal/mol) agrees with the in vitro antibacterial activity result.

In the docking analyses, amino acid residues that are involved in hydrogen bonds, hydrophobic, and van der Waals
interactions with the ligands using AutoDock Vina were also mapped (Figures 3—5 and Tables 3-5). According the result,
compounds 3-5 displayed hydrogen bond, hydrophobic, and van der Waals interactions through various amino acid
resides in each of its ligand-protein complexes. Compounds 1 and 2 displayed hydrogen bond interactions only with
protein PgsA (Arg-372 and Lys-172) and E.coli (Glu-50), respectively. Similarly, compound 6 showed H-bond interac-
tions only with DNA gyrase B (Gly-77 and Asn-46 of), and PqsA (Thr-380. This suggests that the scored binding
affinities of compounds 1, 2, and 6 accounted for the hydrophobic and van der Waals interactions in each of the ligand-
protein complexes, where no hydrogen bond interactions were observed. The ligand binding affinity in interaction of
compound 3—gyraseB complex (—7.6 kcal/mol) was stabilized by one hydrogen bond interaction at amino acid residue
Asp-73, five hydrophobic interaction at Ile-94, Asn- 46, Ile-78, Arg-76 and Pro-79, and two van der Waals interaction at
Ala-47 and Gly-77. The binding affinity in compound 5-PgsA interaction (binding energy of —8.8 kcal/mol) was
promoted by hydrogen bond at Thr-380, Tyr-378, Asp-382, Gly-300 and Gly-279, hydrophobic, at Ser-280, Arg-397,
Ala-303, Phe-209, Gly-302 and Ile-301, and van der Waals interaction at Asp-299, His-394, Gly-396, Pro-281, Ala-278,
Arg-372, Phe-310, Tyr-211 and Thr-304. The interaction of compound 5 with PqsA demonstrated a large number of
hydrogen bonds, which boosted its binding affinity. Likewise, the docking result revealed that the recorded binding
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Figure 4 The 2D and 3D binding interactions of compounds (1-6) (from top right to bottom left) against PqsA (PDB ID: 50E3).

affinity of compound 5 with the protein S. aureus (—5.8 kcal/mol) was mediated by hydrogen bond, hydrophobic, and van
der Waals interactions that are formed across various amino acids.

Overall, the highest in silico docking binding affinities of compound 3 (—7.6 kcal/mol) toward protein DNA gyrase B and
that of compound 5 towards PgsA (—8.8 kcal/mol) and protein S. aureus PK (—5.8 kcal/mol) agree with the in vitro activity
displayed by compound 3 against E.coli and compound 5 against P. aeruginosa and S. aureus. In addition, the docked
compounds (1-6) scored binding affinities comparable with the standard chloramphenicol. The binding affinity, H-bond and
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Figure 5 The 2D and 3D binding interactions of compounds (1-6) (from top right to bottom left) against S. aurues PK (PDB ID: 3T07).

residual amino acid interactions of the six compounds and chloramphenicol are summarized in Tables 3-5. The binding
interactions of compounds 1-6 and the standard, chloramphenicol against targeted proteins are displayed in Figures 3—6.
Ribbon model shows the binding pocket structure of target proteins with the compounds. Hydrogen bonds between
compounds and amino acids are shown as green dash lines, and hydrophobic interactions are shown as pink lines.

In silico Drug-Likeness Prediction

The in silico drug-likeness of the isolated compounds (1-6) was determined based the concept of the Lipinski’s rule of
five.?® The chemical structures of compounds 1-6 were converted to their corresponding canonical simplified molecular-
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Figure 6 The 2D and 3D binding affinity of Chloramphenicol against DNA gyrase B (PDB ID: 6F86), PqsA (PDB ID: 50E3) and S. aurues PK (PDB ID: 3T07), Left to right.
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input line-entry system (SMILE) and submitted to the SwissADME tool to generate the physicochemical and pharma-
cokinetic properties of the compounds. The SwissADME prediction outcome showed that compounds 1, 3 and 4 satisfy
Lipinski’s rule of five with zero violations (Table 6). All the studied compounds (1-6) recorded lipophilicity (iLogP)
value of less than five (range from 1.79 to 4.79), implying their optimal lipophilicity. The number of rotatable bond
(NRB) values for the compounds are less than 10, which indicate the conformation stability of the compounds.>? The
total polar surface (TPSA) influences permeability and bioavailability of a molecule. Except for compound 5 (160.1), the
calculated TPSA value of the tested compounds is found to be less than 140 A%, The TPSA values of compounds 1, 2 and
3 (46.5, 20.2, and 60.7, respectively) are found to be less enough than the cut-off value (140 A?), which indicate their
excellent absorption in the intestine.

ADMET Properties

In silico screening of pharmacological properties (ADME) of compounds 1-6 was performed with the SwissADME

tool.?”

The main ADME parameters concerning pharmacokinetic behavior of the tested compounds are presented in
Table 7. The log Kp value of the studied compounds scored within the range of —2.2 to —6.14 cm/s. The more negative
the log Kp (with Kp in cm/s), the less skin permeant is the molecule.”” The SwissADME prediction indicated that
compounds 1, 3 and 4 have high GI absorption, and compounds 1 and 4 have blood—brain barrier (BBB) permeation.

High gastrointestinal (GI) and blood-brain barrier (BBB) permeation can be considered as favorable absorption and

Table 6 In silico Drug-Likeness Predictions of Isolated Compounds Computed by SwissADME

Compounds Formula MW NHD | NHA | NRB | TPSA LogP Lipinski’s
(g/mol) (A°2) | (iLogP) Rule of
Five

Violation

I CyoH3003 31845 | 3 0 46.53 292 0

2 CyoH500 414.71 | | 6 20.23 4.79 [

3 CysH2,0, 454.47 5 6 4 110.38 241 0

4 Ci4H 203 22824 3 3 2 60.69 1.71 0

5 C42H3,09 680.7 7 9 6 160.07 3.39 2

6 CagH2407 472.49 6 7 4 130.61 2.04 |

Abbreviations: NHD, number of hydrogen donor; NHA, number of hydrogen acceptor; NRB, number of rotatable bonds; TPSA,
total polar surface area; MW, molecular weight.

Table 7 ADME Predictions of Compounds 1-6, Computed by SwissADME and PreADMET Tool

Compounds | LogKp (cm/s) GIA BBB Inhibitor Interaction (SwissADME/PreADMET)
P-gp Substrate | CYPIA2 | CYP2CI9 | CYP2C9 | CYP2Dé6 | CYP3A4

| —5.23 High Yes No No No Yes No No
2 -2.2 Low No No No No No No No
3 —5.24 High No No No No Yes No No
4 —5.47 High Yes No Yes No Yes No Yes
5 -5 Low No No No No No No No
6 —6.14 Low No No No No No No Yes

Abbreviations: LogKp, skin permeation value; Gl, gastrointestinal; BBB, blood—brain barrier; P-gp, P glycoprotein; CYP, Cytochrome-P.
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distribution properties of drug molecules.”> The ADME prediction outcome also displayed that all compounds under
investigation are found to be non-substrate of permeability glycoprotein (P-gp), and hence non-inhibitors of most of the
selected cytochromes (CYP). However, compound 4 inhibited CYP1A2, CYP2C9 and CYP3A4, compounds 1 and 3
each inhibited CYP2C9 and CYP3A4, and compound 6 inhibited CYP3A4. The toxicity profile test showed that the LDs,
and toxicity class values indicated that none of the compounds has acute toxicity (Table 8). Organ toxicity prediction
results indicated that none of the studied compounds (1-6) have hepatotoxicity, mutagenicity, and cytotoxicity.
Compounds 1-3 are found to be immunotoxicity. Compound 5 showed carcinogenicity and immunotoxicity. Based on
the presented toxicity data, the studied compounds may be the good candidates in this investigation based on ADMET
prediction analysis.

Radical Scavenging Activity

The radical scavenging activity of each compounds isolated from the root of C. cyphopetalum was evaluated using the
DPPH assay, a simple method to evaluate antioxidant activities by measuring absorbance at 517 nm due to the formation
of stable DPPH radical.>® At all the tested concentrations of each compound, the purple color of the DPPH solution was
changed to yellow color indicating potential as radical scavenger of the compounds. The absorbance of the DPPH radical
at 517 nm was also reduced. The DPPH assay result indicated that the compounds showed activity in dose-dependent
manner (Table 9). All the tested compounds showed moderate-to-high radical scavenging activity ranging from 55.69%

Table 8 Prediction of Toxicity of Compounds Computed by ProTox-Il

Compounds LDso Toxicity Class Toxicity
(melke) Hepato | Carcino | Immuno | Mutagen Cyto

1 5000 5 No No Yes No No
2 890 4 No No Yes No No
3 500 4 No No Yes No No
4 1560 4 No No No No No
5 500 4 No Yes Yes No No
6 500 4 No No No No No

Table 9 DPPH Radical Inhibition of Compounds Isolated from the Root of C. cyphopetalum

Compounds % DPPH Inhibition At ICs5o (ng/mL)
200 pg/mL | 100 pg/mL | 50 pg/mL | 25 pg/mL | 12.5 pg/mL

| 74.05+£0.30 | 66.22+0.41 62.79+0.49 | 58.63+0.01 | 55.69+0.20 6.05

2 76.740.11 69.400.21 65.73+0.37 | 63.28+0.33 | 59.61+0.22 2.72

3 85.07+0.05 | 80.17+0.10 | 77.85+0.06 | 76.74+0.18 | 74.30+0.12 0.017

4 88.86+0.02 | 86.41x0.11 82.86+0.27 | 79.44+2.64 | 76.87+0.09 0.052

5 83.23£0.23 | 79.19+0.29 | 75.28+0.71 | 74.17+0.31 | 71.85+0.63 0.063

7 82.99+0.04 | 79.07+0.63 | 76.38£0.01 | 74.42+0.23 | 69.40£0.11 0.157

8 83.7240.31 79.68+0.17 | 77.85%1.13 | 76.87+0.98 | 73.32+0.25 0.025

Asc Acid 87.64+0.13 | 81.64+0.11 82.62+0.13 | 82.25+0.05 | 80.91+0.21 0.0012

Note: Ascorbic acid was used as positive control with DPPH inhibition of 80.91% at 12.5 pg/mL.
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to 76.87%. The highest percentage inhibition was recorded by compound 4 (76.87%) at 12.5 pg/mL, followed by
compound 3 (74.30%), and 8 (73.32%), with ICs, value of 0.052 pg/mL, 0.017 pg/mL, and 0.025ug/mL, respectively.
Compounds 1 (55.69%) and 2 (59.61%) recorded low radical scavenging activity compared to other compounds in this
report, which can be justified due to the higher polarity of the stilbene families (Figure 2).

DFT Analysis

Fortier molecular orbitals play a crucial role in determining the electron transition, optical properties, and chemical
reactivity of compound.®? The energies of frontier molecular orbitals are listed in Table 10. The HOMO-LUMO energy
gap is related to the occurrence of intramolecular charge transfer within the system and can be used as an indicator of the
biological activity of the system. A large HOMO-LUMO energy gap indicates that greater excitation energies are
required for reaction, thus the harder and most stable (less reactive) the molecules are. The calculated energy gaps (eV)
of compounds 1-6 were found to be 5.760, 6.181, 4.034, 3.939, 4.125 and 5.502, respectively (Table 10). Compound 4
recorded the lowest energy gap (3.939 ¢V) indicating its good chemical reactivity, in agreement with its strong
scavenging activity. The lowest chemical hardness (1.970 eV) or highest chemical softness (0.254 e¢V) of compound 4
showed that also indicate that its better reactive that all the studied compounds.

Conclusion

In this study, eight compounds were identified from the roots extracts of C. cyphopetalum of which 3-hydroxyisoa-
gatholactone (1) is a new hydroxyl-spongiane diterpenoid lactone. The in vitro antibacterial activity result shows, among
the tested compounds, compound 3 exhibited high antibacterial activity against E. coli (8.55 = 0.45 mm) and S. aureus
(9.30 £1.39 mm), at the lowest concentration of 50 pg/mL, which is low in comparison to the positive control, but
undeniably important. Compound 5 was found to be better therapeutic agent (12.55 £ 0.65 mm) than the standard,
chloramphenicol (11.76 + 0.77 mm at 30 pg/mL) against P. aeruginosa. The docking result revealed that compounds 3
(against DNA gyrase) and 5 (against PqsA and PK) displayed better docking scores than chloramphenicol. Compounds
1, 3 and 4 satisfy Lipinski’s rule of five with zero violations. Organ toxicity prediction results indicated that none of the
studied compounds (1-6) have hepatotoxicity, mutagenicity, and cytotoxicity. The DPPH assay result indicated that, at
concentration of 12.5 pg/mL, compounds 4, 3 and 8 (in increasing order) showed good antioxidant activity compared to
that of ascorbic acid. The DFT result showed that compound 4 possesses the lowest energy gap (3.939 eV) indicating its
good chemical reactivity, in agreement with its strong scavenging activity. The in silico study analysis and in vitro
activity results suggest that compounds 3 and 5 could be considered as potential antibacterial agents against E. coli,
P. aeruginosa and S. aureus. Therefore, the in vitro antibacterial activity and molecular docking analysis suggest the
potential use of the isolated compounds as antibacterial agents that corroborates the traditional uses of the roots of
C. cyphpetalum.

Table 10 Quantum Chemical Descriptors of the Ligand and Its Metal Complexes

Compounds | HOMO | LUMO | Eg(eV) | 2(eV) | u(eV) [ n(eV) | 6(eV") | @ (eV) | Nu

I ~7215 | —1455 | 5760 | 4335 | —4335 | 23880 0.174 3262 | 0307
2 6410 | 0229 | 6.18 3319 | 3319 | 3.091 0.162 1782 | 0561
3 5682 | —1.647 | 4034 | 3.665 | -3.665 | 2017 0.248 3329 | 0300
4 5660 | —1.721 | 3939 | 3691 | -3.691 | 1970 0.254 3458 | 0289
5 5721 | ~159 | 4125 | 3658 | —3.658 | 2.063 0242 3244 | 0308
6 6200 | —0698 | 5502 | 3449 | —3449 | 275 0.182 2162 | 0.463

Abbreviations:Eg, energy gap; y, electronegativity; o, global softness; w, electrophilicity (eV); , chemical potential; , global hardness;
Nu, nucleophilicity; 6=1/ 1.
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Data Sharing Statement
The NMR spectra used to establish the structures of the novel compound isolated in this work and the tabulated spectra
of the known compounds are depicted as Supplementary information. Additionally, further data can be obtained from the

corresponding author.
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