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Abstract: Crinum abyssinicum and Calotropis procera were traditionally used for 

the treatment of different diseases such as hypertension, diabetes, hepatitis B, skin 

infection, anticancer, asthma, fever, and diarrhea. The structures of the compounds 

were characterized by 1H NMR, 13C NMR, and DEPT-135 spectra. Compounds 1-

3 were reported herein for the first time from the species of C. abyssinicum. The 

DCM/MeOH (1:1) and MeOH roots extracts of C. abyssinicum showed significant 

inhibitory activity against S. aureus and P. aeruginosa with a mean inhibition zone 

of 16.67 ± 1.20 and 16.33 ± 0.33 mm, respectively. Compounds 4 and 5 showed 

promising activity against E. coli with a mean inhibition zone of 17.7  0.8 and 

17.7  1.2 mm, respectively. The results of DPPH activity showed the DCM: 

MeOH (1:1) and MeOH roots extracts of C. abyssinicum inhibited the DPPH 

radical by 52.86  0.24 % and 45.6  0.11 %, respectively, whereas compound 5 

displayed 85.7 % of inhibition. The drug-likeness analysis showed that compounds 

2-4 satisfy Lipinski’s rule of five with zero violations. Compounds 2, and 6 showed 

binding affinities of −6.0, and −6.7 kcal/mol against E. coli DNA gyrase B, 

respectively, while 3 and 5 showed −5.0 and −5.0 kcal/mol, respectively against 

human peroxiredoxin 5. Therefore, the in vitro antibacterial, radical scavenging 

activity along with the molecular docking analysis suggest the potential use of the 

extracts of C. abyssinicum and compounds 2, 5, 6, and 3, 5 can be considered as 

promising antibacterial agents and free radical scavengers, respectively. 
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1. INTRODUCTION 

The genus Crinum is one of the medicinal plants that belong to the family Amaryllidaceae. 

Globally, around 180 Crinum species were described and widely distributed in Africa, America, 

southern Asia, and Australia (Lawal & Dangoggo, 2014). Out of these, four species are found 

in Ethiopia i.e., Crinum abyssinicum, Crinum bambusetum, Crinum macowanii, and Crinum 

ornatum (Nordal & Sebsebe, 2010). Crinum abyssinicum and Crinum bambusetum are endemic 

species of Ethiopia (Nordal & Sebsebe, 2010). Crinum abyssinicum is a species of bulbous 
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plant that belongs to the family of the Amaryllidaceae (Figure 1). In Ethiopia, it is commonly 

known as shinkurta/bokolo Werabessa/ Murquffaa/ Chopi in Afan Oromo, Yejib Shinkurt in 

Amharic, Galadiweese in Sidamigna (Abebe et al., 2003). In Ethiopia, Crinum species have 

been reported to be used in various health care systems for the treatment of a variety of diseases 

such as hypertension and diabetes (Regassa, 2013), animals’ internal parasites (Tamiru et al., 

2013), skin infection (Yineger et al., 2008), rheumatoid arthritis (Kloos et al., 2014), snake bite 

(Mekuanent et al., 2016), malaria (Asnakech et al., 2019) and antitumor (Teklehaymanot & 

Giday, 2007). Traditionally the dried roots of C. abyssinicum mixed with water or butter is 

applied topically or oral. 

Figure 1. (a) Aerial part and (b) bulb of C. abyssinicum (Illubabor, Oromia, Picture taken by Melaku 

Tegegn on November 20, 2021). 

(a) (b) 

Crinum species have been subjected to extensive chemical and biological investigations due 

to their richness in pharmacologically active principles (Wildman, 1960). A large number of 

alkaloids and non-alkaloid compounds have been reported from different Crinum species 

(Refaat et al., 2012; 2013). Amaryllidaceae alkaloids, augustamine (Ali et al., 1983; Ramadan, 

1986; Machocho et al., 2004), β-carboline, phenanthridine (Razafimbelo et al., 1996), 

sceletium (Döpke et al., 1981), ismine (Ghosal, 1981; Highet & Ismine, 1961) and clivimine 

type alkaloids were reported from the genus. Other secondary metabolites including flavonoids, 

chromones, coumarins, terpenoids, steroids, phenolics, simple glycosides, and long-chain 

hydrocarbons were also reported (Refaat et al., 2013). In Ethiopia, the bulb extract, 6-

hydroxycrinamine, and lycorine possessed significant antiproliferative activity, lycorine being 

the most active exhibiting GI50 values of 2.8 μg/mL and 3.4 μg/mL against A2780 and MV4-11 

cells, respectively (Besufekad et al., 2020). To the best of our knowledge, there is no scientific 

report in the literature concerning the antioxidant and antimicrobial effects of the plant.  

Calotropis procera is a soft-wooded, evergreen, perennial shrub in the family 

Asclepiadaceae. They are commonly known as milkweeds because of the latex they produce. 

It includes 320 genera and 2,000 species. It is widely distributed in Asia, Africa, and America 

(Ramos et al., 2006). In Ethiopia, this plant species is known by local names of Tobiaw 

(Amharic), Qimbo (Afan Oromo), Ghinde’a (Tigregna), Galaqto (Afar) (Harini and 

Nithyalakshmi, 2017). Traditionally, Calotropis is used alone or with other medicines to treat 

common diseases such as fever, rheumatism, cold, eczema, diarrhea, and treatment of boils 

(Pathyusha, 2012; Abhishek et al., 2010). In traditional folk medicine, the plant has been 

employed as an antifungal and antipyretic agent (Shrivastava et al., 2013). In Ethiopia, the latex 

of C. procera (Asclepiadaceae) (Figure 2) is among the herbal drugs used for the treatment of 

blackleg to treat cattle by “Zay” people (Giday & Teklehaymanot, 2013). 
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Figure 2. Aerial part of C. procera (Adama, Oromia, Picture by Getachew Tegegn on August 16, 2020). 

Previous pharmacological reports disclosed that C. procera exhibit wide spectrum of 

pharmacological activity including antimicrobial, anthelmintic, anti-inflammatory, analgesic 

and antipyretic, anticancer, antidiabetic, antifungal, antioxidant, larvicidal activity, 

anticonvulsant, anti-ulcer effects, and wound healing (Hassan et al., 2006; Al-Snafi, 2015). In 

Ethiopia, pharmacological studies of ethanolic extract from the leaves and latex C. procera 

demonstrated antimicrobial activity against S. aureus, E. coli, Bacillus cereus, Proteus 

mirabilis, Proteus vulgaris, Klebsiella pneumoniae, Shigella dysenteries and Pseudomonas 

aeruginosa (Chavan, 2016). Phytochemical studies indicated that root extracts of C. procera 

contained alkaloids, flavonoids, glycosides, saponins, and terpenes (Schimmer and Mauthner, 

1996). Inspired by these reports, in the present work, chemical constituents of roots extract of 

C. abyssinicum and C. procera, evaluation of the antibacterial and radical scavenging activities 

of extracts and isolated compounds along with in silico molecular docking, ADMET, and 

Toxicity analysis were presented. 

2. MATERIAL and METHODS 

2.1. General Procedure 

The compound purity was determined by analytical TLC. Analytical TLC was run on a 0.25 

mm thick layer of silica gel GF254 (Merck) on aluminum plate. Spots were detected by 

observation under UV light (254 and 365 nm). The vanillin spraying agents were used as 

detecting reagent. Column chromatography was performed using silica gel (60-200 mesh) 

Merck. Samples were applied on a column by adsorbing on silica gel. The solvent was removed 

using rotavapor under vacuum at 40oC. NMR spectra were recorded using Bruker Avance 400 

MHz spectrometer. 

2.2. Plant Materials Collection and Identification  

The roots of C. procera and C. abyssinicum were collected from Adama and Illubabor zones of 

the Oromia Region, Ethiopia on August 16, 2020, and November 20, 2021, respectively. 

Identification and authentication of the plant’s specimen were done by botanist Mr. Melaku 

Wondaferash at the National Herbarium, Addis Ababa University, and voucher specimens were 

deposited (GT-002/2020 for C. procera and GT-003/2021 for C. abyssinicum). The plants were 

chopped into small pieces, air dried under shade at room temperature, and pulverized using a 

Willy electrical mill. 

2.3. Extraction and Isolation 

The powdered roots of C. abyssinicum (800 g) and C. procera (550 g) were extracted with 

CH2Cl2/MeOH (1:1) 3L three times for 48h in each case by shaking using a mechanical shaker 
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at room temperature. The filtrates were concentrated in vacuo on a rotary evaporator at 40 oC 

to obtain 16 g (2%) reddish solid and 15.2 g (2.76 %) yellowish solid crude extracts, 

respectively. The mark left in each case was further extracted with methanol (100%). The 

filtrate was concentrated using a vacuum rotary evaporator to yield 3 g (0.375 %) reddish and 

10.2 g (1.85 %) yellowish crude extracts, respectively. 

The dichloromethane/methanol (1:1) roots extract (14 g) of C. abyssinicum was adsorbed to 

an equal amount of silica gel and subjected to silica gel column chromatography (200 g). 

Elution was done with an increasing gradient of ethyl acetate in n-hexane followed by methanol 

in dichloromethane. A total of 111 fractions were collected (each 50 mL). Concentrated 

fractions were subjected to thin-layer chromatography to monitor the composition profile and 

fractions that showed similar Rf values and the same characteristic color on TLC were combined 

and further purified. Combined fractions were dried in glass vials and yields were determined. 

Fraction 14 (1% ethyl acetate in n-hexane) afforded compound 1 (100 mg). Fractions 27-29 

(4.5 % ethyl acetate in n-hexane as eluent) were combined and purified by silica gel column 

chromatography (eluent, gradient of ethyl acetate in n-hexane) to give compound 2 (90 mg). 

Fractions 57-59 (0.5 % methanol in dichloromethane) were combined to give compound 3 (40 

mg).  

The crude dichloromethane/methanol (1:1) extract (10 g) of C. procera was adsorbed on an 

equal mass of silica and subjected to silica gel column chromatography (200 g). Elution was 

conducted with an increasing gradient of ethyl acetate in n-hexane followed by an increasing 

gradient of methanol in dichloromethane. A total of 50 fractions were collected (each 50 mL). 

Fractions 22-30 showed three spots on TLC (n-hexane/EtOAc 4/1, 800 mg) and were further 

purified using silica gel column chromatography with n-hexane to afford 54 subfractions. 

Subfractions 7-11 showed a single spot (n-hexane: EtOAc,4:1) to give compound 4 (70 mg). 

Subfractions 20-31 showed a single spot (n-hexane:EtOAc, 7:3) to give compound 5 (60 mg). 

Fractions 31-34 gave single spot-on TLC (mobile phase n-hexane/EtOAc 7:3 as eluent) to give 

compound 6 (20 mg). 

2.4. Antibacterial Activity  

All samples were evaluated for their antibacterial activity against two-Gram positive bacteria 

(Staphylococcus aureus ATCC 25923, Streptococcus pyogenes ATCC 19615) and two Gram-

negative bacteria (Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 25922) 

using the disc diffusion method. The microbial cultures were grown overnight at 37°C in 

nutrient broth, distilled water was used to adjust to 0.5 McFarland standard, and lawn inoculated 

onto Mueller Hinton agar (MHA) plates.100 µg were dissolved in each sample in 0.1 mL 

DMSO and adjusted to a concentration of 250 and 125 mg/mL. 6 mm diameter of sterile filter 

paper discs were soaked in 1 mL DMSO solution of the compounds at 250 and 500 μg/mL 

concentrations. Then, the saturated paper discs were placed on the center of every MHA plate. 

The inhibition zones were measured and compared with those produced by the reference 

antibiotics, Ciprofloxacin (each at 10 µg/disc). The resulting diameters of zones of inhibition 

produced by the plant extracts and standard antibiotics were measured using a ruler and reported 

in millimeters. The mean of zones of inhibition was calculated for each extract and the standard 

antibiotics. The results are expressed as M ± SEM of triplicate (Table 6) (Valgas et al., 2007; 

Singh and Jain, 2011). The standard drug used as a positive control was Ciprofloxacin, and 

DMSO was used as a negative control. 

2.5. Antioxidant Activity Assay 

The antioxidant activities of the plant extract and their constituents were studied using DPPH 

methods. The DPPH radical scavenging activities of the extracts and isolated compounds were 

evaluated using DPPH assay following procedure (Rivero-Perez et al., 2007). Serial dilutions 
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were carried out with the stock solutions 0.5 mg mL-1 of the plant extract and its constituents 

to obtain concentrations of 50, 25, 12.5, and 6.25 µg mL-1. The solutions were prepared using 

methanol as solvent. 4 mL from each four diluted concentrations of the samples were mixed 

with 1 mL of 2,2-diphenyl-1-picryl hydrazyl (DPPH) solution that was prepared by dissolving 

4 mg of DPPH in 100 mL of MeOH. The resulting solution was placed in an oven at 37oC for 

30 min and subjected to a UV-Vis spectrophotometer to record absorbance at 517 nm. The 

percentage of DPPH inhibition is calculated according to the following formula (Proestos et al., 

2013). 

(%) inhibition = 
(Acontrol− Asample)

Acontrol
 x 100 

Where A control was the absorbance of the DPPH solution and A sample was the absorbance 

of a tested sample. Samples were analyzed in triplicate. Ascorbic acid was used as a positive 

control. 

2.6. In silico Pharmacokinetics (ADME), Drug-likeness and Toxicity Prediction 

Computational technology has reduced experimental drug trials and improved the success rate; 

hence, it’s become an important tool in drug candidate identification. The screening of 

bioavailability and pharmacokinetic properties like absorption, distribution, metabolism, and 

excretion parameters are evaluated to determine their activity within the human body. They 

evaluated using the Swiss ADME online web tool. The structures of isolated compounds were 

converted to their canonical simplified molecular-input line-entry system (SMILE), and the 

SMILES of all selected ligands were used as input data and submitted to SwissADME and 

PreADMET tool to estimate in-silico pharmacokinetic parameters such as the number of 

hydrogen donors, hydrogen acceptors, and rotatable bonds, and total polar surface area of a 

compound. The computer program further gave a compiled result on the lipophilicity and 

hydrophilicity of those molecules by integrating results obtained from various Log P and S 

prediction programs called ILOGP, XLOGP3, WLOGP, ESOL, and SILICOS-IT. Log P, a 

measure of the lipophilicity of the molecule is the logarithm of the ratio of the concentration of 

drug substance between two solvents in an unionized form. The drug-likeness of the isolated 

compounds was predicted by adopting Lipinski’s Rule of 5. It denotes that the drugs and/or 

candidates should obey the rule of 5 parameters like hydrogen-bond donors (HBDs) < 5, 

hydrogen-bond acceptors (HBAs) < 10, a molecular mass < 500 Da, log P not ˃ 5, and total 

polar surface area (TPSA) shouldn’t be > 140 Å (Lipinski et al., 1997). The rule was developed 

to set drug-likeness ground rules for new molecular entities (NMEs) (Lipinski, 2000). The Rule 

of 5 predicts molecules with more than 5 H-bond donors, 10 H-bond acceptors, molecular 

weight of more than 500 Da, and also the calculated Log P (Log P) greater than 5 likely had 

poor absorption or permeation of the molecular entities. Hence, molecules will unlikely to 

become orally bioavailable as a drug if their properties fall outside these boundaries (Tareq & 

Khan, 2010). Lipinski’s rule suggests an upper limit of 5 for druggable compounds. For the 

chemical substance, the lower the log P values the stronger the lipophilicity. 

The absorption of drugs depends on water solubility, P-glycoprotein substrate (P-gp 

substrate), skin permeability (log Kp) levels, Gastro-Intestinal absorption (GSI), and membrane 

permeability. The drug distribution depends on the blood-brain barrier (BBB). Excretion 

depends upon the total clearance, and renal OCT2 substrate (Mahanthesh et al., 2020; Han et 

al., 2019). The volume of distribution and metabolism was evaluated with the help of CYP 

models, namely CYP1A2 inhibitor, CYP2C19 inhibitor, CYP2C9 inhibitor, and CYP3A4 

inhibitor. The toxicity profile of the isolated compounds was predicted. ProTox-II server were 

accustomed to determine the toxicological endpoints (Hepatotoxicity, Carcinogenicity, 

Immunotoxicity, Mutagenicity), toxicity class and also the level of toxicity (LD50, mg/Kg) of 
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the isolated compounds (Banerjee et al., 2018; Drwal et al., 2014). The results were compared 

with ciprofloxacin used as a standard clinical drug (Table 9). 

2.7. Molecular Docking Study 

AutoDock Vina version 4.2 with the standard protocol was established to dock the proteins 

(PDB ID: 6F86, PDB ID: 1HD2 and PDB ID: 3T07) and also isolated compounds 2, 3, 4, 5 and 

6 into the active site of proteins (Seeliger and Groot; Trott and Olson, 2010; Tapera et al., 2022). 

The 2D structures of isolated compounds (2, 3, 4, 5, 6) were drawn using the ChemOffice tool 

(ChemDraw 16.0). ChemBio3D was used to minimize the energy of each molecule. The 

energy-minimized ligand molecules were then used as input for AutoDock Vina, so as to hold 

out the docking simulation (Trott and Olson, 2010). The crystal structures of receptor molecules 

E. Coli DNA gyrase B (PDB ID: 6F86), Pyruvate Kinase (PDB ID: 3T07), and human 

peroxiredoxin 5 (PDB ID: 1HD2) were downloaded from the protein data bank. All the ligands 

were individually docked into the target based on ligand-protein interactions. As per standard 

protocol protein preparation was done (Narramore et al., 2019), by removing the chosen water 

molecules, cofactors, and previously attached ligands. The protein was prepared by adding 

polar hydrogens using auto preparation of target protein file AutoDock 4.2.6 (MGL tools 1.5.6). 

To set the grid box for docking simulations the graphical user interface program AutoDock 

4.2.6 was used. We tried several different docking pockets and poses, and at last, the grid was 

generated as per the best results achieved. The docking algorithm provided with AutoDock 

Vina v.1.2.0 was used to search for the best docked conformation between ligand and protein 

(Poustforoosh et al., 2022). A maximum of nine conformers were considered for each ligand 

during the docking process. For analyzing the interactions between the target receptor and 

ligands by discovery studio visualizer and PyMOL, conformations with the most favorable 

(least) free binding energy were selected (Poustforoosh et al., 2021). The ligands are 

represented in several colors, H-bonds and also the interacting residues are represented in stick 

model representation. 

2.8. Statistical data analysis 

Antibacterial and antioxidant data obtained by triplicate measurements were reported as mean 

± standard error of the mean (SEM). GraphPad Prism version 8.0.2 for Windows was 

established to perform the analysis. Groups were analyzed for significant differences using a 

linear model of variance analysis (ANOVA) test for comparisons was performed.  

3. RESULTS and DISCUSSION 

3.1. Characterization of Isolated Compounds 

The dichloromethane/methanol (1:1) extract of the roots of C. abyssinicum and C. procera was 

subjected to silica gel column chromatographic fractionation which afforded six compounds (1-

6) of which compounds 1-3 were reported herein for the first time from C. abyssinicum whereas 

compound 2 was reported herein for the first time from the plant source. The structures of the 

isolated compounds were characterized by 1H NMR, 13C NMR, and DEPT-135 as discussed 

here below.  

Compound 1 was obtained as a yellow oil with Rf value of 0.40 (n-hexane/EtOAc (9:1), as 

eluent. Its 1H NMR spectrum (400 MHz, CDCl3) showed signals at δ 2.3 (t, 2H, H-2), δ 5.4 

(brs, 1H, H-7) and δ 0.9 (t, 3H, H-18) attributed to methylene protons attached to a carboxyl 

group, olefinic proton, and terminal methyl protons, respectively. The 13C NMR (100 MHz, 

CDCl3) spectral data with the aid of DEPT-135 revealed a total of 18 carbon signals of which 

two olefinic methine signals at  130.0, and 127.9, and fourteen methylene signals at  34.0, 

31.9, 29.7, 29.6, 29.5, 29.4, 29.3, 29.3, 29.2, 29.1, 27.2, 25.6, 24.7 and 22.7 are clearly evident. 

The most downfield and upfield signals appearing at δ 179.9 and 14.1 attributed to the carboxyl 
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group and terminal methyl, respectively. The above spectral data are in good agreement with 

data reported in the literature for (E)-Octadec-7-enoic acid (Ibrahim et al., 2012). 

Compound 2 (40 mg) was isolated as a yellow oil from the DCM/MeOH (1:1) with Rf value 

of 0.6 (n-hexane:EtOAc (5.5/4.5), as eluent). Its 1H NMR spectral data (400 MHz, CDCl3) 

showed a signal due to terminal methyl protons at δ 0.9 (3H, t, J= 6.7 Hz). The spectrum also 

displayed methylene signals at δ 2.3 (2H, t) and 1.6 (2H, brs) of which the former suggests 

methylene is connected to a carbonyl group. The proton signal at δ 3.7 (1H, m, H-2) accounted 

for the presence of oxygenated methine proton connected to oxygen whereas as signals at δ 4.1 

(dd, J = 12.0, 4.5 Hz, 2H, H-1), 3.9 (m, 1H, H-3a) and 3.7 (m, 1H, H-3b) attributed to 

oxygenated methylene protons. The 13C NMR spectrum with the aid of DEPT-135 spectrum 

showed a total of 20 well resolved carbon signals of which four olefinic carbons signals at δ 

130.2, 130.0, 128.1 and 127.9, methylene carbon signals at δ 34.2, 31.9, 31.5, 29.7, 29.5, 29.3, 

29.1, 27.2, 25.6, 24.9 and 22.7, oxygenated methylene signals at δ 65.1 and 63.3, and sp3 

oxygenated methine at δ 70.3 are clearly observed. Most downfield signals appearing at δ 174.4 

are attributed to the ester carbonyl whereas the upfield signal at δ 14.1 suggests a terminal 

methyl group. The above spectral data is in good agreement with data reported for penicilloitins 

B, previously reported from marine endophytic Penicillium species, where the hydroxyl group 

at C-13 is dehydrated to double bond in case of compound 2 (Table 1) (Mourshid et al., 2016). 

Table 1. Comparison of the spectral data of compound 2 and penicilloitins B (CDCl3, δ in ppm). 

Position 
Compound 2 

Mourshid et al., 

2016 
1H NMR 13C NMR Multiplicity 13C NMR 

1  174.4 Carbonyl 174.3 

2 2.3 (d, J = 7.2 Hz, 2H) 34.2 CH2 34.1 

3 1.6 (brs, 2H, H-3,4) 24.9 CH2 24.8 

4  25.6 CH2 25.7 

5 1.3 (d, J = 17.1 Hz, H-5,6,7,8) 29.3 CH2 29.3 

6  29.7 CH2 29.7 

7  29.5 CH2 29.5 

8  29.1 CH2 29.0 

9 2.0 (brq, J = 13.3, 5.0 Hz, 2H) 27.2 CH2 27.3 

10 5.4 (d, J = 11.6 Hz, 1H) 130.2 = CH 133.4 

11  127.9 = CH 125.2 

12  31.5 CH2 35.3 

13  128.1 = CH 71.5 

14  130.0 = CH 36.8 

15  31.9 CH2 31.8 

16  22.7 CH2 22.0 

17 0.9 (t, J = 5.0 Hz, 3H) 14.1 CH3 14.0 

1’ 
4.2 (d, J = 17.5 Hz, 1H), 4.1 (t, J = 6.1 Hz, 

1H) 65.1 CH-O 65.3 

2’ 3.7 (m, 1H) 70.3 CH2O- 70.2 

3’ 
3.9 (d, J = 22.3 Hz, 1H), 3.86 – 3.75 (m, 

1H) 63.3 CH2O- 63.3 

 

Compound 3 was obtained as a reddish crystal with Rf value of 0.56 (DCM: MeOH, 9.5:0.5) 

as eluent. The 1H NMR spectrum (400 MHz, CDCl3) showed the presence of an olefinic proton 

signal at δ 5.3 (brs, 1H, H-6, 7). The compound exhibited the doublet signals at δ 4.1 (1H, d, J 

= 8.0 Hz, H-1a), and 3.8 (1H, d, J = 7.8 Hz, H-1b) due to oxygenated methylene protons. The 



Int. J. Sec. Metabolite, Vol. 9, No. 4, (2022) pp. 467-492 

474 

signal at δ 1.3 (brs, 6H) is the characteristic signal for many methylene protons in the compound 

which was supported by the appearance of an intense carbon signal at δ 29.7 in the 13C NMR 

spectrum. The broad singlet signal observed at δ 2.3 is ascribed to methylene protons attached 

to a carbonyl group. An upfield proton signal at δ 0.9 (brs, 6H) is evident for the presence of 

two terminal methyl protons in the compound. The 13C-NMR (400 MHz, CHCl3) spectrum with 

the aid of DEPT-135 revealed 20 carbon signals of which fourteen methylene carbons at δ 34.4, 

34.3, 31.9, 31.5, 29.7, 29.5, 29.4, 29.3, 28.6, 27.2, 25.9, 25.0, 24.8 and 22.7. The downfield 

signals at δ 64.4 correspond to an oxygenated methylene carbon and the most upfield carbon 

signal at δ 14.2, and 14.1accounts for the presence of two terminal methyl protons. The presence 

of two olefinic sp2 signals at δ 129.9 and 129.8 suggest the presence of one double bond. The 

presence of ester carbonyl carbon was evident at δ 174.1. On the basis of the above spectral 

data, the structure of compound 3 was found to be identical to data reported for Ethyl (E)-

octadec-8-enoate (Barange et al., 2020) reported herein for the first time from the genus 

Crinum. 

Compound 4 was obtained as a yellowish solid with Rf value of 0.51 (n-hexane/Ethyl acetate 

4/1) as eluent. Its 1H-NMR spectrum (400 MHz, CDCl3) showed the presence of an olefinic 

proton signal at δ 5.4 (m, 1H, H-4) and 5.1 (m, 1H, H-5). Oxygenated methylene protons 

appeared at δ 4.3-4.1 (m, 1H) and 3.8-3.5 (m, 1H). An upfield proton signal at δ 0.9 (m, 3H) is 

evident for the presence of methyl group in the compound. 

The 13C-NMR spectrum with aid of DEPT-135 showed a total of well resolved 14 carbon 

signals including seven methylene signals at δ 33.8, 31.9, 30.4, 29.7, 29.4, 28.9, 23.7, and 22.7, 

methine carbon at δ 38.7, oxygenated methylene carbons at δ 63.1 and 68.2 and terminal methyl 

at δ 14.1, and two sp2 methines at δ 130.9 and 128.8. The above spectral data is comparable 

with literature reported data for (4Z)-dodec-4-en-1-ol (D´yakonov et al., 2020) and the only 

difference is additional hydroxyethyl at C-2 in the case of compound 4 Table 2. 

Table 2. 13C-NMR spectral data of compound 4 and the reported 13C-NMR data for (4Z)-dodec-4-en-1-

ol (D´yakonov et al., 2020).  

Position  NMR data of compound 4 D´yakonov et al., 2020 
1H-NMR 13C-NMR Multiplicity 13C-NMR Multiplicity 

1  63.1 CH2O- 61.9 CH2O- 

2  38.7 CH 32.5 CH2 

3  33.8 CH2 23.5 CH2 

4 5.38(m,1H) 128.8 = CH 128.8 = CH 

5 5.1(m, 1H) 130.0 = CH 130.4 = CH 

6  23.7 CH2 27.1 CH2 

7  31.9 CH2 31.8 CH2 

8  28.9 CH2 29.2 CH2 

9  29.4 CH2 29.2 CH2 

10  29.7 CH2 29.7 CH2 

11  22.7 CH2 22.6 CH2 

12 0.9 (m, 3H) 14.1 CH3 13.9 CH3 

1’  30.4 CH2 - - 

2’  68.2 CH2O- - - 

Compound 5 was obtained as a white solid with an Rf value of 0.46 (n-hexane/EtOAc 

(3.5:1.5) as eluent. Its 1H-NMR spectrum (400 MHz, CDCl3, Table 3) showed three olefinic 

protons at δ 5.8 (dd, 1H), 5.4 (m, 1H), 5.2 (dd, J = 15.1, 8.6 Hz, 1H). The signal at δ 4.4 (1H, 

s, H-3) corresponds to oxygenated methylene proton. The appearance of the singlets at δ 1.4, 

0.8, and 0.8 confirm the presence of three methyl groups attached to quaternary carbons. The 

presence of the peak at δ 2.4 revealed that the methyl proton is attached to the carbonyl group. 
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The spectrum also revealed the presence of methyl proton signals at δ 1.0 (dd, J = 11.5, 7.4 Hz, 

3H), 0.9 (dd, J = 7.1, 2.7 Hz, 3H), 0.9 (dd, J = 13.5, 7.4, 1.9 Hz, 9H) and 0.8 (d, J = 7.1 Hz, 

3H). 

The 13C NMR (CDCl3 400 MHz, Table 3) spectrum in combination with DEPT-135 

displayed 31 carbon signals corresponding to seven methyl groups at  20.2, 19.8, 19.5, 19.0, 

14.1, 12.2, and 12.0, nine methylene groups at  39.6, 38.6, 37.1, 34.2, 29.7, 28.2, 24.1, 22.7 

and 21.0. Eight sp3 methine carbons were observed at  56.0, 55.9, 53.6, 51.2, 45.8, 40.5, 36.,1 

and 31.9. The peaks observed at δ 38.0 and 42.5 in the 13C NMR spectrum were absent in 

DEPT-135 spectrum suggesting the presence of two sp3 quaternary carbon atoms that belong 

to C-10 and C-13, respectively. The spectrum also showed sp3 oxygenated methine at δ 73.1 

(C-3) and ester carbonyl at δ 168.8 along with olefinic methines at δ 126.2 (C-7), 138.1 (C-23), 

and 129.4 (C-22). The above spectral data of compound 5 is comparable with data reported for 

the spinasterol skeleton and the only difference is the presence of extra acyl moiety at C-3, in 

the case of compound 5. 

Table 3. 1H NMR and 13C NMR data of compound 5 and literature 13C-NMR data of spinasterol. 

Position  
Compound 5 

Meneses-Sagrero, 

et al., 2017) 

Yang et al., 

2017 
1H-NMR 13C-NMR Multiplicity 13C-NMR 13C-NMR 

1  37.1 CH2 37.2 37.2 

2  31.9 CH2 31.5 31.5 

3  73.2 CH-O 71.1 71.1 

4  38.6 CH2 38.0 38.0 

5  45.8 CH 40.3 40.8 

6  29.7 CH2 29.7 29.7 

7 5.8 (t, 1H) 126.2 = CH 117.5 117.5 

8  - CH 139.6 139.6 

9  53.6 CH 49.5 49.5 

10 - 38.0 C 34.2 34.2 

11  21.0 CH2 21.6 21.6 

12  39.6 CH2 39.5 39.5 

13 - 42.5 C 43.3 43.3 

14  55.9 CH 55.1 55.1 

15  23.1 CH2 23.1 23.0 

16  28.2 CH2 28.5 28.5 

17  56.0 CH 55.9 55.9 

18  12.2 CH3 12.0 12.2 

19  12.2 CH3 13.0 13.0 

20  40.5 CH 40.8 40.3 

21  19.5 CH3 21.4 19.0 

22 5.4 (1H, m) 138.1 CH 138.2 138.2 

23 5.2 (1H, m) 129.5 CH 129.5 129.5 

24  51.2 CH 51.3 51.3 

25  31.9 CH 31.9 31.9 

26  21.2 CH3 21.1 21.4 

27  21.1 CH3 18.99 21.0 

28  25.4 CH2 25.4 25.4 

29  12.0 CH3 12.0 12.1 

30 - 168.8 Ester - - 

31  21.0 CH3 - - 
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Compound 6 was isolated as a colorless powder with an Rf value of 0.6 (n-hexane: EtOAc, 

1:1) as eluent from DCM:MeOH (1:1) extract of the roots of C. procera. Its 1H NMR spectrum 

showed two downfield protons at  5.4 (m, 1H, H-6) and 5.1 (t, J = 3.5 Hz, 1H, H-12) allocated 

to H-6 and H-12 and pair of doublets at  4.6 and 4.5 (J = 4.6, 2.2 Hz) associated with the C-

30 exocyclic methylene group. A doublet proton at  2.2 was attributed to methine proton H-

18 proton. The 1H NMR spectrum also showed signals for ten methyl groups, of these, six of 

them were positioned at quaternary carbons corresponding to the singlet signals. The 13C NMR 

spectrum showed carbon signals corresponding to those of the ursane-type triterpenes (Ali et 

al., 1998, 2000). Olefinic carbons appeared at  145.2 (C-5), 121.6 (C-6), 124.3 (C-12), and 

139.6 (C-13), of which the former is sp2 quaternary carbon, whereas signals of exocyclic 

methylene appeared at  154.6 (C-20) and 107.2 (C-30). The signals at  80.9 is attributed to 

sp3 oxygenated methine at C-3. The NMR spectral data of compound 6 is in good agreement 

with data reported for calotroproceryl acetate A, previously reported from the same species 

(Table 4) (Ibrahim et al., 2012). 

Table 4. Comparison of the 13C-NMR spectral data of compound 6 and calotroproceryl acetate A 

(CDCl3, δ in ppm). 

Position 
NMR data of compound 7 Ibrahim et al., 2012 
1H-NMR 13C-NMR 13C-NMR 

1  38.4 38.5 

2  28.1 28.1 

3 3.7 (1H, brs) 80.9 81.0 

4  36.8 37.8 

5  145.2 145.2 

6 5.4 (t, J = 14.5 Hz, 1H) 121.6 121.6 

7  32.87 33.3 

8  40.0 40.0 

9  48.6 47.6 

10  37.7 37.7 

11  23.4 23.6 

12 5.14 (t, J = 3.5 Hz, 1H) 124.3 124.3 

13  139.6 139.6 

14  40.9 42.1 

15  26.6 26.9 

16  23.6 23.7 

17  34.5 34.7 

18  50.4 48.6 

19  39.7 41.5 

20  154.6 154.7 

21  32.9 32.9 

22  38.9 39.7 

23  28.8 29.1 

24  15.9 15.8 

25  16.8 16.8 

26  16.9 16.9 

27  25.8 26.6 

28  17.5 17.5 

29  19.5 18.3 

30 4.62 (dd, J = 4.6, 2.2 Hz, 2H) 107.2 107.1 

1 - 171.0 171.1 

2  21.3 21.3 
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Figure 3. Compounds isolated from the roots of C. abyssinicum and C. procera.  

 

3.2. Antibacterial Activity of The Extracts and Isolated Compounds 

The DCM/MeOH (1:1) root extracts of C. abyssinicum (Table 5, Figure 4) showed antibacterial 
activity against Gram-negative bacteria P. aeruginosa with an inhibition zone of 12.67 ± 1.76 
at a concentration of 250 μg/mL and Gram-positive bacteria S. aureus, S. pyogenes with 16.67 
± 1.20 and 12.67 ± 1.20 mm diameter zone of inhibition at 250 μg/mL, respectively. However, 
unlike the above tested bacterial strains, the activity shown against S. aureus at 250 µg/mL was 
promising compared to ciprofloxacin used as a standard antibiotic. Whereas the DCM/MeOH 
(1:1) extract showed no activity against E. coli. The MeOH extracts of the root of C. 
abyssinicum (Table 5) showed activity only against Gram-negative bacteria P. aeruginosa, E. 
coli with a mean inhibition zone of 16.33 ± 0.33 and 10.33 ± 0.33 mm diameter at 250 μg/mL, 
respectively. However, the activity demonstrated against P. aeruginosa compared to 
ciprofloxacin was pronounceable.  

The DCM/MeOH (1:1) extract of C. abyssinicum displayed better activity than the MeOH 
extract against S. aureus and S. pyogenes. In contrast, MeOH extract inhibited better activity 
against E. coli than DCM/MeOH (1:1) extract. Accordingly, the standard drug ciprofloxacin 
revealed higher antibacterial activity in comparison with the plant crude extracts. The negative 
control DMSO did not show any inhibition effect against the tested bacterial species. The 
activity showed by DCM/MeOH extract of roots of C. procera (Table 5, Figure 4) exhibited 

relatively better activity against Gram-negative bacteria with mean inhibition zone 11.67  0.33 

and 11.33  0.67 in mm observed at 250 µg/ mL for P. aeruginosa and E. coli., respectively. 
Whereas S. pyogenes was found to inhibit moderate activity with mean inhibition zones of 10.33 

 0.33 and 10.67  0.67 mm at 125 and 250 μg/mL, respectively. The MeOH extract (Table 5) 
showed no activity against all bacterial species used in the study. The DCM/MeOH (1:1) extract 
displayed better activity than the MeOH extract against all the tested bacterial species. Besides, 
the inhibition zone of all the extracts in the present work, the activity increased with increasing 
concentration in a dose-dependent manner. The MeOH root extract of C. abyssinicum had 
strong activity against P. aeruginosa and E. coli comparable to the root of C. procera. Similarly, 
its CH2Cl2/MeOH extract was indicated to be active against S. aureus with inhibition diameters 

16.67  1.20 and 15.67  0.33 mm at 250 µg/ml and 125 µg/ml, respectively.  

Compounds 1, 2, 4, and 5 showed promising activity against E. coli with a mean inhibition 

zone of 13.67  0.67, 14.67  0.33, and 17.7  0.8 mm at 250 µg/mL, respectively, compared 

to ciprofloxacin (31.30.3 mm at 250 µg/mL). Compound 2 showed moderate activity against 
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S. aureus (13.33  0.67 mm at 250 µg/mL) compared to ciprofloxacin (26.3  0.3 mm at 250 
µg/mL). Compounds 1 and 4 exhibited moderate activity against P. aeruginosa with mean 

inhibition zone 10  1.53 mm and 12.3  1.5 mm at 250 µg/mL, respectively. The negative 
control DMSO did not show any inhibition effect against the tested bacterial species. 

Table 5. Inhibition zone (in mm) of the DCM/MeOH (1:1), methanol root extracts and isolated 
compounds of C. abyssinicum and Calotropis Procera against selected bacterial species. 

NA: No activity; DMSO = Dimethyl sulfoxide; Ciprofloxacin and DMSO were used as the positive and negative controls, 

respectively. 

Figure 4. The inhibition zone of the extracts and isolated compounds in mm (mean ± SD) at 250 μg/mL. 
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Samples Conc. µg/mL 
Inhibition zone in diameter (mm) 

P. aeruginosa E. coli S. aureus S. pyogenes 

CH2Cl2/MeOH extract 

of C. abyssinicum 

250 µg/mL 12.7  1.8 NA 16.7  1.2 12.7  1.2 

125 µg/mL 11.3  1.4 NA 15.7  0.3 10.3  0.3 

MeOH extract of C. 

abyssinicum 

250 µg/mL 16.3 0.3 10.3  0.3 NA NA 

125 µg/mL 15.7  0.3 9.7  0.3 NA NA 

CH2Cl2/MeOH extract 

of C. procera 

250 µg/mL 11.3  0.2 11.3  0.5 NA 10.3  0.3 

125 µg/mL 10.7  0.3 10.3  0.7 NA 10.7  0.7 

MeOH extract of C. 
procera 

250 µg/mL NA NA NA NA 

125 µg/mL NA NA NA NA 

Compound 1 250 µg/mL 10  1.5 13.7  0.7 NA NA 

125 µg/mL 9.7  1.2 12  1.5 NA NA 

Compound 2 250 µg/mL NA 14.7  0.3 13.3  0.7 NA 

125 µg/mL NA 13  0.6 10.7  0.7 NA 

Compound 3 250 µg/mL 9.3  0.3 NA 8.6 1.53 NA 

125 µg/mL 7.7  0.3 NA 7.3  0.3 NA 

Compound 4 250 µg/mL 12.3  1.5 17.7  0.8 NA NA 

125 µg/mL 11.7  1.2 16  0.6 NA NA 

Compound 5 250 µg/mL NA 17.7  1.2 NA 11.3  1.2 

125 µg/mL NA 15.7  0.9 NA 9.3  1.2 

Ciprofloxacin 250 µg/mL 29.7  0.3 31.3  0.3 26.3  0.3 29.7  0.3 

125 µg/mL 29.3  0.3 29.7  0.3 26.0  0.3 29.3  0.3 

DMSO 250 µg/mL NA NA NA NA 

125 µg/mL NA NA NA NA 
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3.3. Radical Scavenging Assay 

DPPH is widely used to test the ability of compounds to act as free radical scavengers and to 

evaluate the antioxidant activity of compounds. It is a stable free radical, which is because of 

the delocalized electron. The reduction capability of the DPPH radical is determined by the 

decrease in its absorbance at 5l7 nm (Hangun-Balkir and McKenney, 2012). The decrease in 

absorbance at 517 nm (Gulcin et al., 2010) in addition to the change in color of the DPPH from 

purple to yellow indicates the antioxidant activity of the samples. Furthermore, the color turns 

from purple to yellow as soon as the odd electron of the DPPH radical becomes paired with 

hydrogen from a free radical scavenging antioxidant to form the reduced DPPH-H (Luqman et 

al., 2012) (Figure 5). 

Figure 5. The structure of DPPH radical and its product (DPPH-H). 

 

 

DPPH radical (Purple)   DPPH-H (Yellow) 

In this study, the DPPH radical scavenging activities of the C. abyssinicum extract and 

isolated compounds were examined by comparison with ascorbic acid which is used as a 

positive control, and the result is depicted in (Table 6, Figure 6). The results showed that the 

DCM:MeOH (1:1) and MeOH root extracts of C. abyssinicum inhibited the DPPH radical by 

52.86 and 45.6 at 50 μg/mL, respectively. The result obtained was found to be moderate as 

compared to ascorbic acid which is used as a positive control with percent inhibition of radical 

by 88.10 % at the same concentration. The isolated compounds (1-5) from the DCM: MeOH 

(1:1) root extracts of C. abyssinicum and C. procera inhibited the DPPH radical by 29.53, 26.07, 

62.74, 31.31, and 85.7 at 50 μg/mL, respectively. The IC50 values of the isolated compounds 

(Table 6) are calculated. The lower the IC50, the higher the antioxidant activity of substances. 

The IC50 values of isolated compounds vary from 0.3 μg/mL to 20.04 μg/mL. The isolated 

compounds displayed lower IC50 values for compound 5 (85.7 %, IC50 value 0.30 μg/mL) which 

showed promising antioxidant potential as compared to ascorbic acid (88.10 %, IC50 value 0.14 

μg/mL) used as a standard antioxidant. The activities shown by isolated compounds showed 

moderate antioxidant activity. 
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Table 6. Percent radical scavenging activity of the plants extract and isolated compounds 

Tested samples 
Concentration (g/mL)  

6.25 12.5 25 50 IC50 

DCM:MeOH (1:1) 

extract of C. 

abyssinicum 

 

30.12  0.1 

 

36.91  0.2 

 

37.26  0.1 

 

52.86  0.2 

 

4.1 

MeOH extract of C. 

abyssinicum 

 

21.07  0.4 

 

23.69  0.1 

 

27.62  0.2 

 

45.6  0.1 

 

5.2 

DCM:MeOH (1:1) 

extract of C. procera  

 

24.29  0.2 

 

25.84  0.4 

 

27.5  0.1 

 

28.21  0.1 

 

20.0 

MeOH extract of C. 

Procera 
23.45  0.1 26.08  0.3 36.19  0.2 50.48  0.2 4.3 

Compound 1  18.69  0.4 25.95  0.2 26.07  0.1 29.53  0.5 10.1 

Compound 2 1.79  0.1 18.45  0.3 25.95  0.4 26.07  0.2 8.4 

Compound 3  26.55  0.6 34.17  0.13 39.88  0.1 62.74  0.12 3.3 

Compound 4  14.41  0.11 19.64  0.12 21.07  0.11 31.31  0.12 7.9 

Compound 5 52.1  0.01 75.2  0.04 80.9  0.02 85.7  0.03 0.3 

Ascorbic acid 81.74  0.12 85.78  0.12 87.98  0.12 88.10  0.05 0.14 

Samples were reported as Mean± SEM; Ascorbic acid was used as positive control 

Figure 6. Percentage radical scavenging activities of DPPH radical by the tested samples. 
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3.4. In silico Pharmacokinetics (ADME), Drug-Likeness and Toxicity Studies Analysis 

Physicochemical properties, drug-likeness, boiled-egg model, and pharmacokinetic properties 

(ADME) of compounds 1-6 were determined using the SwissADME Web tool (Daina et al., 

2017). The percent absorption (%Abs) of the was calculated using the formula %Abs=109 – 

0.345 TPSA (Remko, 2009). The toxicity profile of the compounds was predicted using the 

ProTox-II Web tool (Banerjee et al., 2018). Drug-likeness is a prediction that screens whether 

a particular organic molecule has properties consistent with being an orally active drug 

(Lipinski et al., 1997). The drug-likeness of the isolated compounds was characterized 

according to “Lipinski’s rule.” According to Lipinski rule, the potential molecules should have 

the following physicochemical properties (Lipinski, 2001), such as (i) hydrogen bond donors 
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(HBDs) less than 5, (ii) hydrogen bond acceptors (HBAs) less than 10, (iii) a molecular mass 

less than 500 Da, (iv) log P not greater than 5, and (v) total polar surface area (TPSA) which 

should not be greater than 140 Å. In the present investigation, compounds 2, 3, and 4 obeyed 

Lipinski’s rule of five and are likely to be orally active. Low molecular weight (MW) signifies 

that the molecules are light and can easily pass through the cell membrane. Low molecular 

weight (MW 500) chemicals are favored for oral absorption, (Lipinski, 2001) whereas 

compounds with MW > 500 Da are absorbed via an alternate route, generally the membrane 

(Refsgaard et al., 2005). The present study revealed that all of the molecular weight of the 

studied (Table 7) compounds were less than 500 Da. An abnormal increase in values may result 

in a considerably lower absorption rate or poor permeation (Lipinski, C.A., 2004). The TPSA 

value of all the studied compounds was noticed in the range of 26.3–66.76 Å2. This indicates 

that the results are less than 140 Å2, indicating that intestinal absorption is good and if limits 

are beyond the score, then the drug does not possess passive cellular permeability (Turner et 

al., 2004). The optimal good bioavailability range of lipophilicity (log P) is between 0 and 3, 

which refers to the state of a good balance between solubility and permeability. The distribution 

coefficients (logP) of the isolated compounds (Table 7) were in the range of 3.36 to 5.29. The 

log(P) of all isolated compounds was found to be greater than three as predicted in (Table 7) 

which might be due to the small number of hydroxyl groups present in all compounds. 

Compounds that meet these criteria have been shown to have better pharmacokinetics and 

bioavailability characteristics. The % Abs analysis of the isolated compounds and control 

(Table 7) showed that all the isolated compounds have the highest percent absorption than the 

control.  

Table 7. Drug-likeness predictions of compounds 1-6, computed by SwissADME. 

Formula MW NRBs NHBAs NHBDs MR TPSA %Absn iLOGP 

Lipinski 

rule of 

five 

C18H34O2 282.46 15 2 1 89.94 37.3 96.13 4.22 1 

C20H36O4 340.5 17 4 2 100.91 66.76 85.97 4.66 0 

C16H30O2 310..51 17 2 0 99.06 26.3 99.93 5.03 1 

C14H28O2 228.37 11 2 2 71.26 40.46 95.04 3.36 0 

C31H50O2 454.73 7 2 0 142.49 26.3 99.93 5.29 1 

C32H48O2 464.72 2 2 0 143.93 26.3 99.93 4.79 1 

Ciprofloxacin 331.34 3 5 2 95.25 74.57 83.27 2.24 0 

NRB = number of rotatable bonds, NHD = number of hydrogen donors, NHA = number of hydrogen acceptors, and TPSA = 

total polar surface area. 

The ability of molecules to penetrate the outer layer of the skin is described by skin 

permeability (Kp). The developed compounds’ log Kp values (Table 8) were all determined to 

be within the permissible range of - 8.0 to - 1.0 (Gaur, 2015). The SwissADME prediction 

parameters have shown that the GIA exhibits good oral absorption except for compounds 5 and 

6. The results of the BBB permeability test performed on studied compounds (Table 8) 

demonstrated that compounds 1, 5, and 6 lack BBB permeability. The P-gp affects the 

absorption, distribution, and clearance of a variety of substances. As a result, identifying 

permeability glycoprotein substrates is critical for identifying prospective medicines and 

optimizing them. The results show that except for compound 2, and clinical drugs, no 

compounds were substrates of permeability glycoprotein (P-gp). 
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Table 8. ADME Predictions of studied compounds (1-6), computed by SwissADME and PreADMET. 

logKp: Skin permeation, GI: Gastro-intestinal; BBB: Blood brain barrier; P-gp: Permeability glycoprotein; CYP: Cytochrome-

P, In: Inhibitor, abn: absorption, prn: permission 

Inhibitory drug metabolism fails when CYP enzymes are inhibited. Knowledge about the 

interaction of molecules with cytochromes (CYP) P450 enzymes is essential for the liver's drug 

metabolism. The results show that compound 1 inhibited cytochromes CYP1A2 and CYP2C9. 

Compounds 1, 2, and 5 act as an inhibitor for CYP2C19. All the screened compounds did not 

act as an inhibitor for CYP3A4, whereas compounds 2, 3, and 4 inhibited CYP1A2. However, 

compound 6 did not act as any cytochrome inhibitor. 

Figure 7. BOILED-Egg model for predicting gastrointestinal absorption and brain access. 

 
 

The BOILED-Egg model allowed for the correlation between the prediction of 

gastrointestinal (GI) absorption and blood-brain barrier (BBB) penetration with the alignment 

between lipophilicity (WlogP) and polarity (TPSA) properties. The white region was for a high 

probability of passive absorption by the gastrointestinal tract, and the yellow region (yolk) was 

for a high probability of brain penetration. Yolk and white areas were not mutually exclusive. 

In addition, the points were colored in blue if predicted was actively effluxed by P-gp (PGP+) 

and in red if predicted was as a non-substrate of P-gp (PGP−).  

The BOILED-Egg (Figure 7) prediction model showed that compound 1 was predicted as 

passively absorbed but not accessing the brain (in the white) and PGP– (red dot), Whereas, 

compound 2 was predicted as brain-penetrant (in the yolk) and actively effluxed (blue dot). 

Compound 3 was predicted as not absorbed and not brain penetrant (outside the Egg). 

Compound 4 was predicted as brain-penetrant (in the yolk) and not subject to active efflux (red 

dot). Compounds 5 and 6 were predicted as not absorbed and not BBB permeant because 

outside of the range of the plot.  

Formula log Kp 

(cm/s) 

GI abn BBB 

prn 

Pgp 

substrate 

CYP1A2 

In 

CYP2C19 

In 

CYP2C9 

In 

CYP2D6 

In 

CYP3A4 

In 

C18H34O2 -2.6 High No No Yes No Yes No No 

C20H36O4 -4.65 High Yes Yes Yes Yes Yes Yes No 

C16H30O2 -3.69 High Yes No Yes No No No No 

C14H28O2 -4.89 High Yes No Yes No No Yes No 

C31H50O2 -2.46 Low No No No No Yes No No 

C32H48O2 -3.45 Low No No No No No No No 

Ciprofloxacin -9.09 High No Yes No No No No No 
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The organ toxicity (hepatotoxicity) and toxicological endpoints (carcinogenicity, 

immunotoxicity, mutagenicity, and cytotoxicity) of the isolated compounds and their toxicity 

class and LD50 were predicted using Pro Tox II server (Table 9). Toxicological endpoints 

prediction analysis indicated median lethal dose (LD50) values ranging from 48–39800 mg/Kg. 

Compounds 3 and 6 were predicted to be carcinogenic. Compounds 5, and 6 were predicted to 

be immunotoxic. However, all the compounds including clinical drugs have shown non-

hepatotoxic. Whereas compound 5 was predicted to be cytotoxic. 

Table 9. Toxicity prediction of compounds 1-6, computed by ProTox-II property explorer. 

Formula Hep Carc Immu Muta Cyto LD50 

(mg/kg) 

Toxicity 

class 

C18H34O2 inactive Inactive Inactive Inactive inactive 48 2 

C20H36O4 inactive Inactive Inactive Inactive inactive 39800 6 

C16H30O2 inactive Active inactive Inactive inactive 5000 5 

C14H28O2 inactive Inactive inactive Inactive inactive 4300 5 

C31H50O2 inactive inactive active Inactive active 5000 5 

C32H48O2 inactive Active active Inactive inactive 3000 5 

Ciprofloxacin  inactive Inactive inactive Active inactive 2000 4 

Hep: Hepatotoxicity, Carc: Carcinogenicity, Immu: Immunotoxicity, Muta: Mutagenicity, Cyto: Cytotoxicity. 

3.5. Molecular Docking Studies 

For additional support of the in vitro antibacterial and antioxidant activities of the compounds, 

molecular docking studies of the isolated compounds (2, 3, 4, 5, and 6) with the binding sites 

of E. coli DNA gyrase B (PDB ID: 6F86), Pyruvate Kinase (PDB ID: 3T07) and human 

peroxiredoxin 5 (PDB ID: 1HD2) were performed in order to predict the protein-ligand 

interactions.  

In the present study, the molecular docking analysis of the isolated compounds 2, 4 and 6 

was carried out to investigate their binding pattern with bacterial gyrase and the results were 

compared with the standard antibacterial drug ciprofloxacin (Durcik et al., 2020). The result 

showed a binding pocket of DNA gyrase B of isolated compounds (6, 4, 2) were found to have 

minimum binding energy ranging from –5.5 to –6.7 kcal/mol, respectively (Table 10). The 

binding affinity, H-bond, and residual interaction of compounds 2, 4, and 6 along with 

ciprofloxacin are presented in Table 10. Compounds 2, 4, and 6 showed hydrogen bond 

interaction with active site amino acid residue Val-120, Asn-40, and Asn-46, respectively. 

Compared to ciprofloxacin, compounds 2, 4, and 6 showed significant interaction within the 

active site of the protein with the key amino acids Asp-73, Asn-46, Arg-76, Glu-50, Gly-77, 

Pro-79, Ile-78, Ile-94, Ile-78, and Ala-47. Furthermore, compounds 2, 4, and 6 have similar 

residual amino acid Val-43, Val-71, Val- 167, Ile-94, Pro-79, and Ile-78 interactions and 

comparable binding affinities. The binding interactions of compounds 2, 4, 6, and ciprofloxacin 

against E. coli DNA gyrase B were shown in Figure 8. The in-silico results are in good 

agreement with in vitro results. Hydrogen bonds between compounds and amino acids are 

shown as green dashed lines, hydrophobic interaction was shown as pink lines. 

The molecular docking analysis of compounds 3, 5, and 6 was carried out to investigate their 

binding pattern with human peroxiredoxin 5 (PDB ID: 1HD2) and compared with the Ascorbic 

Acid (Bernard et al., 2001). The isolated compounds (3, 5, and 6) were found to have minimum 

binding energy ranging from -2.7 to -6.5 kcal/mol (Table 11). Results obtained from the 

molecular docking study demonstrated that compounds 3 (-5.0 kcal/mol) and 5 (-6.5 kcal/mol) 

displayed higher binding affinity values compared to ascorbic acid (- 4.5 kcal/mol), while the 

lowest binding score was showed by compound 6 (–2.7 kcal/mol). This agrees with the 
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experimental findings that compounds 3 and 5 have potentially good antioxidant activity. 

Compared to ascorbic Acid, the isolated compounds 3 and 5 showed similar residual 

interactions with amino acid residues Pro-40, Thr-44, Pro-45, Arg-127, Gly-148, and Leu-149 

and H-bonding interaction with Gly-46, Cys-47, and Thr-147. Compounds 3 (Arg-127, Thr-44) 

and compound 5 (Arg-124, Asn-76) exhibited additional hydrogen bonding interaction with 

amino acid residue. The binding affinity, H-bond, and residual interaction of compounds 3, 5, 

and 6 are summarized in Table 11, and the binding interactions of 3, 5, and 6 against human 

peroxiredoxin 5 are depicted in Figure 9. 

Figure 8. The binding interactions of compounds 2, 4 and 6 against E. coli DNA gyrase B (PDB 
ID:6F86).  
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Table 10. Molecular docking scores and residual amino acid interactions of isolated compounds against 

E. coli DNA gyrase B (PDB ID: 6F86).  

Ligands Affinity 

(kcal/mol) 

H-bond Residual amino acid interactions 

Hydrophobic/Pi-

Cation 

Van dar Waals  

2 -6.0 Val-120, Asn-

40 

Val-43, Val-71, Val-

167 

Gly-77, Asp-73, Glu-50, Pro-79, Gly-

119, Ser-121, Leu-98, Val-97, Thr-165 

4 - 5.5 Asn-46 -- Val-43, glu-50, Pro-79, Gly-77, Ile-78, 

Thr-165, Val-120, Val-167, Val-71, 

Gn-72 

6 -6.7 Asn-46 Ile-94, Pro-79, Ile-78  Glu-50, Asp-73, Thr-165, Arg-136 

Ciprofloxacin –7.2 Asp-73, Asn-

46, Arg-76 

Glu-50, Gly-77, Pro-

79, Ile-78, Ile-94, Ile-

78 

Ala-47 

Figure 9. The binding interactions of compounds 3, 5, and 6 against human peroxiredoxin 5 (PDB ID: 

1HD2). 
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Table 11. Molecular docking scores and residual amino acid interactions of isolated compounds against 

human peroxiredoxin 5 (PDB ID: 1HD2). 

Ligands Affinity 

(kcal/mol) 

H-bond Residual interactions 

Hydrophobic/Pi-Cation Van dar Waals  

3 -5.0 Cys-47, Arg-127, 

Gly-46, Thr-44 

Ile-119, Phe-120 Ile-361, thr-353, Ser-354, 

Asn-465, Thr-464 

5 -6.5 Arg-124, Asn-76 Pro-40, Pro-45, Ile-

119, Phe-120, Leu-116 

Ile-361, thr-353, Ser-354, 

Asn-465, Thr-464 

6 -2.7 -- Ile-119, Phe-120, Leu-

116, Pro-45 

Thr-44, Asp-145, Gly-46 

Ciprofloxacin -4.5 Gly-46, Cys-47, 

Thr-147 

--- Pro-40, Thr-44, 

Pro-45, Arg-127, Gly-148, 

Leu-149 

In this study, molecular docking interactions of the isolated compound 4 and 6 against 

Pyruvate Kinase was studied and compared with ciprofloxacin used as an antibacterial drug (El 

Sayed et al., 2020). The isolated compounds 4 and 6 were found to have a binding affinity of 

4.5 and 5.3 kcal/mol, respectively (Table 12). Compared to ciprofloxacin, compound 4 and 6 

showed similar residual interactions with amino acid residues Ile-361, Ala-358, Ser-354, Thr-

353, and Thr-348 and H-bonding interaction with Ser-362 while compound 6 (Asn-465) 

exhibited additional hydrogen bonding interaction with amino acid residue. Binding 

interactions of the isolated compounds 4, 6, and ciprofloxacin against Pyruvate Kinase were 

shown in Figure 10. 

Figure 10. The binding interactions of compounds 4 and 6 against Pyruvate Kinase (PDB ID: 3T07). 
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Table 12. Molecular docking scores and residual amino acid interactions of isolated compounds against 

Pyruvate Kinase (PDB ID: 3T07).  

Ligands Affinity 

(kcal/mol) 

H-bond Residual interactions 

Hydrophobic/Pi-Cation Van dar Waals  

4 -4. 5 Ser-362 Ala-358, Ile-359, Leu-

355 

Ile-361, thr-353, Ser-354, 

Asn-465, Thr-464 

6 -5.3 Asn-465 Ile-359, Leu-355 --- 

Ciprofloxacin -5.6 Ser-362 Ile-361, Ala-358 Ser-354, Thr-353, Thr-348 

4. CONCLUSION 

The present study identified six compounds from dichloromethane/methanol (1:1) root extracts 

of Crinum abyssinicum and Calotropis procera of which compounds 1-3 were reported for the 

first time from C. abyssinicum. Compound 2, a derivative of Penicilloitins B, was reported 

herein for the first time from a plant source, previously reported from culture broth of a marine 

endophytic Penicillium species. The DCM/MeOH (1:1) and MeOH root extracts of C. 

abyssinicum showed significant inhibitory activity against S. aureus and P. aeruginosa with a 

mean inhibition zone of 16.67 ± 1.20 mm and 16.33 ± 0.33 mm at 250 μg/mL, respectively, 

compared to ciprofloxacin (29.7  0.3 mm and 26.3  0.3 mm, respectively, at 250 μg/mL). 

Compounds 4 and 5 showed 17.7  0.8mm and 17.7 1.2 mm mean inhibition zone against E. 

coli, respectively, at 250 μg/mL compared to ciprofloxacin (31.30.3 mm at 250 μg/mL).  

Compound 2 showed moderate activity against S. aureus (13.33  0.67 mm at 250 µg/mL) 

compared to ciprofloxacin (26.3  0.3 mm at 250 µg/mL). The results of DPPH activity showed 

that the DCM: MeOH (1:1) and MeOH root extracts of C. abyssinicum inhibited the DPPH 

radical by 52.86  0.24 % and 45.6  0.11 % at 50 μg/mL, respectively, whereas compounds 

(1-5) displayed 29.53, 26.07, 62.74, 31.31 and 85.7 % of inhibition, respectively, at 50 μg/mL 

compared to ascorbic acid (88.10  0.0 % at 50 μg/mL). The drug-likeness analysis showed 

that compounds 2 and 4 satisfy Lipinski’s rule of five with zero violations. The LD50 and 

toxicity class values obtained by insilico toxicity profile analysis of the compounds suggested 

that none of the compounds has hepatotoxicity and mutagenicity. The docking binding affinity 

and in vitro assay results suggest that compounds 2 and 6 can be considered as a potential 

antibacterial against S. aureus. Compounds 3 and 5 can be considered promising free radical 

scavengers. Therefore, the in vitro antibacterial, radical scavenging activity along with the 

molecular docking analysis suggest the potential use of the extracts of C. abyssinicum and 

compounds 2, 4, and 6 as promising antibacterial agents whereas compounds 3 and 5 can be 

considered as promising free radical scavenger after further works which corroborate the 

traditional uses of the roots of the plants.  
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