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Abstract 

Purpose: The present study was done to evaluate the antimycobacterial activity of aqueous and 
methanol extracts of nine plants viz., Buddleja saligna, Carpobrotus dimidiatus, Capparis tomentosa, 
Dichrostachys cinerea, Ekebergia capensis, Ficus sur, Gunnera perpensa, Leonotis leonurus and 
Tetradenia riparia in South Africa.  
Methods: Aqueous and methanol extracts of the leaves the plants were tested in vitro for their 
activity against Mycobacterium smegmatis, Mycobacterium tuberculosis H37Rv (ATCC 25177) 
and three well-characterized clinical isolates of MDR and XDR-TB isolates using the agar 
incorporation method. The minimum inhibitory concentration (MIC) of each of the active plant 
extract was determined using the broth microdilution method. Cytotoxic effect was evaluated 
against the mouse BALB/C monocyte macrophage (J774.2) and peripheral blood mononuclear 
cells (PBMCs) whole the toxicity screening was done using the brine shrimp lethality assay. 
Composition of each of the plants was determined using thin layer chromatography while 
qualitative analysis of antimycobacterial compounds was done using TLC-Bioautography  
Results: The methanol extracts of B. saligna, C. tormentosa and C. dimidiatus; and aqueous extracts of 
G. perpensa and T. riparia possessed significant activity against M. smegmatis, M. tuberculosis H37Rv 
(ATCC 25177) and the three well-characterized clinical isolates of MDR and XDR-TB.  Except for a high 
concentration of G. perpensa none of the other plants which possessed antimycobacterial activity 
showed any toxic or cytotoxic activity.  
Conclusion: Our findings show that B. saligna, C. tormentosa, C. dimidiatus, G. perpensa, 
and T. riparia have antimycobacterial activity. Further studies would aim at isolation and identification of 
the active compounds from the plants extracts which had positive antimycobacterial activity. 
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INTRODUCTION 
 
Mycobacterium tuberculosis is the etiologic agent 
of tuberculosis (TB) in humans which infects 
about one-third of the world’s population [1]. 

Despite more than forty years of 
antimycobacterial chemotherapy, TB remains 
one of the leading infectious disease killers 
worldwide. As at 2015, there were an estimated 
10.4 million new cases of TB disease worldwide 
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and this included 1.2 million human 
immunodeficiency virus (HIV), positive people. 
The association with the HIV, increasing 
emergence of multi-drug resistant TB (MDR-TB) 
and extensively drug-resistant TB (XDR-TB) 
have made the TB situation worse and posed a 
serious health threat [2]. The current TB 
chemotherapy is too long and many drug 
combinations have to be taken for 6 to 9 months 
and this has been identified as an important co-
factor in the increasing rate of drug resistant-TB, 
MDR and XDR-TB development [3]. This 
increase in resistance to conventional antibiotics 
by microorganisms has compelled the search for 
new, efficient and cost effective ways for the 
control of infectious diseases [4, 5].  

Natural sources provide numerous examples of 
interesting secondary metabolites with 
antimycobacterial activity, indicating that natural 
products could be rewarding in the discovery of 
new antimycobacterial leads [6]. Medicinal plants 
offer a great hope to fulfill these needs and have 
been used for curing diseases for many 
centuries. These have been used extensively 
either as pure compounds or crude materials [7]. 
As herbal medicine forms a significant part of 
culture and tradition of rural people in developing 
countries,  there is an increasing trend to 
integrate traditional medicine into primary health 
care [8]. Furthermore, many orthodox medicines 
are expensive or inaccessible making it very 
necessary to validate the efficacy and safety of 
plant sources of medicines.  

Plant-derived antimycobacterial compounds 
belong to an exceptionally wide diversity of 
classes, including terpenoids, alkaloids, peptides, 
phenolics and coumarins. These medicinal plants 
remain an important resource to find new 
therapeutic agents [9] and the advantages of 
using these compounds includes fewer side 
effects, better patient acceptance due to long 
history of use, reduced costs and cultivability 
rendering them renewable in nature [10]. A 
number of South African plants have been shown 
to contain antimycobacterial activities [11-13]. 
This leads us to identification and collection of 
specimens of medicinal plant species found in 
South Africa, namely Buddleja saligna, 
Carpobrotus dimidiatus, Capparis tomentosa, 
Dichrostachys cinerea, Ekebergia capensis, 
Ficus sur, Gunnera perpensa, Leonotis leonurus 
and Tetradenia riparia. The selection of these 
plants is based on reports in literature from their 
use in traditional medicine to treat various 
ailments including bronchitis, cough, diarrhea, 
fever, and even tuberculosis (Table 1) [13-17]. 

Table 1: Documented use of plants that treat TB-
related ailments   
 

Plant Documented Use 

B. saligna TB Symptoms [3] 
C. tormentosa Chronic cough and chest pain [17]
C. dimidiatus TB, Infections [15] 
D. cinerea Leprosy and coughs [16] 
E. capensis Chronic cough, respiratory chest 

complaints and TB [13] 
F. sur TB [18]
G. perpensa TB Symptoms [13] 
L. leonurus Cough and respiratory ailments 

[14] 
T. riparia TB Symptoms, cough and 

respiratory ailments [14] 

 
The aim of this study was to evaluate some plant 
species currently used in for treatment of TB and 
other respiratory diseases for their 
antimycobacterial activity. Cytotoxicity of active 
plant extracts towards mouse BALB/C monocyte 
macrophage (J774.2) and peripheral blood 
mononuclear cells (PBMCs) and toxicity against 
brine shrimp were also performed. 

EXPERIMENTAL 
 
MATERIALS AND METHODS 

Collection of Plants 

The leaves of Buddleja saligna, Capparis 
tomentosa, Carpobrotus dimidiatus, 
Dichrostachys cinerea, Ekebergia capensis, 
Ficus sur, Gunnera perpensa, Leonotis leonurus 
and Tetradenia riparia were authenticated and 
supplied by Prof H. Baijnath of the University of 
KwaZulu-Natal, Westville Campus, Durban, 
South Africa and the specimen’s voucher was 
deposited in the Ward Herbarium of the 
University. They 5were separated and washed 
several times with distilled water until no foreign 
material remained and air dried for 24 h. 
Thereafter, they were dried in an oven 
(Memmert, South Africa) at 25 °C for 7 days. The 
dried leaves were powdered using an industrial 
grinder (Retsch Gmbh, West Germany) and 
stored in Schott bottles in the dark room until 
required for extraction.   

Extraction  

Aqueous extraction  
The powdered leaves (20 g) was boiled in 
distilled water and filtered by gravity using 
Whatman No. 1 filter paper. This was then 
concentrated by placing the filtrate in a bio 
freezer (Snijders Scientific, Holland) at -70 °C 
and lyophilized (Virtis Benchtop Freeze Dryer). 
The lyophilized material was used as a stock and 
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working solutions were prepared for appropriate 
applications.  
 
Methanol extraction 
 
Dried leaves were extracted with methanol, 
filtered and the filtrate was concentrated using a 
Buchi RE Rotoevaporator at 50 °C. The 
concentrate was placed in a bio freezer and 
lyophilized using a Virtis Benchtop Freeze Dryer. 
Aliquots were prepared from the dried crude 
extract and dissolved in solvents depending on 
the experimental protocol. 

 

Antimycobacterial Activity of the Plant 
Extracts 

Mycobacterial strains and isolates 

Reference drug susceptible strain M. 
tuberculosis (ATCC 25177) as control, well 
characterized clinical isolates of MDR and XDR-
TB; and fast growing M. smegmatis were 
obtained from the Department of Microbiology, 
NHLS laboratory based at the Inkosi Albert 
Luthuli Hospital in Durban, South Africa. The 
purity of the mycobacterial strains was checked 
by Ziehl-Neelsen staining before used in the 
antimycobacterial assays. Susceptibility profile of 
the clinical isolates against standard anti-
tuberculosis drugs was as follows: MDR-TB 
resistant to RIF (Rifampicin) and INH (Isoniazid); 
XDR-TB resistant to RIF, INH, KAN (Kanamycin) 
and OFLX (Ofloxacin). 

Preliminary Sensitivity Test 

Plant extract (100 mg) was dissolved in 1 mL of 
distilled water and 1 mL of each of the plant 
extracts was introduced in 100 mL of prepared 
molten Middlebrook 7H11 agar base containing 
Middlebrook 7H9 (FlukaM0178) broth containing 
glycerol (Fluka 49769) and Middlebrook Oleic 
Albumin Dextrose Catalase (OADC) growth 
supplement (Fluka M0553) in a bottle, mixed and 
aseptically poured into Petri dish and allowed to 
gel. The plates were then ready for inoculation of 
M. smegmatis and M. tuberculosis H37Rv (ATCC 
25177). M. smegmatis was aseptically inoculated 
into Middlebrook 7H11 agar base containing 
glycerol (Fluka 49769) and Middlebrook Oleic 
Albumin Dextrose Catalase (OADC) growth 
supplement (Fluka M0553); and incubated at 
37°C at 72 h. M. tuberculosis H37Rv (ATCC 
25177), well characterized clinical isolates of 
MDR and XDR-TB was aseptically inoculated 
into Middlebrook 7H11 agar base containing 
glycerol (Fluka 49769) and Middlebrook Oleic 
Albumin Dextrose Catalase (OADC) growth 

supplement (Fluka M0553), sealed and 
incubated at 37 °C for 21 days. 

Broth Microdilution Assay 

The two-fold microdilution method was used with 
minor modifications to determine the MIC values 
of the active plant extracts against M. smegmatis 
and M. tuberculosis H37Rv (ATCC 25177) in 
sterile flat-bottomed 96 well microtiter plates [19]. 
Bacterial inoculums were prepared from five 
days old grown cultures in Middlebrook 7H9 
broth base containing Middlebrook 7H9 
(FlukaM0178) broth containing glycerol (Fluka 
49769) and Middlebrook oleic albumin dextrose 
catalase (OADC) growth supplement (Fluka 
M0553) and the turbidity was adjusted to the 
equivalent of McFarland No 1 (3 x108 CFU/mL). 
Each plant extract (100 µL of 2 mg/mL) was 
serially diluted two folds with a broth base 
containing glycerol (Fluka 49769) and OADC 
growth supplement and 100 µL was placed into a 
well in a microtiter plate. This was followed by 
the separate inoculation of 100 µL of 
mycobacterial cultures into each well to complete 
a two-fold broth microdilution. Wells (6) with 
culture medium without the extract were used as 
negative control while wells (6) with inoculums 
and rifampicin or isoniazid were used as positive 
control. Each of the inoculated microtiter plate 
containing M. smegmatis was incubated at 37 °C 
for 24 h. To determine the minimum inhibitory 
concentration (MIC) values of the active plant 
extracts for M. smegmatis, 50 µL (0.2 mg/mL) 
iodonitrotetrazolium (INT) chloride salt was 
added to each well and plates incubated at 37 °C 
for 24 h.  Bacterial growth in the wells was 
indicated by a change in color, whereas clear 
wells indicated inhibition by the extracts or 
positive control. The inoculated microtiter plates 
containing M. tuberculosis H37Rv (ATCC 25177) 
were incubated at 37 °C for 5 days. To determine 
the MIC values of the active plant extracts 
against M. tuberculosis H37Rv (ATCC 25177), 
MDR-TB and XDR-TB; 50 µL (1 mg/mL) of 
freshly prepared reagent mixture 7-hydroxy-3H-
phenoxazin-3-one-10-oxide sodium salt 
(Resazurin) was added to each well and plates 
re-incubated at 37 °C for 24 h. A color change 
from blue to pink indicated growth and the 
minimum inhibitory concentration (MIC) was 
interpreted as the lowest extract concentration 
which prevented the color change from blue to 
pink. 

Safety evaluation of the active plant extracts 

Brine Shrimp Lethality Assay 

Brine shrimp lethality test (BST) was used to 
predict the presence of evaluate toxicity of the 
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plant extracts as previously described [20]. 
Filtered, artificial seawater was prepared by 
dissolving 38 g of sea salt in 1 L of distilled water 
for hatching the shrimp eggs. The seawater was 
put in a small plastic container (hatching 
chamber) with a partition for dark (covered) and 
light areas and the shrimp eggs obtained from 
Natures Petland in Durban (South Africa) were 
added to the dark side of the chamber while the 
lamp above the other side (light) provided 
attraction for the hatched shrimp. Two days were 
allowed for the shrimp to hatch and mature as 
nauplii (larvae). 

Solutions of the active plant extracts (0.05, 0.1 
and 1 mg/mL) were made in distilled water and 
incubated in triplicate vials with the brine shrimp 
larvae. The volume was then adjusted to 5 mL 
with artificial sea water. Ten brine shrimp larvae 
were then placed in each of the triplicate vials 
and the remaining brine shrimp larvae were 
placed in artificial sea water to serve as a 
negative control. DEET, an organophosphate, 
was used as a positive control. After 24 h the 
nauplii were examined against a lighted 
background, with a magnifying glass and the 
average number of survived larvae was 
determined. Percentage mortality (% M) was also 
calculated by dividing the number of dead nauplii 
by the total number and then multiplied by 100 
%. This served to ensure that the mortality of the 
nauplii was attributed to the bioactive compounds 
present in the plant extracts.  

Cytotoxic evaluation 

Cell lines and culture conditions: Mouse 
BALB/C monocyte macrophage (line J774.2) cell 
lines were maintained in DMEM media 
supplemented with 10 % fetal calf serum, 100 
IU/mL penicillin, and 100 Ig/mL streptomycin. 
Cells were maintained in a humidified 
atmosphere of 5 % CO2 at 37 °C in an incubator.  

Isolation of monocytes from whole blood: The 
collection, separation and isolation of peripheral 
blood mononuclear cells (PBMCs) was based on 
the modified methods described by Boyum [21].  
All procedures were carried out under aseptic 
conditions.  Buffy coat sample (50 mL) obtained 
from the South African National Blood Services 
was diluted with an equal volume of prewarmed 
Hanks' balanced salts solution (HBSS) 
(Bioscience, Durban, South Africa).  This mixture 
was carefully layered onto prewarmed Histopaque 
1077 (Sigma, Durban, South Africa) in a ratio of 
5:4 in a sterile 15 mL centrifuge tubes.  The tubes 
were transferred to a Beckman centrifuge and 
spun at room temperature at 2000 rpm for 30 min.  
Using a sterile Pasteur pipette, the mononuclear 
cells were carefully aspirated from the interface 

between the HBSS and the Histopaque and 
transferred to a sterile centrifuge tube.  
Mononuclear cells were washed twice in HBSS 
and centrifuged each time for 15 min at 1200 rpm 
in room temperature to remove any residual 
Histopaque.   The cell pellets were resuspended in 
one mL RPMI 1640 (Bioscience) supplemented 
with 2 mM - glutamine and 10 % unheated fetal 
calf serum and 100 IU/mL penicillin and 100 
Ig/mL streptomycin.  

Cell viability was determined using the trypan 
blue dye exclusion method [22] 

MTT assay: Cytotoxicity of the active plant 
extracts on mouse BALB/C monocyte 
macrophage (J774.2) and peripheral blood 
mononuclear cells (PBMCs) was measured using 
microculture tetrazolium (MTT) assay [23]. Prior 
to use in the assay, the cells were grown to 80 % 
confluence and synchronized by incubation in the 
assay media for 4 h. The cells (10 000 cells/well) 
were then incubated with the active plant extract 
solutions (0.05, 0.1 and 1 mg/mL) for 48 h. 
Aliquot (10 µL of a 5 mg/mL) of MTT 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (Molecular probes, life technologies) 
solution was then added to each well and 
microtiter plates were incubated for 4 h at 37 °C 
in a humidified incubator with 5 % CO2. 
Thereafter the media were removed and an 
aliquot of 100 µL of DMSO was then added to 
the wells to dissolve the formazan crystals that 
formed in metabolically active cells and 
incubated for another hour. The plates were read 
at 595 nm on a plate reader (Digital Analogue 
Systems, Italy) and the data was analyzed by 
using the Microsoft Excel. The percentage 
growth inhibition was determined by using the 
following equation: 

 % growth inhibition =   
 

 X 100 

Thin layer chromatography of the active 
plant extracts 

All organic solvents used were of HPLC grade. 
Methanol, hexane, and ethyl acetate were 
purchased from Merck (South Africa). Vanillin 
was purchased from Sigma-Aldrich (South 
Africa). A 5 µL aliquot of each plant extract (1 
mg/ml in methanol) was loaded on Merck TLC 
F254/Silica gel 60 plates that were developed 
using the hexane: ethyl acetate eluent system at 
ratios of 7: 3 (v/v). The separated compounds 
were visualized using UV light at 254 nm and 
366 nm (Camag Universal UV lamp TL-600) and 
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by spraying the TLC plates with vanillin-sulphuric 
acid spray reagent (15 g vanillin in 1 % H2S04 in 
methanol) and placing them in an oven at 100 C 
until the separation of the bands could be 
visualized [24,25].  

TLC- Bioautography  

The bacterial species was grown and maintained 
in Middlebrooks 7H9 (Sigma) broth containing 
glycerol (Sigma) and Middlebrooks Oleic Albumin 
Dextrose Catalase (OADC) growth supplement 
(Sigma). Before analysis, test culture was grown 
for 3 days in a shaking incubator at 37 C, then 
centrifuged at 2400 rpm for 10 min and the 
supernatant was discarded. Fresh medium was 
then added and vortexed at a high speed. A 
McFarland No 1 standard was measured at 600 
nm using a UV-Vis spectrophotometer 
(Biochrom).  The purity of the cultures was 
checked by means of the Ziehl-Neelsen stain 
before use in bioautography. 

The qualitative antibacterial activity was carried 
out according to a procedure outlined by Begue 
and Kline [26]. For bioautographic analysis, 2 µL 
of each extract was loaded on the TLC plates 
and developed in mobile phase hexane: ethyl 
acetate 7:3 (v/v). The chromatograms were dried 
at room temperature in a dark cupboard for 2 
days to remove the solvents, sprayed with an 
overnight culture of M. smegmatis until 
completely wet and incubated at 37 C in a 
humidified chamber for 24 h. The plates were 
sprayed with ρ-iodonitrotetrazolium violet (INT) 
(Sigma, South Afrcia) and incubated for a further 
24 h and the presence of clear bands on the 
plates against a purple background indicated 
growth inhibition. 
 
RESULTS 
 
Antimycobacterial Screening of the Nine 
Plants 

During our screening, only the aqueous extracts 
of G. perpensa and T. riparia; and methanol 
extracts of B. saligna, C. tormentosa and C. 
dimidiatus showed activity against M. smegmatis 
and M. tuberculosis H37Rv ATCC 25177 (Table 
2). These plant extracts were the ones selected 
for further antimycobacterial study against three 
well-characterized clinical isolates of MDR-TB 
and three well-characterized clinical isolates of 
XDR-TB. MDR-TB resistant to at least rifampicin 
and  isoniazid [27]. The MIC of the active plant 
extracts are shown in Table 3. 

The mean MIC results of the aqueous and 
methanol crude extracts of each of the active 

plants showed significantly lower 
antimycobacterial activities against M. 
smegmatis and M. tuberculosis H37Rv ATCC 
25177 in comparison to the positive controls 
(rifampicin and isoniazid). Our study showed that 
the extracts of D. cinerea, E. capensis, F. sur 
and L. leonurus, (earlier reported to be used in 
the treatment of TB and related diseases [13, 16, 
18]) did not have any activity against the 
screened strains in our assays. 

Safety Analysis of the Active Plant 
Extracts 

Toxicity 

Other than the I mg/ml extract of G. perpensa, 
the extracts of B. saligna, C. tormentosa, C. 
dimidiatus and T. riparia had average cell death 
of brine shrimp larvae of less than 20% (much 
lower than the shrimp death ≥ 50 % for a 
compound to be considered toxic) (Figure 1) 
unlike the positive control, DEET, a well-known 
organophosphate with mortality of 100 %. 

Cytotoxicity  

The cytotoxic effects of the five active plants 
extract namely B. saligna, C. tormentosa, C. 
dimidiatus, G. perpensa and T. riparia against 
mouse BALB/C monocyte macrophage (J774.2) 
and human peripheral blood mononuclear cells 
(PBMCs) is shown in Figure 2 and Figure 3 
respectively. It was observed that the plant 
extracts stimulated the growth of the cells and 
was not toxic to the J774.2 cell line at the highest 
concentration tested. After 48 h the methanol 
extracts of B. saligna, C. tormentosa, C. 
dimidiatus and aqueous extracts of T. riparia 
showed an increase in cell viability for the 
PBMCs (Figure 3) unlike the aqueous extract of 
G. perpensa which showed a decrease in cell 
viability as the concentration of the plant extract 
increased. The highest concentration of 1.000 
mg/mL showed toxic activity to the PBMC’s 
where there was only 25.26 ± 9.96 % cell 
viability. 

Chromatographic Analysis of the Active 
Plants Extracts  

Using different solvents in TLC, the mobile phase 
that gave the best separation was hexane:ethyl 
acetate (7:3) sprayed with vanillin-sulphuric 
spray reagent as shown in Figure 4. Three to 
four distinct band could be seen for B. saligna, C. 
tormentosa and C. dimidiatus; and aqueous leaf 
extracts of G. perpensa and T. riparia. 
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Table 2: Antimycobacterial activity some plant extracts 
  

Plant 
Part 
Used

Extract (1 
mg/mL) M. smegmatis

M. tuberculo-
sis H37Rv

Clinical 
Isolate 

MDR-TB 

Clinical 
Isolate 

XDR-TB

B. saligna Leaf Aqueous G G G G 

B. saligna Leaf Methanol NG NG NG NG 

C. tomentosa Leaf Aqueous G G G G 

C. tomentosa Leaf Methanol NG NG NG NG 

C. dimidiatus Leaf Aqueous G G G G 

C. dimidiatus Leaf Methanol NG NG NG NG 

D. cinerea Leaf Aqueous G G G G 

D. cinerea Leaf Methanol G G G G 

E. capensis Leaf Aqueous G G G G 

E. capensis Leaf Methanol G G G G 

F. sur Leaf Aqueous G G G G 

F. sur Leaf Methanol G G G G 

G. perpensa Leaf Aqueous NG NG NG G 

G. perpensa Leaf Methanol G G G G 

L. leonurus Leaf Aqueous G G G G 

L. leonurus Leaf Methanol G G G G 

T. riparia Leaf Aqueous NG NG NG G 

T. riparia Leaf Methanol G G G G 

Rifampicin     NG NG G G 

Isoniazid     NG NG G G 

Drug-Free 
Control     G G G G 

Distilled Water     G G G G 
   (G: Growth, NG: No Growth; n=3) 
 
 
Table 3: Minimum inhibitory concentration (MIC) of some active plant extracts against M. smegmatis 
 
 
Plant 

 
Extract 

MIC (mg/mL) 

M. smegmatis MTB H37Rv (25177) Clinical 
Isolate MDR-

TB 

Clinical Isolate 
XDR-TB 

B. saligna Methanol 0.125 0.125 0.125 0.125 

C. tomentosa Methanol 0.500 0.500 1.000 1.000 

C. dimidiatus Methanol 0.125 0.125  0.500 0.500  

G. perpensa Aqueous 0.250 0.250 0.500 - 

T. riparia Aqueous 0.125 0.250 0.250 - 

Rifampicin   0.001 0.001 - - 

Isoniazid   0.003 0.003 - - 
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Figure 1: Brine shrimp larvicidal activity of the active plant extracts B. saligna (BSM), C. tormentosa 
(CTM, methanol extract), C. dimidiatus (CDM, methoanol extract), G. perpensa (GPA, aqueous 
extract) and T. riparia (TRA, aqueous extract) at different concentrations. Each column is represented 
as mean ± SD (n = 3). 

 

Figure 2: Cell viability of the active plant extracts of B. saligna (BSM), C. tormentosa (CTM, methanol 
extract), C. dimidiatus (CDM, methoanol extract), G. perpensa (GPA, aqueous extract) and T. riparia 
(TRA, aqueous extract) on the BALB/C monocyte macrophage cell line (J774.2). Data represented as 
mean ± SD (n = 3). 
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Figure 3: Cell viability of the active plant extracts of B. saligna (BSM), C. tormentosa (CTM, methanol 
extract), C. dimidiatus (CDM, methoanol extract), G. perpensa (GPA, aqueous extract) and T. riparia 
(TRA, aqueous extract) on the peripheral blood mononucleated cell line (PBMC). Data represented as 
mean ± SD (n = 3). 

 

Figure 4: TLC of the methanol extracts of (A) B. 
saligna, (B) C. dimidiatus, (C) C. tomentosa, 
aqueous extracts of (D) G. perpensa, and (E) T. 
riparia leaves using Hexane : Ethyl Acetate (7:3) 
as a mobile phase and developed with vanillin 
spray reagent for visualization. In the 
bioautography qualitative analysis, only the 
methanol extracts of B. saligna and C. dimidiatus 
demonstrated inhibition of growth of M. 
smegmatis on the bioautogram as they both 
showed two clear bands (Figure 5).  

DISCUSSION 

From a literature survey carried out on the 
medicinal plants for the treatment of TB in South 
Africa, a total of nine plants were selected 
according to their traditional use in treatment of 
various ailments including cough, bronchitis, 
chest complaints, pneumonia and TB in the  

 

Figure 5: Bioautograph of the methanol extracts 
of (A) B. saligna, (B) C. dimidiatus, (C) C. 
tomentosa, aqueous extracts of (D) G. perpensa, 
and (E) T. riparia leaves using Hexane Ethyl 
Acetate (7:3) as a mobile phase. Clear zones 
denote a compound of interest 

present study [3, 14, 15, 32, 33]. This study has 
revealed that the methanol extracts of B. saligna, 
C. tormentosa and C. dimidiatus; and aqueous 
extracts of G. perpensa and T. riparia possesses 
significant activity against M. smegmatis, M. 
tuberculosis H37Rv (ATCC 25177) and the three 
well-characterized clinical isolates of MDR and 
XDR-TB.  Other than a high concentration 
of G. perpensa, none of these extracts 
demonstrated any toxic or cytotoxic activity.  

Although the remaining four plant species (D. 
cinerea, E. capensis, F. sur and L. leonurus) 
have been reported to be used in the treatment 
of TB and related diseases [13, 16, 18], they 
failed to display any activity against the screened 
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strains in our assays. The possible explanation 
could be that the antimycobacterial effect of 
these plants is mediated through immuno-
stimulation or immunomodulation rather than 
direct inhibition of mycobacterial growth; or that 
the potential active compounds need to be 
metabolically activated in vivo by specific 
enzymes or may have a pH dependant biological 
activity [37]. The extracts might also contain little 
of the active ingredient [38]. Cell wall 
biosynthesis is a key target for antimycobacterial 
chemotherapy. Due to the complex lipoglycan 
calyx on the cell surface, which provide a 
significant physical barrier to intracellular acting 
compounds [39], many antibiotics do not work on 
M. tuberculosis [40]. This could explain the lack 
of activity shown by some of the plant extracts 
against MTB in this study. Therefore, the 
negative results obtained could not preclude the 
potential antimycobacterial effect of those 
medicinal plants. 

There has been an earlier report that 
acetone/water (4:1) crude extract of B. saligna [3] 
and ethanol extract of C. tomentosa [2] exhibit 
significant activity against Mycobacterium aurum. 
While Springfield and Weitz [36] found that some 
extracts of the leaves of Carpobrotus mellei 
exhibited inhibition against M. smegmatis, Lall 
and Meyer [13] reported that G. perpensa and T. 
riparia did not show any positive 
antimycobacterial activity against M. tuberculosis 
even which is contradictory to our study. 
Although the methanol extracts of B. saligna and 
C. dimidiatus demonstrated inhibition of growth 
of M. smegmatis on the bioautograph, the 
antimycobacterial activity of the other plant 
extracts could not be scientifically validated by 
bioautography. The lack of correlation between 
the MIC values obtained and bioautography 
bands can be attributed to the vaporization of 
volatile active compounds during removal of the 
TLC eluents or interference of synergism 
between the active constituents by TLC 
separation as previously suggested [29]. 
 
CONCLUSION 
 
The findings in this study validate the use of the 
five plant species currently used in for treatment 
of TB and other respiratory diseases for their 
antimycobacterial activity. Further isolation, 
characterization and identification of the bioactive 
compounds responsible from these plants are 
required. Using safe medicinal plants for the 
treatment of TB offers a great hope to fulfill these 
needs because of their chemical diversity. 
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