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Abstract: Osteospermum moniliferum is an unexplored shrub with regard to its 
pharmacological properties. In this study, the antioxidant potential of O. moniliferum 
was evaluated using the 2,2 diphenyl-1-picrylhydrazyl (DPPH) and ferric-reducing 
antioxidant power (FRAP) assays. The DPPH assay indicated that the stem methanolic 
extract demonstrated the most pronounced scavenging capability (83.16%) at the 
minimal concentration of 15 mg/mL, with IC50 values recorded at 5.08 mg/mL. The IC50 
values obtained from the FRAP assay were suboptimal for the leaf extracts (>1000 µg/
mL), whereas the stem extracts exhibited remarkable activity, with values of 2.75 mg/
mL for methanol, 3.52 mg/mL for chloroform, and 4.49 mg/mL for hexane extracts. The 
cytotoxicity was evaluated against three human cell lines, viz. breast adenocarcinoma 
(MCF-7), embryonic kidney (HEK293) and lung carcinoma (A549), using the (MTT) assay. 
Moderate activity was observed for the leaf (44.66±0.09 µg/µL) and stem (47.37±0.08 µg/
µL) hexane extracts for the HEK293 cell line. In contrast, stem methanol, leaf methanol, 
leaf chloroform and stem chloroform extracts had low cytotoxic activity against the MCF-
7 cell line. All extracts exhibited promising antibacterial activity against Staphylococcus 
aureus, Escherichia coli, and Pseudomonas aeruginosa. These findings could potentially 
contribute to the advancement of naturally derived compounds used in healthcare.  
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INTRODUCTION
The rate at which infectious diseases spread worldwide is very worrying (Soyemi, 2021). The emergence 
of antibiotic-resistant bacterial strains presents a significant global health challenge, highlighting the 
urgent need to identify alternative antimicrobial agents (Sharaf et al. 2021). Antimicrobial compounds 
are utilized as antibiotics to treat infections in the human body, but they can have various adverse 
effects, including an increase in reactive oxygen species (ROS) (Raut et al. 2019, Shaikh et al.  2019). 
ROS are highly detrimental to human health and well-being, playing a role in the development of 
cancer (Raut et al. 2019, Kim et al. 2016). They may also worsen potential medical issues (Parham et al. 
2019, Panieri & Santoro, 2016). Plant extracts with antibacterial properties offer a promising solution 
to combatting resistant bacteria and reducing the reliance on conventional antibiotics. 

Cancer is a fatal disease spreading rapidly and is a growing global issue due to the lack of 
widespread and comprehensive early detection tools and appropriate therapy (Khalil et al. 2018). 
Cancer remains one of the leading causes of death globally, responsible for approximately ten million 
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deaths in 2020 (Ferlay et al. 2020). This disease is characterized by uncontrollable or irreversible cell 
proliferation, resulting in the development of cancerous tumours with the potential to spread through 
metastatic lesions (Greenwell & Rahman, 2015). By 2030, it is projected that there will be 26 million 
new cancer cases and 17 million cancer-related deaths annually (Thun et al. 2009). According to 
Charles-Okhe et al. (2022), women are more prone to developing breast, colorectal, lung, cervical, and 
thyroid cancers, while men are more likely to develop lung, prostate, colorectal, stomach, and liver 
cancers. Lung cancer is reported to be responsible for 18.4% of all cancer-related deaths worldwide, 
followed by breast (11.6%), stomach (8.2%), liver (8.2%), prostate (7.1%) and colorectal cancers (6.1%) 
(de Martel et al.  2020). Various combinations of surgery, chemotherapy, and radiation therapy are 
commonly employed in cancer treatment (Mathan et al. 2022). Conventional therapies and cytotoxic 
medications with synthetic bases are often expensive for the underprivileged, and chemotherapies 
have major side effects (Senapati et al.  2018). Therefore, medicinal plants and plant-based therapies 
play an essential role in primary healthcare, particularly for rural populations, in preventing and 
treating a broad spectrum of diseases, including cancer (Koche et al. 2016). 

Herbal plants have been found to contain a variety of phytochemicals with antioxidant properties, 
and their application in cancer treatment has demonstrated a reduction in toxicities and adverse 
side effects (Bhuyan et al.  2017, Dutt et al.  2019). More than 60% of anticancer medications, including 
vinblastine (Catharanthus roseus), vincristine (Catharanthus roseus), camptothecin (Camptotheca 
acuminita), taxol (Taxus brevifolia), podophyllotoxin, and combretastatin (Combretum caffrum), 
are said to be derived from natural sources (Cragg & Newman 2005, Ediriweera et al. 2019). These 
compounds combat reactive oxygen species (ROS), resulting in less oxidative stress, improved immune 
function and increased longevity (Tan et al. 2018). Moreover, medicinal plants contain a broad array 
of naturally occurring antioxidants that may help alleviate oxidative stress and its harmful effects 
on human health by scavenging or stabilizing free radicals (Matteo & Esposito, 2003, Soltanian et al.  
2020). Therefore, medicinal plants are a rich source of herbal medicines for preventing and treating 
various ailments. 

Asteraceae members are widely distributed worldwide and have been utilized in traditional 
medicine since ancient times (Achika et al. 2014, Rolnik & Olas 2021). Plants from this family are known 
to contain various metabolites used in cancer treatment (Rolnik & Olas 2021). The species within 
Asteraceae contains multiple phytochemical compounds, including polyphenols, phenolic acids, 
flavonoids, sesquiterpene lactones, saponins and lignans. In our previous study, we analyzed the 
leaves and stems of O. moniliferum, and identified the presence of various phytochemical compounds 
with potential biological activities (Mhlomi et al. 2025). While sufficient scientific reports confirm the 
ethnopharmacological importance of plants from this family, the antioxidant, antibacterial and 
anticancer properties of O. moniliferum remain vague, and its pharmacological effectiveness needs 
to be further investigated. Therefore, the current study used established protocols to determine the 
antioxidant, cytotoxic and antibacterial activities of leaf and stem extracts of O. moniliferum. 
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MATERIALS AND METHODS 
Plant collection 
Osteospermum moniliferum was collected within the University of KwaZulu-Natal (UKZN), Westville 
campus (29°49’7.21” S; 30°56’50.45” E). The plant was authenticated by Dr Syd Ramdhani (Curator of 
the Ward Herbarium), and the voucher specimen (NU0094285) was deposited in the Bews Herbarium, 
Pietermaritzburg campus of the UKZN. The leaves and stem bark materials were washed, dried, 
pulverised and stored in an airtight container for further use. 

Preparation and extraction of plant material 
The fresh plant materials (leaves and stems) were collected and then air-dried at room temperature 
for four weeks. A mill was used to grind the dried plant materials into powder. Approximately 10 g 
of each powdered material was subjected to a sequential extraction using a reflux apparatus. One 
hundred millilitre solvent was used for each three-hour sample extraction and the process was 
repeated thrice. The solvents utilised were hexane, chloroform, and methanol solvent, in order of 
increasing polarity. Extracts were filtered using Whatman No. 1 (Whatman Limited, Maidstone, UK) 
filter paper. Extracts were allowed to dry in the dark at room temperature (23±2°C). Dried extracts 
were subsequently preserved in airtight, appropriately labelled containers at a temperature of 
4°C until required for subsequent applications. The percentage yield of the extract was calculated 
utilizing the formula presented below: 

​​Exract yield (%) = ​(​ 
Weight of dried extract ​(​​g​)​​   _______________________   Weight of the plant material ​(​​g​)​​  ​)​ × 100​​

In vitro antioxidant activity 

2,2 diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity 

The free radical scavenging activity was performed using 2,2 diphenyl-1-picrylhydrazyl (DPPH) using a 
modified method by Braca et al. (2003). Five different concentrations of the investigated plant extracts 
(15, 30, 60, 120 and 240 µg/mL) were prepared in methanol. DPPH (0.3 mM) was prepared using 99% 
methanol. Briefly, 50 µL of 0.3 mM prepared DPPH solution was added to 100 µL of each extract. The 
mixtures were thoroughly mixed before incubating in the dark for 30 min at 23°C. The colourimetric 
observation from purple to yellow suggested that the extracts displayed scavenging activity. The 
absorbance was quantified at a wavelength of 517 nm employing a Synergy HTX Multi-mode reader 
(BioTek Instruments Inc., Winooski, VT, USA). Ascorbic acid served as the calibration standard. The 
efficacy of the extracts in scavenging DPPH radicals was ascertained through the application of the 
following equation: 

​DPPH  scavenging activity ​(%)​ = ​(​ 
Abs control − Abs sample  ___________________  Abs control  ​)​ × 100​

Where Abs control is the absorbance of DPPH and methanol, and Abs sample is the absorbance of 
the DPPH radical + sample or standard. 
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The experiments were performed in triplicates. The half maximum inhibitory (IC50) of the extracts 
was calculated using a plot of the percentage of DPPH free radical inhibition against the extract 
concentration. 

Ferric-reducing antioxidant power (FRAP) assay 
The antioxidant capacity of the extracts was assessed in accordance with the methodology established 
by Akwu et al. (2019). In summary, 50 µL of each extract was combined with 50 µL of 0.2 M sodium 
phosphate buffer (pH 6.6) at standard concentrations (15, 30, 60, 120, and 240 µg/mL) and 100 µL of 
1% potassium ferricyanide. The resultant mixture was incubated for 30 minutes at a temperature 
of 50°C. The reaction was terminated by the addition of 50 µL of 10% trichloroacetic acid, 50 µL of 
distilled water, and 10 µL of 0.1% iron (III) chloride (FeCl3). The mixture was permitted to stand for ten 
minutes, after which the absorbance was quantified at 700 nm utilizing a Synergy HTX Multi-mode 
reader (BioTek Instruments Inc., Winooski, VT, USA). Gallic acid served as the positive control in this 
experiment. The results were expressed as a percentage of the absorbance of the extracts relative to 
that of gallic acid using the formula provided below: 

​​Inhibition (%) = ​(​ 
Abs of sample​)​​  _____________  Abs of gallic acid  ​)​ × 100​​

Anticancer activity

Cell culture

The cytotoxic properties of the extracts were evaluated against three distinct human cell lines, 
specifically breast adenocarcinoma (MCF-7), human embryonic kidney (HEK293), and human lung 
carcinoma (A549), which were generously provided by the Department of Biotechnology at Durban 
University of Technology. These cell lines were cultured to confluency in a 25 cm² tissue culture flask 
and maintained in Dulbecco’s Eagle’s minimum essential medium (DMEM) at a temperature of 37 °C 
with a CO2 concentration of 5% within a HEPA Class 100 steri-Cult CO2 incubator (Thermo-Electron 
Corporation, Waltham, Massachusetts, USA). The DMEM was further supplemented with 10% (v/v) 
gamma-irradiated Fetal Bovine Serum (FBS) and 1% antibiotics (10,000 units/mL penicillin, 10,000 U/
mL streptomycin). Subsequently, the cells underwent trypsinization, were seeded into a 96-well plate, 
and incubated for a duration of 24 hours at 37 °C to facilitate cellular adhesion. The growth medium 
was subsequently refreshed with entirely new medium (DMEM + 10% FBS + 1% antibiotics) for cell 
preparation.

The potential cytotoxic effects of the extracts derived from the leaves and stems of O. moniliferum 
were investigated utilizing the 3-(4.5 dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT) assay 
across three cell lines. The MTT assay was executed in accordance with the methodology delineated 
by Dwarka et al.  (2017). The cells were administered 50 µL of the six extracts at varying concentrations 
ranging from 7.5 to 1000 µg/mL and subsequently cultured at 37 °C for 24 hours. Camptothecin was 
employed as a positive control in this experimental setup. Post-incubation, MTT reagent (20 µL, 5 
mg/mL) was introduced to each well and incubated at 37 °C for a period of 4 hours. Following this 
incubation, the MTT medium was aspirated and replaced with 100 µL of dimethyl-sulphoxide (DMSO). 
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The absorbance of the resulting solution was measured at 570 nm utilizing a Multiscan Go microplate 
reader (Thermo Scientific, Waltham, MA, USA). The percentage viability of the cells was subsequently 
computed using the following formula: 

​​Cell viability (%) = ​(​ 
Absorbance of treated cells   ______________________   Absorbance of untreated cells  ​)​ × 100​​

In-vitro antibacterial activity 

Preparation of bacterial strains 

Various American Type Culture Collection (ATCC) reference bacterial strains, specifically Staphylococcus 
aureus (ATCC 43300), Escherichia coli (ATCC 25922), and Pseudomonas aeruginosa (ATCC 27853), were 
generously supplied by Professor Johnson Lin from the Department of Microbiology at the University 
of KwaZulu-Natal. These bacterial strains were preserved in a 75% glycerol solution at a temperature 
of -80°C. A loopful of each bacterial strain was cultivated overnight in a test tube shaker for a 
duration of 24 hours at a temperature of 36°C. Subsequently, each bacterial culture (inoculum) was 
further diluted with sterile nutrient broth to achieve an optical density (OD) ranging from 0.08 to 
0.1 at 625 nm, as measured by a UV-visible spectrophotometer, resulting in a final concentration of 
approximately 1 × 108 to 1 × 109 bacterial cells per milliliter.

Antibacterial bioassay 
The antibacterial activity of extracts (hexane, chloroform, and methanol) derived from the leaves and 
stem bark of O. moniliferum was assessed utilizing the agar well diffusion methodology delineated 
by Akwu et al. (2019). Different concentrations of the extracts (0.625, 1.25, 2.5, 5 and 10 mg/mL) 
were prepared briefly in dimethyl sulfoxide (DMSO). Mueller-Hinton Agar (MHA) was used to make 
agar plates. Agar was poured into Petri plates at room temperature and was allowed to solidify. 
The bacterial cultures were swabbed onto the plates using sterile cotton swabs. The wells were 
punched using a sterile cork borer with a 6-mm diameter. After that, 100 µL of each prepared extract 
concentration was pipetted into the wells. The remaining cups on each plate were filled with a 
standardised dose (10 μg/mL) of streptomycin and gentamycin as controls for strains of Gram-
positive and Gram-negative bacteria, respectively.  The plates were incubated at 36°C to promote the 
growth of bacterial colonies. The antibacterial activity of the plates was determined by measuring the 
diameter of the bacterial zone of inhibition (mm) after 18 to 24 h of incubation. The activity of each 
extract was tested in triplicates.

Statistical Analysis 
Minitab statistical software version 17.0 was used for the analysis. Data were analyzed in triplicate 
(n=3) and were presented as means ± standard deviation. A One-Way Analysis of Variance (ANOVA) 
was used to see if the means of the different groups differed significantly. Tukey’s test for pairwise 
comparison and mean separation was additionally conducted. Values were considered significant 
when p< 0.05.
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RESULTS AND DISCUSSION 
In vitro antioxidant activity  
Presently, tracking the interest in the antioxidant activity of plant or food extracts is a popular way 
to investigate the potential therapeutic properties (Ghani et al. 2019). Antioxidant activity protects 
tissues and organs from the harmful effects of free radicals, which may lead to disease development 
(e.g., cancer and cardiovascular diseases) (Pfingstgraf et al. 2021, Aljaja et al. 2021). The ability of several 
types of samples to scavenge free radicals has been evaluated using the free radical compound DPPH 
(Kusuma et al. 2014). The DPPH radical scavenging assay constitutes a highly sensitive evaluation of 
antioxidant capacity, which is predicated on hydrogen donation, substrate polarity, and/or radical 
scavenging mechanisms. This methodology is extensively recognized as a parameter for assessing 
a plant extract’s proficiency in neutralizing free radicals and pertains to the capacity for hydrogen 
atom or electron donation that is independent of any enzymatic processes (Mileva et al. 2014). 
The antioxidant capacity of hexane, chloroform and methanol extracts from leaves and stem of O. 
moniliferum were evaluated using DPPH radical scavenging activity and FRAP (Figures 1 and 2). The 
extracts of O. moniliferum demonstrated a remarkable in vitro DPPH radical scavenging activity in 
a dose dependent manner (Figure 1). The methanol stem extract showed higher scavenging activity 
(%) than other extracts. At the lowest concentration (15 µg/mL), the stem methanol extract exhibited 
the highest scavenging activity (83.16%), followed by the leaf hexane (72.07%), leaf chloroform 
(72.02%) and leaf methanol (53.14%) extracts. Whereas at the highest concentration (240 µg/mL), stem 
methanol (91.15 %) had the highest scavenging activity, followed by leaf methanol (89.97%) and stem 
hexane (83.97%). Overall, the methanolic stem extract showed a greater percentage of scavenging 

Figure 1. In vitro antioxidant activity (% inhibition DPPH) using leaf hexane (LH), leaf chloroform (LC), leaf methanol 
(LM), stem hexane (SH), stem chloroform (SC), stem methanol (SM) extracts of O.moniliferum. AA: Ascorbic acid. 
Superscripts indicate a significant difference (P<0.05) between the means. Sets of bars with different superscripts 
are significantly different.
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activities. The percentage scavenging activities of the extract were significantly lower than that of 
the standard (ascorbic acid). Additionally, the IC50 values of the extracts were higher than the IC50 
value of the ascorbic acid (Table I). These results are in accordance with the result from the study 
by Muthoni Guchu et al. (2020) who demonstrated the antioxidant capacity of three plant species. 
The stem extract had better IC50 values compared to the leaf extracts, with stem hexane (4.84 µg/
mL), methanol (5.08 µg/mL) and chloroform (6.08 µg/mL) extracts displaying better activity than 
the leaves. The leaf methanolic extract showed a higher antioxidant activity with an IC50 value of 
16.21 µg/mL than other leaf extracts. This function may also be linked to the presence of alkaloids, 
flavonoids and phenolic compounds that are present in plants. Osteospermum monilifera stem and 
leaves are relevant as a potential organic source of antioxidants and can be used to treat diseases 
caused by free radicals due to their lower reported IC50 values. The results from the current study 
are comparable to those reported by Kommidi et al. (2014). The antioxidant activity of leaves, stems, 
and root fractions were investigated using DPPH. The results were concentration-dependent, with the 
methanol stem fraction having a higher scavenging activity (94 µg/mL) at the highest concentration 
of 250% compared to other extracts. The ability of an extract to effectively reduce a substance is 
known to reflect any antioxidant properties a plant may have (Do et al. 2014). Due to the complexity 
of the compounds contained in extracts, Mwihia (2017) reaffirmed that it is necessary to assess the 
antioxidant potential of the plant using at least two techniques. 

The FRAP assay was another technique for measuring antioxidant activity. This approach was 
based on the ability of the analyte to reduce the ferric ion (Fe3+) to ferrous ion (Fe2+) (Adesanoye 
& Farombi 2014). Hence, the formation of Fe2+ can be examined at 700 nm absorbance capacity. 

Figure 2. In vitro, antioxidant activity (% inhibition FRAP) of crude extracts from Osteospemum moniliferum leaves 
and stem. HL – hexane leaves, CL – chloroform leaves, ML – methanol leaves, HS – hexane stem, CS –chloroform 
stem, MS – methanol stem, GA – gallic acid.
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Absorbance increases at this wavelength indicate an increase in reducing power (Muthoni Guchu et 
al. 2020). The FRAP assay revealed low percentage inhibition across extracts and doses ranging from 
2.98% to 43.27% compared to the control, which displayed a percentage inhibition of 49.02% at 15 µg/
mL and 90.52% at 240 µg/mL (Figure 2). Overall, the methanolic extracts showed a better percentage 
of inhibition than other extracts and increased with increased concentration. The IC50 values of 
the FRAP assay were weak for the leaf extracts (> 1000 µg/mL), while the stem extracts displayed 
excellent activity (2.75 µg/mL for methanol, 3.52 µg/mL for chloroform and 4.49 µg/mL for hexane) 
(Table I). The low IC50 observed in stem extracts suggests the extracts have high antioxidant activity. 
Similar results from the DPPH and FRAP experiments indicated that the stem extracts had a greater 
antioxidant potential than the leaf extracts. The variation in the antioxidant capacity between the 
previous research and the current investigation is most likely due to differences in the geographic 
location and environmental conditions (soil and climate) of the plant sample or the type of plant 
organ used (Sari et al. 2020, Raju & Rao 2021). 

Cytotoxicity activity 
There exists a pressing necessity to formulate anticancer therapeutics that specifically target malignant 
cells while preserving the integrity of normal cells (Sidambaram et al. 2011). Various plant species and 
their bioactive components play a crucial role in impeding cancer progression and in the innovation 
of novel, clinically effective anticancer pharmaceuticals (Kaur et al. 2011, Iqbal et al. 2017). For the first 
time, the cytotoxic activity was evaluated utilizing hexane, chloroform, and methanol extracts derived 
from the leaves and stems of O. moniliferum against the MCF-7, HEK293, and A549 cell lines. The 
impact of the extracts at varying concentrations (7.81–1000 µg/mL) was ascertained through the MTT 
assay. This assay is founded on the capacity of the mitochondrial dehydrogenase enzyme from viable 
cells to cleave the tetrazolium rings of the pale yellow MTT, thereby generating dark blue formazan 
crystals that exhibit limited permeability to cellular membranes, culminating in their accumulation 
within healthy cells (Maposa et al. 2022). MTT reduction correlates with cellular protein and viable cell 
number (Braissant et al. 2020).  To establish the anticancer capabilities of the extract, it must be toxic 
to the MCF-7 or A549 cancer cells and exhibit a minor reactivity to HEK293, with additional IC50 data. 
Table I. IC50 values of antioxidant activities of different extracts from leaves and stem of Osteospermum 
moniliferum.

Extract DPPH (µg/mL) FRAP (µg/mL)

Leaf hexane >1000 >1000

Leaf chloroform 233.04 >1000

Leaf methanol 16.21 >1000

Stem hexane 4.84 4.49

Stem chloroform 6.08 3.52

Stem methanol 5.08 2.75

Ascorbic acid 2.17 N/A

Gallic acid N/A 1.1
NA = not applicable. 
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Cytotoxic action in malignant cells increases as the corresponding IC50 values decrease. The results 
of the MTT assay are graphically illustrated in Figure 3. The percentage viability of the cancer cells 
(MCF-7 and A594) exhibited a marked decline at elevated concentrations. The results showed that 
at the lowest concentration (7.8125 µg/µL), MCF-7 cells treated with the leaf extracted in chloroform 
were the most sensitive (95.23%), while at the highest concentration (1000 µg/µL), stems extracted 
in hexane displayed substantial cell sensitivity (23.21%). Our results suggested that the extracts had 
more cytotoxic potential against the A549 cancer cell line than against MCF-7.  

The results showed that tested extracts exhibited different potencies of cytotoxicity activity 
against two cancer cell lines at eight different concentrations (Figure 3). Substantial cytotoxic effects 
were displayed by stem methanol extracts (0.49 ± 0.45 µg/µL) for the HEK293 cell line and leaf hexane 
(9.30 ± 0.55 µg/µL), stem hexane (8.78 ± 0.05 µg/µL), leaf methanol (28.37 ± 0.17 µg/µL) and stem 
methanol extracts (33.60 ± 0.16 µg/µL) for the A549 cell line (Table II). Moderate activity was observed 

Figure 3. In vitro cytotoxicity 
(% cell survival) of leaf 
hexane (LH), leaf chloroform 
(LC), leaf methanol (LM), 
stem hexane (SH); stem 
chloroform (SC); stem 
methanol (SM); control 
(Camptothecin). (A) MCF-7, 
(B) HEK293, and (C) A549 
cell lines. Superscripts 
indicate a significant 
difference (P<0.05) between 
the means. Bars with 
different superscripts are 
significantly different.
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for leaf (44.66 ± 0.09 µg/µL) and stem (47.37 ± 0.08 µg/µL) extracted in hexane for the HEK293 cell line, 
whereas the stem methanol, leaf methanol, leaf chloroform and stem chloroform extracts exhibited 
weak cytotoxic activity against the MCF-7 cell line with IC50 values of 634.4 ± 0.22 µg/µL, 412.6 ± 0.24 
µg/µL, 219.4 ± 0.13 µg/µL and 106.2 ± 0.10 µg/µL, respectively. 

Leaves and flower aqueous extracts of Chrysanthemum suppressed the proliferation of MCF-7 cell 
lines in a dose-dependent manner at concentrations greater than 25 µg/mL (Murayama et al. 2013). 
Lee et al. (2014) on the anticancer potential of some Korean Chrysanthemum species (C. boreale, 
C. indicum and C. morifolium) found that the methanolic extracts inhibited MCF-7 cell lines quite 
well, with cell viability ranging from 47–63% doses as 200 mg/mL. It was shown that treatment with 
200 mg/mL of C. morifolium reduced cell viability by 49%. A study by Luo et al. (2010) revealed that 
Vernonia amygdalina extracts inhibited the proliferation of MCF-7 and BT549. Furthermore, Kouamé et 
al. (2013) investigated the cytotoxicity of Chromolaena odorata extracts in MCF-7, MDBAMB-468, CAL51 
Lewis lung carcinoma (LLC) and HL-60 cancer cell lines using different solvents. The investigation 
indicated that the n-hexane leaf extract demonstrated inhibitory effects on MCF-7, MDAMB-468, 
and CAL51 breast cancer cell lines, whereas the ethanolic leaf extract exhibited suppression of LLC 
and HL-60 (Kouamé et al. 2013). Plants from the Asteraceae are known to contain various bioactive 
compounds such as alkaloids, tannins, flavonoids, glycosides, phenolic, saponins and quinines 
that contribute to their biological activities (Bessada et al. 2015, Koc et al. 2015). For instance, it has 
been documented that a prominent compound present in members of the Asteraceae family is a 
sesquiterpene lactone. Numerous pharmacological attributes, including antimicrobial, anticancer, 
and anti-inflammatory effects, have been recognized for sesquiterpene lactones. (Ravi & Bedi 2004, 
Guzman et al. 2005, Dhyani et al. 2022). Notably, while the methanolic stem extract exhibited higher 
antioxidant capacities than the other tested extracts (of the present study), the extract exhibited a 
lower cytotoxic effect against MCF-7 (Figure 3a). This anomaly may have been due to variations in the 
extracts’ phytoconstituents and the cell’s sensitivity towards the extract. 

Table II. IC50 values of the cytotoxicity activity of Osteospermum moniliferum (µg/µL) extracts.

Extracts
Cell lines

MCF-7 HEK293 A549

Leaf hexane 73.71 ± 0.13 44.66 ± 0.09 9.30 ± 0.55

Leaf chloroform 219.4 ± 0.13 60.66 ± 0.08 172.28 ± 0.94

Leaf methanol 412.6 ± 0.24 62.31 ± 0.10 28.37 ± 0.17

Stem hexane 119.9 ± 0.12 47.37 ± 0.08 8.78 ± 0.05

Stem chloroform 106.2 ± 0.10 69.39 ± 0.06 54.43 ± 0.08

Stem methanol 634.4 ± 0.22 0.49 ± 0.45 33.60 ± 0.16

Comptothecin 304.8 ± 0.06 70.84 ± 0.08 9.13 ± 0.05
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Antibacterial activity 
According to Maddila & Hamalathe (2017), bacterial resistance to most current antibiotics has 
been observed, increasing antibacterial resistance globally. To combat bacterial resistance, the 
pharmaceutical industry and new biotechnology business are expanding their search for a novel 
antibacterial agent (de Souza et al. 2023). Osteospermum moniliferum leaf and stem extracts were 
tested for antibacterial activity against three pathogenic bacterial strains at five concentrations 
(0.625, 1.25, 2.5, 5, and 10 mg/mL). The bacteria included Gram-positive bacteria (Staphylococcus 
aureus) and Gram-negative bacteria (Escherichia coli, Pseudomonas aeruginosa). From the results, 
it is evident that the zone of inhibition increased with increasing concentration. All extracts for both 
leaves and stem inhibited the growth of the bacterial strains (E. coli, S. aureus and P. aeruginosa) but 

Table III. Zone of inhibition (mm) of hexane extracts of Osteospermum moniliferum at different concentrations.

Bacterial 
strain

Hexane leaves Hexane stem

Concentration (mg/mL) 

0.625 1.25 2.5 5 10 Control 0.625 1.25 2.5 5 10 control

EC 6.2±0.35 6.5 ± 0.05 6.89±0.88 6.8± 0.12 7.01±0.42 14 ±0.0 6.1±1.33 6.3±1.05 6.6±1.05 6.89 ±0.89 7 ± 0.88 14 ± 1.50

PA 6.97±0.15 7.37±0.32 7.73±0.25 8.63±0.15 9.03±0.15 11± 1.0 6.73±0.2 6.8±0.26 7±0.1 7.43±0.40 7.73±0.37 11 ± 0.89

SA 6.43±0.40 6.57±0.51 7.47±0.50 8.57±0.55 9.33±0.41 14±0.51 6.03±0.05 6 ± 0.34 6±0.0 6.37±0.55 7±0.2 14 ± 1.15
EC = Escherichia coli; PA = Pseudomonas aeruginosa; SA = Staphylococcus aureus.  

Table IV. Zone of inhibition (mm) of chloroform extracts of Osteospermum moniliferum at different concentrations.

Bacterial 
strain Chloroform leaves Chloroform stem 

Concentration (mg/mL) 

0.625 1.25 2.5 5 10 Control 0.625 1.25 2.5 5 10 Control 

EC 6.4±0.1 6.63±0.15 7.03±0.15 7.97±0.35 8.23±0.47 13.83±1.04 6±0.5 6.5 ± 0.63 7 ± 1.50 7.4 ± 1.12 8.5±1.33 13.84±1.4

PA 6.97±0.25 7.57±0.20 8.23±0.25 9.2±0.26 10.07±0.21 11 ± 1.21 7±0.15 7.13±0.15 7.86±0.15 7.87±0.77 8.6±0.6 11.23±1.42

SA 6.93±0.30 7.63±0.55 8.47±0.50 9.37±0.55 10.03±0.25 12.35±1.32 6±0.35 6.10±0.35 6.16±0.28 6.33±0.28 7±0.5 13.32±1.00

EC = Escherichia coli; PA = Pseudomonas aeruginosa; SA = Staphylococcus aureus. 

Table V. Zone of inhibition (mm) of methanol extracts of Osteospermum moniliferum at different concentrations.

Bacterial 
strain Methanol leaves Methanol stem

Concentration (mg/mL)

0.625 1.25 2.5 5 10 Control 0.625 1.25 2.5 5 10 Control 

EC 6.83±0.29 7.9±0.96 10.77±0.40 12.17±0.76 17.43±0.51 16.83±0.76 6.4±0.14 6.56±0.51 6.83±0.28 7.4±0.4 11.83±0.76 11.33±4.93

PA 11.73±0.25 13±0.2 14±0.1 15.07±0.30 16.23±0.25 17.4 ± 1.4 8.4±0.1 8.33±0.30 9.23±0.25 9.87±0.77 10.43±0.51 14.5 ±2.02

SA 6.83±1.04 7.5±1.32 7.16±0.76 7.83±1.25 10±2.65 13.34±0.75 6.83±1.04 7.5±1.32 7.16±0.76 7.83±1.25 10±2.65 13.57 ±0.76
EC = Escherichia coli; PA = Pseudomonas aeruginosa; SA = Staphylococcus aureus.   
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had minor antibacterial activity when compared to the controls (antibiotics). The results revealed 
that the maximum zone of inhibition ranged from 6.2– 9.33 mm for both Gram-negative and Gram-
positive bacterial strains in hexane extracts (Table III). The zone of inhibition of the leaf and stem 
extracts at 10 mg/mL against E. coli was significantly higher when compared to the control (p<0.05) 
(Table IV, V). The zone of inhibition at other doses was lower in relation to the antibiotic controls. It 
was noted that the zone of inhibition was dose-dependent in all extracts. 

Secondary metabolites found in plant cells allow the leaf and stem extracts to inhibit bacterial 
growth (Nurtjahja et al. 2013). While comparing the efficacy extracts against Gram-positive and Gram-
negative bacterial strains, it was observed that the extracts were more effective on the Gram-positive 
bacterial strain. These results are in accordance with those of Bibiso et al. (2021). Staphylococcus 
aureus showed higher susceptibility to the extracts than the other tested strains. Gram-negative 
bacteria were expected to be more resistant as they have been reported to be more resistant than 
Gram-positive to antibiotics (Palombo & Semple 2001). Gram-negative bacteria present significant 
medical challenges due to their robust outer membrane, which is constituted of an asymmetric 
bilayer formed by phospholipids and lipopolysaccharides, thereby functioning as a barrier against a 
plethora of environmental substances, as well as detergents and antibiotics (such as penicillin) that 
would typically compromise the integrity of the peptidoglycans within their (inner) cell membrane. 
In comparison to hexane and chloroform, methanol extracts of O. moniliferum displayed superior 
inhibition against the chosen bacterial strains. It can be inferred that methanol serves as an 
efficacious extracting solvent, proficiently solubilizing phytocompounds endowed with antibacterial 
properties (Sanwaral & Sushil 2013). Additional studies yielding analogous results further corroborate 
this conclusion (Seleshe & Kang, 2019, Verma & Verma 2019, Cudjoe et al. 2020). The ability of plant 
extracts to inhibit distinct bacterial strains supports their use as anti-infection agents and points to 
their antimicrobial action. Furthermore, the formation of inhibitory zones against both Gram-negative 
and Gram-positive bacteria demonstrates their applicability for a wide range of applications. 

According to Saglam & Arar (2003), pure compounds and medicinal plant extracts have 
demonstrated antibacterial activity in both in vitro and in vivo studies. Therefore, phytochemicals such 
as phenols, tannins, saponins, and flavonoids are known to be biologically active and thus may have 
played a role in the antibacterial effects of the plant (Dhatwalia et al. 2021). Plant extracts with well-
known antibacterial properties might be used for therapeutic purposes, which could increase the use 
of herbal treatments for microbial illness (Unuofin et al. 2018). The observed moderate antibacterial 
efficacy implies that these plant species may represent a viable source of natural compounds and 
antibiotics exhibiting varying degrees of antiseptic properties. Strains of Staphylococcus aureus 
have been associated with a range of medical conditions, including superficial skin and soft tissue 
infections, infective endocarditis, ditis, osteomyelitis, bacteremia, lethal pneumonia, as well as 
instances of foodborne illness (Tong et al. 2015, Guo et al. 2020). The results derived from this 
investigation indicate that extracts from the leaves and stems of O. moniliferum have the potential to 
be utilized in the treatment of infections attributable to this particular bacterial strain.
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CONCLUSIONS
This study evaluated the antioxidant, cytotoxic, and antibacterial properties of O. moniliferum to 
determine its potential therapeutic value. Each extract exhibited substantial antioxidant properties 
to varying degrees, suggesting that they may protect against free radicals and oxidative damage 
associated with various diseases. The correlation between radical-scavenging agents in the extracts 
and their cytotoxicity in cancer cells may facilitate data screening for natural compounds with 
cytotoxic potential. Indeed, the extracts demonstrated a cytotoxic effect against cancerous cells 
in vitro, which may be attributed to the antioxidant activity of the species’ various components. 
Furthermore, the extracts were effective against both Gram-negative and Gram-positive bacteria. 
To the best of our knowledge, this is the first study on the cytotoxicity and antioxidant potential of 
this plant. Considering that Osteospermum is an underutilized genus of Asteraceae, further scientific 
investigation, such as antidiabetic assays, is recommended. 
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