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Abstract  Article Information 

Stephania abyssinica is one of the medicinal plants used in Ethiopia to treat 

different ailments, such as malaria and rabies. This study aimed to isolate the 

phytochemical components of the root of Stephania abyssinica and evaluate their 

in vitro and silico biological activities. 5-methoxydurmillone (1), three 

Anthraquinone derivatives (2, 3, and 4), lupeol (5), and sterol (6 and 7) were 

isolated from the plant for the first time by silica gel column chromatography 

and characterized by NMR (1D and 2D) spectroscopy. The antibacterial activity 

of the crude extract and the isolated compounds was tested against 

Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa. In silico 

molecular docking analyses were performed for isolated compounds 1-7 against 

target proteins E. coli DNA gyrase B, Pseudomonas quinolone signal A PqsA, 

and S. aureus pyruvate kinas, which revealed minimal binding energies ranging 

from -7.3 to -8.6 kcal/mol, -6.7 to -9.2 kcal/mol, and -6.4 to -11.1 kcal/mol, 

respectively. Isolated compounds' antibacterial activity in vitro and silico is 

regarded as a lead for antibacterial medications. Moreover, these active 

phytochemicals support the traditional use of this plant against bacterial 

infections. Provided that in vivo testing is performed for further validation. 
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INTRODUCTION 

 

 

There are roughly 60 species in the broad genus 

Stephania, found throughout Asia and Africa 

(Yiblet et al., 2022). Researchers have shown a 

great deal of interest in this genus of plants 

because of their abundance of medicinal 

phytochemicals, which include protoberberine, 

morphine, aporphine, hasubanan, and 

benzylisoquinoline (Zeng et al.,2017), flavono-

ids, terpenoids, and glycosides (Birhan et al., 

2024), which are of particular pharmacological 

relevance due to their diverse biological 

activities. One of the herbs frequently used in 
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Ethiopian traditional medicine to treat various 

human ailments is Stephania abyssinica. The 

leaves are commonly used to treat abdominal 

pain (Birhanu et al., 2015; Giday et al., 2010) 

and rabies (Suleman & Alemu, 2012). The 

plant's leaves and roots have also been utilized 

in treating malaria (Zemene et al., 2021). The 

decoctions of fresh leaves have been used to 

treat gastritis (Teklehaymanot & Giday, 2007) 

and snake bites (Giday et al., 2007). The stems 

have been used for stomach aches and 

headaches (Teklehaymanot & Giday, 2007). 

The roots have also been utilized to treat injuries 

(Mirutse et al., 2009), tumors/cancer (Abebe, 

2016), and stomach aches (Firehun & Nedi, 

2023). In contrast, the entire plant has been 

utilized to cure common colds (Zemene et al., 

2021). The diverse range of pharmacological 

activities attributed to S. abyssinica underscores 

the importance of its secondary metabolites in 

drug discovery. Identifying and isolating these 

compounds can pave the way for the 

development of new drugs to treat bacterial 

infections, oxidative stress-related diseases, 

inflammatory conditions, and even cancer 

(Worku et al., 2024). Further, to our knowledge, 

the phytochemicals present in different parts of 

the plants, their benefits, and toxicity will not be 

established and reported to date.  

This study aimed to isolate and identify 

secondary metabolites from the roots of S. 

abyssinica and evaluate their antibacterial 

properties through in vitro assays. Additionally, 

the study assessed the toxicity and drug-likeness 

of the isolated compounds, complemented by an 

in silico molecular-docking analysis to explore 

their potential interactions with bacterial targets. 
 
 

MATERIALS AND METHODS 

Procedures for General Experiments 
 

Solvents and analytical and HPLC quality 

reagents were employed in the compounds' 

extraction and purification processes. The 

compounds' purity was examined using 

analytical Silica gel plates with TLC pre-coating 

(Polygram SIL G/UV254, Macherey-Nagel & 

Co.). After being misted with 10% H2SO4 and 

heated on a hot plate, the specks were observed 

under UV light at between 254 and 365 nm. The 

500 MHz spectrometer was used to record the 

NMR spectra, and TMS was used as an internal 

reference. Chemical shifts are described using 

parts per million as the unit of measurement. 

The Agilent Technologies 1200 series 

Micromass AC-TOF micromass spectrometer in 

Tokyo, Japan, was utilized for ESI-MS. 

Gentamycin, Petri dishes, DMSO, and Whatman 

filter paper No. 3 were utilized for antibacterial 

purposes. 
 

Plant materials 
 

The S. abyssinica roots were gathered in 

December 2021 from Oromia Regional State's 

Horro Guduru Wallaga Zone's Amuru District, 

382 kilometers from the capital of Ethiopia, 

Addis Ababa. Prof. Sileshi Nemomisa, a 

botanist, recognized the plant material, and the 

National Herbarium received the voucher 

specimen (DB 004/2022). 
 

Extraction and isolation 
  

A total of (800 g)  of the air-dried root of S. 

abyssinica was extracted with CH2Cl2/CH3OH 

(1:1) three times for 72 hrs at room temperature 

with random shaking. After filtering and 

condensing the extract in a rotary evaporator set 

at 40 °C, 56 g of brown extract was produced. 

Following a suspension of 40 g of crude extract 

using n-hexane onto 80 g of silica gel with a 60–

120 mesh size, the wet sample was subjected to 

column chromatography. When n-hexane was 
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used to elute the column that contained an 

increasing percentage of EtOAC, 120 fractions, 

each 100 mL, were produced. Mixing and 

further purifying by Sphadex LH-20 fractions 

20–26 eluted with 5% EtOAC in hexane 

provided Compounds 6 (7.5 mg) and 7 (15.1 

mg). Using chromatography with silica gel 

columns (360 mm in length by 60 mm in 

internal diameter), fractions 31–38 eluted with 

10% ethyl acetate in hexane were mixed and 

purified to yield compound 2 (21 mg). The three 

spots that fraction 40–52 (40 mg) showed on 

TLC were combined and further purified to 

provide compounds 3 (21 mg) and 4 (13.5 mg). 

Fractions 71–72 yielded the compounds 5 (18 

mg) and 1 (13 mg), which were eluted with 30% 

EtOAC in hexane and subsequently passed via 

gel filtration and Sephadex LH-20, which was 

eluted with a 1:1 chloroform/methanol mixture. 
 

Antibacterial activity test 
 

Using the agar disc diffusion method, the 

antibacterial properties of the crude extract and 

isolated compounds were assessed (Habtamu & 

Addisu, 2019). One milliliter of bacterial 

inoculums that are actively growing (from the 

logarithmic growth phase) and containing about 

107 CFU/mL (colony-forming units) (0.5 

McFarland Standard) were equally distributed 

on the agar media using a cotton swab. In these 

experiments, three different strains of bacteria 

were used: one gram-positive (S. aureus; 

ATCC25923) and two gram-negative (E. coli; 

ATCC25922) and P. aeruginosa (ATCC27853) 

bacteria. The bacterial pathogens were spread 

over the agar plate and kept for six minutes at 

room temperature so that, before the samples 

were applied, the surface moisture could be 

absorbed. Concurrently, sterile round Whatman 

filter paper No. 3 was used to create discs with a 

diameter of 6 mm. The discs were aseptically 

put into the Petri dishes of microbial culture. 

After being impregnated with solutions, the 

compound and the crude extract were produced 

in 10% dimethylsulfoxide at a 100 μg/mL 

concentration. After allowing the applied 

materials to permeate into the agar for 30 

minutes, the mixture was incubated for twenty-

four hours at 35°C. Gentamycin (10 μg/disc) 

was used as the positive control, while 10% 

DMSO was the negative control to ensure that 

the solvent did not interfere with bacterial 

growth. The activities of the crude extracts and 

isolated compounds were compared against 

these controls to validate the reliability and 

effectiveness of the assay. Every test was run in 

triplicate, and a Vernier caliper was used to 

measure the inhibition region starting from each 

disc's edge.  
 

In silico Analysis of the Isolated Compounds  
 

Molecular docking analysis was used to assess 

the compounds' binding affinities and 

interactions with the target proteins, which 

included S. aureus pyruvate kinase (PDB ID: 

3TO7), Pseudomonas quinolone signal A, PqsA 

(PDB ID: 5OE4), and E. coli DNA gyrase B 

(PDB ID: 7P2M). The proteins were 

downloaded from the Protein Data Bank (Saur 

et al., 2021). AutoDock Vina 4.2.6 was used to 

simulate the protein assembly using the ligand 

with less energy as input, and the protein was 

prepared using the standard protocol (Srivastava 

et al., 2024). It involved eliminating certain 

water molecules and cofactors, as well as the 

co-crystallized ligand. The results of the 

docking computation include hydrogen bond 

lengths, binding energy (kcal/mol), and an 

illustration of potential docking placements. 

Therefore, the isolated compounds' 2D 

structures were examined using ChemDraw 
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16.0. ChemBio3D was used to reduce each 

molecule's energy. Each ligand had nine 

conformers considered, and the conformer with 

the greatest docking score was determined to 

have the lowest binding energy and shown in 

both 2D and 3D models. The interaction 

mechanism between every single isolated 

compound was examined against Gentamycin, 

an antibacterial drug that served as a 

comparison positive control in the simulations.  
 

Pharmacokinetic and Toxicity Study of the 

Isolated Compounds   
 

The PubChem database provided the isolated 

compounds line-entry systems for simplified 

molecular-input (SMILESs) that are considered 

canonical ChemDraw 22.0 was used to sketch 

and store compounds without SMILES as mol 

files. To evaluate their physicochemical 

parameters and drug-likeness (Lipinski rule), 

they were converted into a SMILES file using 

the Discovery Studio 12.1 software and 

uploaded to the SwissADME online platform 

(Daina et al., 2017). To calculate toxicity 

endpoints, organ toxicity, and oral acute 

toxicity. The web-based Pro Tox 3.0 tools 

received the test chemicals' SMILES files. The 

results of the isolated compounds were 

contrasted with those of Gentamycin, and data 

were also produced for comparison.  
 

Data analysis 
 

Each experiment was run in triplicate. The 

inhibitory zone data were loaded into SPSS 

version 20.0, and Tukey's B was used to 

compare the means of the performances at α = 

0.05.  

 

RESULTS AND DISCUSSION 

      Characterization of isolated compounds  

Seven compounds 1–7 were obtained by 

chromatographic fractionation and separation of 

the S. abyssinica roots (Figure 1). NMR 

spectroscopy (1D and 2D) and ESI-MS 

spectrometry were used to determine the 

structures of the isolated compounds. The data 

were compared with published literature to 

confirm the structure of the isolated compounds. 

Notably, these compounds have not been 

previously reported in this plant species. 

Compound 1 was identified as a white solid 

with a melting point of 142-143 °C and a 

chemical formula of C23H20O7, confirmed by 

ESI-MS (m/z = 431 [M+Na]+) Appendix 7. The 
1H-NMR (500 MHz, CDCl3) spectra, (Table 1 

and Appendix 1) revealed the following key 

features: three doublet protons at δH 7.10 (d, J = 

1.7 Hz), 6.80 (d, J = 7.8 Hz), and 6.79 (d, J = 

10.0 Hz); two methoxyl groups at δH 3.92 (s, 

3H) and 3.98 (s, 3H); two methyl groups at δH 

1.57 (s, 6H); a doublet of doublet proton at δH 

6.96 (dd, J = 8.0, 1.7 Hz); a methine proton at 

δH 7.83 (s, 1H); and a sp2 system with a 

doublet proton at δH 5.71 (d, J = 10.1 Hz). The 
13C-NMR (125 MHZ, CDCl3) spectra, (Table 1 

and Appendix 2) revealed 23 carbons, including 

a carbonyl carbon at δC 175.2, an olefinic 

quaternary carbon at δC 125.7, three quaternary 

aromatic carbons at δC 125.7, 113.1, and 106.8, 

and three methine carbons in the aromatic 

region at δC 125.5, 110.0, and 108.3. 

Additionally, six oxygenated aromatic carbons 

were observed at δC 140.0, 147.6, 147.7, 149.2, 

151.2, and 153.1. Other notable carbons include 

two methoxy carbons at δC 62.2 and 61.5, one 

methylenedioxy carbon at δC 101.1, two olefinic 

methine carbons at δC 129.2 and 115.0, two 

methyl carbons at δC 28.1, and one oxygenated 

quaternary aliphatic carbon at δC 76.7. The 

methoxy groups at δC 62.2 and 61.4, along with 
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the carbonyl and aromatic carbons. Based on the  

COSY, HMBC and HSQC shown in Appendix 

3-6, the identity of the compounds is 5-

methoxydurmillone, previously isolated from 

Millettia ferruginea (Endale et al., 2016). 
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Figure 1: Chemical structures of the compounds isolated from the roots of S. abyssinica. 
 

Compounds 2-4 were isolated as yellow solids. 

The 1H and 13C NMR and spectral data (Table 

1 and Appendix 8-11) revealed structural 

similarities among these compounds. They 

share the same anthraquinone skeleton, as 

evidenced by the two downfield shifts that are 

extremely proton signals around δH 12.10 and 

11.98 (since chelated hydroxyl protons are 

involved in hydrogen bonding with a peri-

carbonyl group). The compounds' possession of 

the 1,8-dihydroxyanthraquinone moiety was 

demonstrated by the two downfield shifted 

carbonyl signals around δC 192.4 and 181.8. 

Two meta-coupled aromatic protons of H-2 and 

H-4 are present with the biogenetically 

expected aromatic C-3 of the di-substituted 

ring that contains methyl, which is also 

common for the three compounds. The only 

noticeable difference is in ring C, where the 

three mutually coupled aromatic protons for H-

5, H-6, and H-7, respectively, in compound 2 

and two upfield-shifted meta-coupled aromatic 

protons for H-5 and H-7 in compounds 3 and 4 

were observed. In addition, a signal at δH 4.11 

(δC 56.1) for a methoxyl group was also 

observed in compound 4. This indicated that C-

5 was substituted with hydroxyl and methoxyl 

groups in 3 and 4, respectively. Based on a 

thorough investigation of COSY, HSQC, and 

HMBCspectrum data (Appendix 12- 19)  and 

comparison with the literature report, the 

structures of compounds 2, 3, and 4 showed 

that they were chrysophanol.  (Tadesse et al., 

2022), emodin (Shifa et al., 2021), and 

physcion respectively. The isolation of these 

chemicals from this plant species has not been 

reported before. However, these compounds 

usually co-occur and are widely distributed in 

many plant families of Rhubarb (Duval et al., 

2016).
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Table 1 
 

1H-NMR (500 MHz) and 13C-NMR (125 MHz) spectroscopic data of compound 1-4, δ (ppm), in CDCl3 

 

  

C/H 

            1               2     3            4 

δH (m, J in Hz)                   δC                                   δH (m, J in Hz) δC δH (m, J in Hz) δC δH (m, J in Hz) δC 

1 - -  162.3  161.8  161.3 

2 7.83 (s) 150.3 7.08 (dd, J = 1.8, 0.9) 124.5 7.12 (s) 124.5 7.33 (d, J = 1.0) 123.9 

3 - 125.7 - 149.3 - 148.6  148.2 

4 - 175.1 7.63 (d, J = 0.8) 119.9 7.43 (d, J = 1.5) 120.9 7.69 (d, J = 1.0) 120.3 

4a - 106.8  113.6  113.8  113.2 

5 - 150.3  7.68 (d, J = 7.6) 136.9 7.07 (d,J = 2.4) 109.2 7.36 (d, J = 2.6) 109.7 

6 - 140.0 7.80 (dd, J = 7.5, 1.2) 124.3  166.0 - 165.9 

7 - 149.1 7.29 (d, J = 8.4) 121.1 6.56 (d, J = 2.4) 108.3 7.01 (d, J = 2.5) 107.3 

8 - 113.1 - 162.6 - 164.9 - 164.2 

8a - 153.0 - 115.8 - 109.3 - 106.4 

9 - - - 192.4 - 190.1 - 189.7 

9a - - - 133.2 - 133.2 - 134.7 

10 - - - 181.8 - 181.7 - 180.9 

10a - - - 133.5 - 135.4 - 132.7 

3-CH3 - - 2.47 (s) 22.2 2.39 (s) 21.9 2.59 (s) 21.2 

6-OCH3 - 61.5  - - - 4.11 (s) 56.1 

1-OH - - 12.10 (s) - 12.04 (s) - 12.01 (s) - 

8-OH - - 11.98 (s) - 19.97 (s) - 12.13 (s) - 

1' - 125.7 - - - - - - 

2' 7.10 (d, J = 1.7) 110.0 - - - - - - 

3' - 147.6 - - - - - - 

4' - 147.6 - - - - - - 

5' 6.80 (d, J= 7.8) 108.3 - - - - - - 

6' 6.96 (dd, J = 8.0, 1.7) 122.5 - - - - - - 

2'' - 76.7 - - - - - - 

3'' 5.71 (d, J = 10.1) 115.0 - - - - - - 

4'' 6.79 (d, J = 10.0) 129.2 - - - - - - 

2''-Me2 1.57 (s) 28.1 - - - - - - 

O-CH2-O 6.00 (s) 101.1 - - - - - - 

5-OMe 

6 –Ome 

3.98 (s) 

3.92 (s) 

62.2 

61.4 

- - 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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Compound 5 was identified as a white solid 

with a melting point at 215 and 216 °C. Proton 

signals at δH 0.77 (s, 3H), 0.79 (m, 3H), 0.83 

(m, 3H), 0.94 (s, 3H), 0.96 (m, 3H), 1.05 (s, 

3H), and 1.60 (m, 3H) were detected in the 

1H-NMR (500 MHz, CDCl3) spectrum 

(Appendix 20). These signals correspond to 

methyl groups at C-24, C-28, C-25, C-27, C-

23, C-26, and C-30. In addition, it displayed 

two non-equivalent (germinal) olefinic 

protons at δH 4.58 and 4.70, which represent 

the exocyclic double bond, and a pair of 

doublets for the oxymethine proton at H-3 at 

δH 3.20. The well-resolved 30 carbon signals 

in the 13C and 2D NMR spectrum data (125 

MHz, CDCl3) spectrum (Appendix 21) 

included six quaternary, six methine, seven 

methyl, and eleven methylene carbons. lupane 

triterpenoid was confirmed by the exocyclic 

double bond carbons that were seen at δC 

150.9 and 109.3 of C-20 and C-29.  

Compound 5 was identified as lupeol 

based on COSY and HMBC spectrum data 

(Appendix 22-23) and the previously 

mentioned spectrum analysis and contrast with 

data published in the literature (Shwe et al., 

2019).etected in the 1H-NMR (500 MHz, 

CDCl3) spectrum (Appendix 20). These 

signals correspond to methyl groups at C-24, 

C-28, C-25, C-27, C-23, C-26, and C-30. In 

addition, it displayed two non-equivalent 

(germinal) olefinic protons at δH 4.58 and 

4.70, which represent the exocyclic double 

bond, and a pair of doublets for the 

oxymethine proton at H-3 at δH 3.20. The 

well-resolved 30 carbon signals in the 13C and  

2D NMR spectrum data (125 MHz, CDCl3) 

spectrum (Appendix 21) included six 

quaternary, six methine, seven methyl, and 

eleven methylene carbons. lupane triterpenoid 

was confirmed by the exocyclic double bond 

carbons that were seen at δC 150.9 and 109.3 

of C-20 and C-29. Compound 5 was identified 

as lupeol based on COSY and HMBC 

spectrum data (Appendix 22-23) and the 

previously mentioned spectrum analysis and 

contrast with data published in the literature 

(Shwe et al., 2019).Compound 6 was a white 

crystalline solid with m.p. of 134–135 oC. The 

proton signals at δH 3.55 (dd, J = 10.8, 4.7 Hz) 

integrated for 1H were seen in the 1H- NMR 

(500 MHz, CDCl3) spectrum (Appendix 24), 

indicating a hydroxymethine proton of H-3. 

The steroidal skeleton olefinic protons of H-6 

are often represented as a triplet peak at δH 

5.37 (t, J = 6.4 Hz, 1H). The methyl proton 

represents H-18 and H-19 signals at δH 0.93 

(s, 3H) and 0.58 (s, 3H). There were 29 carbon 

signals in the 13C-NMR (125 MHz, CDCl3) 

spectra in Appendix 25, with three quaternary, 

eleven methine, nine methylene, and six 

methyl groups. The olefinic carbons at C-5 

and C-6 are represented by the identifiable 

signals at δC140.7 and 121.7, respectively. 

These spectroscopic findings and the data 

presented in the literature led to the conclusion 

that compound 6 structure was β-sitosterol. 

(Uttu et al., 2023).Compound 7 White 

crystalline solid with a melting point of 174–

176 oC. The 1H and 13C NMR spectra in 

Appendix 26-27  exhibited similar spectral 

features as compound 6, including the 

steroidal nucleus. The only noticeable 

difference is the presence of olefinic protons 

for H-22 (δH 5.17) and H-23 (δH 4.98) in 

compound 7, which has been missed in 

compound 6. This is further supported by the 
13C NMR(125 MHz, CDCl3) spectrum, which 

indicates the olefinic carbons C-22 (δC138.3) 

and C-23 (δC 129.2) in compound 7.  

Therefore, the Compound 7 structure was 

determined to be stigmasterol (Alex et al., 

2024). Compounds 6 and 7 have likely been 



Diriba et al.,                                                                         Sci. Technol. Arts Res. J., Oct.– Dec. 2024, 13(4), 89-124 

 
A Peer-reviewed Official International Journal of Wollega University, Ethiopia                           

96 

co-isolated in various plants (Ayele et al., 

2022; Erwin et al., 2020). 

 

Antibacterial activity 

 

The disc diffusion method was used to assess 

the antibacterial activity of the crude extract 

and the identified compounds against strains 

of S. aureus, E. coli, and P. aeruginosa. Both 

gram-positive and gram-negative bacterial 

strains were susceptible to the crude extract's 

actions. When applied to S. aureus, the crude 

extract (10µg/mL) produced a maximal 

inhibitory zone of 18.40 mm in diameter, 

which was comparable to the standard 

gentamycin (20.03 ± 0.01 mm) at p<0.05. 

Using the same solvent and bacterial strains, 

this result is better than the one reported 

before for a crude extract from 

Hydnorajohannis roots (Degfie et al., 2022). 

Similar to the reference antibiotics, the crude 

extract exhibited strong antagonistic effects 

against the tested bacterial strains, which did 

not differ significantly from one another at 

p<0.05. 

 

Table 2 

The diameter (mm) of the bacterial growth inhibition zone of crude extract and isolated 

compounds (1–7) (100 μg/mL each) using the agar disc diffusion method. 

Key: not active; DMSO, dimethylsulfoxide. Results are in mean ± SD of triplicate experiments, and 

different superscript letters in each row and column indicate that the means are significantly different, 

and the similar superscript letters indicate that they are comparable with each other at p < 0.05. 

 

The maximum zone of inhibitions for the 

isolated compounds was 12.50 mm by 

compound 1 against S. aureus and E. coli 

and compound 3, which was not 

significantly smaller than the reference 

antibiotics at p<0.05 (Table 2). In general, 

the compounds showed equivalent 

antibacterial properties against the tested 

bacterial strains except compound 5, in 

which the antibacterial activity was not 

detected for S. aureus and E. coli. In 

addition, the antibacterial activities of the 

crude extract and isolated compound against 

at p<0.05, the investigated bacterial strains 

did not differ significantly.

Test samples Tested micro-organism 

S. aureus E.coli P.  aeruginosa 

1 12.50 ± 0.07b 12.50 ± 

0.03ab 

    8.50 ± 0.01b 

2 9.50 ± 0.21b 9.10 ± 0.04b      9.50 ± 0.03b 

3 11.50 ± 0.03ab 12.50 ± 

0.03ab 

     9.00 ± 0.22b 

4 10.50 ± 0.13b 9.10 ± 0.15b      8.01 ± 0.12b 

5 7.00± 0.24a 7.01 ± 0.16bc     7.50 ± 0.02bc 

6 7.50 ± 0.22bc 8.10 ± 0.10b     7.10 ±0.21bc 

7 8.30 ± 0.11b 10.50 ± 0.10b     7.30 ±0.02bc 

Crude extract 18.40 ± 0.24a 16.02 ± 

0.08ab 

    17.04 ± 0.10ab 

DMSO - - - 

Gentamycin 20.03 ± 0.01a 18.02 ± 0.02a 21.03 ± 0.04a 
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Molecular docking studies of the Isolated 

compounds. 
 

The target proteins Pseudomonas quinolone 

signal A, PqsA (PDB ID: 5OE4), E. coli 

DNA gyrase B (PDB ID: 7P2M), and S. 

aureus pyruvate kinase (PDB ID: 3TO7) 

were the targets of a molecular docking 

study to assess the binding affinities and 

interactions of isolated compounds 1–7. The 

residual interaction, H-bonding, and binding 

affinity of each isolated chemical are listed 

in Tables 3-5. The docked compounds 1–7 

had minimum binding energies ranging from 

-7.6 to -9.2 kcal/mol, -7.3 to -8.6 kcal/mol, 

and -6.4 to -11.1 kcal/mol, respectively. 

Lower docking score values indicate that the 

isolated compounds and the protein target 

interact well. Compounds 1–7 showed 

greater binding affinity against 

Pseudomonas quinolone signal A (PqsA) 

compared to the standard drug Gentamycin. 

Compounds 5, 6, and 7 did not interact with 

the amino acid residue, while compounds 1-

4 showed H-bonding interaction with Gly-

279 similar to gentamycin hydrogen, as 

indicated in Figure 2 and Table 3 

.
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Figure 2. The 3D and 2D modes of interactions of isolated compounds and Gentamycin against   

               Pqs  
 

Table 3 

 Molecular docking results of isolated compounds and Gentamycin against Pseudomonas 

quinolone signal A (PqsA) 

 

Ligand Binding  H –bonding Hydrophobic and Electrostatic  Van der Waals  

1 -8.3 Gly-279 Carbon hydrogen bond: Gly-302, Asp-299; Pi-cation 

and Pi-anion: Asp-382, Arg-397, Arg-397; Pi-sigma: 

Ile-301; Pi-Pi T shaped and Amide pi stacked: His-394, 

Ser-280, Gly-279; Pi-alkyl: Pro-281 

Phe-384, Ala-303, Glu-

305, Thr-164, Tyr-378, 

Arg-372, Lys172, Ala-

278, Gly-300 

2 -9.2 Gly-279, Gly-307, Tyr-

304 

T-shaped and Amide Pi : His-308, Gly-3022, Gly-302; 

Pi-alkyl: Ala-278 

Val-309, Tyr-211, Gly-

210, Ala-303, Thr-164 

3 -9.0 Thr-164, Thr-304, Thr-

304, Val-309, Gly-279 

Pi donor hydrogen bond: Ala-303, His-308; Pi-pi T 

shaped and Amide pi stacked: Gly-302, Gly-302, His 

Ala-303, Gly-210, Gly-

307, Thr-211, Ala-208 

4 -8.0 Gly-300, Gly-279, Gly-

279, Gly-302, His-394 

Carbon hydrogen bond: Ile-301; Pi-anion: Asp-382; Pi -

sigma: Ile-301, Ile-301; Pi -T shaped and Amide pi 

stacked: Ser-280, Gly-279, Gly-279, His-394; Alkyl and 

Pi - alkyl: Pro-281, Pro-281, His-394 

Ala-278, Thr-323, Phe-

384, Arg-397, Ala=303 

 

5 

 

-7.6 

 

- 

 

- 

Phe-209, Pro-234, Ile-

204,Pro-205,  Lys-206 , 

Ile-257, Ala-256, Ser-

280V, Gly-279  

6 -6.7 - Alkyl and Pi -alkyl: Phe-208, Trp-233, Lys-206, Pro-

205, Phe-209, Phe-209, Ala-256, Pro255 

Ile-257, Ile-204, Pro-234, 

Val-254, Tyr-211, Ser-250 

7 -7.3 - Alkyl and Pi-alkyl: Phe-209, Val-254, Val-254, Pro-

205, Ala-256, Ile-257 

Ser-280, Gly-279, Thr-

164, Thr-304, Gly-302, 

Ser-235, Pro-236, Pro-

234, Ile-204 

 Gentamyci

n 

-5.8 Gly-279 Carbon hydrogen bond: Ser-280; Pi-sigma: His-394 Val-254, Pro-255, Ala-

256, Thr-304, Ala-303, 

Gly-302, Ile-301, 

Asp=382, Pro-281, Arg-

397 
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While compound 2 interacted through three Arg-136, Arg-76, and 

Gly-77, compounds 1, 3, 4, and 7 can interact with hydrogen via 

Arg-76, Asn-46, Arg-76, and Asp-73, respectively. Compounds 5 

and 6 did not interact with the amino acid residues of E. coli DNA 

gyrase B, as shown in Table 4 and Figure 3, which display the 

two- and three-dimensional binding interactions of compounds 1–

7 and gentamycin against E. coli DNA gyrase B (PDB ID: 

7P2M). 

 

Table 4 
 

Gentamycin and isolated compounds' molecular docking results against E. coli DNA Gyrase B. 

 

 

 

 

Ligand Binding  H-bonding Hydrophobic and Electrostatic Van der Waals  

1 -8.6 Arg-76 Carbon hydrogen bond: Gly-77, Asn-46; Pi-alkyl: Val-120, Ile-94, Ile-94, 

Ile-78, Ile-78, Ile-78 

Val-43, Ala-47,Val-71 , Thr-165, Asp-73, Glu-50, Pro-

79, Asp-73, 

2 -8.2 Arg-136, Arg-76, 

Arg-76, Gly-77 

Pi-cation and pi-anion: Glu-50, Glu-50, Arg-76; Amide pi-stacked: Asn-

46; Alkyl and pi-alkyl: Pro-79, pro-79, Ile-78, Ile-78, Ile-78 

Ile-94, , Thr-165, Gly-75 ,Val-167 

3 -8.6 Asn-46 Pi-anion: Glu-50; Pi-sigma: Ile-78; Amide pi stacked: Gly-77, Gly-77; 

Alkyl and pi alkyl: Val-167, Val-43, Ile-78, Ile-78 

Val-120, Thr-165,Ile-94, Pro-79, Arg-136, Arg-76, Asp-

73  

4 -8.2 Arg-76 Pi-sigma: Thr-165, Asn-46; Alkyl and pi alkyl: Val-71, Val-43, Ala-47, 

Ile-78, Ile-78 

Val-167, Val-120, Ile-94, Glu-50, Asp-73 

 

5 

 

-7.3 

 

- 

- ,Ala-90, Pro-79, His-83,Ile-94, Ile-78, Thr-165, Gly-77, 

Arg-76, Glu-50, Asn-46, Asp-49 

6 -8.0  

- 

Pi-sigma: His-83; Alkyl and Pi-alkyl: His-83, Val-93, Ala-90, Ala-90, Ala-

90, Ile-94, Ile-94, Pro-79, Pro-79, Ile-78, Ile-78 

Gly-77,Arg-76, Asn-46, Glu-50Thr-165, Asp-73, Ala-47, 

Val-43 

7 -8.3 Asp-73 Pi-sigma: His-83; Alkyl and Pi-alkyl: Ile-94, Val-93, His-83, Ala-90, Ala-

90; Pro-79, Pro-79, Ile-78, Ile-78 

Arg-76, Asn-46, Ala-47, Gly-77, Glu-50, Thr-165 

Gentamycin -7.7 Gly-77 Carbon hydrogen bond: Val-97, Ile-94; Alkyl: Ile-78 ,Ser-121, Gly-119, Thr-165, Pro-79, Arg-76, Leu-98Glu-

50, Asp-73,  Val-43, Val-167, Asn-46 Val-120  
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Figure 3. The 3D and 2D modes of interactions of isolated compounds and gentamycin against    

                E. coli DNA. gyrase B (PDB ID: 7P2M) 
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The docking study with S. aureus pyruvate 

revealed that the compounds 1–7 had 

binding affinities ranging from -6.4 to -11.1 

kcal/mol in comparison to the binding 

affinity of the common medication, 

Gentamycin, at -6.9 kcal/mol. Compound 1 

had the greatest docking score (-11.1 

kcal/mol), while compound 5 had the lowest 

(-6.4 kcal/mol). All the isolated compounds 

had higher binding affinity than gentamycin 

except compounds 5 and 6. All compounds 

except compound 7 showed H-bonding 

interaction. The isolated compounds except 

compound 5 showed hydrophobic and 

electrostatic interactions with the protein S. 

aureus pyruvate kinase, as shown in Table 5 

and Figure 4. 

 

Table 5. 
 

Gentamycin and isolated compounds molecular docking results against S. aureus pyruvate 

kinase. 

Ligand Binding 

affinity 

(kcal/mol) 

 

H-bonding 

 

Hydrophobic and 

Electrostatic 

 

Van der Waals 

1 -11.1 Asn-369,369, Thr-

366, Ser-362 

Pi-Cation:His365,Pi-

Sigma:His365,Ile-

361,361 

Leu-370,Thr-

353,353,366,Ser-

354,362,Ala-358 

2 -9.2 Ser-362,362, 

Thr-366 

Pi-Cation:His-365,365 

Pi-Sigma:Ile-361 

Alkyl and Pi-Akyl:Ile-

361  

Thr-353,Asn-369,Ala-358 

3 -9.4 Ser-362,Thr-

366,Ser-362 

Pi-Cation: His-365,365, 

Pi-Sigma-Ile-361, Pi-

Alkyl:Ile-361 

Asn-369,Thr-353,Asn-

369,Ala-358 

4 -9.3 Thr-366,His-365 

 

Pi-Cation : His-365, Pi-

Sigma: Ile-361, 

Akyl:Leu-370,Ile-361 

Thr-348, Thr-353,Asn-

369, Ala-358,Thr-366,Ser-

362,Met-467, 5 -6.4 Ser-345 - His-365,365,Lys-341,Asn-

369,Thr-348,353,Ile-361, 

6 -6.6 Thr-366 Akyl and Pi-Akyl: His-

365,Ile-361 

Ser-345,Leu-344,Leu-

368,Thr-348,Lys-341,Asn-

369,Ala-358,Met-467,Ser-

362, 362 

7 -7.1 - Pi-Sigma:His-365, Akyl 

and Pi-Akyl: Ile-

361,361 

Ser-362, 362,Thr-366,Thr-

353, 353,His-365,Ala-

358,Asn-369,369, Thr-

348,348 

Gentamycin -6.9 Lys-341,His365, 

Ser362,362,His-

365 

Ser-345,Asn-369,Ther-

353,366,348,Ala-

358,Ile-361 

Ser-362,362,His-365 
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Figure 4 The 3D and 2D  modes of interactions of isolated compounds and gentamycin against    

                S.aureus pyruvate kinase (PDB ID: 3TO7) 
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Analysis of the Isolated Compounds' 

Toxicity and In-Silico Pharmacokinetics 

The principles of Lipinski's rule evaluate the 

in-silico drug-likeness of the isolated 

compounds 1–7 (Lipinski et al., 2012). and 

Veber’s rule (Veber et al., 2002) (Table 6). 

Compounds 1–4 do not contradict Lipinski's 

and Veber’s rules, which means they have a 

good potential to be considered as drug 

candidates. It is indicated that they can be 

delivered orally as a medication rather than 

conventional gentamycin. Compounds 5–7 

contain one violation of Lipinski's and 

Veber's rules, suggesting minimum 

lipophilicity represented by Log P (MLOGP 

> 5), as seen in Table 6. ProTox-3.0 

Utilizing internet resources, determine the 

toxicity profile of the isolated chemicals. 

The investigated isolated compounds 

showed LD50 (mg/kg) values ranging from 

890 to 5000, suggesting that they would be 

toxic if consumed (300 LD50 ≤ 5000). 

(Lipinski et al., 2012). Compounds 1, 2, 3, 

and 4 showed projected toxicity class 5, 

indicating that they did not affect organic 

toxicity, implying that they might be 

developed as a medication candidate. 

Compounds 6 and 7 predicted 

immunotoxicity and BBB-barrier, 

compounds 2 and 4 predicted 

immunotoxicity and mutagenicity, 

compound 3 is active only in mutagenicity, 

compound 5 can affect BBB-barrier and 

nutritional toxicity, and compound 1 can 

predict immunotoxicity and ecotoxicity, as 

shown in Table 6. 

 

Table 6 

Insilico Drug-likeness and Toxicity Predictions of compounds 1-7 and Gentamycin using 

SwissADME,and  the Pro Tox 3.0 online tool 

 

Predicted Parameters                                                         Ligand 

1 2 3 4 5 6 7 Gentamycin 

Drug-

likeness 

 

 

MF C23H20O7 C15H10O4 C15H10O5 C16H12O5 C30H50O C29H50O C29H48O C21H43N5O7 

MW/g/mol 408.4 254.2 270.4 284.3 426.7 414.7 412.7 477.6 

NRB 3 0 0 1 1 6 5 7 

NHA 7 4 5 5 1 1 1 12 

NHD 0 2 3 2 1 1 1 8 

TPSA (Ao2) 76.4 74.6 94.8 93.8 20.2 20.2 20.2 199.7 

LogP 

(MLOGP≤4.15) 

4.28 2.18 1.89 2.19 6.92 6.73 6.62 -3.33 

Log S/ESOL -5.00 -4.11 -3.67 -3.87 -8.6 -7.9 -7.5 0.24 

Lipinski’s rule of 5 

violated 

  0 0 0 0 0 1 1 2 

Toxicity 

Prediction  

LD50(mg/Kg) 3850 5000 5000 5000 2000 890 890 5000 

Toxicity class 5 5 5 5 4 4 4 5 

Organ toxicity 

predicted 

- - - - respi respi respi Nephron and 

respi 

Toxicological 

endpoints 

predicted 

immuno  and   

Ecotoxicity 

immuno and 

mutagenicity 

Mutagenicity immuno and 

mutageniciy 

BBB-

barrier 

and  nutri 

immuno  

and 

BBB-

barrier 

immuno  

and 

BBB-

barrier 

 

immuno 
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CONCLUSION 

In this investigation, seven compounds were 

recognized from the roots of Stephania 

abyssinica. This is the first report from this 

plant species. The crude extracts and the 

isolated compounds have shown antibacterial 

activity against the tested bacterial strains, 

with the crude extract showing maximum 

growth inhibition against S. aureus and E. 

coli. Compounds 2 and 6 had better infection 

zones against P. aeruginosa. The in silico 

molecular docking analysis was also used to 

validate the in vitro antibacterial activities of 

the isolated compounds. The molecular 

docking analysis showed that the isolated 

compounds, except for compounds 6 and 5, 

have better binding affinity than the standard 

antibacterial drug Gentamycin. Furthermore, 

compounds 1-4 showed the highest drug-

likeness characteristics, indicating that these 

compounds have remarkable biological 

activities and the potential to function as 

drugs. The traditional uses of Stephania 

abyssinica roots are supported by 

experimental studies that indicate the potential 

use of the plant for bacterial treatment. . More 

thorough assessments are advised to reach a 

definitive conclusion about the formulation 

potential of the plant and its medicinal uses, 

including in vivo antibacterial activity testing. 
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Appendixes

 Appendix 1:.  1H NMR spectrum of (1) observed at 500 MHz for  CDCl3 solvent  at 250C.    
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Appendix 2:  13C NMR spectrum (1) observed at 125 MHz for CDCl3   solvent at 250C.   

                   

 

 

Appendix 3: 135 DEPT (1) observed at 125 MHz for CDCl3 solvent  at 250C 
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Appendix 4:  COSY (1) observed at 500 MHz for  CDCl3   solvent at 250C 

 

 

 

Appendix 5:  HSQC spectrum of (1) observed at 500 MHz  and 125MHz for CDCl3 solvent  at 

250C. 
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Appendix 6:  HMBC spectrum of (1) observed at 500 MHz and 125MHz for CDCl3  solvent   at 

250C 
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Appendix 7:  The ESI-MS Spectrum of (1) 
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Appendix 8:  1H NMR spectrum of (2) observed at 500 MHz  for CDCl3 solvent  at  250C.    

 

 

Appendix 9:   13C NMR spectrum of (2) observed at 125 MHz for CDCl3)  solvent at  250C.   
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Appendix 10:  1H NMR spectrum of (3) observed at 500 MHz for  CDCl3 solvent at 250C. 

 

 

 

Appendix 11:  13C NMR spectrum of (3) observed at 125 MHz, CDCl3)  solvent at 250C  
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Appendix 12:  COSY (3) observed at 500 MHz for  CDCl3   solvent at 250C 

 
 

 

Appendix 13:  HSQC spectrum of (3) observed at 500 MHz and 125 MHz for CDCl3 solvent  at 

250C 
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  Appendix 14.  HMBC spectrum of (3) observed at 500 MHz and 125 MHz for CDCl3      

solvent at 250C. 

 

 

Appendix 15: 1H NMR spectrum of (4) observed at 500 MHz for CDCl3 solvent at 250C.  
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Appendix 16:  13C NMR spectrum of (4) observed at 125 MHz for  CDCl3 solvent at 250C 

 

. 

     Appendix 17:  COSY spectrum of (4) observed at 500 MHz for CDCl3 solvent  at 250C 
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Appendix 18:  HSQC spectrum of (4) observed at 500 MHz  and 125MHz for CDCl3  solvent  

at   250C.  

 

Appendix 19:  HMBC spectrumof  (4) observed at 500 MHz and 125 MHz for CDCl3  solvent at 

250C 
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Appendix 20: 1H NMR spectrum of  (5) observed at 500 MHz for  CDCl3 solvent at 250C 

 
Appendix 21: 13C NMR spectrum of (5) observed at 125 MHz for CDCl3 solvent at 250C. 
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Appendix 22:  COSY spectrum of (5) observed at 500 MHz for CDCl3 solvent  at 250C 

 

 

Appendix 23:  HMBC spectrum of (5) observed at 500 MHz and 125MHz for  CDCl3 solvent at 

250C 
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Appendix 24:  1H NMR spectrum of (6) observed at 500 MHz for CDCl3  solvent at 250C. 

 

 

Appendix 25:   13C NMR spectrum of (6) observed   at 125 MHz for CDCl3 solvent at 250 
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Appendix 26:  1H NMR spectrum of (7) observed at 500 MHz for  CDCl3 solvent  at 250C. 

 

 

Appendix 27:  1H NMR spectrum of (7) observed at 500 MHz for  CDCl3 solvent  at250C. 

 

 

 


