Antimicrobial, antioxidant, anticancer, and phytochemical analysis of South African medicinal plants collected from the Senwabarwana area, Limpopo Province.
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Abstract
Background: The antimicrobial resistance (AMR) of many microorganisms to conventional antibiotics poses a serious threat to human health. The situation is further compounded by the development of tumours arising from complex infections and vice versa due to an immunocompromised immune system. The objective of the study is to assess the antimicrobial, antioxidant, anticancer, and phytochemical components of the selected medicinal plants' extracts.
Methods: The microdilution broth assay was used to evaluate the antimicrobial activity of the organic extracts against food-borne and human-infecting pathogens. Additionally, the anti-proliferative effects of the extracts were evaluated in vitro using a tetrazolium-based calorimetric (MTT) assay against a line of human colorectal carcinoma (Caco-2), human breast adenocarcinoma (MCF-7), and human cervical cancer cells (HeLa). Additionally, 2,2-Diphenyl-1-Picrylhydrazyl (DPPH), 2,2′-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), and possible iron chelation were used to measure the extracts' antioxidant activity. Gas chromatography time-of-flight mass spectrometry (GC-TOF-MS) was used to evaluate the phytochemical analysis. 
Results: Talinum caffrum (Thumb. Eckl. & Zeyhr.) extract exhibited the lowest minimum inhibitory concentration (MIC) value of 0.05 mg/ml against Salmonella arizonae, while extracts from Cassia abbreviata Oliv. subsp. beareana (Holmes) Brenan and Peltophorum africanum Sond. exhibited a similar MIC value against Shigella flexneri. P. africanum extracts exhibited a potent inhibition of the MCF-7 cell line, yielding an IC50 value of 1.80 µg/ml. In comparison, T. caffrum extracts exhibited an LC50 value of 5.66 µg/ml against the HeLa cell line and a notable LC50 value of 1.12 and 1.11 µg/ml against DPPH and Fe2+, respectively. The organic extract from T. caffrum contains 4-methyl-2,4-bis(p-hydroxyphenyl) pent-1-ene (20.803%), 2-furancarboxylic acid, 2-methylbutyl ester (16.909%), and 2-methylbutyl ester (13.702%).
Conclusion: The selected medicinal plants exhibited a potent antimicrobial, antioxidant, and anticancer activity. The observed results, in a way, support the use of the selected medicinal plant species in treating various infections, as complementary and alternative medicines, particularly against opportunistic microbes and cancer by improving and supporting the immune system through many means, such as quenching free radicals, alleviating tumour and microbial growth.
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Introduction

The use of African medicinal plants in treating various human and animal diseases remains relevant, even in the fourth industrial revolution era [1]. This relevance is due to the antimicrobial resistance (AMR) of many microbes, which can develop resistance genes to antibiotics used in many healthcare facilities. The supply chain system may be a source of resistance, resulting from improper prescription practices, poor patient education, lack of diagnostic facilities, sale of antibiotics without proper authorization, ineffective drug regulatory systems, and the use of antibiotics for purposes other than human health, such as in animal production [2]. It is estimated that AMR attributed 1.27 million deaths in 2019 worldwide [3]. Elsewhere, other authors estimated about 700,000 deaths worldwide on an annual basis and refer to AMR as a major threat to many health care facilities, hence needs urgent attention [4]. It is important to note that many AMR microbes have been isolated from cancer patients, and this is due to the immunosuppression arising from cancer, thereby making it easier for microbes to manifest [5]. These plants, used alone or in combination, combat disease progression through different mechanisms, such as inhibiting cell wall or protein synthesis, causing leakage from cells by disrupting membrane functions, interfering with intermediary metabolism, or affecting DNA/RNA synthesis and function [6].
[bookmark: _Hlk216606270]Normal cells only procreate in response to signals from nearby cells. Each tissue maintains a size and architecture suitable for the body's requirements. Cancer cells, on the other hand, defy this normal body functioning and follow their own internal reproduction agenda and become deaf to the normal restrictions on proliferation [7]. Their capacity to spread from the original location, infiltrating neighbouring tissues and accumulating into masses at other body parts inside the body, relocating to new metastatic sites that lead to circulating tumour cells (CTCs), resulting in multiple types of cancers [8]. Bacterial strains such as Helicobacter pylori have been recently pointed out as some facilitators for the movement of these cancerous cells to other body parts, particularly in gastric ulcer and breast cancer patients [9]. The infected individual rapidly becomes prone to various infections arising from various sources that include microorganisms and free radicals, which enter the body from the environment or hereditary means [10]. These infections may cohabit in a patient, hence the need to explore the anticancer, antimicrobial, and antioxidant activity of medicinal plants is paramount to curbing coinfections rather than one infection at a time.
Free radicals are unstable, transient, and extremely reactive substances due to one or more unpaired electrons in their valence shell. Overproduction of these free radicals eventually results in oxidative stress, which damages and oxidizes important macromolecules in the biological system and fundamentally upsets the balance of antioxidants and signal transduction pathways [11]. Free radicals can raise the risk of cancer by triggering the transcription of the original cancer genes [12]. Changes in cancer-related genes and proteins, which are linked to free-radical stress, are more common in people with inflammatory disorders that are linked to cancer, such as ulcerative colitis, hemochromatosis, and viral hepatitis [13]. In the current work, the selected medicinal plant extracts are evaluated for antimicrobial activity against selected microbes. Furthermore, both the anticancer and antioxidant activities are evaluated in vitro. The phytochemical constituents are detected using gas chromatography mass spectrometry.
Materials and methods
Plant collection and identification 
[bookmark: _Hlk216607201][bookmark: _Hlk216608559]The selected medicinal plants (Table 1), showing the sampled plant parts, were randomly selected from a large plant species gathered through our ethnomedicinal survey projects. Our Chief Conservation, George Tladi Mongalo, granted permission to collect the medicinal plants from 2017 to 2020 at the Broekman tribal authority. The voucher specimens were collected and identified by Mr. Paulus Nkurwana Sebothoma, head of Plant ID at the National Botanical Institute in Pretoria, South Africa, and stored in the Herbarium at the Horticulture Centre, University of South Africa, Science campus in Florida Park, Johannesburg. 
Medicinal plants extraction
The plants were separately ground into fine powder using a Scientec Hammer mill (Scientec, Germany) to 2mm particles, which were then extracted with 70% ethanol at a 5:1 v/w ratio, using LM-600RD Orbital shaker, Yihder Technology CO., LTD (Xinbei city, China) at 30 °C overnight (12 hrs) shaken at 100 RPM. The resulting extracts were filtered through Whatman's No. 1 filter paper (Merck, South Africa) and evaporated using the Genevac EZ-2 Plus (Warminster, USA) at 40°C overnight.  
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Table1. Ethnobotanical uses of selected South African medicinal plants.
	

	Medicinal plants (Family) (Voucher number)
	Plant part used in the study
	Therapeutic uses
	References

	Peltophorum africanum Sond.
(Fabaceae) (MNI-10)
	Stem bark
	Stem bark and roots are used to manage various forms of tumours, opportunistic infections associated with HIV/AIDS, particularly diarrhoea, and unidentified sexually transmitted infections.
	[14-17].

	Cassia abbreviata Oliv. subsp. beareana (Holmes) Brenan
(Fabaceae) (MNI-26)
	Stem bark
	Stem bark is drunk to treat malaria, diarrhoea, and eye infections. Stem bark infusion may be drunk to treat various forms of sexually transmitted infections, including syphilis, gonorrhoea, and chlamydia.
	[18-20].


	Sclerocarrya birrea (A. Rich) Hochst.
(Anacardiaceae) (MNI-17)
	Stem bark
	Stem bark is soaked in hot water to treat diarrhoea, haemorrhoids, diabetes, stomach-ache, malaria, cough, and tuberculosis.
	[21-23].

	Talinum caffrum (Thumb. Eckl. & Zeyhr.)
(Talinaceae) (MNI-35)
	Fleshy roots
	Roots are used to treat heart infections and diarrhoea in infants
	[24].




[bookmark: _Hlk216708487]Microorganisms and culture conditions
[bookmark: _Hlk216608845][bookmark: _Hlk216336835][bookmark: _Hlk208500568]A total of 7 pathogenic microbes causing various illnesses were selected for the current study and were purchased from Davies Diagnostics (Randburg, South Africa), as pellets. Fungal strains such as Candida albicans (ATCC 24433) and bacterial strains such as Escherichia coli (ATCC 25922), Klebsiella pneumoniae (ATCC 13883), Proteus mirabilis (ATCC 29906), Shigella flexneri (12022), Salmonella arizonae (13314), and Staphylococcus aureus (ATCC 6538) were also selected. The fungus C. albicans was maintained on Potato Dextrose agar (PDA), while all the bacterial strains were maintained on Muller-Hinton agar (MHA). All the growth media used in the study were obtained from Sigma Aldrich, Germany.
Antimicrobial activity 
Antibacterial activity
[bookmark: _Hlk216608806][bookmark: _Hlk216337045][bookmark: _Hlk216709660]With minor modifications, the broth microdilution test as outlined by Eloff [24] was used to examine the antibacterial activity of the chosen extracts. Fresh Muller-Hinton broth (MHB) was used to dilute the overnight cultures of independently grown microorganisms to approximately 1.1×107 CFU/ml. In a 96-well microtiter plate containing 100 μl of sterile distilled water, 100 μl of extracts (50 mg/ml in 5% DMSO) were added and serially diluted. Each well received 100 μl of a known concentration of bacterial culture. Gentamycin and streptomycin served as positive controls. Plates were incubated at 37°C overnight. Each well then received 40 μl of freshly prepared iodo-nitro-tetrazolium chloride (Fluka) at a concentration of 0.2 mg/ml, and the wells were incubated for 30 minutes at the same temperature. The extract's minimum inhibitory concentration (MIC), as determined by interpreting the data, was defined as the lowest concentration at which microorganism growth is inhibited. 


Antifungal activity
 The method adopted from Masoko et al [25] was used to determine the antifungal activity of the extracts from the selected medicinal plants against Candida albicans. As in the antibacterial activity, the extracts were serially diluted, and a similar amount of the fungal inoculum concentration was added. Each well then received 40 μl of freshly prepared iodo-nitro-tetrazolium chloride (Fluka) at a concentration of 0.2 mg/ml, after which the plates were incubated for 24 hr period. Amphotericin B served as a control. The MIC was then determined as in the antibacterial assay.
Antiproliferative effects 
Cell culture and culture conditions
Human breast adenocarcinoma (MCF-7) cells, human cervical cancer cells (HeLa), and human colorectal carcinoma cells (Caco-2) as ATCC (American Type Culture Collection) strains obtained from Thermofischer Scientific, South Africa, were incubated separately in 96-well microtiter plates with 70% ethanol extracts redissolved in dimethyl sulfoxide (DMSO, VWR, Life Science, USA). Each cell line's cells were aseptically extracted from a subconfluent culture, spun for 5 minutes at 1000 rpm, and then resuspended in a new growth medium at a density of approximately 5×104 cells per milliliter. The growth medium used was Minimal Essential Medium (MEM), which was supplemented with 0.1% gentamicin (Whitehead Scientific, South Africa) and 5% foetal calf serum (Highveld Biological). 
MTT assay
[bookmark: _Hlk216337728]The tetrazolium-based colorimetric (MTT) method, adapted from Mosmann [27], was used to investigate the anticancer activity of the selected medicinal plant extracts. Wells in columns 1 and 12 received only 200 µl DMEM to minimize the edge effect and maintain a relative humidity in a sterile laminar flow cabinet. After that, the plates were incubated in a 5% CO2 incubator (Listed Laboratory Equipment, USA) for 24 hours at 37°C until the cells reached their exponential growth phase. After aspirating the MEM from the cells into a microplate, it was washed with 150 µl of fresh phosphate-buffered saline (PBS, Whitehead Scientific) and then filled with 200 µl of the chosen test plant extracts in quadruplicate at different concentrations. All test extracts were serially diluted in new MEM. The cells were not disturbed as much as possible when the media was aspirated, and test extracts were added. The medicinal plant extract was incubated on the microtiter plates for 48 hours at 37°C in an incubator with 5% CO2. Included as negative and positive controls, respectively, were untreated cells and doxorubicin chloride from Pfizer Laboratories. All plates were incubated for 4 hours at 37°C after 30 µl of MTT (Sigma, stock solution of 5 mg/ml in PBS) was applied to each well in accordance with the incubation schedule. Following MTT incubation, the medium was carefully withdrawn from each well without causing any disruption to the MTT crystals in any of the wells. 50µl of brand-new DMSO was added to each well to dissolve the MTT formazan crystals. A shaker (IKA KS 130B, Laboratory Equipment, Germany) was used to gently shake the plates until the MTT solution was fully dissolved. By measuring absorbance at a wavelength of 540 nm in a microplate reader (Chromate 4300), the degree of MTT reduction was promptly determined. The percentage of cell viability was calculated using the formula below: 
%Cell viability=[Mean absorbance of sample/Mean absorbance of control]×100 [28]
The concentration of each test plant extract that caused a 50% decrease in absorbance when compared to untreated cells was determined by calculating the LC50 values, after plotting the % cell viability against the concentrations of plant extracts used. Only R2 values >0.9 were acceptable.

Antioxidant activity	
2,2-diphenyl-1-picrylhydrazyl (DPPH)

[bookmark: _Hlk210809789]The extracts from the four medicinal plants were tested for their ability to scavenge free radicals against 2,2-diphenyl-1-picrylhydrazyl (DPPH) using a slightly modified version of the procedure previously reported by Opoku et al. [29]. Two milligrams of DPPH per 100 milliliters of solution were obtained by dissolving DPPH purple powder in methanol (AR grade, Sigma Aldrich, Germany). In summary, 96-well plates were serially diluted with equal volumes of methanol containing 150 µl of each extract at a concentration of 5 mg/100 ml. Following the addition of 150 µl of the DPPH solution to each well, the plates were wrapped in foil, shaken for ten minutes, and then set on an IKA KS laboratory equipment shaker (Germany) set at 80 rpm. The dishes were then wrapped in foil and left to incubate for an hour in the dark. As a negative control, wells with a combination of 150 µl of DPPH and 150 µl of methanol were employed. Absorbance was measured at 517 nm using a microplate reader (Varioshskan Flash, Thermo Scientific Amsterdam). 
2,2'-azino-di-[3-ethylbenzthiazoline sulfonate (ABTS) assay 

The free radical scavenging activity of extracts from four plants was tested against 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) using a method adapted from Re et al. [30]. The 7 mM ABTS tablet was dissolved in 3.45 mM potassium persulfate and 3 ml of sterile distilled water. The solution was incubated for 16 hours at room temperature. Like the DPPH assay, the extracts were serially diluted and mixed with 150 μl of ABTS solution, then incubated for 6 minutes in the dark while being vigorously shaken at 80 rpm (IKA KS, Laboratory equipment, Germany). The absorption at 734 nm was then measured using a microplate reader (Varioshskan Flash, Thermo Scientific Amsterdam). 

Chelation of iron 

Extracts from the four plant species were tested for iron chelation activity using a slightly modified Decker and Wielch [31] technique. The plant extracts were serially diluted with methanol, just like in the DPPH experiment. About 100 μl of sterile distilled water, 10 μl of FeCl2 (2 mM), and 20 μl of disodium-4-[3-pyridin-2-yl-6-(4- 4-sulfonato phenyl)-1,2,4-triazin-5-yl] benzenesulfonate (5 mM) were used to further dilute the extracts in each well. A microplate reader (Varioshkan Flash, Thermo Scientific, Amsterdam) was then used to measure the absorbance at 562 nm after the plate mixture had been covered with foil and shaken at 80 rpm (IKA KS, Laboratory equipment, Germany) for roughly ten minutes. 
Each of the three antioxidant assays' percentages of inhibition was then computed using the formula 
Scavenging Inhibition = [1-At/A0]X 100, [32]
[bookmark: _Hlk216609704]At represents the absorbance of the test sample, and A0 represents the absorbance of the control solution. Graphs made with the GraphPad Prism software were used to extrapolate the IC50, or inhibitory concentration of 50% of the test radical, which is the concentration of the plant sample that inhibits 50% of the test radical. Ascorbic acid and azelaic acid were used as positive controls in all antioxidant experiments, while untreated wells were used as negative controls. 
Gas chromatography mass spectrometry analysis
Talinum caffrum organic extract demonstrated potential antimicrobial and antioxidant activity, along with selective inhibition of the HeLa cell line. Consequently, it was chosen for phytochemical analysis using GC-TOF-MS. The analysis followed the method used in our previous studies [33,34], with minor modifications. About 0.01 mg of the extract was completely dissolved in acetonitrile (GC-MS grade, Sigma Aldrich, Germany) to prepare a 1 mg/ml solution. Phytocompounds were separated using gas chromatography (8890 GC-TOF-MS, Agilent Technologies, Santa Clara, California, USA) equipped with a LECO Pegasus BT 4D Flight Mass Spectrometer (TOF-MS) from LECO Corporation, Michigan, USA. The prepared sample was loaded into the preheated Gerstel MPS2 Liquid/HS/SPME autosampler. Chromatographic separation was achieved using an AJ & W Rxi-5Sil MS capillary column (30 x 0.25 mm I.D., about 0.25 µm film thickness). The sample (1 µl at 1 mg/ml) was injected at 250°C with a splitless injector, and the GC oven was programmed to start at 70 °C for 0.5 minutes, then ramped at 10 °C per minute to 150 °C and held for 2 minutes. It was then ramped again at 10 °C per minute to 330 °C, and held for 3 minutes, for a total run time of 31.5 minutes. Helium (purchased from Afrox, Johannesburg, RSA, with 99.99% purity) was used as the carrier gas at a constant flow of 1 ml/min until separation was complete. The GC-TOF-MS interface temperature was maintained at 250°C, and mass spectra were acquired in full scan mode at 70 eV (m/z scan range from 50 to 600). Data collection was performed using ChromaTOF 5.55.29.01.1187, which incorporates the NIST MS 2.4 library with 95% similarity matching.
Statistical analysis
All the experiments were carried out in triplicate. The results for antimicrobial assays were recorded as the mean of three independent replicates. In contrast, the antioxidant and anticancer results were analyzed using Prism 7.05 and Microsoft Excel 2017, and the data are presented as IC50 ± SE. P-values of ≤0.05 were referred to as significant. ChromaTOF 5.55.29.01.1187, which incorporates the NIST MS 2.4 library with 95% similarity matching, was used to analyse the data from GC-TOF-MS phytochemical analysis.


Results
Antimicrobial activity
The antimicrobial activity of the selected medicinal plants was tested in vitro against various pathogenic microbes (Table 2). Shigella flexneri, Proteus mirabilis, and Staphylococcus aureus were the most susceptible strains to the extracts compared to other microorganisms. Cassia abbreviata extracts showed the lowest minimum inhibitory concentration (MIC) of 0.5 mg/ml against S. flexneri and Salmonella arizonae. In contrast, Talinum caffrum and Peltophorum africanum extracts had similar MIC values against S. arizonae and S. flexneri, respectively. Additionally, T. caffrum demonstrated an MIC of 0.20 mg/ml against both S. flexneri and S. aureus. P. africanum extract exhibited an MIC of 0.20 mg/ml against microbes such as Candida albicans, Klebsiella pneumoniae, S. aureus, and S. arizonae. Sclerocarya birrea exhibited an MIC value of 0.20 mg/ml against three microbes, such as P. mirabilis, S. flexneri, and S. aureus. Candida albicans was susceptible to Amphotericin B (control drug). At the same time, the bacterial strains were susceptible to both neomycin and streptomycin, which were used as control drugs against the selected bacterial strains.

Table 2. The antimicrobial activity of the extracts (MIC in mg/ml) against selected pathogens.

	Medicinal plants
	Percentage yields
	Candida
albicans
	Salmonella arizonae
	Proteus mirabilis
	Escherichia coli
	Klebsiella pneumoniae
	Shigella flexneri
	Staphylococcus aureus

	
	
	
	
	
	
	
	
	

	Talinum caffrum
	21.0
	1.57
	0.05
	0.20
	1.57
	1.57
	0.20
	0.20

	Cassia abbreviata
	28.0
	0.39
	0.05
	0.20
	0.78
	0.39
	0.05
	0.20

	Sclerocarya birrea
	36.4
	0.39
	0.78
	0.20
	0.78
	0.39
	0.20
	0.20

	Peltophorum africanum
	32.2
	0.20
	0.20
	0.10
	1.57
	0.20
	0.05
	0.20

	Amphotericin B
	-
	0.003
	-
	-
	-
	-
	-
	-

	Neomycin
	-
	-
	0.003
	0.008
	0.003
	0.008
	0.002
	0.004

	Streptomycin
	-
	-
	0.08
	0.04
	0.04
	0.032
	0.032
	0.032


Key: -, not done
Anticancer activity

[bookmark: _Hlk209603281][bookmark: _Hlk216771349]The anticancer properties of the selected medicinal plant extracts are summarized below (Table 3). Peltophorum africanum and Doxurubucin significantly (P-value ≤0.005) showed the lowest anticancer activity against the MCF-7 cell line, with an IC50 value of 1.80±0.001 µg/ml and 1.88±0.001µg/ml, respectively. Furthermore, Sclerocarya birrea and Talinum caffrum significantly (P-value ≤0.005) exhibited IC50 values of 44.14±0.001 and 35.66±0.004 µg/ml against HeLa cells, while Cassia abbreviata and P. africanum extracts insignificantly showed IC50 values of 488.82±8.64 and 230.84±6.83 µg/ml, respectively, against a similar cell line (P-value ≥0.005). C. abbreviata extracts did not show significant inhibition of Caco-2 cells, with an IC50 greater than 1000 µg/ml, while P. africanum and S. birrea had IC50 values of 112.03±0.12 and 121.11±0.08 µg/ml against the same cell line. Furthermore, the Caco-2 cell line was found to be unsusceptible to the extracts from the selected medicinal plant extracts compared to other cell lines
Table 3. Anticancer activity (IC50 in µg/ml) of the extracts from the selected medicinal plant extracts.
	[bookmark: _Hlk216771918]Medicinal plants and controls
	HeLa
	MCF-7
	Caco-2

	Peltophorum africanum
	230.84±6.83h
	1.80±0.001a
	[bookmark: _Hlk216771670]112.03±0.12c

	Cassia abbreviata 
	488.82±8.64ij
	346.92±8.23ij
	>1000

	Sclerocarya birrea 
	44.14±0.001a
	125.84±4.21fg
	[bookmark: _Hlk216771707]121.11±0.08ab

	Talinum caffrum
	[bookmark: _Hlk216771326]35.66±0.004a
	59.0±0.411fg
	131.09±0.21de

	Doxorubicin
	1.88±0.001a
	2.66±0.002a
	2.44±0.004a




Antioxidant activity
In the antioxidant assays (Table 4), T. caffrum significantly (P-value ≤0.05) exhibited a notable inhibition of ABTS and Fe2+, yielding IC50 values of 1.12±0.001 and 1.11±0.001 µg/ml, respectively. In contrast, both C. abbreviata and S. birrea significantly exhibited notable IC50 values of 1.44±0.01 and 1.40±0.004 µg/ml against ABTS free radical, respectively. S. birrea further exhibited the lowest IC50 value of 2.62±0.04 µg/ml against DPPH free radical, compared to other medicinal plants. Except for C. abbreviata extracts, the extracts from the selected medicinal plants exhibited potent inhibition of Fe2+ compared to the control drug, azelaic acid. Besides Peltophorum africanum extracts against DPPH (IC50=4.80±0.066 µg/ml), all the extracts from the selected medicinal plants significantly (P-value ≤0.05) inhibited DPPH, ABTS, and Fe2+.
Table 4. Antioxidant activity (IC50 in µg/ml) of the extracts from the selected medicinal plant extracts.
	Medicinal plants and controls
	DPPH
	ABTS
	Fe2+

	Peltophorum africanum
	4.80±0.066ab
	2.20±0.023e
	2.40±0.02a

	Cassia abbreviata 
	3.33±0.011bc
	1.44±0.01a
	4.55±0.004a

	Sclerocarya birrea 
	[bookmark: _Hlk216773533]2.62±0.04a
	[bookmark: _Hlk216773513]1.40±0.004a
	2,22±0.002a

	Talinum caffrum
	4.40±0.001a
	1.12±0.001a
	1.11±0.001a

	Ascorbic acid
	1.36±0.041a
	3.12±0.06ab
	-

	Azelaic acid
	-
	-
	3.92±0.04a



Phytochemical analysis of Talinum caffrum


[bookmark: _Hlk209779002]The organic extract from Talinum caffrum showed strong antibacterial activity, especially against Shigella flexneri, Salmonella arizonae, Proteus mirabilis, and Staphylococcus aureus. Additionally, the extract demonstrated potent anticancer activity by selectively inhibiting the growth of HeLa cell lines and exhibited antioxidant activity through ABTS and iron chelation, leading to its selection for phytochemical analysis. A total of 127 compounds from various groups were identified in the organic extract of T. caffrum (Table 4). The most abundant compounds by percentage area include 4-Methyl-2,4-bis(p-hydroxyphenyl) pent-1-ene, 2TMS derivative (20.893%), 2-Furancarboxylic acid, 2-methylbutyl ester (16.909%), 1,2,4-Benzenetricarboxylic acid, 1,2-dimethyl ester (13.702%), Glycolamide (2.103%), and Methyl acetoxyacetate (2.103%).












Table 4. GC-TOF-MS analysis of organic extract from Talinum caffrum


	Tentative name 
	 Area %
	Similarity
	R.T. (min)
	Formula

	Benzaldehyde, 4-(phenyl methoxy)-
	0.279
	805
	2.33481
	C14H12O2

	Oxetane, 2,4-dimethyl-, trans-
	0.122
	749
	2.65357
	C5H10O

	Cobalt (II), bis(4-thiolopent-3-ene-2-thione)
	0.043
	666
	2.89383
	C10H14CoS4

	4,4'-bi-4H-pyran, 2,2',6,6'-tetrakis(1,1-dimethylethyl)-4,4'-dimethyl-
	0.193
	755
	3.11641
	C28H46O2

	Glycolamide
	2.103
	773
	3.17215
	C2H5NO2

	2-Methylundecanal dimethyl acetal
	0.314
	772
	3.17236
	C14H30O2

	1,2,4,5-Tetrazine, 3,6-diphenyl-
	0.282
	692
	4.02178
	C14H10N4

	Allyl acetate
	0.032
	661
	4.20134
	C5H8O2

	Methyl acetoxyacetate
	2.013
	681
	4.29778
	C5H8O4

	Succinic acid, 2-methylpent-3-yl 2,2,3,3,3-pentafluoropropyl ester
	0.017
	792
	4.37124
	C13H19F5O4

	1H,1H,2H,2H-Perfluorodecan-1-ol
	0.114
	760
	4.40966
	C10H5F17O

	Oxime-, methoxy-phenyl-
	0.148
	812
	4.62082
	C8H9NO2

	4-Penten-2-one
	0.004
	999
	4.66072
	C5H8O

	1,2-Cyclopentanedione
	0.618
	770
	4.96387
	C5H6O2

	Diglycolic acid
	0.434
	684
	4.99883
	C4H6O5

	Hydrazinecarboxylic acid, methyl ester
	1.243
	694
	5.25453
	C2H6N2O2

	2-Oxetanone, 4-methyl-
	0.003
	999.5
	5.39325
	C4H6O2

	2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one
	0.063
	757
	5.47556
	C6H8O4

	Decane
	1.393
	901.5
	5.65711
	C10H22

	Pentane, 2-nitro-
	0.254
	674
	5.66109
	C5H11NO2

	Pentane, 3,3-dimethyl-
	0.044
	719
	5.71782
	C7H16

	Dihydroxyacetone,0.303,786,
	0.303
	786
	5.80226
	C3H6O3

	1H,1H,2H,2H-Perfluorooctan-1-ol
	0.031
	786
	6.03173
	C8H5F13O

	Ethoxy(phenyl)silanediol, 2TMS,
	0.519
	670
	6.27195
	C14H28O3Si3

	Methanol, TMS derivative
	0.145
	749
	6.34315
	C4H12OSi

	5-Methoxy-[1,2,3] oxadiazole
	0.11
	660
	6.35466
	C3H4N2O2

	7-Chloro-1-(4-fluorophenyl) heptan-1-one
	0.15
	750
	6.4814
	C13H16ClFO

	3H-1,2,4-Triazol-3-one, 1,2-dihydro-
	0.13
	883
	6.56832
	C2H3N3O

	4-Methyl-2,4-bis(p-hydroxyphenyl) pent-1-ene, 2TMS derivative
	20.893
	733
	6.68431
	C24H36O2Si2

	2-Furancarboxylic acid, 2-methylbutyl ester
	16.909
	708
	6.83677
	C10H14O3

	2-Hydroxy-gamma-butyrolactone
	0.406
	856
	6.89417
	C4H6O3

	2-Oxetanone, 4-methyl-
	1.249
	999.6
	6.96966
	C4H6O2

	Pyrazine, tetramethyl-
	0.108
	904
	7.179
	C8H12N2

	5-Fluoro-4(3H)-pyrimidinone
	0.076
	679
	7.2039
	C4H3FN2O

	2,4-Dihydroxybenzaldehyde, 2TMS derivative
	0.016
	755
	7.24635
	C13H22O3Si2

	Undecane
	0.259
	879
	7.32972
	C11H24

	Benzoic acid, hydrazide
	0.036
	787
	7.40938
	C7H8N2O

	Nonanal
	0.299
	883
	7.45833
	C9H18O

	2-Pyrrolidinone
	0.079
	828
	7.47424
	C4H7NO

	Glycerin
	1.302
	919
	7.66879
	C3H8O3

	[bookmark: _Hlk209440538]1,2,4-Benzenetricarboxylic acid, 1,2-dimethyl ester
	10.684
	846
	7.68502
	C11H10O6

	Neopentane
	0.222
	926
	7.79515
	C5H12

	1H-Tetrazol-5-amine
	0.017
	737
	8.19259
	CH3N5

	2-Oxetanone, 4-methylene-
	0.047
	684
	8.52788
	C4H4O2

	Benzeneacetic acid, methyl ester
	0.012
	742
	8.76537
	C9H10O2

	Bisphenol A monomethyl ether, TMS derivative
	0.001
	915
	8.82657
	C19H26O2Si

	Pentanoic acid
	0.019
	734
	8.84408
	C5H10O2

	Propanoyl chloride, 3-chloro-
	0.019
	778
	8.91278
	C3H4Cl2O

	Azetidine
	0.004
	904
	8.94316
	C3H7N

	4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-
	0.136
	877
	9.02133
	C6H8O4

	Decane, 2,4-dimethyl-
	0.023
	644
	9.10123
	C12H26

	Ethanamine, N-ethyl-N-nitroso-
	0.178
	849
	9.12701
	C4H10N2O

	1-(1,3-Dimethyl-1H-pyrazol-4-yl)ethanone
	0.005
	731
	9.15128
	C7H10N2O

	Decanal
	0.04
	873
	9.22106
	C10H20O

	Isophthalaldehyde,0.102,782,9.57312,C8H6O2,90
	0.102
	872
	9.57312
	C8H6O2

	4-Methyl-2,4-bis(p-hydroxyphenyl)pent-1-ene, 2TMS derivative
	0.137
	942
	9.67787
	C24H36O2Si2

	Succinimide
	0.072
	918
	9.77059
	C4H5NO2

	Ethanol, 2-phenoxy-
	0.06
	743
	9.87375
	C8H10O2

	Benzene, 1,3-bis(1,1-dimethylethyl)-
	0.032
	797
	10.0456
	C14H22

	1-Butanol, 3-methyl-, formate,
	1.271
	744
	10.1245
	C6H12O2

	1-Propyl-3,6-diazahomoadamantan-9-ol
	0.011
	656
	10.3959
	C12H22N2O

	Akuammilan-16-carboxylic acid, 17-(acetyloxy)-10-methoxy-, methyl ester, (16R)-
	0.003
	682
	10.4326
	C24H28N2O5

	[bookmark: _Hlk209778733]1,2,4-Benzenetricarboxylic acid, 1,2-dimethyl ester
	3.026
	715
	10.5086
	C11H10O6

	Ethanone, 1-(2,4-dihydroxyphenyl)-
	0.148
	855
	10.7345
	C8H8O3

	3,4-Dihydroxymandelic acid, 4TMS derivative
	0.543
	730
	10.999
	C20H40O5Si4

	Undecane, 3,7-dimethyl-
	0.005
	746
	11.4363
	C13H28

	2-Methoxy-4-vinylphenol
	0.093
	879
	11.6008
	C9H10O2

	Phthalic acid, dodecyl 2-isopropoxyphenyl ester
	0.01
	683
	11.8045
	C29H40O5

	Cyclohexane, octadecyl-
	0.032
	743
	11.9708
	C24H48

	4-Penten-2-one
	0.032
	692
	11.9901
	C5H8O

	Phenol, 2-methoxy-3-(2-propenyl)-
	0.379
	912
	12.3521
	C10H12O2

	2-Acetyl-2-methyltetrahydrofuran
	0.009
	905
	12.3689
	C7H12O2

	4-tert-Octylphenol, TMS derivative
	0.074
	813
	12.6073
	C17H30OSi

	Hexadecane
	0.065
	866
	13.0691
	C16H34

	Vanillin
	0,295
	929
	13.8357
	C8H8O3

	Brucine
	0.001
	705
	14.393
	C23H26N2O4

	Phenol, 4-hexadecyl-
	0.057
	890
	14.6029
	C22H38O

	Phenol, 2-methoxy-4-propyl-
	0.081
	838
	14.9426
	C10H14O2

	4-tert-Octylphenol, TMS derivative
	0.091
	787
	15.1486
	C17H30OSi

	3,4-Hexanedione, 2,2,5-trimethyl-
	0.015
	789
	15.2107
	C9H16O2

	5-Acetyl-2-methoxyphenyl acetate
	0.132
	817
	15.5593
	C11H12O4

	2,4-Di-tert-butylphenol
	0.15
	837
	15.567
	C14H22O

	Mandelic acid, 3,4-dimethoxy-, methyl ester
	0.038
	738
	15.6189
	C11H14O5

	Isodemecolcine, N-desmethyl-
	0.002
	678
	15.9791
	C20H23NO5

	3-Hydroxy-4-methoxybenzoic acid, methyl ester
	0.025
	795
	16.0677
	C9H10O4

	2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-, (R)-
	0.021
	796
	16.127
	C11H16O2

	Guaiacol, 4-butyl-
	0.196
	867
	16.3509
	C11H16O2

	3-Butenoic acid, 2,2-diethyl-
	0.395
	714
	16.7277
	C8H14O2

	Homovanillyl alcohol
	0.06
	842
	16.9438
	C9H12O3

	1-(benzo[d][1,3] dioxol-4-yl) propan-1-one
	0.026
	718
	17.0496
	C10H10O3

	Pyrolo[3,2-d] pyrimidin-2,4(1H,3H)-dione
	0.031
	790
	17.7896
	C6H5N3O2

	Sucrose
	1.917
	730
	18.5047
	C12H22O11

	Demecolcine
	0.008
	693
	18.6735
	C21H25NO5

	Demecolcine
	0.029
	654
	18.9322
	C21H25NO5

	2,6-Diisopropylnaphthalene
	0.016
	766
	18.9322
	C16H20

	3,5-Diamino-1,2,4-triazole
	0.01
	711
	19.621
	C2H5N5

	1-Nonene, 4,6,8-trimethyl-
	0.654
	659
	19.8863
	C12H24

	2,6-Diisopropylnaphthalene
	0.029
	754
	19.9211
	C16H20

	Hexaborane
	0.001
	680
	19.9855
	B6H10

	2,6-Diisopropylnaphthalene
	0.023
	791
	20.037
	C16H20

	3-Methoxyformanilide
	0.013
	707
	20.3256
	C8H9NO2

	4-Methyl-2,4-bis(p-hydroxyphenyl) pent-1-ene, 2TMS derivative
	0.076
	942
	20.4053
	C24H36O2Si2

	2'-Hydroxy-5'-methylacetophenone, TMS derivative
	0.073
	659
	20.8654
	C12H18O2Si

	2-Propanone, 1-hydroxy-3-(4-hydroxy-3-methoxyphenyl)-
	0.055
	816
	21.3704
	C10H12O4

	Tetradecane, 1-iodo-
	0.033
	821
	21.5988
	C14H29I

	(-)-Nortrachelogenin
	0.035
	692
	21.9168
	C20H22O7

	4-tert-Octylphenol, TMS derivative
	0.135
	837
	22.0468
	C17H30OSi

	Cyclopenta[g]-2-benzopyran, 1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-hexamethyl-
	0.006
	810
	22.5305
	C18H26O

	3,4-Methylenedioxymandelic acid, 2TMS derivative
	0.101
	800
	22.5647
	C15H24O5Si2

	Pyridine, 4-tert-butyl-2-(tert-butylthio)-
	0.017
	829
	23.0586
	C13H21NS

	1-Hexadecanol
	0.074
	931
	23.2468
	C16H34O

	Hexadecanoic acid, methyl ester
	0.192
	917
	24.0894
	C17H34O2

	Mercaptoacetic acid, 2TMS derivative
	0.051
	761
	24.1866
	C8H20O2SSi2

	Benzene propanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, methyl ester
	0.008
	715
	24.2195
	C18H28O3

	4-Methyl-2,4-bis(p-hydroxyphenyl) pent-1-ene, 2TMS derivative
	0.058
	942
	24.4918
	C24H36O2Si2

	3-(1H-Indol-3-ylmethyl)-7-methyl-5-phenyl-1,3-dihydro-benzo[e][1,4] diazepin-2-one
	0.047
	877
	25.6055
	C25H21N3O

	(Z)-15-Octadecenoic acid methyl ester
	0.023
	745
	27.3824
	C19H36O2

	Methyl stearate
	0.051
	717
	27.8706
	C19H38O2

	Ethyl 2-ethoxycarbonyl-3-(1-phenethyl) heptanoate
	0.011
	677
	27.8706
	C20H30O4

	4-tert-Octylphenol, TMS derivative
	0.089
	840
	27.9505
	C17H30OSi

	2-(4-Fluorophenyl)-N-(3-nitrobenzyl) ethanamine, TMS
	0.157
	698
	28.2635
	C18H23FN2O2Si

	Octadecane, 1-isocyanato-
	0.232
	864
	28.9973
	C19H37NO

	2,2'-Bifuran, 2,2',5,5'-tetrahydro-
	0.003
	801
	29.1503
	C8H10O2

	Nitrous oxide
	0.073
	999
	30.0268
	N2O

	2-Hexyl-2-[5-(thiophen-2-yl) thiophen-2-yl]-1,3-dioxolane
	0.016
	738
	30.8914
	C17H22O2S2

	4-tert-Octylphenol, TMS derivative
	0.04
	820
	31.6167
	C17H30OSi

	4-tert-Octylphenol, TMS derivative
	0.047
	849
	33.8003
	C17H30OSi



Discussions

In recent years, antibiotic resistance has become widespread in both developed and underdeveloped countries. Enzymatic degradation, target modification, decreased absorption, and overexpression of efflux pump proteins are the most common mechanisms of antimicrobial resistance [35]. The extracts from the selected medicinal plants showed varying levels of antimicrobial activity against the studied pathogens (Table 2). Besides Escherichia coli, all the other pathogens were susceptible to at least one plant extract, with Staphylococcus aureus, Shigella flexneri, and Proteus mirabilis being more susceptible to the tested plant extracts. Recently, these microbes have been frequently found in wounds and urinary tract infections (UTI) in clinical settings and are resistant to numerous antibiotics, including Penicillin, Ampicillin, Tetracycline, Gentamycin, Chloramphenicol, Streptomycin, Erythromycin, Kanamycin, Oxacillin, Norfloxacillin, Ciprofloxacin, Amikacin, and Imipenem [36-38]. Talinum caffrum extract showed the lowest minimum inhibitory concentration (MIC) of 0.05 mg/ml against Salmonella arizonae, while extracts from Cassia abbreviata and Peltophorum africanum exhibited similar MIC values against Shigella flexneri. It is important to note that there are no established standards for the antimicrobial susceptibility of plant extracts [39-42]. However, in this study, plant extracts with MIC values of ≤0.20 mg/ml were considered potent inhibitors of microbial growth, while those with MIC values ≥0.20 mg/ml were considered inactive [43]. Additionally, extracts with MIC values of ≤0.10 mg/ml were classified as strong inhibitors of the selected microorganisms [44]. Judging by these standards, C. abbreviata exhibited a strong antimicrobial activity against both S. flexneri and A. arizonae, while T. caffrum and P. africanum exhibited stronger antimicrobial activity against S. arizonae and S. flexneri, respectively.  Although these plant extracts exhibited stronger antimicrobial activity, their MIC values were relatively higher compared to the control drugs used in the study. However, it should be noted that the use of plant extracts may have multiple binding sites for microbes, compared to control drugs [45]. It is further important to note that potency (0.05 mg/ml) remains highly relevant, as this is 50 g/ml of crude extract, indicating significant activity of the bulk material. It is important to note that the mode of action of these plant species still needs to be explored and further determine the safest and effective dosages. 
[bookmark: _Hlk216611099][bookmark: _Hlk216611250]Recently, Mongalo and Raletsena [13], comprehensively documented the antimicrobial activity of Peltophorum africanum from the literature. Interestingly, the 1:1 methanol: dichloromethane extract exhibited an MIC value of 1.0 mg/ml against Klebsiella pneumoniae, Pseudomonas aeruginosa, and Staphylococcus aureus, while the methanol extracts exhibited an MIC value of 0.02 mg/ml against Cryptococcus neoformans. Elsewhere, the 70% methanolic stem bark extracts exhibited an MIC value of 1.6 mg/ml against both Neisseria gonorrhoea and Oligella ureolytica [46-47]. Recently, Mnisi et al. isolated compounds such as 3-octadecanoyl stigmasterol and Betulinic acid-3-3,4-dihydroxybenzoate from P. africanum stem bark, with potent antibacterial activity against Staphylococcus aureus and Pseudomonas aeruginosa [49]. The antimicrobial efficacy of Cassia abbreviata has been summarized [50]. The roots extracted with hexane, ethanol, methanol, dichloromethane, and both tap and distilled water exhibited MIC value of 0.02 mg/ml against Candida albicans, while the stem bark extracted with acetone exhibited an MIC value of 0.5 mg/ml against the drug-sensitive Mycobacterium tuberculosis (H37Rv) strain and a further 0.5 mg/ml against Bacillus cereus, Bacillus pumilis, Staphylococcus aureus, and Enterococcus faecalis. Various extracts from the stem bark of Sclerocarya birrea exhibited some potent antimicrobial activity against various drug-resistant strains, including gastrointestinal strains [51-53]. The aqueous and acetone extracts from the stem bark exhibited potent antimicrobial activity against C. albicans and Mycoplasma hominis, yielding MIC values of 0.1 and 0.05 mg/ml, respectively [54,55]. Elsewhere, Cassinidin A, isolated from the roots of C. abbreviata, exhibited an MIC value of 0.5 µg/ml against both Bacillus subtilis and Staphylococcus aureus and a notable MIC of 0.1 µg/ml against Candida mycoderma, while Cassinidin B yielded a MIC value of 0.5 µg/ml against C. mycoderma [56]. The aqueous extracts from Tallinum caffrum bulbs exhibited an MIC value of 2.50 mg/ml against various Mycobacterium strains such as Mycobacterium bovis, Mycobacterium smegmatis, Mycobacterium gordonae, and Mycobacterium aurum [57]. Although there is a difference in terms of microbes used, plant collection site, and other environmental factors, these reported bioactivity supports the findings of the current study.
[bookmark: _Hlk216682607][bookmark: _Hlk210658466]The anticancer activity of the extracts from the selected medicinal plants has been explored (Table 3). P. africanum extracts exhibited a significant anticancer activity against the MCF-7 cell line, yielding an IC50 value of 1.80 µg/ml, while both S. birrea and T. caffrum extracts exhibited noteworthy inhibition of HeLa cells, yielding an IC50 value of 44.14 and 35.66 µg/ml, respectively. All three plants selectively inhibit the said cancerous cell lines in vitro. It is important to note that there is no clear-cut off point for the anticancer effects of various botanicals. However, some authors proposed that a good anticancer extract is thought to have an IC50 value of 20 µg/ml, while others consider an IC50 value of 30 µg/ml serves as a cutoff threshold for cytotoxic plant extracts to be considered for further purification and mode of actions in the in vitro anticancer screenings [13,50]. Elsewhere, Kuete and Efferth [58] proposed significant or strong cytotoxicity: IC50 < 20 µg/mL; moderate cytotoxicity: 20 µg/ml < IC50 < 50 µg/ml; low cytotoxicity: 50 µg/mL< IC50 < 200 µg/ml. Judging by this standard, both T. caffrum and S. birrea extracts had a moderate inhibition of HeLa cells, while P. africanum extracts exhibited a strong inhibition of MCF-7 tumour cells. Furthermore, C. abbreviata extracts did not reveal any cytotoxicity to the selected cancer cells. 
Earlier, the ethyl acetate extract from the P. africanum stem bark was evaluated for anticancer effects against some cancerous cell lines. The stem bark ethyl acetate extract reduced the viable cell counts in the human breast (MCF-7), colon (HT-29), and cervical (HeLa) to 48.38, 62.36, and 76.10%, respectively, at a dose of 25 µg/mL after 24 hours of treatment [59,60]. It is significant to highlight that because of the difference in cell lines, the solvent of extraction used, and the LC50 values, which were not documented, these results could not be comparable to our study. 
[bookmark: _Hlk200026519][bookmark: _Hlk210724461][bookmark: _Hlk194408613]Nevertheless, in their study, the altered control shriveled with membrane blebbing, loss of flattened morphology, and separated apoptotic bodies due to cytoplasm retraction around the nucleus were observed in the MCF-7 cells, which might be the possible mode of action in our study against a similar cell line. Although these plants, particularly P. africanum, exhibited excellent anticancer effects, their mode of action needs to be explored. According to literature sources, cell cycle arrest and promoting apoptosis are the most common modes of action against tumour cell lines [61]. Elsewhere, the aqueous root bark extracts from C. abbreviata exhibited IC50 values of 1.49 µg/ml against the hepatocellular carcinoma (HCC) cell line [62]. 
To act as natural antioxidants and prevent oxidative stress brought on by reactive oxygen species, plants produce significant and/or abundant amounts of a variety of compounds during biotic and abiotic stress. This protects plant cells from oxidation and cell damage [63]. The antioxidant activity of the selected medicinal plant extracts against 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2ˊ-azino-di-[3-ethylbenzthiazoline sulfonate (ABTS), and chelation of iron (Fe2+) have been studied (Table 4). Talinum caffrum extract significantly exhibited the lowest IC50 values of 1.12 and 1.11 µg/ml against ABTS and Fe2+, respectively, while Slerocarrya birrea extracts exhibited the lowest IC50 value of 2.62 against a stable DPPH free radical. According to Nwachuku et al [64], a good antioxidant should be highly effective in at least two to three different assays. The lower the number, the more effective and potent the antioxidant property of the extract is considered [65]. According to Nacer et al [56], plant extracts yielding IC50 values of ≤ 20 µg/ml are considered excellent antioxidants that could easily destabilize the free radicals in the body, thereby curbing the onset and or progression of many different devastating illnesses. Judging by these standards [64-66], T. caffrum extracts exhibited a potent antioxidant activity compared to the other medicinal plants. However, the extract exhibited antioxidant activity less than that of ascorbic and azelaic acid, used as positive control drugs in the study. Comparatively, the experimental study of all extracts revealed the following rank order in terms of IC50 value for all plant extracts examined: DPPH (3.7 µg/ml), Fe2+ (2.57 µg/ml), and ABTS (1.54 µg/ml). Elsewhere, other authors reported a contradictory trend to our findings [67-69].
Besides selectively inhibiting the growth of HeLa cells (IC50 = 35.66 µg/ml), T. caffrum exhibited potent antioxidant activity compared to other selected medicinal plants, hence selected for gas chromatography time-of-flight mass spectrometry (GC-TOF-MS). The extract yielded major compounds such as 4-Methyl-2,4-bis(p-hydroxyphenyl) pent-1-ene, 2TMS derivative (20.893%), 2-Furancarboxylic acid, 2-methylbutyl ester (16.909%), 1,2,4-Benzenetricarboxylic acid, 1,2-dimethyl ester (10.684%), 1,2,4-Benzenetricarboxylic acid, 1,2-dimethyl ester (3.026%), Glycolamide (2.103%), and Methyl acetoxyacetate (2.103%) as bold faceted in Table 4. Earlier, 4-methyl-2,4-bis(p-hydroxyphenyl) pent-1-ene (2TMS derivative) was recently identified using GC-MS and reportedly linked with hepatocellular carcinoma (HCC) biomarkers that are lacking in clinical practice [70]. Furthermore, many authors report the compound to possess enormous anticancer activity through inducing apoptosis in different cancer cells [71-73]. Other authors reported a similar compound to yield potent antimicrobial and antioxidant activity in vitro [74-76]. The biological activity, particularly of T. caffrum may well be explained by this major compound, individually or in combination with the other compounds that yielded a higher percentage area.
Limitations of the study
The current work was limited only to the antiproliferative effects of the plant extracts not the normal cell lines, with the prospects of isolating and characterising the anticancer compounds from the promising plant extracts. Furthermore, the MBC and MFC were also a limitation for the study.
Conclusions and prospects

The selected medicinal plants showed varying levels of antimicrobial activity against specific microorganisms, especially against Salmonella arizonae, Shigella flexneri, Proteus mirabilis, and Staphylococcus aureus, with MIC values as low as 0.05 to 0.20 mg/ml. The data indicate that these medicinal plants could potentially be used as complementary and alternative medicines for treating various infections, including gastrointestinal and foodborne diseases. Additionally, the extracts, particularly those from Talinum caffrum, demonstrated strong antioxidant activity and may be useful against radicals that can cause multiple infections in humans. The extracts could also be used to alleviate a plethora of various forms of cancers and their opportunistic infections associated with AMR due to immunosuppression in patients. Furthermore, besides AMR, various forms of cancers, the plant extracts could well boost the immune system due to their potent antioxidant activity, particularly against ABTS and Fe2+. However, the mechanisms of action, toxicity, and appropriate dosages still need further research.  The observed biological activities, especially those from T. caffrum, may be linked to phytochemicals identified through GC-TOF-MS analysis. In our future studies, we will be isolating and characterising potent anticancer compounds from the plant species with promising anticancer activity. Such anticancer activity will be compared to the cytotoxicity of the compounds against the normal cell lines.
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