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Portulacaria afra is an endemic plant in South Africa and is widely explored for treatment of skin, 
respiratory and gastrointestinal tract infections. The study aimed to investigate the in vitro antibacterial, 
antioxidant, anti-quorum sensing and cytotoxic activities of the Portulacaria afra extract. The leaf 
material was screened for its phytochemical constituents. Antibacterial activity of the methanolic extract 
was evaluated against Staphylococcus aureus (ATCC 25923) and Pseudomonas aeruginosa (ATCC 
27853) using broth dilution method. The standard 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) 
(ABTS) and 2.2-diphenyl-1-picrylhydrazyl (DPPH) methods were used  to assess the scavenging 
activities of the extract. Its anti-quorum sensing potential was investigated against the Chromobacterium 
violaceum (ATCC 12472). The biosafety of the extract was evaluated by determining its toxicity on 
human hepatocellular carcinoma (HepG2) cells using tetrazolium-based colorimetric (MTT) assay. The 
leaf material showed the presence of tannins, glycosides, alkaloids and saponins. The extract 
demonstrated antibacterial activity against S. aureus and P. aeruginosa with minimum inhibitory 
concentration values of 1.56 and 12.5 mg/ml, respectively. It exhibited maximum ABTS and DPPH 
scavenging activities of 90% and 70%, respectively at 0.08 mg/ml. It also demonstrated anti-quorum 
sensing activity with maximum inhibition of 93% at 12.5 mg/ml. It showed half maximum inhibitory 
concentration (IC50) value of 4010 µg/mL against the cell-line. The extract has potential to be used as a 
source of anti-quorum sensing compounds and is highly toxic at high concentrations.  
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INTRODUCTION 

The discovery of antimicrobials agents has 
revolutionized healthcare and prolonged life 
expectancy globally (Aslam et al. 2018).  
However, in the last decades, the effectiveness of 
antimicrobials has decreased as new resistance 
mechanisms are emerging and propagating 
among pathogens, generating multi-resistant 
microorganisms (World Health Organization, 
2019). The resistance is mainly due to the genetic 

modification of the microorganisms, poor quality 
drugs, inadequate dosing, poor patient 
compliance and the increased mobility of the 
world population (World Health Organization, 
2001). Resistance may results in economy 
meltdown and weaken the efficiency of health 
programs, globally (Adeyi et al. 2017). Therefore, 
the need to search for alternative remedy from 
natural origin has become of paramount 
importance. 
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Medicinal plants have been acknowledged as 
potential sources of new compounds of 
therapeutic value and as sources of prime 
compounds for drug design and development 
(Badal, 2017). They have the ability to produce a 
wide variety of secondary metabolites that 
include, terpenoids, saponins, steroids, 
flavonoids, tannins, quinones and coumarins 
(Das, 2010). The efficacy of the plants and their 
extracts is related to these array of diverse of 
multi-dimensional chemical structures. Thus, 
plants extracts have been reported to possess 
therapeutic properties such as; antimicrobial, 
antioxidant and anti-quorum sensing activities 
(Rakholiya et al. 2013).  

Free radicals are the product of normal 
metabolism that can be toxic if produced in 
excess in a biological system (Sultan, 2014). Free 
radical generation has been implicated as one of 
the major etiological factors in various disease 
progressions. They have the ability to cause 
oxidative stress related infections such as 
diabetes mellitus and cancer by damaging 
biomolecules such as enzymes, proteins, lipids 
and DNA, consequently impairing cellular 
functions (Conti et al. 2016). Antioxidants are 
redox balancers and are recognized for their 
protective role against oxidative stress related 
infections (Engwa, 2018). They do these by either 
inhibiting the oxidation or reduction of the 
substrate in a chain reaction. A of number plants 
are reported to be a rich sources of natural 
antioxidant compounds (Bhullar and Rupasinghe, 
2013 & Syad and Devi, 2014).  

Quorum sensing (QS) is a communication 
mechanism between microorganisms and is vital 
for their growth as a population (Tabbouche et al. 
2017). QS regulates microbial divisions, biofilm 
formation, spore formation and pigments 
production. In addition, it affects also bacterial 
virulence factors and their pathogenicity (Antunes 
et al. 2010). Thus, the inhibition of quorum 
sensing is viewed as alternative means to tackle 
resistance prevalence among microorganisms 
and for the development of novel therapeutics to 
prevent microbial infections (Adak et al. 2011). 
Plants are perceived to be alternative sources of 
these anti-quorum sensing compounds (Luís et al. 
2017). It is generally accepted that plant extracts 
are safe for use and this has led to limited studies 
of their toxicity (Makhafola et al. 2012). However, 
this assumption maybe be misleading as 
phytochemicals may possess the toxic effects.  
Toxic    phytochemicals    can    impose    drastic 
damage to the immune cells` function, increase 

hyper generation of reactive oxygen species and 
even lead to cell death (Maliehe et al. 2017). 
Moreover, since an extract consists of a mixture of 
compounds, the cytotoxic compounds may not 
necessarily be of therapeutic importance. Thus, 
for safety reasons, cytotoxicity studies of the 
extract are significant. 

Portulacaria afra, commonly known as 
“elephant bush” is succulent plant belonging to 
Didereaceae family (Salaheldin et al. 2019). It is 
widely distributed in the eastern parts of South 
Africa (Eastern Cape and KwaZulu-Natal). P. 
afra`s leaves have been used as traditional 
treatment for a variety of human diseases and 
disorders including skin infections, respiratory 
infections, diarrhoea, inflammatory disorders, 
obesity and as well as cancer (De Wet et al. 2013 
& Mlambo, 2008). The plant’s extracts has shown 
antibacterial and anti-diabetic activities (Nciki, 
2015 & Olaokun et al. 2017). However, there are 
limited studies conducted on the plant’s 
antioxidant, anti-quorum sensing and cytotoxicity 
effects.  

The aim of this study was to extract and 
qualitatively investigate the phytoconstituents of 
P. afra`s leaves.  Moreover, the in vitro 
antibacterial, antioxidant and anti-quorum sensing 
activities were assessed using standard methods. 
Lastly, the cytotoxicity of the extract was 
evaluated using 3-(4, 5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide) (MTT) assay. 
 
MATERIALS AND METHODS 

Chemicals and media 
Reagent grade chemicals and media; 

dimethyl sulfoxide; 2.2-diphenyl-1-picrylhydrazyl; 
2,21- Azino-bis (3-ethylbenzthiazoline-6-sulfonic 
acid); 3-(4,5-Dimethylthiazol-2-yl)-
2,5diphenyltetrazolium bromide, ascorbic acid, 
butylated hydroxyl anisole, nutrient agar, nutrient 
broth, Mueller-Hinton broth, Lysogeny broth (LB) 
were procured from Sigma Aldrich Co.Ltd 
(Steinheim, Germany) and Meck (Ltd) Pty. 

Microorganisms 
The bacterial strains (Staphylococcus aureus 

(ATCC 25923) and Pseudomonas aeruginosa 
(ATCC 27853)) used in this study were obtained 
from the Microbiology Laboratory, University of 
Zululand, South Africa. 

Cell-lines 
The human hepatocellular carcinoma 

(HepG2) cell-line is the culture collection of the 
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Medicine and Medical Sciences, College of Health 
Sciences at the University of KwaZulu-Natal, 
South Africa. 

Plant preparation and extraction 
The plant leaves were collected from 

Empangeni in KwaZulu-Natal (28 °45 ′S31 °54 ′E) 
and transported to the University of Zululand, 
South Africa. The leaves were authenticated by 
Dr. Ntuli at the University Herbarium. The plant 
sample was assigned specimen number AK01 
and was deposited at the University herbarium. 
The leaves were washed with deionized water 
and ground into fine powder by electric grinder, at 
room temperature. Plant material (10 g) was 
extracted with methanol (100 ml) at room 
temperature for 72 hours. Subsequently, the 
extract was filtered using Whatman No.1 filter 
paper. Subsequently, the solvent was evaporated 
using rotary evaporate at 40 oC. Thereafter, the 
extract was transferred into pre-weighed glass 
container.  

Phytochemical screening   
The preliminary phytochemical analysis was 

done on the leaf material to detect the presence 
or absence of; saponins, tannins, alkaloids, 
terpenoids, and glycosides using well established 
standard methods (Harborne, 1998).  

Microorganisms 
The extract was evaluated for its antibacterial 

activity against Staphylococcus aureus (ATCC 
25923) and Pseudomonas aeruginosa (ATCC 
27853). Prior to the antibacterial activity tests, 
each of the bacterial strains were resuscitated on 
nutrient broth and nutrient agar and incubated at 
37 °C. The overnight cultures were inoculated with 
a sterile inoculating loop into glass tubes of sterile 
saline solution and vortexed. The turbidity of the 
bacterial suspensions was adjusted to 0.5 
McFarland standard (1.5 X 106 colony forming 
unit/mL) using spectrophotometer (Spectroquant-
Pharo 100). 

Minimum inhibitory concentration (MIC)  
The MIC of the leaf extract was determined 

using broth dilution method. Mueller-Hinton broth 
of 50 μl was added to wells of 96-well plate. The 
starting concentration of the extract in the first row 
of the plate was 50 mg/mL (50 μl). The extract 
was serially diluted to vary the concentrations (50 
- 0.3 mg/ml). About 50 μl of the bacterial 
suspensions were separately pipetted into 
different wells. The plate was incubated at 37 °C 

for 24 hours. Thereafter, 40 μl of 0.2 mg/ml of p-
iodonitrotetrazolium violet was poured into each 
well and incubated at 37 °C for 30 minutes. The 
lowest concentration displayed inhibition of 
bacterial growth was considered as the MIC (Eloff, 
1998).  

Minimum bactericidal concentration (MBC)  
Minimum bactericidal concentration (MBC) of 

the extract was evaluated on nutrient agar. Briefly, 
each well that did show no visible bacterial growth 
during MIC evaluation, were inoculated on nutrient 
agar and incubated at 37 °C for 24 hours. The 
lowest concentration to induce total killing effect 
on the tested strains was considered as MBC 
(Maliehe et al. 2015).  

Anti-quorum sensing activity 
The ability of the extract to inhibit the 

production of a purple pigment violacein produced 
by Chromobacterium violaceum (ATCC 12472) as 
a result of quorum sensing, was evaluated using 
Lysogeny broth (LB).An overnight culture of C. 
violaceum (ATCC 12472) that was adjusted to 
McFarland standard (1.5 X 106 colony forming 
unit/mL). It was pipetted into in fresh, autoclaved 
LB broth (3 ml), containing different 
concentrations of the methanol extract (0.39 - 25 
mg/ml). The different mixtures were then 
incubated at 37 °C for 24 hours. Each mixture (2 
ml) was centrifuged (13,000 rpm, 15 minutes) to 
precipitate violacein. The supernatant was 
discarded, the pellet was re-suspended in 2 ml of 
10% dimethyl sulfoxide (DMSO) and vortexed. 
The solutions were centrifuged at 13,000 rpm for 
15 minutes. A microplate reader was then used to 
measure the violacein at the optical density (OD) 
of 585 nm. C. violaceum (ATCC 12472) culture 
that was not treated with the extract, served as a 
control. The formula used for the determination of 
the violacein inhibition was as follows: Violacein 
inhibition (%) = (OD585 nm control – OD585 nm 
test) / OD585 nm control ×100 (Chenia, 2013).  

2,2-diphenyl-1-picrylhydrazyl (DPPH) 
scavenging assay 

The free radical scavenging activity of leave 
extract was investigated in vitro against 2,2-
diphenyl-1-picrylhydrazyl (DPPH). DPPH solution 
(0.02 mg/mL) was prepared in methanol .Two 
milliliter of DPPH was mixed with different 
concentrations of the leaf extract (1:1 v/v). Each 
mixture was shaken thoroughly and left to stand 
for 30 minutes in darkness at room temperature 
(25 ºC). The extract without DPPH served as 
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blank while ascorbic acid (AA) and butylated 
hydroxyl anisole (BHA) served as positive 
controls. The capability of the different 
concentrations of the extract to donate hydrogen 
atoms or electrons was measured at 517 nm 
using microplate reader.  The percent (%) 
inhibition of DPPH radical was calculated by the 
following formula: % DPPH scavenging activity = 
(Xo – X1 / Xo) × 100 where, X1 and Xo = the 
absorbance recorded at 517nm of the control and 
the test, respectively. The antiradical activity was 
expressed. The median inhibitory concentration 
(IC50) of the extract against DPPH was calculated 
graphically (Brand-Williams et al. 1995). 

2,2'-azino-bis-3-ethylbenzothiazoline-6-
sulfonic acid (ABTS) scavenging assay 

The ABTS free radical scavenging activity of 
the leaf extract was investigated using serial 
dilution method. Two milliliter of ABTS solution 
(0,003 g/ml) was mixed (1:1 v/v) with different 
concentrations of the leaf extract. The mixtures 
were made to stand for 15 minutes at 25 ºC. The 
extract without ABTS solution served as blank. 
Ascorbic acid (AA) and butylated hydroxyl anisole 
(BHA) were used as the positive controls. The 
capability of the extract to donate hydrogen atoms 
or electrons was measured at the wavelength of 
734 nm using microplate reader. The percent 
inhibition of ABTS radical was calculated by the 
following formula: %ABTS scavenging activity = 
(Xo – X1 / Xo) × 100 where, X1 and Xo = the 
absorbance recorded at 734 nm of t27he control 
and the test, respectively. The median inhibitory 
concentration (IC50) of the extract against ABTS 
was calculated graphically (Re et al. 1999). 

Cytotoxicity assay of the extract 
The cytotoxicity of the extract was 

investigated against human hepatocellular 
carcinoma (HepG2) cells. The cells were all grown 
to confluency in 25 cm3 flasks. The cells were then 
trypsinized and plated into 48 well plates at 
specific seeding densities. Cells were incubated 
for 24 hours at 37 oC. The medium was then 
removed and fresh medium (MEM + Glutmax + 
antibiotics) was added. The cells were treated 
with different concentrations of the extract and 
incubated at 37 oC for 4 hours. Thereafter, the 
medium was removed and replaced by fresh 
medium (MEM + Glutmax + antibiotics +10% Fetal 
bovine serum). About 200 µl of 5 mg/ml of MTT 
reagent was added to each well and incubated for 
4 h at 37 °C. Thereafter, the medium was 
aspirated from the wells and the formazan crystals 

were solubilized in 200 µl of DMSO. The amount 
of MTT reduction was measured by reading the 
optical density (OD) of the samples at 570 nm 
using microplate. The formula used for the 
evaluation of the cell viability was: Cell viability 
(%) = (OD untreated cells − OD treated cells) / OD 
untreated cells ×100. The IC50 values representing 
the median inhibitory concentration was 
calculated from the linear equation (Mosmann, 
1983).  

Statistical analysis  
Experiments were all done in triplicate and 

data was expressed as mean ± standard 
deviation. The statistical analyses were performed 
by one-way analysis of variance and considered 
to be significantly different at p < 0.05.  
 
RESULTS AND DISCUSSION 

Phytochemicals 
The medicinal and biological benefits of plants 

are attributed to their chemical constituents 
(Mehwish et al. 2019). The chemical constituents 
of P. afra leaf material were evaluated and the 
results are presented in Table 1. As shown, the 
plant showed positive result for metabolites of 
alkaloids, saponins, tannin, and glycoside. 
However, terpenoids were not detected. The 
detected phytochemicals implied that P. afra leafs 
are potential sources for novel lead compounds 
with potential therapeutic properties. 

Table 1: Phytochemical screening of leaf 
extracts of P. afra   

Phytochemicals Leaf material 

Alkaloids + 

Saponins + 

Tannins + 

Terpenoids - 

Glycosides + 

 
Key:  + denotes presence and – denotes 

absence 

Antimicrobial activity 
The inhibitory effect of the extract was 

evaluated against two bacterial strains; Gram 
positive (S. aureus) and Gram negative (P. 
aeruginosa (ATCC 27853)) by the micro-dilution 
technique. S. aureus (ATCC 25923) was the most 
susceptible strain with the MIC value of 6.25 
mg/ml (Table 2). It also had the MIC value of 12.5 
mg/ml against P. aeruginosa (ATCC 27853). It is 
interesting to note that the antibacterial activity of 
the extract against the Gram-positive bacteria was 
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more effective than that against the Gram-
negative bacterium. This may be interrelated to 
the strong lipophilic nature of the Gram positive 
bacterial surface, which enables the penetration of 
lipophilic phytochemicals (Smith-Palmer et al 
1998). Crude extracts exhibiting antibacterial 
activity at the concentration equal to or lower than 
1 mg/mL are considered active (Van Vuuren, 
2008). Although, the extract demonstrated 
inhibitory effect against the tested bacterial 
strains, its activity was too low to be regarded as 
noteworthy.  In addition, the extract exhibited no 
bactericidal effect on all bacterial strains within the 
tested concentrations (Table 2). This implies that 
it only possesses growth inhibitory effect and not 
a bactericidal effect against the tested strains. The 
results contradicted those obtained by De Wet et 
al, wherein the leaf extract of P. afra had 
noteworthy antibacterial activity of 1000 µg/ml 
against S. aureus and 500 µg/ml against P. 
aeruginosa (De Wet et al. 2013). According to 
Eisenman et al. (2012) the quality and amount of 
metabolites production in plant tissues greatly 
depend on the altitude, season, climate, habitat, 
and soil composition (Eisenman et al. 2012). 
Thus, the difference in the obtained results might 
have been due to some of these factors. 

Antioxidants activity 
Plants are the rich sources of antioxidants that 

reduce the oxidative stress in cells and are, 
therefore, useful in the treatment of several 
human diseases, including cancer, cardiovascular 
diseases and inflammatory diseases (Krishnaiah 
et al. 2011). The free radical scavenging potentials 
(%) of the extract on DPPH and ABTS were 

investigated at different concentrations and the 
results are displayed in Figure 1. The extract 
exhibited maximum DPPH and ABTS scavenging 
activities of 70% and 90% respectively at 0.08 
mg/ml. It scavenged DPPH and ABTS radicals 

with an IC50 of 0.26 mg/ml and 0.25 mg/ml, 
respectively. Molyneux classified antioxidant 
activity where the highly active compounds have 
IC50 values <0.05 mg/ml, the active category have 
IC50 values of 0.05-0.1 mg/ml, medium category 
have IC50 values of 0.1-0.15 mg/ml, and weak 
categories have IC50 values of 0.151-0.2 mg/ml 
(Molyneux, 2004). Thus, the extract has a weak 
antioxidant activity and the results are also 
confirmed by the study done by Olaokun et al. 
(2017). 

Anti-quorum sensing activity 
Acyl homoserine lactone (AHL) are the signal 

molecules in Gram negative bacteria and are 
involved in quorum sensing. C. violaceum, is a 
Gram negative bacterium that produces the purple 
compound-violacein in response to the presence 
of N-hexanoyl homoserine lactone (Blosser and 
Gray, 2000). The inhibition of violacein production 
is linked to the disruption of the quorum sensing 
mechanism (Luís et al. 2017). The anti-quorum 
sensing activity of the extract against violacein 
production by C. violaceum (ATCC 12472) was 

evaluated at different concentrations and the 
results are demonstrated in Figure 2. The 
violacein inhibition was concentrations dependent; 
as the concentration of the extract increased, the 
violacein production decreased. The extract 
showed a highly active anti-quorum sensing effect 
of 93% at 12.5 mg/ml and moderate activity of 
65% at the lowest concentration used (0.2 mg/ml). 
Although, there was an increase in violacein 
inhibition in a range of 0.39-12.50 mg/ml, it was 
not statistically significant.  The profound anti-
quorum sensing was attributed to the detected 
phytochemical classes. This capability to inhibit 
vioceilin production confers upon the extract a 
strong anti-quorum sensing potential and potential 
use against prevalence of resistant pathogens. 

 
Table 2: Minimum inhibitory concentration and minimum bactericidal concentration of the extract 

 

 Extract  Ciprofloxacin  

Bacteria 
MIC 

(mg/ml) 
MBC 

(mg/ml) 
MIC 

(mg/ml) 
MBC 

(mg/ml) 

S. aureus (ATCC 25923) 6.25±0 > 50±0 25±0 > 50±0 

P. aeruginosa (ATCC 27853) 12.5±0 > 50±0 25±0 > 50±0 
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Figure 1: DPPH free radical scavenging activity (left) and ABTS free radical scavenging activity 

(right) of the samples. 
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Figure 2: Anti-quorum sensing activity of the leaf extract. 

 

 
Figure 3: Cytotoxic activity of the P. afra leave extract against HepG2 liver carcinoma cells at 

different concentrations.  
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Cytotoxicity of the extract 
Generally, plants by virtue of their 

phytochemicals are potentially toxic. Thus, the 
cytotoxicity of P. afra leave extract was assessed 
against HepG2 cells at different concentrations. 
There was an initially cell viability increase 
indicative of the stimulation of metabolism (Figure 
3). The highest viability was 120% at 500 µg/ml, 
but returned to 100% at 2500 µg/ml. 
Subsequently, there was a reduction noted with 
cell viabilities as low as ±8%. Moreover, the 
extract displayed the IC50 value of 4010 µg/ml. 
Based on the obtained results, the extract is only 
safe to use up to 2500 µg/ml. It was thus 
concluded that the extract has a low margin of 
safety at high concentrations. The results in this 
study were in agreement with those observed in 
other studies whereby plant extracts displayed 
high toxic thresholds at high concentrations 
(Maliehe et al. 2017 & Mensah et al. 2019). 

CONCLUSION 
The leaf extract of P. afra revealed the 

present of almost all the screened 
phytochemicals. The extract further demonstrated 
antibacterial activity against S. aureus and P. 
aeruginosa with minimum inhibitory concentration 
values of 1.56 and 12.5 mg/ml, respectively. It 
exhibited maximum ABTS and DPPH scavenging 
activities of 90% and 70%, respectively at 0.08 
mg/ml. It also demonstrated anti-quorum sensing 
activity with maximum inhibition of 93% at 12.5 
mg/ml. It showed IC50 value of 4010 µg/ml against 
the cell-line. The biological activities were 
attributed to the detected phytochemicals. For 
future study, in vivo investigations of the individual 
phytochemicals are essential. 
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