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INTRODUCTION
Infectious diseases continue to be the major cause 
of death worldwide despite the availability of 
antibiotics. The persistent emergence of antibiotic-
resistant bacteria, adverse effects of antibiotics, 
the emergence of new infectious diseases for 
which no treatment exists are the driving forces 
of this calamity 1,2. By 2050, the predicted annual 
worldwide mortality rate due to antimicrobial 
resistance (AMR) might rise to 10 million, a 
significant rise from the present estimate of 700,000 
deaths annually.3 This underscores the importance 
of finding alternative antimicrobial agents with 
different mechanisms of action.

The conventional medication discovery and 
development processes are complicated. It takes 
about 10 – 15 years for a drug to be clinically 
approved and the cost is exorbitant, over 1 billion 
USD.4 Although most of newly discovered lead 
compounds are found to be pharmacologically 
efficacious, about 90% of them fail during the 
process of drug development due to lack of 
desirable drug likeliness properties, toxicity 
concerns and poor pharmacokinetics.5 These 
lead compounds fail to demonstrate the standard 
physicochemical properties set by different drug 
filters such as Lipinski`s rule of five (Ro5) to be 
regarded as druglike compounds. Moreover, their 
pharmacokinetic properties, which are describe 
by their absorption, distribution, metabolism, 
and excretion (ADME) characteristics or better 
ADMET when toxicity studies are included, tend 
to be unacceptable.6 In addition, conventional 

evaluation of these properties is time consuming, 
tedious and costly.7

Recent developments in artificial intelligence (AI) 
play a crucial role in expediting the drug development 
process. A variety of in silico techniques for virtual 
screening compounds from virtual chemical spaces 
offers improved profile analysis, quicker elimination 
of nonlead compounds, and more cost-effective 
therapeutic molecule selection.8 AI or computational 
techniques such as molecular docking, molecular 
dynamics simulation and in silico ADME studies are 
widely used to streamline the drug discovery road.9 
Molecular docking is used to predict protein-protein 
and drug-protein interactions, while ADME analyses 
the pharmacokinetics of potential drugs. Molecular 
dynamics simulations decipher the movement and 
behaviour of proteins and molecules in a biological 
setting.10 Although computational methods are not 
confirmatory, they do provide information of the 
most likely drug-like compounds out of an array of 
compounds.

Natural products and their derivatives have a wide 
range of biological activities and are potential sources 
of novel drugs.11 Approximately 50% of currently 
used pharmaceuticals and nutraceuticals are 
natural products or derived from natural sources.12 
Medicinal plants play a pivotal role in primary 
health care and may be the source of novel drugs.13 
Most rural communities especially in the African 
continent heavily rely on traditional medicine due 
to their accessibility, low cost, lower side effects 
and their holistic approaches.14 Phytochemicals 
have the potential to inhibit the growth of bacteria, 
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fungus, viruses, and protozoa through distinct mechanisms compared 
to currently available antimicrobials. This makes them potentially 
valuable in the clinical treatment of resistant microbial strains.15 

Carissa bispinosa is an evergreen plant and is one of approximately 
85 species belonging to the carissa genus under the Apocynaceae.16 
The genus is found throughout Oceania, Africa, and Asia. Due to its 
long history of usage in traditional medicine, the carissa genus enjoys 
a significant ethnobotanical.17 Traditional applications of C. bispinosa 
(Umvhusankunzi in Zulu) include treating toothaches with the roots 
and stimulating male libido with the stem, according to a traditional 
healer in Mabandla Village, Umzimkulu, KwaZulu-Natal, South 
Africa.18 Within the carissa genus, C. bispinosa is the least investigated 
species, and little is known about the plant's bioactive components.17 
C. bispinosa’s leaf and stem extracts (dichloromethane, acetone, and 
methanol) had antibacterial action against S. aureus, E. faecalis, S. 
pyogenes, and C. albicans.19 S. aureus, E. faecalis, and C. albicans 
showed susceptibility to the acetone root extract.18

Elucidating the mechanism of action, mechanisms of bacterial 
resistance, and isolating the bioactive compounds are highly relevant 
and important subjects for research in validating the use of medicinal 
plants and/or searching for novel antimicrobial agents.20 The isolation 
of an antibacterial compound from C. bispinosa leaf extracts is reported 
in this paper, along with the computational analysis of its molecular 
interactions with antimicrobial targeted receptors. Moreover, the 
in silico physicochemical properties, drug-likeness and ADMET 
properties of the isolated compound were also predicted.

METHODS

Media and chemicals 
The analytic grade chemicals and culture media were acquired from 
Sigma-Aldrich, Whitehead Scientific, Adcock-Ingram, and Merck 
(Pty) Ltd. respectively. The water used in the study was autoclaved for 
15 minutes at 121 degrees Celsius. 

Microbial strains
 Oral isolates from Polokwane Hospital, National Health Laboratory 
Service (NHLS), South Africa, were utilised in this investigation. 
The fungal (Candida albicans and Candida glabrata) and bacterial 
(Streptococcus pyogenes, Staphylococcus aureus, and Enterococcus 
faecalis) strains were obtained from this facility.

Plant collection
The plant's leaves were collected on July 8, 2019, at 1335 meters 
above sea level in the Limpopo province of South Africa, at latitude 
-23.885425 S and longitude E. The University of Limpopo's research 
ethics committee approved the acquisition of the plant, and the 
voucher specimens were added to the University of Limpopo Larry 
Leach Herbarium (UNIN) for future reference (UNIN 1220078). The 
current study used plant extracts in accordance with international 
guidelines.21 The leaves were cleaned with tap water to get rid of dirt 
and debris, and then they were allowed to air dry in the absence of heat 
and light to preserve the structures of compounds that are sensitive to 
heat. The dried plant components were ground into a powder using an 
electric grinder (Sundy hamercrusher SDHC 150) and then kept until 
needed in a dark plastic bag made of polypropylene.

Serial exhaustive extraction
Six litres of each solvent: n-hexane, dichloromethane, acetone, and 
methanol were used sequentially and thoroughly to extract from a mass 
of 0.6 kg leaf powder. The solvents were used in order of non-polar to 
polar. In the first batch, each solvent was allowed to shake with the 

plant material at 200 rpm for an entire night (I), then for two hours (II), 
and finally for one hour (III). Using a Buchi B-490 rotary evaporator, 
the extracts were filtered and concentrated before being transferred to 
250 mL beakers. Using room temperature cold air, the residual solvent 
was evaporated.

Thin-layer chromatography
The phytochemical profile of the extracts was produced using TLC plates 
with an aluminium backing (Merck, silica gel 60 F254). Ten microliters 
of the extracts were spotted on the TLC plate. Three solvent systems 
were used to develop the plate: ethyl acetate/methanol/water (40:5:4.5): 
[EMW] (polar/neutral); ethyl acetate/chloroform/formic acid (5:4:1%). 
[BEA] (non-polar/basic); benzene/ethanol/ammonium hydroxide 
(90:10:1): [CEF] (intermediate polarity/acidic);22 On the TLC plates, 0.1 
g of vanillin (Sigma ®): 28 mL methanol: 1 mL of concentrated sulfuric 
acid reagent was sprayed. The plates were then heated for two minutes 
at 110 °C to achieve the best colour development.

Screening of the antimicrobial activity of the extract

Culture preparation

 The microbial isolates were inoculated in 150 mL flasks containing 
Sabouraud dextrose broth (fungi) and nutrient broth (bacteria) and 
incubated at 30 and 37 °C, respectively. The bacterial and fungal 
suspensions were adjusted to a density of 1 × 108 CFU/mL−1.

Bioautography assay

 A bioautography assay was used to test the antimicrobial activity of the 
extract.23 To completely evaporate the solvents, the plates were allowed 
to air dry at room temperature for three to five days. After being 
sprayed onto the plates, the test microorganisms were incubated for 24 
hours at 37 °C and 100% relative humidity. The chromatograms were 
incubated for approximately two to three hours after being sprayed with 
an aqueous solution containing 2 mg/mL of ρ-iodonitrotetrazolium 
chloride (INT) (Sigma).

Isolation of the active compound

Column chromatography

Four open columns chromatography systems were packed with silica 
gel 60 (particles size 0.063 – 0.200 mm) (Fluka) were used to further 
fractionate the active extract. The 1st column (39 x 3.5 cm) was 
eluted with gradient elution of n-hexane, ethyl acetate and methanol, 
sub-fractions 5 – 10 were subjected to the 2nd column (38 x 3.5 cm) 
and eluted with isocratic elution of n-hexane: ethyl acetate (1:1). 
Active fraction (1-7) from the 2nd column were pooled and further 
fractionated on the 3rd column (31 x 4 cm) using n-hexane: ethyl 
acetate (70:30). The 4th column was separated the sub-fractions 1 – 2 
using n-hexane: ethyl acetate (70:30) as an eluant. 

Identification of the compound

The fourth open-column chromatography sub-fractions (test tubes 90 
– 160) were combined and separated using BEA on TLC silica gel glass 
plates (Merck Silica gel 60 F254). The compound of interest was traced 
using the Rf value as a reference and then scraped off the developed 
TLC plates. The compound was submerged in ethyl acetate and filtered 
through cotton wool to remove the silica. The isolated compound was 
then identified using nuclear magnetic resonance (NMR).

Antibacterial activity of the isolated compound

Bacterial stock cultures were prepared by inoculating the fungal and 
bacterial culture into a 150 mL Sabouraud dextrose liquid media and 
nutrient broth and incubated at 30 and 37 °C, respectively. A hundred 
microlitres of the compound was serially diluted to 50% with distilled 
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tool which calculated the carcinogenic, human hepatotoxicity (HHT) 
and skin sensitivity (Skin Sen) of the compound.

Drug-likeness and bioavailability predictions

The Swiss ADME tool was used to investigate the drug-likeness of 
the compound 27, whereby Lipinski’s rule of five (Ro5) was used 
as a criterion. According to Ro5, for the isolated compound to be 
desirable, it must not violet more than one of Ro5, which filters based 
on molecular weight ≤ 500 Da, log P-value ≤ 5, nHBD ≤ 5, nHBA ≤ 
10 and nRB ≤ 10. The bioavailability of the compound, which refers 
to the extent it can be completely available to its intended biological 
destination(s), was predicted based on MV, cLogP, nHBD and nHBA.

RESULTS

Antimicrobial activity of the extracts 
Figure 1, shows the bioautograms of the extracts against the 
test microorganisms. The active compound was detected on the 
dichloromethane and acetone extracts developed in the non-polar BEA 
mobile system as shown by the white bands against a pink background. 
More vivid bands were observed against S. aureus. The lowest minimum 
inhibitory concentration was observed on the dichloromethane extract 
(I) against S. aureus (0.31 mg/mL) as shown in table 1.

Isolation and identification of the compound
 The compound was identified as β-sitosterol based on its physical 
properties (white crystal) and colorimetric analysis with TLC-spray 
reagent (development of a blue-violet color). The NMR data of the 
isolated compound was found to be similar to β-Sitosterol (Table 2 and 
Figure 2). 

Antibacterial activity of the compound
The compound had a minimum inhibitory concentration of 0.31 mg/
mL.

Molecular docking
 The computed molecular docking results demonstrated that β-sitosterol 
had better binding affinities against penicillin-binding protein (-7.2 
kcal/mol) than DNA gyrase (-6.4 kcal/mol). Gentamicin which was 
used as a positive control had binding scores of -6.6 and -6.2 kcal/
mol against penicillin-binding protein and DNA gyrase respectively. 
At least one hydrogen bond was observed for all the ligand-receptor 
complexes. Figure 3, shows all the interactions between the ligands and 
the residues of the selected receptors. β-sitosterol formed hydrogen 
bonds with ASN 138 and alkyl bonds with LYS 249 and PHE 243. On 
DNA gyrase, it interacted with TYR 141, forming a hydrogen bond. It 
also illustrated van der Waals forces. Gentamicin interacted with ARG 
214, GLU 224, GLU 224 and THR 212 through hydrogen bonding. 
It also formed carbon hydrogen bond with GLU 224 and GLU 224. 
Against penicillin binding protein, gentamicin formed hydrogen bond 
with ASN 117 and ASN 138; it revealed carbon hydrogen bond with 
SER 75.

Physicochemical properties and lipophilicity
 β-sitosterol was found to possess the following physicochemical 
properties, molecular weight of 414.71 g/mol, number of hydrogen 
bond donors (1), number of hydrogen bond acceptors (1) and number 
of rotatable bonds (6). Lipophilicity indicator, consensus logP (clogP) 
predicted a value of 7.19.

Solubility
The solubilities of the compound in aqueous solution were -7.90 for 
Log S (esol), -9.67 (Log S Ali) and -6.19 (Log S SILICOS-IT) classes. 

water in 96 well microtitre plates. About 100 µL of the compound was 
added into the first well and diluted serially with microbial media. 
Microbial cultures (100 µL) were added to each well. Acetone was used 
as a solvent control and gentamicin was used as a positive control. For 
negative control, only the test organisms and media were added to the 
wells. The microtitre plates were covered with a plastic wrap (Glad) 
and incubated at 30 and 37 °C for 24 hours, respectively, to allow 
for microbial growth. After incubation, 40 μL of (0.2% w/v in water) 
ρiodonitrotetrazolium chloride (INT) (sigma) was added to each well 
as an indicator. All the tests were performed in triplicates, and the 
results are represented as the mean of the three values.24

Molecular docking 

Preparation receptor proteins and ligand

Molecular docking was done to predict the mechanism of antimicrobial 
activity of the isolated compound. Penicillin-binding protein (PDB 
ID: 3HUN) and DNA gyrase (PDB ID: 3G7B) were used in this 
investigation. The proteins were obtained from the Protein Data 
Bank (PDB) (www.rcsb.org). Using the Discovery Studio software 
version 4.1, the proteins were optimised to improve effective docking 
by removing heteroatoms, water molecules, and other ligand groups 
before adding polar hydrogens. The three-dimensional (3D) structure 
of isolated compound (β-sitosterol) was downloaded from the National 
Centre for Biotechnology Information (NCBI) PubChem compound 
database.25

Docking of the prepared ligand and receptors

AutoDock Vina was used to carry out the in silico molecular docking 
studies to ascertain the mechanism of antimicrobial activity of the 
isolated compound. The binding spheres for 3HUN (-33.648125, 
13.629896 and -10.162354 for the x, y, and z centers) and 3G7B 
(27.830552, -5.584207 and 8.598638 for the x, y, and z centers) were 
found from the receptors' active sites using the Discovery Studio 4.1. 
The binding scores of the ligand-receptor complexes were predicted 
using AutoDock.26 The ligand-receptor complexes with the lowest 
binding energy scores were considered to have the best-docked 
conformations. The generated two and three-dimensional (2D and 
3D) conformations were then visualized by importing the docked 
complexes into Discovery Studio version 4.1.

Physicochemical properties, lipophilicity and solubility prediction

The physicochemical properties, lipophilicity and solubility of the 
isolated compound were computed using Swiss ADME online tool.27 
Briefly, the simplified molecular-input line-entry (SMILES) of the 
isolated compound was retrieved from PubChem and inserted into the 
Swiss ADME. Thereafter, the physicochemical properties including the 
molecular weight, number of hydrogen bond donors (nHBD), number 
of hydrogen bond acceptors (nHBA) and number of rotatable bonds 
(nRB) were evaluated. Lipophilicity was predicted using consensus 
logP (clogP) and solubility (LogS) was assessed using the ESOL, Ali 
and SILICOS-IT models.

ADMET properties prediction

The pharmacokinetic properties of the isolated compound were 
evaluated using Swiss ADME and the toxicity was calculated using 
ADMET lab online tool.27 The pharmacokinetics profile entails 
Absorption, Distribution, Metabolism and Excretion (ADME). The 
SMILES of the compound was inserted to Swiss ADME tool to predict 
pharmacokinetic parameters such as gastro-intestinal absorption 
(GIA), blood-brain barrier (BBB) penetration, interaction of the 
compound with P-glycoprotein (P-gp) and isoforms of cytochrome 
P450 (CYP1A2, CYP2C19, CYP2C9, CYP2D6 and CYP3A4). For 
toxicological studies, the SMILES were deposited to the ADMET lab 
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Microorganisms
  MIC (mg/mL)
n-Hexane Dichloromethane Acetone Methanol Gent Amp
I II III I II III I II III I II III

S. aureus 1.25 0.63 0.63 0.31 1.25 1.88 0.63 1.25 1.25 1.25 2.5 2.5 0.08
E. faecalis 1.25 0.63 0.94 0.94 1.25 1.25 0.63 0.94 1.25 1.88 2.5 1.88 0.04
S. pyogenes 1.25 0.63 0.94 0.31 1.25 1.25 0.63 1.25 1.88 2.5 1.88 1.88 0.04
C. albicans 1.25 1.25 0.94 0.47 0.94 1.25 0.94 1.88 0.94 1.88 2.5 2.5 0.08
C. glabrata 1.88 1.25 1.25 0.94 1.25 1.25 0.94 1.25 1.25 2.5 2.5 2.5 0.08

Table 1: MIC values (mg/mL) of Carissa bispinosa extracts, gentamicin (Gent) and amphotericin-B (Amp) against Staphylococcus aureus, Streptococcus 
pyogenes, Enterococcus faecalis Candida albicans and Candida glabrata.

Position Type
β-sitosterol [28] Isolated compound
Chemical Shift, δ (ppm) value
13C NMR 1 H NMR (multiplicity 13C NMR 1H NMR (multiplicity)

1 CH2 37.28 1.46 (m) 38.77 1.65-1.60 3H
2 CH2 31.69 1.56 (m) 30.5 191-1.85 3H
3 CH(OH) 71.82 3.54 (m) 79.01 3.21 (m)
4 CH2 42.33 2.32 (m) 41.92 2.32 (m)
5 QC (=) 140.77 - 137.87 -
6 CH(=) 121.73 5.37 (overlapping, t) 125.79 5.23 t (J= 3.5 Hz)
7 CH2 31.93 2.04 (m) 31.91 2.15 (m)
8 CH 31.93 1.69 (m) 31.91 2.12 (m)
9 CH 50.16 1.55 (m) 47.86 1.91-1.85
10 QC 36.51 - 36.66 -
11 CH2 21.11 1.52 (m) 21.16 1.65-1.60 
12 CH2 39.80 1.51 (m) 9.41 1.65-1.60 8H
13 QC 42.34 - 41.57 -
14 CH 56.79 1.50 (m) 55.13 1.65-1.60 8H
15 CH2 24.33 1.58 (m) 23.55 1.74-1.67
16 CH2 28.27 1.85 (m) 27.94 1.99 (m) 2H
17 CH 56.08 1.45 (m) 52.57 1.65-1.60 8H
18 CH3 11.89 0.70 (s) 15.29 0.91 (s)
19 CH3 19.42 1.03 (s) 15.44 1.12 (s)
20 CH 36.17 1.60 (m) 36.94 1.74-1.67 3H
21 CH3 18.84 0.94 (overlapping, d) 15.57 1.06
22 CH2 33.98 0.93 (m) 32.88 0.89 (m) 2H
23 CH2 26.11 1.15 (m) 27.15 1.52-1.46 (m) 4H
24 CH 45.86 1.38 (m) 47.4 1.58 (m) 1H
25 CH 29.19 1.57 (m) 24.35 1.74-1.67
26 CH3 19.84 0.84 (overlapping, d) 18.24 0.91 (s)
27 CH3 19.06 0.86 (d) 17.00 0.97 (s)
28 CH2 23.10 1.10 (m) 22.68 1.52-1.46 4H
 29 CH3 12.01 0.82 (overlapping, t) 14.12 0.86 (s)
- OH - 1.98 (s)

Table 2: 1H, 13C NMR spectral data of isolated compound and β-sitosterol from literature.

Figure 1: Bioautograms of C. bispinosa’s leaf extracts developed in BEA, CEF and EMW mobile systems. The chromatograms were sprayed with 24-hour 
culture of S. aureus, S.  pyogenes, E. faecalis, C. albicans and C. glabrata.
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Drug likeness and bioavailability
The compound violated only one of lipinski’ rule (MLOGP ≤ 4.15). The 
bioavailability of the compound was 0.55.

Pharmacokinetics
The compound had a low gastro-intestinal absorption and is not a 
permeant of the blood-brain barrier. Furthermore, β-sitosterol is 
not a substrate of p-glycoprotein and demonstrated no inhibitory 
effects against the isoforms of cytochrome P450 (CYP1A2, CYP2C19, 
CYP2C9, CYP2D6, and CYP3A4). The LogKp was found to be -2.2 
cm/s.

Toxicological properties
On toxicological evaluation, it showed no hepatotoxicity, 
carcinogenicity and no effect on skin sensitivity.

DISCUSSION
Isolation of bioactive compounds is a significant aspect in the search 
for new therapeutic agents. In this study, an antibacterial compound 
was isolated from the leaves of C. bispinosa and its in silico drug-
likeness, molecular interactions with target receptors, and ADMET 
studies were predicted. The bioautograms revealed zones of inhibition 
of dichloromethane and acetone crude extracts against S. aureus, E. 
faecalis, S. pyogenes and C. albicans on the BEA mobile phase, inferring 

that the bioactive compound is non-polar. The dichloromethane 
extract had moderate activity against S. aureus and C. albicans (0.31 
mg/mL) and the acetone extracts had poor to moderate activity against 
all the tested pathogens. The MIC is considered significant if (MIC 
<100 μg/mL), moderate (100 ≤ MIC ≤ 625 μg/mL) and low (MIC > 
625 μg/mL).29

The active extracts were pooled together and fractionated using 
open column chromatography. Four column chromatography 
systems and preparative-TLC led to the isolation of a white crystal 
compound (12 mg). The Rf value (1. 17) of the active bands on the 
bioautograms corresponded with the Rf value of a blue-violet band on 
the TLC fingerprint (BEA mobile system) after spraying with vanillin 
sulphuric acid reagent. The development of a blue-violet color upon 
spraying with vanilin sulphuric acid reagent is a characteristic of 
triterpenes and steroids [30]. NMR analysis identified the compound 
as β-sitosterol with reference to the work reported by Ododo et al.28. 
β-sitosterol exhibited moderate antibacterial activity (0.63 mg/mL) 
against S. aureus. Ododo et al.28 also reported anti-S. aureus activity. 
Another study reported antimicrobial activity of β-sitosterol against S. 
aureus and other bacterial (Pseudomonas aureginosa, Corynebacterium 
ulcerans and vulgaris) and fungal (Candida virusei and Candida 
albicans) pathogens.31

Molecular docking simulation was performed in silico to predict the 
mechanism of antibacterial activity employed by β-sitosterol. The 

Figure 2: Structure of the isolated compound (β-sitosterol).

Figure 3: 3D (left) and 2D (right) showing the interactions of β-sitosterol and with (A) penicillin-binding protein, (B) DNA gyrase and gentamicin against (C) 
Penicillin binding protein and (D) DNA gyrase.
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compound was docked against penicillin-binding protein (PDB 
ID: 3HUN) and DNA gyrase. Penicillin binding proteins (PBP) are 
involved in the biosynthesis of the cell in bacteria while DNA gyrase 
is responsible for the negative superhelix required for chromosome 
replication.32,33 Therefore, these protein receptors are the ideal targets 
for antibacterial compounds. During molecular docking, proteins 
become less disordered when the entropy decreases, which makes 
protein–ligand complexes more stable during interaction.34 Based 
on the results in the current study, the most stable complex was the 
β-sitosterol-penicillin binding protein. The complex was stabilised by 
the strong hydrogen bond between the ligand and the receptor at ASN 
A 138, 2.29 residue; the binding of functional groups of β-sitosterol 
to LYS 249 and PHE 243 further strengthened the interactions. This 
suggests that the compound may act on penicillin-binding protein to 
elicit an anti-S. aureus activity.

Lipinski’s rule of five (Ro5) is widely used to predict the drug 
likeliness of lead compounds. Ro5 filters are based on the following 
physicochemical properties: molecular weight ≤ 500, MLOGP 
(lipophilicity) ≤ 4.15, hydrogen bond acceptors ≤ 10, and hydrogen 
bond donors ≤ 5. A lead compound must not violate more than one of 
the Ro5.35 β-sitosterol only violated the clogP ≤ 5 rule hence, it can be 
considered a drug lead. A high degree of lipophilicity may negatively 
affect solubility, selectivity, potency, permeability and promiscuity of 
a drug.36 

Lipophilicity (clogP) regulates the solubility, potency, selectivity, 
permeability and promiscuity of druglike compounds. High lipophilicity 
(clogP > 5) results in lead compounds with high rapid metabolic 
turnover, poor solubility and absorption. β-sitosterol revealed high 
clogP value, consequently violating one of the Ro5. The compound` 
solubilities using logS model, predicted it to be poorly soluble in 
aqueous solution. The poor solubility was attributed to the undesirable 
clogP value, which did not adhere to the Ro5. Some drugs can be 
administered through the skin depending on their physicochemical 
properties, LogKp measures the ability of a compound to permeate the 
skin. A negative LogKp value was observed in this study, indicative of 
the inability of β-sitosterol to permeable through the skin. This means 
that β-sitosterol is not suitable for transdermal administration.37 This 
implied that β-sitosterol can be administered through other routes 
rather than dermal. Moreover, its inability to penetrate through the 
skin indicates biosafety against its effect during skin contact.

Bioavailability of an oral administered drug measures the rate at 
which a compound is circulated by the blood system to the target 
site, the compound had a bioavailability score of 0.55, indicating 55% 
probability of the compound to reach the target sites.38 For an oral 
administered drug to reach its target areas, it must be absorbable in 
the gastrointestinal tract and distributed to the desired location.39 
β-sitosterol had a poor gastrointestinal absorption (GIA) value, which 
also indicated a disadvantage for oral administration. Distribution 
predictions include blood–brain barrier (BBB) permeability. BBB is 
the endothelial cell membrane which regulates the ability of a drug 
to permeate from the blood stream to the brain. β-sitosterol cannot 
pass through the BBB membrane, implying that the compound cannot 
be used to treat brain related infections and the central nervous 
system. BBB permeability is only required for drugs that act on the 
central nervous system .40 Moreover, the inability of the compound to 
penetrate through the BBB suggested that the compound cannot pose 
any adverse effects to the brain. P-glycoprotein (P-gp) belongs to the 
ATP-binding cassette transporters (ABC transporters) superfamily. 
These proteins transport molecules across a cell membrane against a 
concentration gradient, resulting in multidrug resistance.41 β-sitosterol 
is not a substrate of P-gp, suggesting that the compound has ability to 
exert its therapeutic actions at targeted sites without been affected by 
the expression of P-gp. The isoforms of cytochrome P450 (CYP1A2, 

CYP2C19, CYP2C9, CYP2D6, and CYP3A4) play a major role in the 
metabolism of drugs. Inhibition of these enzymes results in drug-drug 
interactions due to the accumulation of the drug and its metabolites. 
β-sitosterol was predicted as a non-inhibitor to all selected isoforms. 
This meant that the compound has high probabilities of being 
metabolised and eliminated from the system after exerting its activities 
at respective target sites.42 The compound exhibited no carcinogenicity, 
hepatotoxicity and no effect on skin sensitivity. This suggested that 
β-sitosterol can be administered without causing any severe negative 
side effects.

CONCLUSION
The study was the first to report the isolation of β-sitosterol from the 
leaf extracts of C. bispinosa. The isolated compound was predicted to 
exert its antibacterial activity against S. aureus by interacting with the 
penicillin binding proteins and DNA gyrase. β-sitosterol was shown 
to be a lead compound due to its bioactivity and drug-likeness. The 
pharmacokinetics of β-sitosterol suggested the compound to have 
desirable properties as it did not illustrate any potential to inhibit 
cytochrome P450 isomers and is not a substrate of P-gp. The toxicity 
predictions revealed the compound to have a high margin of biosafety 
as it did not reveal any toxic effects. Further studies are needed for 
structural modification of the compound to enhance its oral adsorption, 
solubility, and lipophilicity. Moreover, focus on the synergistic effects 
of β-sitosterol and known antibiotics against the tested pathogens is 
suggested.
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