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Figure 5. Live-dead staining of C2C12 myoblasts treated with hexane (H), ethyl 

acetate (E), methanol (M), and water (W) extracts of B. diffusa (100 µg/mL) captured 

at 10x magnification. Extract-treated cells were viable (FDA-positive) comparable to 

negative controls (NC), with virtual absence of cells with compromised membrane 

(PI-negative). The positive control (saponin, PC) displayed compromised 

membranes (PI-positive, white arrow). FDA: fluorescein diacetate; PI: propidium 

iodide. Scale bar = 100 µm. 
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Table 2. Antioxidant activity of B. diffusa extracts. 

Treatment 
IC50 ± SEM (µg/mL) 

ABTS DPPH 

Hexane extract > 100 > 100 

Ethyl acetate extract 21.23 ± 1.03 > 100 

Methanol extract 77.72 ± 1.02 > 100 

Water extract > 100 > 100 

Trolox 2.92 ± 1.03 6.27 ± 1.07 

18



activity with an IC50 of 21.23 µg/mL against the ABTS+ radical, followed by the 

methanol extract (IC50 = 77.72 µg/mL). These were, however, lower than the radical 

scavenging activity of Trolox, which was found to be 2.92 µg/mL and 6.27 µg/mL for 

the ABTS+ and DPPH radicals, respectively. The IC50 recorded in this study was 

higher than the maximum tested concentration (100 µg/mL) for all extracts against 

DPPH. The hexane and water extracts also exhibited negligible antioxidant activity 

against ABTS.  

A time-dependent increase of 2.87-fold intracellular ROS was observed upon 

treatment with 100 µM AAPH compared to the negative control (Figure 6). A dose-

dependent suppression of AAPH-induced oxidation was observed upon pre-

treatment with B. diffusa extracts, with the ethyl acetate and methanol extracts being 

the most effective treatments. At 100 µg/mL, the ethyl acetate extract reduced 

intracellular ROS concentrations to 1.58-fold of the negative control (p < 0.05), whilst 

the methanol extract decreased oxidation by 1.70-fold. Low dose (1 µg/mL) hexane 

and ethyl acetate extracts appeared to have an additive effect with AAPH, with 

intracellular ROS reaching 3.43- and 3.18-fold, respectively. Though the later was 

not significantly different from the positive control, the former was significant (p < 

0.05). 

Effect on cellular migration after artificial wound generation  

Treatment with all extracts altered cellular migration, though the effect incurred by 

the ethyl acetate extract was not significantly different (p > 0.05) from the negative 

control (Figures 7 and 8). Cellular migration in the hexane and methanol treated cells 

was generally higher than the negative controls, though a more prominent effect was 

observed in the low-dose group (10 µg/mL), with migration being 13.1 and 18.1% 

higher than the negative controls, respectively. Cells treated with the 10 µg/mL and 

100 µg/mL water extract caused an 11.0% and 21.0% increment in cell migration, 

respectively. 

Discussion 

Tissue injury can be a major cause of physical disability, with a resultant reduction in 

quality of life and productivity. Plants have been used for centuries for the 

management of diverse ailments, including wounds. Phytochemicals are said to 
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Figure 6. Intracellular ROS concentration of C2C12 myoblast cells treated with 

hexane (H), ethyl acetate (E), methanol (M), and water (W) extracts of B. diffusa 

(100 µg/mL).The black-dashed line indicates the maximum ROS concentration 

induced by AAPH at 120 min. Statistical analysis: * p < 0.05; ** p < 0.01; *** p < 

0.001 vs. AAPH positive control. NC: negative control. 
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Figure 7. Scratch wound assay conducted on C2C12 myoblasts treated with hexane 

(H), ethyl acetate (E), methanol (M), and water (W) extracts of B. diffusa. Statistical 

analysis: * p < 0.05; ** p < 0.01; *** p < 0.001 vs. negative control (NC).  
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Figure 8: Photomicrographs indicating extent of cellular migration in the scratch 

wound assay at 0 h, 8 h and 24 h, captured at 5× magnification. PDGF: Platelet 

derived growth factor. Scale bar = 100 µm 
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modulate various aspects of the healing process by acting as antimicrobials, 

antioxidants or free radical scavengers, as well as increasing cellular proliferation, 

migration, angiogenesis, collagen production and DNA synthesis.[33] 

Pharmacological assessment of B. diffusa by various groups of researchers have 

indicated its antioxidant[12,14,34] and antimicrobial[35,36] activities, which could play a 

part in its wound healing ability. This study was designed to assess the ability of four 

sequential extracts of B. diffusa to influence oxidation and myoblast wound closure in 

vitro.  

The absence of disparity in cell density of treated and untreated cells obtained in this 

study suggests a lack of notable detrimental effects on myoblast cells. All 

visualization methods: phase contrast microscopy, plasDIC, and live/dead staining 

indicated that there were negligible differences between the negative control and the 

treated cells. The hexane extract, at 100 µg/mL, decreased cell density of treated 

cells, though other signs of cytotoxicity such as necrosis were absent. This suggests 

that the hexane extract of B. diffusa could have a possible antiproliferative effect. In 

contrast to treatment with extracts, treatment with saponin resulted in significant 

cellular damage and death. It has been reported that saponins, possess potent 

cytotoxic activity.[37] The general lack of cytotoxicity observed in the present study is 

confirmed by literature. Apu et al.[38] reported negligible in vitro cytoxicity of the n- 

hexane, ethyl acetate and methanol extracts of the aerial parts of the plant. An 

assessment of the ethanol extract showed no increase in cellular volume and protein 

content in H9C2 cells.[17] The safety of extracts have also been observed in vivo.[39,40]

Reactive oxygen species have been identified as one of the key players in the 

maintenance of cellular physiology by regulating diverse downstream signalling 

pathways leading to specific functions such as cellular division, growth, apoptosis 

and necrosis.[8,41,42] However, excessive generation of ROS may result in cellular 

deterioration.[10] Hence, substances capable of attenuating ROS release could be 

used as therapeutic options for management of ROS-related medical conditions 

such as wounds. Pre-treatment of C2C12 myoblasts with B. diffusa before AAPH-

induced oxidation caused a decrease in ROS generation by as much as 1.4-fold 

compared to the positive controls. Qualitative and quantitative fingerprints of B. 

diffusa have identified phenolic acids and flavonoids, including kaempferol and 

quercetin.[22] Quercetin and some of its glycosides have exhibited antioxidant activity 
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in a number of studies.[43,44] Therefore, the ROS inhibiting activity could be due to the 

presence of antioxidant compounds such as those listed above. It is still unclear 

what might be responsible for the hyper-oxidation observed in cells pre-treated with 

low dose hexane and ethyl acetate extracts of B. diffusa. It is possible that pre-

exposure of cells to very low concentration of antioxidant compounds may have 

preconditioned the cells prior to AAPH exposure.[45] Furthermore, some antioxidants 

such as flavonoids under certain circumstances can act as pro-oxidants, promoting 

the oxidation of other compounds.[46] There is the possibility of the presence of both 

antioxidant and pro-oxidant flavonoids in the hexane and ethyl acetate extracts, with 

the pro-oxidant activity being enhanced at low extract concentrations. 

One of the principal components of a healing wound is cellular migration and 

proliferation, stimulated by factors such as platelet-derived growth factors from 

inflammatory cells.[47] In this study, the scratch wound assay was used to assess the 

effect on myoblast migration. To minimize the role of proliferation on the experiment, 

cells were kept in a lower percentage of serum (0.5%) than that used in the growth 

media a day before onset of experimentation.[32] This was sufficient to prevent 

apoptosis and/or cell detachment, as well as to ensure that any observed effect was 

a result of exposure to treatment. In this experiment, only the hexane, methanol and 

water extracts increased myoblast migration significantly. The ROS-mediated 

oxidation of Akt2 kinase, a signalling molecule that modulates a range of biological 

processes such as cell survival, proliferation and metabolism, is known to facilitate 

cellular migration.[48] Therefore, substances that suppress ROS release are expected 

to slow down cellular migration because of diminished Akt2 kinase activation, whilst 

pro-oxidant substances increase migration. The higher myoblast migration observed 

with lower doses of the hexane and methanol extracts of B. diffusa could therefore 

be due to their minimal potential to inhibit oxidation. This could also explain the effect 

seen in the water extract treatment, with cellular migration increasing as a result of 

its inability to suppress oxidation. It is not certain yet which compound(s) are 

responsible for the observed alteration in cell migration. However, preliminary 

phytochemical screening has indicated the presence of phenols and flavonoids. 

Some phenols and flavonoids, including rutin, have been shown to have an effect on 

wound closure.[22,49] Further studies are, therefore, necessary to determine the 

25



compounds responsible for the enhanced cellular migration in B. diffusa, and to  

investigate which molecular pathways might be altered.  

In conclusion, this study has demonstrated that B diffusa can protect against  

oxidative stress and promote wound healing in vitro, and therefore has potential for  

therapeutic use in wound treatment. Whilst the hexane and methanol extracts  

increased wound closure at low concentrations (10 µg/mL), the water extract did so  

at higher concentration (100 µg/mL). All extracts, however, have indicated a potential  

to suppress oxidative stress at high concentrations. There is, therefore, need for  

further experiments to determine effect of the extracts on intracellular pathways such  

as the Akt2 kinase inhibitory activity. Additionally, there is need to determine the  

presence of antioxidant and pro-oxidant compounds, as well as others that might be  

responsible for the observed bioactivity.  
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