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Sutherlandia frutescens (Fabaceae) extracts used for treating tuberculosis do not have high activity against Mycobacterium smegmatis
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Abstract

Sutherlandia frutescens (L) R. Br. contains several essential, bioactive compounds with clinically proven pharmacological activities. Sutherlandia is prescribed for people with tuberculosis but it is still not known what compounds in this plant act against Mycobacterium tuberculosis and its mode of action. This study is aimed at determining if S. frutescens extracts contain antimycobacterial compounds. Aerial parts of S. frutescens were dried, ground and extracted with ethanol, dichloromethane: methanol 1:1 (v/v) and water. The chemical profiling was done using high-performance liquid chromatography-mass spectroscopy (HPLC-MS) and thin layer chromatography (TLC). TLC plates were developed in butanol:acetic acid:water (BAW) to the ratio of 21:6:3; chloroform:methanol:water:formic acid (CMWF1) [60:15:2:1] and (CMWF2) [21:9:1:0.3]. Qualitative antioxidant activity was done, using 2.2-diphenylpacryl-1-hydrazyl (DPPH). Antimycobacterial activity of the plant extracts was evaluated, using micro-dilution and bioautographic methods against Mycobacterium smegmatis. Low antimycobacterial activity against M. smegmatis was observed on the bioautograms. The ethanol extracts contained more compounds compared to water extracts on HPLC-MS chromatographic profiles. The average Minimum Inhibitory Concentration (MIC) values for all the extracts were 0.61 mg/mL units and the DCM:MeOH (1:1) extract had the lowest MIC value of 0.28 mg/mL. The results showed that the plant could be further explored for possible antimycobacterial agents. Low activity was observed, possibly due to low replication of bacilli and non-replicating organisms. The study provides preliminary scientific validation of the traditional medicinal use of this plant. Further studies are required to identify the bioactive compounds in the DCM:MeOH 1:1 extract which showed significant antimycobacterial activities.

Research correlation: This article is the original version, of which an Afrikaans translation was made available to provide access to a larger readership, available here: https://doi.org/10.4102/satnt.v36i1.1494

Abstrakte

Die toets van ekstrakte uit Sutherlandia frutescens (Fabaceae) op Mycobaterium smegmatis in die behandeling van tuberkulose. Sutherlandia frutescens (L) R. Br. bevat verskeie essensiële bioaktiewe verbindings met farmakologiese aktiwiteite waarvoor daar kliniese bewyse bestaan. Sutherlandia word vir mense met tuberkulose voorgeskryf, maar niemand weet nog watter verbinding(s) in hierdie plant Mycobacterium tuberculosis en die werking daarvan teenwerk nie. Hierdie studie het ten doel om te bepaal of S. frutescens antimikobateriële verbindings bevat. Bogrondse dele van S. frutescens is gedroog, gemaal en met etanol:metanol [1:1] (v/v) en water onttrek. Die chemiese profiel is bepaal deur hoëverrigting vloeistofchromatografie-massaspektrometrie en dunlaagchromatografie te gebruik. Die plate vir dunlaagchromatografie is in butanol:asynsuur:water (BAW) [21:6:3], chloroform:metanol:water:mieresuur (CMWM1) [60:15:2:1] en CMWM2 [21:9:1:0.3] ontwikkel. ‘n Kwalitatiewe anti-oksidant-aktiwiteit is gedoen deur 2.2-difeniel-1-pikrielhidrasiel (DFPH) te gebruik. Die antimikobakteriële aktiwiteit van die plantekstrakte is geëvalueer deur mikro-verdunning en bio-outografiese metodes teen Mycobacterium smeagmatis te gebruik. Ons het lae antimikobateriële aktiwiteit teen M. smegmatis in die bio-outogramme waargeneem. Die profiele van die hoëverrigting vloeistofchromatograpfie-massaspektrometrie het meer verbindings in die etanol-ekstrakte as in die waterekstrakte bevat. Die gemiddelde waardes vir minimum inhibeerderkonsentrasie vir al die ekstrakte was 0.61 mg/mL en die ekstrak vir DCM:MeOH (1:1) het die laagste minimum inhibeerderkonsentrasie-waarde, naamlik 0.28 mg/mL, gehad. Die resultate het getoon dat die plant verder vir moontlike antimikobakteriële agente ondersoek kan word. Lae aktiwiteit is waargeneem, waarskynlik as gevolg van stadig vermeerderende bacilli en nie-vermeerderende organismes. Die studie bied voorlopige wetenskaplike ondersteuning vir die tradisionele medisinale gebruik van hierdie plant.
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Introduction

Sutherlandia frutescens is a well-known and much used, commercially cultivated indigenous medicinal plant in southern Africa. S. frutescens contains several essential bioactive compounds with clinically proven pharmacological activities (Haraguchi 2001:1; Ojewole 2008:126; Prevoo, Swart & Swart 2008:118). This makes the plant attractive as a medicine for various ailments and diseases. Sutherlandia is recommended by the South African Department of Health as a supporting treatment for people living with Acquired Immune Deficiency Syndrome (AIDS) (Mills et al. 2005:1; SA Healthinfo 2009:1; Seier et al. 2002:1). It is also prescribed for treatment of cancer, tuberculosis (TB), diabetes, anxiety and clinical depression (Mills et al. 2005:1; SA Healthinfo 2009:1; Van Wyk 1997).

TB is a highly infectious disease caused by Mycobacterium tuberculosis and it kills millions of people annually. It is also one of the common co-infections in people living with Human Immunodeficiency Virus (HIV) and/or AIDS, thus worsening the HIV and/or AIDS pandemic. The drugs that are currently used to treat TB have to be taken over a long period, and because of this people prematurely stop treatment leading to the development of resistance. Also, there is a growing increase in drug-resistant strains which are considered a significant health threat (WHO 2007a, 2007b). World-wide efforts are being made to discover quicker acting drugs which are also effective against the drug-resistant strains. While Sutherlandia is prescribed for people with TB, it is still not known if the extracts have antimycobacterial activity and what compounds in this plant might act against M. tuberculosis and its mode of action. This study was aimed at investigating the activity of Sutherlandia frutescens extracts against Mycobacterium smegmatis. M. tuberculosis grows extremely slowly and represents a biological hazard in the laboratory. M. smegmatis contains a similar cell-wall structure to M. tuberculosis and is commonly used in laboratory experiments for research analysis due to the fact that it is a ‘fast grower’ and non-pathogenic (Reyrat & Kahn 2001). Furthermore the highly infectious nature of M. tuberculosis restricts its use for large-scale screening of probable drug candidates. M. smegmatis has been found to display a drug-sensitivity profile similar to M. tuberculosis (Chaturvedi et al. 2007). The plant extracts were primarily screened against this rapidly growing and non-pathogenic mycobacterial strain with a view to identifying active compounds which could later be tested against M. tuberculosis’s shikimate kinase. This study set out to provide preliminary data on in vitro anti-mycobacterial activity as a first step to further investigations.

Materials and methods

Plant collection

One hundred and fifty grams of fresh aerial parts (the leaves and stems) of Sutherlandia were collected at a community-based farm in Petrusburg in the Free State, South Africa (29° 6.774′ S; 25° 24.305′ E; 1249 m above sea level). A twig containing a flower was sent to the South African National Biodiversity Institute (SANBI) for identification. (SANBI voucher specimen number: 428679). The plant material was finely ground and stored at room temperature until the tests were done.

Extraction procedure

Plant material extraction based on the traditional method

Dried ground aerial parts (leaves and stems) of S. frutescens (50 g) were boiled in 2 L of distilled water using a hot plate and a steel extraction vessel covered with aluminium foil, and it was stirred occasionally. The suspension was removed from the hot plate, cooled at room temperature, filtered through Whatman no.1 filter paper and collected in a pre-labelled glass beaker. The aqueous extraction was freeze-dried and a powder was subsequently obtained. The extract was stored in an airtight container in the cold room at 4 °C until further testing.

Plant material extractions using organic solvents

One litre of 96% ethanol was added to 50 g plant material stirred and left overnight. The suspension was filtered the following day, using Whatman no.1 filter paper and evaporated to give an ethanol extract (excess ethanol from the Whatman number 1 extract was dried using a fume-hood overnight). Another 50 g plant material was used to prepare 1:1 dichloromethane: methanol (DCM:MeOH; 1.4 L) extract. The same procedure used to prepare the ethanol extract was used to prepare the DCM:MeOH; 1:1 extract.

Phytochemical analysis

Chemical profiling with thin layer chromatography

The compounds present in the plant extracts were analysed by thin layer chromatography (TLC) using aluminium-backed TLC plates (Merck, silica gel 60 F254). The TLC plates were developed under saturated conditions with each of the three mobile phases differing in polarity viz. (1) chloroform:methanol:water:formic acid (60:15:2:1) [CMWF1], (2) chloroform:methanol:water:formic acid (21:9:1:0.3) [CMWF2] and (3) butanol:acetic acid:water (21:6:3) [BAW]. The plates were viewed under UV light (254 and 365 nm) for compounds which are fluorescent and later sprayed with vanillin (Sigma) sulphuric acid reagent and heated to visualise colours of the different compounds in each extract.

Qualitative 2,2-diphenyl-pacrylhydrazyl assay on thin layer chromatography

The plates were prepared as described above. The plates were dried in a fume hood. The chromatograms were sprayed with 0.2% 2,2-diphenyl-1-pacrylhydrazyl (DPPH) in methanol in order to visualise any potential antioxidant compounds within the separated plant extracts. The bands or compounds showing the antioxidant properties were compared to the bands showing the antimycobacterial activity to indicate whether the observed antimicrobial properties are a result of the antioxidant property of the extracts. The presence of antioxidant compounds was detected by yellow spots against a purple background on TLC plates sprayed with 0.2% DPPH in methanol (Deby & Margotteaux 1970).

Chemical profiling with high performance liquid chromatography-mass spectroscopy

The water and ethanol extracts were used for this experiment and 25 mg of each extract was weighed out into a vial and 2 mL of high performance liquid chromatography (HPLC) grade methanol was added. The mixture was put in an ultrasonic bath for 10 min and filtered through Acrodisc GHP syringe filters, before being placed into 2 mL HPLC vials. The various samples were analysed using a WATERS Hexyl-Phenyl HPLC separation module. Atlantis T3 columns (150 mm × 2.1 mm, 5 µ particle size) connected in series were used for the separation. UV-VIS detection was done on a WATERS PDA scanning from 200 m to 500 nm. The mobile phase used was 0.1% (v/v) formic acid in water (A) and methanol (B). The ratio of mobile phase prepared is shown in Table 1. Mass spectrometry detection was performed using a WATERS Synapt G1 mass spectrometer, scanning from 100 Dalton to 1000 Dalton, using electrospray ionisation mode (ESI) with polarity (positive and negative) switching with a scan time of 0.20 s. The operating conditions in the ESI source were as follows: source temperature, 120 °C; Optics, V-mode optics; desolvation temperature, 450 °C; capillary voltage, 2500 V; cone voltage, 30 V; extraction cone voltage, 4 V; desolvation, 800 L/hr; cone gas, 50 L/hr; gas used, Nitrogen; lock mass calibrant, Leucine encephalin 50 pg/mL solution in 50% aqueous acetonitrile (flow adjusted to give 100–200 counts per second signal). The injection volume was 3 µl and the time run 30 min.
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Preliminary antimycobacterial screening with Mycobacterium smegmatis

Organism used

Mycobacterium smegmatis was obtained from the Department of Biosciences CSIR. The M. smegmatis was maintained on Middlebrook 7H9 broth, containing 0.05% Tween 80 and 10% (v/v); the culture was checked by Ziehl-Neelsen stain before being used in the antimicrobial assays. The culture was transferred from the broth to an agar plate and used within 2 weeks; the culture was then subcultured on slants and stored for 2–3 months.

Qualitative antibacterial activity assay by bioautography

Bioautographic studies were carried out on TLC plates, according to Begue and Kline (1972), to detect the main bioactive compounds within the crude extracts. TLC plates were loaded with 20 µL of each plant extract and developed in BAW, CMWF 1 and CMWF 2. The plates were placed under a stream of air for 4 days to allow the solvents to evaporate. The plates were sprayed with M. smegmatis and then incubated at 37 ºC for 24 hrs. The plates were then sprayed with INT and incubated for 30 min. Inhibition zones are observed as white bands on a pink background.

Quantitative antibacterial activity assay by minimum inhibitory concentration

Quantitative antibacterial activity assay was performed in 96-well microtiter plates as described by Eloff (1998), to determine the MIC of the plant extracts, extracted with H2O, EtOH and DCM:MeOH 1:1. One hundred microliters (100 µL) of sterilised distilled water was dispensed into 11 out the 12 lanes of the 96-well microtiter plates, and 100 µL of dimethyl sulfoxide (DMSO) was dispensed into the 12th lane as a negative control. One hundred microliters rifampicin which was used as the positive control were added to the first well on the 11th lane and a serial dilution was made to the end of the lane, expelling the last contents in the pipette making the volume in each well constant. All plant extracts were redissolved in DMSO to a concentration of 10 mg/mL; 100 µL of each extract was then added to the first wells on lanes 1–9 and serially diluted, while the 10th lane was left with only sterile distilled water and was hence considered a negative control as well. One hundred microliters of a standardised Mycobacterium smegmatis broth culture was added in all 96 wells and the plates were incubated at 37 °C for 24 h. After the incubation period, 40 µL of 0.2 mg/mL of p-iodonitro-tetrazolium violet (INT) were added to all 96 the wells to determine the presence of bacterial growth in the plates, and plates were incubated for a further 45 min at 37 °C to allow colour to develop. The presence of actively growing bacteria is indicated by INT being reduced from being colourless to a pink-red colour. MIC was recorded as the lowest concentration of the plant extract that inhibited the growth of Mycobacterium smegmatis after 24 h and each extract was tested in triplicate. The total activity of the extracts in mL/g was calculated by dividing the MIC value with the quantity extracted from 1 g of plant material. The resultant value indicates the volume to which the extract may be diluted and still inhibit the growth of a microorganism (Eloff 2004).

Results

Mass of plant extracts

The amount of sample extracted was measured in (g) as shown in Table 2. Plant materials extracted with 96% ethanol yielded more extract than the plant material extracted with other solvents.
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TLC profiling for phytochemical analysis of plant extracts

TLC fingerprinting was used to analyse phytochemicals found in plant materials extracted, using the three solvents, viz. water, ethanol and DCM:MeOH 1:1 v/v. The extracts were redissolved with chloroform:methanol 1:1 v/v to a concentration of 10 mg/mL. TLC plates were loaded with 10 µL of the prepared extract solutions and separation of different compounds were observed after the plates were developed in CMWF1, CMWF2 and BAW and sprayed with 0.1% vanillin sulphuric acid, shown in Figure 1.
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Qualitative antioxidant diphenyl-picrylhydrazyl assay on TLC on extracts

A qualitative antioxidant assay was done to screen the S. frutescens extracts for the presence of antioxidant compounds. To visualise compounds with radical-scavenging activities, 0.2% DPPH was sprayed on plates developed with CMWF1, CMWF2 and BAW mobile phases. The presence of antioxidant compounds were indicated by yellow bands against a purple background as seen on Figure 2.
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High performance liquid chromatography-mass spectrometry profiling

HPLC-MS chromatograms (Figures 3 and 4), showing profiles of H2O and EtOH extracts. These chromatographic profiles also show ionisation of all the compounds found in the water and ethanol extracts according to their m/z ratio.
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Tabulated compounds found in Sutherlandia frutescens obtained with high performance liquid chromatography-mass spectrometry

Tables 3 and 4 below show molecular weights, retention times, as well as the state of ionisation of all the compounds according to their m/z ratio found in the water and ethanol extracts.
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Qualitative antibacterial activity assay by bioautography

None of the bioautographic assays, performed on the crude extracts (H2O, EtOH and DCM: MeOH 1:1), showed any antimycobacterial activity against M. smegmatis.

Quantitative antibacterial activity assay: Minimum inhibitory concentration

The DCM:MeOH 1:1 extract had the lowest MIC value against M. smegmatis (Table 5). The water extract showed the highest MIC value after 24 h of incubation.
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Discussion

Of the three extractants used in this study, ethanol was the best extractant; it was able to extract the most mass from the ground plant material throughout the three harvest periods. Distilled water extracted the least amount of plant material. A TLC was used to profile the crude extracts and the fractions for all the compounds found in S. frutescens. The plates developed in CMWF1 separated more compounds than those developed in CMWF2 and BAW (Figure 1). Also the ethanol and the DCM:MeOH 1:1 extracts had more compounds compared to the water extract and the same observation was made of the UV active bands.

Each crude extract was assayed against M. smegmatis to determine its MIC values. Table 5 shows that DCM:MeOH 1:1 extracts had the greatest activity with MIC values ranging from as low as 0.28 mg/mL to 1.04 mg/mL and water extracts had the least. The same observation was made by Katerere and Eloff (2005) where the hexane, DCM and ethylacetate extracts produced better antimicrobial activities (MIC values of 2.50 mg/mL, 1.25 mg/mL and 0.31 mg/mL, respectively) against Staphylococcus aureus which is a Gram positive microorganism that cannot be compared to Mycobacterium spp.; their water, ethanol and acetone extracts had MIC values as high as 10 mg/mL. Despite the fact that traditional healers frequently use water to make decoctions and adaptogenic tonics, the water extract was found to be the least active and these findings could be attributed to the inability of water to extract non-polar compounds (Masoko & Nxumalo 2013). There was no activity found in bioautography (result not shown). Cases where MIC values indicated antimycobacterial activity, while bioautography could not detect any, could be explained by the possibility of evaporation of active compounds during removal of the TLC eluents as was mentioned earlier or by the disruption of synergism between active constituents caused by TLC (Masoko & Eloff 2005). The fact that no compound isolated on bioautograms had antimycobacterial activity shows that it is not a feasible project to try to isolate antimycobacterial compounds from this plant.

Diphenyl-pacrylhydrazyl radical-scavenging compounds appeared as yellow spots against a purple background. When reverse-phase TLC plates were used with DPPH as detecting agent, the developing colour was stable, enabling the identification of radical-scavenging activity after a few minutes (Figure 2). This method can also be utilised for the bioassay-guided isolation of unidentified natural antioxidants and may be used for selection of potential antioxidants from a group of structurally diverse compounds. The current application also demonstrates the versatility and adaptability of a standard HPTLC system to serve an additional purpose in the drug discovery arena. Nonetheless, no antimycobacterial activity was established from extracts of S. frutescens. The study suggests that there is no correlation between the antioxidant activity and antibacterial activity of the extracts from S. frutescens. In a study by Katerere and Eloff (2005), a significant amount of antioxidant activity was also recorded for the more polar solvent (e.g. water) used in their extraction process, thereby suggesting that bacterial oxidative status or metabolism of reactive oxygen species may be involved in superoxide dismutase functions (Langford, Williams & Kroll 1991).

HPLC analysis is an analytical procedure that is more sensitive and selective in the area of natural products, not only to profile chemical constituents of plants but also to quantify isolated substances (Marques et al. 2013). The water and ethanol crude extracts were analysed, using HPLC-MS to obtain their chromatographic profiles. The resulting profiles of these extracts in both ESI- and ESI+ modes (electrospray ionisation negative and positive modes) are shown in Figures 3 and 4. The chromatographic profile of the ethanol extract on Figure 4 shows a high amount of compounds with a negative mode of ionisation than those having a positive ES. This is an exact opposite compared to the water extract (Figure 3) which contains more compounds in its ES+ mode than its ES-. Fu et al. (2008, 2010) have isolated some of the most vital compounds found in S. frutescens which are cycloartane glycosides and flavonol glycosides. In a study by Fu et al. (2008), four new isolated cycloartane glycosides, named sutherlandiosides A,B,C and D, were isolated, with sutherlandioside B being the major glycoside of this plant and also responsible for most of the plant’s bioactivities. Sutherlandioside A and B both had a chemical formula of (C36H60O10) and provided a pseudo ion peak at m/z 675.4042 [M + Na]+; the only difference was that there was a β-glucopyranosyl element moiety in sutherlandioside B. Sutherlandioside C had a chemical formula of (C36H58O10) and a molecular weight of 650 u, and D was the same as C except that it had a chemical formula of (C36H58O9) and that it lacked one oxygen molecule. From the chromatographic files in this study the glycoside-rich area is found from just above 14 min to just below 16 min, and also this region is seen in the negative mode electrospray ionisation. These sutherlandiosides are triterpenoids, hence could be seen elevated in the ethanol extract rather than the water extract; this is probably due to the fact that triterpenoids dissolve better in alcohol than water. Fu et al. (2010) also isolated flavonol glycosides and they were named sutherlandins A, B, C and D; their pseudo molecular peaks ranged from m/z 767 to 747 and they are more evident and in abundance in Figure 3 on the water extract. This is probably due to the fact that flavonoids are more polar and hence were able to dissolve best in water. In addition to the compounds already mentioned, the chromatographic profiles also show a lot of compounds present in S. frutescens that have not yet been characterised nor isolated.

Conclusion

In conclusion, this study and several studies mentioned above have shown that S. frutescens has activity against a range of microorganisms and this research supports the usage of this plant by traditional healers for various ailments, including the treatment and supporting treatment of TB. Further studies to test the extracts against M. tuberculosis’ shikimate kinase enzyme and to isolate the antimycobacterial compounds will be conducted.
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FIGURE 1: TLC plates (a, b and c) from left to right were developed in CMWF1, CMWF2 and BAW. The TLC plates were sprayed with 0.1% vanillin sulphuric acid, to show
separation of compounds, and viewed under a UV light. UV active bands were circled. The first lane from the left is the water extract, second lane is ethanol extract and
the third is DCM:MeOH (1:1) extract.
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FIGURE 2: TLC plates, (a, b and c) from left to right, were developed in CMWF1, CMWF2 and BAW. The TLC plates were sprayed with DPPH to show radical-scavenging
Vit the yellowish zones). The first lane is the water extract, second lane is ethanol extract and the third is DCM:MeOH, 1:1 extract.
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TABLE 3: MS-ES negative representatives of molecular weight and retention
times of compounds found in Sutherlandia frutescens.

Retention time Molecular weight(Mw) (u) Retention time
(minutes)t Water extract  Ethanol extract: (minutes)
T 341.0828 197.8026 2.04
4.73 136.0332 737.1725 532
6.14 739.1710 739.1683 6.17
6.16 739.1711 723.1759 803
6.22 739.1738 723.1757 8.06
6.25 739.1694 723.1833 8.60
6.31 739.1705 7113950 2.3
8.02 723.1780 713.4065 11.42
8.59 723.1776 850.4781 13.33
8.63 723.1731 697.4159 14.60
.66 723.1765 697.4172 14.65
9.93 711.3937 697.4197 14.75
1144 713.4089 697.4115 16.34
1147 713.4111 737.4095 16.62
1457 697.3928 857.4552 17.48
1463 697.4022 857.4502 17.49
14.98 697.4167 857.4583 17.50
1633 697.4172 857.4546 17.53
18.42 697.4202 697.4153 18.43
19.49 695.4011 695.3979 19.50
1951 695.3994 695.3971 19.51
2025 679.4064 679.4059 2026
2094 679.4039 679.4080 2094
2168 697.4185 679.4127 2095
21.70 697.4163 697.4180 2170
2173 697.4142 725.4563 211
211 693.4255 178.8363 2563

, Retention time and molecular weight of compounds found in the water extract;
t Retention time and molecular weight of compounds found in the ethanol extract.
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TABLE 4: MS-ES positive representatives of molecular weight and retention
times of compounds found in Sutherlandia frutescens.

Retention time Molecular weight(Mw) (u) Retention time
(minutes)t Water extract}  Ethanol extract: (minutes)s
165 349.1833 141.9612 257
4.72 206.0480 689.3844 9.93
6.19 609.1339 6913004 11.44
8.08 7471559 837.4506 1277
0.25 4412381 6753925 14.67
0.92 6893722 6753914 14.65
11.44 6913840 6753893 14.67
12.74 837.4393 675.9311 1471
14.54 6753962 6753007 14.74
14.55 6753954 6753958 16.36
14.61 6753917 7613934 16.62
14.71 6753939 835.4296 17.52
14.75 6753943 835.4240 17.54
16.36 6753883 6753034 18.47
17.50 835.4254 673.3790 19.49
17.55 4893510 673.3789 19.51
17.60 835.4218 673.3757 19.55
18.47 6753939 301.1401 21.07
19.49 6733784 308.2030 2192
19.53 4893553 337.233 23.99
19.54 6733756 413.2640 25.00
2027 6573820 2149169 27.81
20.66 7593757 141.9634 2851
2191 6753982 . -
24.02 589.3860 s a

, Retention time and molecular weight of compounds found in the water extract;
t, Retention time and molecular weight of compounds found in the ethanol extract.
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TABLE 1: Waters solvent manager conditions.

Time (min) Flow rate %A: Formic %B: MeOH
(mL/min) acid & H,0
0.00 0.4 70 30
1.00 04 70 30
8.00 04 70 30
9.00 04 70 30
25.00 0.4 70 30
25.10 04 0 100
28.00 04 70 30

29.00 0.4 70 30
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TABLE 2: Different quantities of crude extracts of Sutherlandia frutescens
obtained via extraction with different solvents.

Mass of ground leaves (g)  Extractant Volume (L) Extract yield (g)
50 dH,0 2 4.89
50 96% EtOH 1 6.06
50 DCM:MeOH 1:1 14 4.25

Note: Total extract vield (g) = 15.20.
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TABLE 5: Average Minimum Inhibitory Concentration (mg/mL) and total activity
(mL/g) of crude extracts of Sutherlandia frutescens after 24 h at 37°C.

Extractants MIC values (mg/mL) Total activity (mL/g)
H,0 1.04 4.70
Ethanol 052 4.69
DCM: MeOH (1:1) 0.28 10.12
Average 0.61 6.50

MIC, Minimum Inhibitory Concentration; DCM: MeOH, dichloromethane: methanol.
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FIGURE

hromatogram showing ES- (a) and ES+ (b) profiles of H,0 extracts.
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FIGURE 4: Chromatogram showing an ES- (a) and ES+ (b) profiles of EtOH extracts.





