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Carissa bispinosa (L.) Desf. ex Brenan is traditionally employed in the management of oral infections. Nevertheless, scientific 

evidence supporting its therapeutic effects and phytochemical profile remains scarce. This research aimed to evaluate the 

protective potential of leaf and stem extracts from C. bispinosa against oral pathogens. Phenolic and tannin levels were 

quantified via the Folin-Ciocalteu assay following extraction with various solvents. Minimum inhibitory concentrations (MIC) 

of the extracts were determined through microdilution against fungal strains (Candida albicans and Candida glabrata) and 

bacterial strains (Streptococcus pyogenes, Staphylococcus aureus, and Enterococcus faecalis). Antioxidant capacity was 

examined using 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging and ferric reducing power (FRP) assays. Cytotoxicity 

of the leaf acetone extract was assessed with the methylthiazol tetrazolium (MTT) method. 

The highest phenolic content in leaf extracts was observed in the methanol fraction (113.20 mg TAE/g), while the hexane extract 

showed the greatest tannin level at 22.98 mg GAE/g. Among stem extracts, the acetone fraction exhibited the highest phenolic 

content (338 mg TAE/g), and the stem extract overall provided the maximum tannin content (49.87 mg GAE/g). The methanol 

leaf extract achieved the lowest MIC (0.31 mg/mL), matching the stem ethanol extract at 0.31 mg/mL. The stem methanol 

extract displayed the strongest DPPH scavenging activity (IC50, 72 µg/mL), whereas the stem ethanol extract demonstrated the 

highest FRP with an absorbance of 1.916. The leaf acetone extract showed low cytotoxicity, with an LC50 of 0.63 mg/mL. 

Findings from this investigation support the protective role of C. bispinosa in combating oral infections. 
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Introduction 

Oral infections represent a significant global health 

challenge, particularly affecting populations with low 

socioeconomic status due to inadequate oral hygiene and 

limited access to care [1]. The oral cavity provides an 

ideal environment for diverse microorganisms, including 

archaea, protozoa, bacteria, fungi, and viruses, with 

bacteria comprising approximately 96% and primarily 

belonging to phyla such as Bacteroidetes, Fusobacteria, 

Proteobacteria, Actinobacteria, Firmicutes, and 

Spirochaetes [2, 3]. More than 700 bacterial species are 

known to inhabit the oral cavity [4]. Many of these 

microbes are implicated in oral diseases, including dental 

caries and periodontitis [5]. Dental caries causes 

permanent enamel destruction through the acidic 

byproducts of sucrose fermentation by cariogenic 

bacteria, leading to demineralization [6]. Microbial 

plaque initiates both caries and periodontal disease, the 

latter being a serious inflammatory condition that 

damages gingival tissues and supporting dental 

structures, potentially resulting in tooth loss if 

unmanaged [7]. 

Oxidative stress is recognised as a major contributor to 

the pathogenesis of oral infections [8]. Microbial 
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invasion and toxins trigger excessive generation of 

oxygen-derived free radicals—such as superoxide anion, 

hydrogen peroxide, perhydroxyl, hydroxyl, alkoxy, and 

peroxyl radicals—as part of the host immune defence [9]. 

Excessive radical production establishes oxidative stress, 

which exacerbates oral disease progression by damaging 

key biomolecules like lipids and proteins [10]. 

Consequently, oxidative stress is closely associated with 

oral cancer and necrotising stomatitis [8]. Compounds 

capable of neutralising free radicals through chelation, 

enzyme inhibition, or direct scavenging have thus 

attracted considerable attention [11]. 

Conventional oral care products and therapeutic agents, 

including chlorhexidine, triclosan, fluoride, penicillin, 

erythromycin, and amoxicillin, are commonly used for 

preventing and treating oral infections owing to their 

antimicrobial and antioxidant effects [3, 12]. However, 

resistance has developed in many oral microbes against 

these agents [13]. Additionally, despite their 

effectiveness, these treatments raise concerns due to high 

cost, toxicity, and side effects such as hypersensitivity, 

tooth discolouration, tongue coating, taste alteration, and 

disruption of oral microbiota [14–16]. Such limitations 

have driven ongoing exploration of safer, plant-derived 

alternatives for antimicrobial development. 

Plant secondary metabolites—including phenols, 

alkaloids, tannins, and flavonoids—offer promising 

complements to existing oral therapies because of their 

established antimicrobial, anti-inflammatory, and 

antioxidant actions [17, 18]. These natural compounds 

generally exhibit minimal side effects, lower cost, and 

greater accessibility, especially in developing regions 

like South Africa. 

Carissa bispinosa, a member of the Apocynaceae family 

[19], is native to South Africa and traditionally valued for 

treating various conditions, including oral infections. Its 

stems and roots are used to enhance male hormones and 

manage oral ailments [20]. Previous studies identified 

terpenoids such as ursolic acid and tritriacontane in the 

plant, known for antioxidant, anti-inflammatory, and 

antimicrobial effects [21–23]. Recent work also detected 

various flavonoids with antioxidant properties in the fruit 

extract [24]. However, comprehensive data on the 

phytochemical composition and biological activities of 

leaf and stem extracts remain limited. 

This study sought to assess the protective potential of 

constituents from C. bispinosa leaf and stem extracts by 

examining their antimicrobial effects against oral 

pathogens, along with antioxidant and cytotoxic profiles. 

Materials and Methods  

Chemicals and media   

All chemicals and culture media employed were of 

analytical grade, sourced from Sigma-Aldrich, 

Whitehead Scientific, Adcock-Ingram, and Merck (Pty) 

Ltd. Distilled water was autoclaved at 121 °C for 15 min 

prior to use in the experiments. 

Microbial strains   

The fungal strains (Candida albicans and Candida 

glabrata) and bacterial strains (Streptococcus pyogenes, 

Staphylococcus aureus, and Enterococcus faecalis) 

utilised were clinical oral isolates obtained from 

Polokwane Hospital, National Health Laboratory Service 

(NHLS), South Africa. 

Plant collection   

Leaves and stems of the plant were harvested from the 

University of Limpopo Turfloop campus, Limpopo 

Province, South Africa (latitude −23.885425 S, longitude 

E, altitude 1335 m) on July 8, 2019. Ethical approval for 

plant usage was granted by the University of Limpopo 

research ethics committee. Voucher specimens were 

deposited at the Larry Leach Herbarium (UNIN), 

University of Limpopo (UNIN 1,220,078), with 

identification confirmed by Dr Bronwyn Egan. Plant 

extract utilisation complied with international guidelines 

[25]. Collected materials were rinsed with tap water to 

eliminate dirt and debris, then air-dried away from light 

and heat to preserve thermolabile constituents. Dried 

samples were pulverised into fine powder using an 

electric grinder (Sundy hammercrusher SDHC 150) and 

kept in opaque polyethylene bags until required. 

Extraction   

One gram of dried powdered material from each part 

(leaf and stem) was extracted with 10 mL of solvents 

ranging from non-polar to polar: hexane, chloroform, 

dichloromethane, ethyl acetate, acetone, ethanol, 

methanol, butanol, and water. Mixtures were agitated at 

200 rpm for 20 min in a shaking incubator (New 

Brunswick Scientific Co., Inc). Extracts were then 

filtered through Whatman No.1 paper. Organic solvents 

were removed by evaporation under a fan, while aqueous 

and butanol fractions were concentrated via rotary 

evaporator (Buchi B-490) before fan drying. Dried 

extracts were weighed in pre-tared vials, and yield 

calculated as: yield = (Ao - A1), where Ao is the weight 
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of the vial plus extract (mg) and A1 is the empty vial 

weight (mg). All crude extracts were redissolved in 

acetone to achieve a stock concentration of 10 mg/mL. 

Quantitative analysis of classes of phytochemicals 

Total phenolic content   

Phenolic levels in extracts (prepared in 70% aqueous 

acetone) were determined following the protocol outlined 

by Singleton et al. (1999). Results were reported as mg 

gallic acid equivalents per gram (mg GAE/g) of extract 

[26]. 

Total tannin content   

Tannin concentrations were quantified employing the 

Folin-Ciocalteu assay. Values were expressed as mg 

GAE/g of extract [26]. 

Phytochemical analysis by chromatography   

Compounds in leaf and stem extracts of C. bispinosa 

were characterised using Sciex Exion LC-MS coupled to 

a Sciex X500R QTOF system with electrospray 

ionisation detection, as detailed by Mpai et al. [27]. 

Chromatographic separation was performed on a 

Phenomenex Luna C18 column (2.5 μm, 100 × 2 mm). 

Mobile phase A consisted of methanol and phase B of 

water, both containing 20 mM ammonium acetate. 

Gradient elution was programmed as: 0 min, 5% A and 

95% B for 1 min; to 95% A and 5% B over 22 min; held 

at 95% A and 5% B for 27 min; return to 5% A and 95% 

B at 27.10 min; equilibrated at 5% A and 95% B until 30 

min. Flow rate was 0.4 mL/min at 40 °C, with 10 µL 

injection volume. Mass spectrometry operated in 

negative electrospray ionisation mode using nitrogen for 

desolvation. Ion source gas 1 and 2 pressures were 50 and 

70 psi, curtain gas 30 psi, CAD gas 7, source temperature 

500 °C, spray voltage 4500 V, and declustering potential 

−80 V. Data were acquired and analysed with Analyst 

software. 

Antimicrobial testing 

Culturing of test organisms 

Microbial stock solutions were created by transferring 

the isolates into 150 mL volumes of Sabouraud dextrose 

broth (for fungi) or nutrient broth (for bacteria), with 

incubation carried out at 30 °C for fungi and 37 °C for 

bacteria. Both fungal and bacterial cultures were 

standardized to 1 × 10⁸ CFU/mL by dilution in sterile 

distilled water. 

Bioautographic screening 

Qualitative assessment of antimicrobial properties in the 

extracts was performed against chosen fungal and 

bacterial strains via bioautography, following the 

procedure detailed by Begue and Kline [28]. Each extract 

(10 mg/mL) was spotted in 20 μL aliquots onto TLC 

plates, which were then eluted in three solvent systems: 

benzene/ethanol/ammonium hydroxide [BEA] (9:1:0.1), 

chloroform/ethyl acetate/formic acid [CEF] (5:4:2), and 

ethyl acetate/methanol/water [EMW] (10:1.35:1). Zones 

of clearance on the developed bioautograms signified 

inhibitory effects from the extracts. 

MIC determination and total activity calculation 

Minimum inhibitory concentrations (MICs) for the 

extracts were established through serial microdilution 

assays [29]. The MIC was taken as the lowest 

concentration preventing detectable microbial growth. 

Total activity for each extract was derived by dividing the 

yield (in mg) from 1 g of C. bispinosa material by its MIC 

value (in mg/mL) [30]. 

Evaluation of antioxidant properties 

DPPH scavenging activity 

Free radical scavenging potential of the extracts against 

DPPH was measured according to the protocol of Brand-

Williams et al. [31], incorporating minor changes. 

Inhibition percentage was computed as: %Inhibition = 

[(Ao – A1)/Ao] × 100, with Ao being the control 

absorbance and A1 being the sample absorbance. 

Ferric ion reducing capacity assay 

Reductive ability of the extracts toward ferric ions was 

assayed via the ferric reducing power method adapted 

from Oyaizu [32]. Elevated absorbance readings at 700 

nm reflected greater reducing strength. A blank control 

was set up identically, but substituting acetone for the 

extract. 

Assessment of cytotoxicity 

Cytotoxic potential of the acetone leaf extract was tested 

on THP-1 human monocytic leukemia cells using the 

MTT assay, based on Mosmann's method [33] with 

adjustments. Cells were grown in RPMI 1640 medium 

fortified with 10% fetal bovine serum (FBS). Viability 

was quantified as: %Cell viability = [(Ao – A1)/Ao] × 

100, where Ao is absorbance from untreated cells and A1 

from treated cells. 
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Setup of ligands and target proteins 

Three-dimensional models of gentamicin and oleamide 

were retrieved from the NCBI PubChem database, 

whereas protein structures were acquired from the 

Protein Data Bank (www.rcsb.org). Targets selected 

included ABC transporter (PDB ID 6aal) and DNA 

gyrase subunit A (PDB ID 3g7b). Proteins underwent 

preparation by removing waters, non-protein atoms, and 

bound ligands, then adding polar hydrogens, all via 

Discovery Studio v4.1 [34]. 

Computational docking analysis 

In silico docking was executed with AutoDock Vina. 

Grid boxes were centered at coordinates (−0.302947, 

21.052211, −23.891211) for 6aal and (−27.830552, 

−5.584207, 8.598638) for 3g7b, defined from active 

pockets using Discovery Studio 4.1. Affinity scores were 

generated by AutoDock Vina [35], and poses with the 

most negative binding energies were retained as optimal. 

Resulting complexes were then loaded into Discovery 

Studio v4.1 for 2D and 3D interaction visualization [34]. 

Statistical treatment 

All assays were conducted in triplicate, with results 

reported as mean ± standard deviation. One-way 

ANOVA was applied for analysis, and differences were 

deemed significant at p < 0.05. 

Results and Discussion 

Yield from extraction 

Figure 1 displays the quantities (in mg) of extracts 

derived from leaves and stems post-extraction. Yields 

from leaves generally exceeded those from stems. 

Additionally, solvents of higher polarity produced the 

greatest amounts of plant compounds.

 

 
Figure 1. Extraction yields from leaves and stems of Carissa bispinosa using various solvents 

Identification of phytochemicals via LC-MS 

Phytochemicals identified along with their retention 

times from LC-MS are presented in Figure 2a (leaves) 

and 2b (stems), as well as Table 1 (leaves) and Table 2 

(stems). Several compounds, including oleamide, 

sorbitan monopalmitate, and tributylamine, were present 

in both leaf and stem samples.
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a) 

 
b) 

Figure 2. LC–MS/MS total ion chromatograms of methanol extracts from C. bispinosa: (a) leaves and (b) stems 

Phytocompounds identified in the methanol leaf extract 

of Carissa bispinosa by liquid chromatography-mass 

spectrometry (LC-MS). 

 

Table 1. Phytocompounds identified in the methanol leaf extract of Carissa bispinosa by liquid chromatography-

mass spectrometry (LC-MS) 

Peak 

# 

Rt  

(min) 
Area % MS-MS (m/z) MS (m/z) 

Molecular 

Formula 

Chemical 

class 

Tentative 

identification 
Bioactivity 

1 0.60 3.963e + 04 185.1, 203.0 365.106 [M + H]+ C19H24OS3    

2 7.20 6.772e + 04 74.1, 130.2 186.222 [M + H]+ C12H27N 
Tertiary 

amines 
Tributylamine  

3 7.69 2.895e + 02 
67.1, 119.1, 

189.0 
207.174 [M + H]+ C14H22O Phenols 

2,4-Di-tert-

butylphenol 

Antibacterial

, antifungal 

[36] 

4 11.24 9.879e + 03 437.2, 527.1 527.246 [M + H]+ C23H38N6O4S2    
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5 12.77 7.628e + 03 
149.1, 236.9, 

28.1 
434.289 [M + H]+ C25H39NO5 Acetamide 

N-[1,1-

Bis[(acetyloxy)

methyl]-3-(4-

octylphenyl)pro

pyl]acetamide 

 

6 14.15 2.017e + 05 121.0, 347.2 347.231 [M + H]+ C21H30O4 

21-

hydroxyster

oids 

Corticosterone  

7 17.99 4.267e + 04 403.3 403.294 [M + H]+ C22H42O6 
Fatty acid 

esters 

Sorbitan 

monopalmitate 
 

8 21.10 2.236e + 04 95.3 194.115 [M + H]+ C11H15NO2 
Carbamate 

ester 
Isoprocarb  

9 22.37 5.995e + 06 

69.0, 83.1, 

95.1, 107.1, 

282.1 

282.279 [M + H]+ C18H35NO Fatty amide Oleamide 
Antibacterial 

[37, 38] 

 

Table 2. Phytocompounds identified in the methanol stem extract of Carissa bispinosa by liquid chromatography-

mass spectrometry 

Peak # Rt (min) Area % MS-MS (m/z) MS (m/z) 
Molecular 

Formula 

Chemical 

class 

Tentative 

identification 
Bioactivity 

1 0.60 3.963e + 04 185.1, 203.0 
365.106 

[M + H]+ 
C19H24OS3    

2 7.20 6.772e + 04 74.1, 130.2 
186.222 

[M + H]+ 
C12H27N 

Tertiary 

amines 
Tributylamine  

3 12.77 8.033e + 03 81.1, 149.1, 258.1 
434.289 

[M + H]+ 
C25H39NO5 Acetamide 

N-[1,1-

Bis[(acetyloxy)me

thyl]-3-(4-

octylphenyl)propy

l]acetamide 

 

4 14.15 2.017e + 05 121.0, 347.2 
347.231 

[M + H]+ 
C21H30O4 

21-

hydroxystero

ids 

Corticosterone  

5 17.99 4.267e + 04 403.3 
403.294 

[M + H]+ 
C22H42O6 

Fatty acid 

esters 

Sorbitan 

monopalmitate 
 

6 20.93 5.867e + 04 
67.1, 123.1, 408.4, 

474.4 

547.521 

[M + H]+ 
C28H66N8S    

7 22.37 5.995e + 06 
69.0, 83.1, 95.1, 

107.1, 282.1 

282.279 

[M + H]+ 
C18H35NO Fatty amide Oleamide 

Antibacteria

l [37, 38] 

8 25.54 1.933e + 06 
282.2, 299.3, 369.2, 

537.5 

537.395 

[M + H]+ 
C40H56 Carotenoids β-Carotene 

Antioxidant 

[39] 

Quantification of phenolics and tannins in leaf and stem 

samples 

Levels of total phenolics and tannins were measured, 

with results summarized in Table 3. Stem samples 

contained greater amounts of both total phenolics and 

tannins compared to leaf samples. The methanol extract 

from leaves showed the peak phenolic level at 113.20 ± 

10.4 mg GAE/g, while the acetone extract from stems 

recorded the highest at 338 mg GAE/g. The lowest 

phenolic value, 29.21 ± 13.4 mg GAE/g, came from the 

acetone leaf extract. Tannin concentrations followed a 

similar pattern, being higher in stems; the hexane leaf 

extract had the maximum tannin content among leaves 

(22.98 mg GAE/g), and the ethanol stem extract topped 

the list at 49.87 mg GAE/g. 
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Table 3. Contents of total phenolics and tannins (expressed as mg GAE/g) in extracts from leaves and stems of 

Carissa bispinosa 

Solvent 
Tannin content 

(Stem extract) 

Tannin content (Leaf 

extract) 

Phenolic content 

(Stem extract) 

Phenolic content 

(Leaf extract) 

Hexane 47.29 ± 2.8 e 22.98 ± 2.2 a,c 216 ± 30.6 b 29.98 ± 18.0 a 

Dichloromethane 8.89 ± 0.7 a, b 8.36 ± 1.0 b 50 ± 18.2 a 70.41 ± 34.8 a,b 

Ethyl acetate 6.79 ± 1.7 a 16.64 ± 2.6 c,d,e 36 ± 7.8 a 69.64 ± 25.5 a,b 

Acetone 47.65 ± 2.5 e 15.04 ± 2.3 b,d,e 338 ± 14.9 c 29.21 ± 13.4 a 

Ethanol 49.87 ± 5.0 e 13.46 ± 0.7 b,d 216 ± 59.4 b 33.79 ± 11.3 a 

Methanol 28.07 ± 7.5 c,d 9.35 ± 5.0 b,f 163 ± 26.8 b 113.20 ± 10.4 a 

Butanol 12.23 ± 3.3 a,b 10.65 ± 1.9 b,d 31 ± 10.7 a 40.01 ± 7.6 b 

Chloroform 18.21 ± 4.4 b,c 15.37 ± 1.2 d,e,f 46 ± 17.6 a 30.23 ± 19.3 a 

Within columns, means sharing identical letters indicate no significant statistical difference (Tukey’s multiple comparison test) 

 

Evaluation of antimicrobial effects from leaf and stem 

extracts 

Bioautographic screening of leaf and stem extracts 

Bioautography was employed to assess the inhibitory 

potential of leaf and stem extracts against microbes 

associated with oral infections. Clear zones on the 

chromatograms marked antibacterial effects (Figure 3). 

Activity against bacteria appeared exclusively in BEA-

developed plates across all tested strains. Overall, 

extracts from leaves demonstrated stronger inhibition 

than those from stems. Every leaf extract, apart from the 

aqueous one, inhibited the growth of the pathogens tested 

(S. aureus, E. faecalis, and S. pyogenes). 

 

 
Figure 3. Bioautograms showing activity of various Carissa bispinosa leaf and stem extracts against 

Staphylococcus aureus, Streptococcus pyogenes, and Enterococcus faecalis, developed using mobile phases: 

(benzene/ethanol/ammonium hydroxide 9:1:0.1), (chloroform/ethyl acetate/formic acid 5:4:2), and (ethyl 
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acetate/methanol/water 10:1.35:1). Legend: (H) hexane, (C) chloroform, (D) dichloromethane, (EA) ethyl acetate, 

(A) acetone, (E) ethanol, (M) methanol, (B) butanol, (W) water. Green outlines denote leaf extracts; black 

outlines denote stem extracts 

Antifungal effects of leaf and stem extracts from C. 

bispinosa against C. albicans and C. glabrata are depicted 

in Figure 4. Weak clearance zones appeared solely on 

BEA plates inoculated with C. albicans, suggesting mild 

antifungal action from the leaf extract against this 

species. No inhibition was detected against C. glabrata. 

 
Figure 4. Bioautograms illustrating activity of assorted Carissa bispinosa extracts from leaves and stems versus 

Candida albicans and Candida glabrata, using elution systems: (benzene/ethanol/ammonium hydroxide 9:1:0.1), 

(chloroform/ethyl acetate/formic acid 5:4:2), and (ethyl acetate/methanol/water 10:1.35:1). Symbols: (H) hexane, 

(C) chloroform, (D) dichloromethane, (EA) ethyl acetate, (A) acetone, (E) ethanol, (M) methanol, (B) butanol, 

(W) water. Green borders highlight leaf samples; black borders highlight stem samples 

Lowest concentrations inhibit growth for leaf and stem 

samples 

Inhibitory concentrations from leaf samples 

Broth dilution in microplates was used to measure precise 

inhibitory levels of leaf samples against bacteria and 

fungi. The strongest performance came from the 

methanol version, achieving 0.31 mg/mL as its lowest 

effective level across several organisms. Weakest results 

appeared with ethyl acetate and butanol versions, both 

requiring ≥ 1.25 mg/mL. Sensitivity varied by pathogen: 

C. albicans responded best to low doses (0.31 mg/mL), 
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while C. glabrata required the highest (≥ 1.25 mg/mL) 

(Table 4). 

 

Table 4. Lowest inhibitory concentrations (mg/mL) recorded for Carissa bispinosa leaf samples, plus gentamicin 

and amphotericin-B, versus chosen pathogens 

Microorganism H C D EA A E M B W Gen/Amp 

S. aureus 1.25 0.63 0.63 2.5 2.5 0.63 0.31 2.5 0.31 0.15 

S. pyogenes 1.25 1.25 0.63 1.25 1.25 0.63 0.31 1.25 1.25 0.08 

E. faecalis 2.5 2.5 2.5 2.5 0.63 1.25 0.63 1.25 1.25 0.15 

C. albicans 0.63 0.63 1.25 1.25 0.63 0.31 0.31 1.25 0.31 0.08 

C. glabrata 2.5 2.5 2.5 1.25 1.25 2.5 2.5 2.5 1.25 0.08 

Symbols: (H) hexane, (C) chloroform, (D) dichloromethane, (EA) ethyl acetate, (A) acetone, (E) ethanol, (M) methanol, (B) butanol, (W) water, 

(Gen/Amp) gentamicin/amphotericin-B 

Pathogens tested: Fungal strains (Candida albicans, Candida glabrata); bacterial strains (Streptococcus pyogenes, Staphylococcus aureus, 

Enterococcus faecalis) 

Inhibitory concentrations from stem samples 

Corresponding measurements were taken for stem 

samples (Table 5). Ethanol version proved most potent 

at 0.31 mg/mL, whereas chloroform required ≥ 1.25 

mg/mL. Among organisms, S. pyogenes showed the 

greatest vulnerability to minimal doses, with C. glabrata 

again proving hardest to inhibit (≥ 1.25 mg/mL). 

 

Table 5. Lowest inhibitory concentrations (mg/mL) recorded for Carissa bispinosa stem samples, plus gentamicin 

and amphotericin-B, versus chosen pathogens 

Microorganism H C D EA A E M B W Gen/Amp 

S. aureus 1.25 5 1.25 2.5 1.25 0.31 2.5 2.5 2.5 0.31 

S. pyogenes 5 1.25 0.63 0.63 0.31 0.63 1.25 0.63 1.25 0.15 

E. faecalis 1.25 2.5 2.5 1.25 1.25 0.63 1.25 2.5 1.25 0.15 

C. albicans 2.5 2.5 2.5 5 0.63 0.31 0.63 2.5 2.5 0.31 

C. glabrata 5 5 2.5 2.5 1.25 1.25 2.5 2.5 2.5 0.15 

Symbols: (H) hexane, (C) chloroform, (D) dichloromethane, (EA) ethyl acetate, (A) acetone, (E) ethanol, (M) methanol, (B) butanol, (W) water 

Pathogens tested: Fungal strains (Candida albicans, Candida glabrata); bacterial strains (Streptococcus pyogenes, Staphylococcus aureus, 

Enterococcus faecalis) 

Combined potency measures for leaf and stem samples 

Combined potency from leaf samples 

Calculated combined inhibitory capacities for leaf 

samples appear in Table 6. The maximum value reached 

278 mL/g with the methanol version, dropping to a 

minimum of 3.9 mL/g for butanol. 

 

Table 6. Combined inhibitory capacities (mL/g) of Carissa bispinosa leaf samples versus chosen pathogens 

Microorganism H C D EA A E M B W Microorganism 

S. aureus 59.3 46.0 83.5 11.1 10.1 119.7 278.1 3.9 270 S. aureus 

S. pyogenes 59.3 23.2 83.5 22.2 20.2 119.7 278.1 7.8 67.0 S. pyogenes 

E. faecalis 29.6 11.6 21.0 11.1 26.4 60.3 136.8 7.8 67.0 E. faecalis 

C. albicans 117.6 46.0 42.1 22.2 40.2 243.2 278.1 7.8 270 C. albicans 

C. glabrata 29.6 11.6 21.0 22.2 20.2 30.2 34.5 3.9 67.0 C. glabrata 

Symbols: (H) hexane, (C) chloroform, (D) dichloromethane, (EA) ethyl acetate, (A) acetone, (E) ethanol, (M) methanol, (B) butanol, (W) water 

Pathogens tested: Fungal strains (Candida albicans, Candida glabrata); bacterial strains (Streptococcus pyogenes, Staphylococcus aureus, 

Enterococcus faecalis) 
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Overall potency measures for stem samples 

Table 7 presents the calculated overall inhibitory 

capacities of stem samples. The methanol version 

achieved the peak value at 32.06 mL/g, whereas ethyl 

acetate recorded the minimum at 0.36 mL/g. 

 

Table 7. Overall inhibitory capacities (mL/g) of Carissa bispinosa stem samples versus selected pathogens 

Microorganism H C D EA A E M B W Microorganism 

S. aureus 3.04 0.84 2.32 0.72 4.16 14.19 0.08 1.2 9.48 S. aureus 

S. pyogenes 0.76 3.36 4.60 2.86 16.77 6.98 16.16 4.76 18.96 S. pyogenes 

E. faecalis 3.04 1.68 1.16 1.44 4.16 6.98 16.16 1.2 18.96 E. faecalis 

C. albicans 1.52 1.68 1.16 0.36 8.25 14.19 32.06 1.2 9.48 C. albicans 

C. glabrata 0.76 0.84 1.16 0.72 4.16 3.52 8.08 1.2 9.48 C. glabrata 

Legend: (H) hexane, (C) chloroform, (D) dichloromethane, (EA) ethyl acetate, (A) acetone, (E) ethanol, (M) methanol, (B) butanol, (W) water 

Pathogens tested: Fungal strains (Candida albicans, Candida glabrata); bacterial strains (Streptococcus pyogenes, Staphylococcus aureus, 

Enterococcus faecalis) 

 

Radical scavenging and reducing capacities of leaf and 

stem samples 

DPPH neutralization by leaf and stem samples 

Radical neutralization potential of both leaf and stem 

samples was measured via DPPH assay, with outcomes 

listed in Table 8. Methanol and ethanol versions from 

leaves displayed peak effectiveness, both reaching IC₅₀ 

of 95 µg/mL. 

Table 8. IC₅₀ values (µg/mL) for Carissa bispinosa leaf 

and stem samples in DPPH assay 

Extractant Stem Yield Leaf Yield 

Hexane 198 – 

Dichloromethane – – 

Ethyl acetate – – 

Acetone – 206 

Ethanol 105 95 

Methanol 72 95 

Butanol 221 – 

Water 172 75 

Ascorbic acid 11.6 11.6 

Legend: (–) Not determined 

Ferric ion reduction capacity of leaf and stem samples 

Figure 5 depicts reduction capabilities across 

concentrations for leaf and stem samples. Leaf versions 

showed dose-responsive reduction, increasing with 

higher doses. Highly polar versions—methanol from 

leaves (absorbance 1.308) and ethanol from stems 

(absorbance 1.916)—delivered the strongest 

performance. L-ascorbic acid outperformed all leaf 

versions but fell slightly below the top stem version 

(ethanol, absorbance 1.916). 

 
a) 

 
b) 

Figure 5. Reduction capacity profiles for Carissa 

bispinosa leaf (left panel) and stem (right panel) 

samples. Values shown as mean ± SD from triplicate 

runs. Statistical evaluation via one-way ANOVA (p < 

0.05). Legend: () indicates a significant difference, (ns) 

indicates a non-significant difference 
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Cell viability impact of the acetone leaf sample 

Cell viability reduction by the acetone leaf sample was 

assessed through the MTT protocol. Dose-dependent 

response was observed, yielding LC₅₀ of 0.63 mg/mL. 

Docking affinity scores for ligand-protein complexes 

Compounds oleamide and gentamicin were 

computationally bound to proteins 6aal and 3g7b to 

determine interaction strengths. Oleamide produced 

scores of -5.6 kcal/mol (versus 6aal) and -4.2 kcal/mol 

(versus 3g7b). Gentamicin achieved stronger scores: -7.7 

kcal/mol (versus 6aal) and -5.8 kcal/mol (versus 3g7b). 

Binding interactions within docked complexes 

Specific contacts between oleamide and target proteins 

(6aal, 3g7b) were examined, as visualized in Figure 6. 

With 6aal, oleamide established two hydrogen contacts 

(SER22, PHE23) reinforced by multiple alkyl contacts 

(VAL12, TYR18, ILE37, PHE53, LEU61). Against 

3g7b, it formed three hydrogen contacts (GLN66, 

GLN210, THR212) plus two alkyl contacts (HIS143, 

LYS170). The gentamicin-6aal pairing featured five 

hydrogen contacts (GLU81, HIS95, ASP188, ASN189, 

SER190), one covalent contact (GLU133), and one alkyl 

contact (MET186). Gentamicin with 3g7b generated five 

hydrogen contacts (GLN210, THR212, ARG214, 

GLUA224, GLUB224) alongside van der Waals 

contributions. 

 
a) 

 
b) 

 
c) 

 
d) 

Figure 6. Two-dimensional and three-dimensional 

representations of the bound complexes 

Plants are well-known for producing a wide array of 

pharmacologically valuable phytochemicals in 

abundance. Achieving higher yields and enhanced 

biological activity from plant extracts requires careful 

solvent selection. In this research, multiple solvents were 

tested for phytochemical extraction. Methanol and water 

showed the greatest capacity to recover numerous 

phytochemicals from the leaf (methanol) and stem 

(water) sections of C. bispinosa, suggesting that these 

polar solvents are ideal for isolating compounds from this 

species. Methanol's superior metabolite yield matches 

observations by Masoko and Eloff [40], while water's 

effectiveness aligns with findings from Bouhafsoun et al. 

[41].   

The therapeutic effects of botanical materials depend on 

the types and amounts of their phytochemical 

constituents. This investigation quantified phenolics and 

tannins, finding higher total levels in stem extracts 

compared to leaves. Studies indicate that greater phenolic 

concentrations are typically linked to stronger 

antioxidant effects [42–46]. Accordingly, C. bispinosa 
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offers promising potential as an antioxidant resource. In 

addition, LC-MS analysis revealed compounds like 

oleamide, known for antimicrobial properties, and the 

antioxidant β-carotene, which are likely responsible for 

much of the plant's biological activity [37, 38, 47].   

In managing oral conditions, potent antimicrobial agents 

are essential to control infections from oral microbes. 

Botanical agents have demonstrated significant 

effectiveness against such pathogens [48]. Qualitative 

testing here showed that all leaf extracts, aside from the 

aqueous one, inhibited the tested bacteria and Candida 

albicans, but C. glabrata resisted every extract. Inhibition 

zones mostly appeared in BEA chromatogram sections, 

indicating that the active antimicrobial components are 

likely non-polar in nature.   

Quantitative analysis measured minimum inhibitory 

concentrations (MICs) of the extracts. The methanol leaf 

extract had the lowest average MIC, showing the 

broadest efficacy among the tested organisms. The 

ethanol stem extract similarly recorded the minimal 

average MIC. Extracts with MICs under 1 mg/mL are 

classified as having substantial antimicrobial potency 

[49]. Thus, the methanol leaf and ethanol stem extracts 

stand out as valuable sources of agents against oral 

pathogens. Additionally, methanol extracts from leaves 

and stems displayed the greatest overall antimicrobial 

potency, meaning 1 gram of leaf or stem material could 

be diluted to 201.10 and 16.11 mL/g, respectively, while 

maintaining inhibition against vulnerable strains [28].   

Oxidative stress results from free radicals produced by 

physiological and external factors, disrupting redox 

equilibrium and contributing to oral diseases. Identifying 

effective antioxidants to halt oxidative damage-linked 

infections is therefore a priority. Methanol and ethanol 

extracts in this work exhibited robust antioxidant 

capabilities via DPPH scavenging and ferricyanide 

reduction, reinforcing methanol's role in isolating 

antioxidants as noted by Ebrahimzadeh et al. [50]. IC50 

values for both ethanol and methanol leaf extracts 

reached 95 µg/mL, rated as strong per the scale: very 

strong (IC50 < 50 µg/mL), strong (50 ≤ IC50 < 100 

µg/mL), moderate (100 ≤ IC50 < 150 µg/mL), and low 

(IC50 > 150 µg/mL) [51]. The observed effects stem 

from interactions among the detected phytochemicals. A 

clear positive link existed between antioxidant 

performance and phenolic levels, indicating phenolics as 

primary contributors to this activity (unpublished). 

High levels of toxicity in botanical extracts and isolated 

compounds are responsible for more than 54% of 

preclinical failures during drug development [52]. 

According to the International Organization for 

Standardization, cell viability exceeding 80% indicates 

non-cytotoxicity; 60–80% suggests weak cytotoxicity; 

40–60% moderate; and below 40% strong cytotoxicity 

[53]. The cell viability percentages for the leaf acetone 

extract varied from 51 to 93%. Consequently, this extract 

demonstrates considerable biosafety, displaying effects 

ranging from moderate to non-toxic. Nonetheless, 

employing lower concentrations is recommended to 

prevent potential adverse impacts that could arise at 

higher doses. Muleya et al. [20] documented the 

traditional application and efficacy of C. bispinosa roots 

in managing toothache. Thus, the demonstrated 

effectiveness of these extracts against oral microbes and 

reactive oxygen species, combined with their elevated 

safety profile, positions the leaf and stem as viable 

substitutes for roots, aiding in the conservation of the 

species [54]. 

Molecular docking techniques were employed to forecast 

and clarify the inhibition mechanisms underlying the in 

vitro antimicrobial effects seen in this investigation. The 

selected target proteins were the ABC transporter (ID 

6aal) and DNA gyrase A (ID 3g7b). DNA gyrase A is 

essential for bacterial DNA replication and supercoiling 

[55], while ABC transporters are transmembrane proteins 

that mediate the transport of substances like nutrients 

across cell membranes and catalyze ATP hydrolysis [56]. 

These two proteins, therefore, represent key targets in the 

design and development of antimicrobial agents. 

The reduced binding energy values recorded here reflect 

strong accommodation of oleamide within the active sites 

of both proteins, indicating favorable binding affinity and 

stable interactions with the targets. This supports the role 

of oleamide in driving the antimicrobial effects detected 

in the experiments [57]. In contrast, gentamicin showed 

superior binding affinities to both proteins compared to 

oleamide, suggesting greater inhibitory potential. 

However, the robust antimicrobial performance of the 

extracts may primarily result from synergistic 

interactions among multiple constituents. 

The inhibitory potential of ligands depends not solely on 

binding energy but critically on the specific interaction 

types formed with receptor sites [58]. The complexes 

involved hydrogen bonds, alkyl interactions, covalent 

linkages, and van der Waals forces with the target 

proteins, implicating these bonds in the antimicrobial 

outcomes observed. Hydrogen bonds play a crucial role 

in stabilizing ligand-receptor assemblies, thereby 
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promoting suppression of microbial proliferation [59]. 

Alkyl interactions, being covalent in nature, typically 

enhance complex stability. Covalent bonds are 

particularly robust, often resulting in irreversible 

associations [60]. Accordingly, the docking results 

suggest that extracts from C. bispinosa possess 

therapeutic promise for oral infections through the 

disruption or elimination of associated pathogens. 

Conclusion 

This research assessed the phytochemical composition, 

antioxidant capacity, antimicrobial efficacy, and 

cytotoxic profile of leaf and stem materials from C. 

bispinosa. Leaf extracts displayed low MIC values 

toward the evaluated oral microorganisms. These 

extracts also showed substantial antioxidant properties, 

highlighting their possible role in safeguarding against 

oxidative stress-related oral disorders. Additionally, the 

leaf acetone extract exhibited limited cytotoxicity, 

particularly at reduced doses (93% cell viability at 0.25 

mg/mL), confirming a strong safety margin. Moreover, 

docking simulations indicated that oleamide contributes 

to antimicrobial action via varied bonding with selected 

protein targets. The recorded biological effects are likely 

due to the combined actions of the detected 

phytochemicals. Future investigations could prioritize 

purifying and identifying the key antimicrobial agents, 

along with conducting in vivo evaluations. 
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