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ABSTRACT

This study sought to give a scientific basis to plants already used for traditional purposes and also probe new antibacterial constituents
from randomly selected plants whose anti-infective properties have not been evaluated. The antibacterial activity of ethanolic extracts
from 19 Zimbabwean plants was assessed using the agar diffusion assay, minimum inhibitory concentration and minimum bactericidal
using ampicillin as reference. Accumulation of rhodamine 6G in bacteria was used to determine the activity of extracts as drug efflux
pump inhibitors (EPIs). Test bacteria were Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Bacillus cereus and
Bacillus subtilis. At least 8 extracts exhibited antibacterial activity against all bacteria. The minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) determination of plant extracts ranged from 0.05 to 0.5 mg/ml and 0.06 mg/ml to > 1 mg/ml,
respectively. Mangifera indica, Callistemon citrinus and Vernonia adoensis were bactericidal for all bacteria while the other extracts were
bacteriostatic, and were thus the most potent. These 3 extracts were effective EPIs in the uptake of R6G with activity greater than the
standard inhibitor reserpine. Hence, the compounds in these plants can serve as templates for the development of new antibacterial agents
as well as efflux pump inhibitors.

Keywords: bacteria, Callistemon citrinus, Mangifera indica, plant extracts, traditional medicine, Vernonia adoensis
Abbreviations: ATCC, American type culture cell; CFU, colony forming units; DMSO, dimethyl sulphoxide; EPI, efflux pump inhibitor;
MBC, minimum bactericidal concentration; MIC, minimum inhibition concentration; MRSA, methicillin-resistant S. aureus; PBS, phos-

phate buffered saline; R6G, rhodamine 6G; VRE, vancomycin-resistant enterococci; VRSA, vancomycin-resistant S. aureus

INTRODUCTION

Bacteria cause serious infections in humans as well as other
animals. Staphylococcus aureus, for example, causes super-
ficial skin lesion, localized abscesses and food poisoning
(Lotifpour et al. 2008). Pseudomonas aeruginosa is one of
the most commonly isolated nosocomial pathogens accoun-
ting for a significant percentage of hospital-acquired infec-
tions (Abu-Shanab ef al. 2004). The spread of multidrug-
resistant P. aeruginosa is resulting in an increasing trend of
nosocomial infections in hospitals and health care centres
because there are no effective antimicrobial agents against
it (Abu-Shanab et al. 2004). Intestinal disorders caused by
bacteria such as Vibrio cholera, especially diarrhoea, are a
major cause of morbidity and mortality in developing coun-
tries. The rate of occurrence of intestinal disorders is usu-
ally high in infants and children (Aboaba e? al. 2006). In
Zimbabwe, more than 4,300 people died in a cholera epide-
mic that hit at least 98,000 people in just one year (WHO
2009). Thus, there is a need to find an effective means of
controlling these harmful pathogens.

The indiscriminate use of antibiotics has led to the
development of multidrug-resistant pathogens. Around 90-
95% of Staphylococcus aureus strains worldwide are resis-
tant to penicillin (Casal et al. 2005) and in most Asian
countries, 70-80% of the same strains have become methi-
cillin resistant (Chambers 2001). There are reports on the
development of resistance to the last line of antibiotic
defence, which has led to a search for reliable methods to
control vancomycin-resistant enterococci (VRE), S. aureus
(VRSA), and methicillin-resistant S. aureus (MRSA) (Shan-
mugam et al. 2008). The rapid spread of bacteria expressing
multidrug resistance (MDR) has necessitated the discovery
of new antibacterials and resistance-modifying agents. Since

the initial discovery ofbacterial efflux pumps in the 1980s,
many have been characterized in community- and hospital-
acquired Gram-positive and Gram-negativepathogens, such
as Staphylococcus aureus, Pseudomonas aeruginosa, Es-
cherichia coli and mycobacteria (Stavri et al. 2007). Efflux
pumps are able to extrude structurally diverse compounds,
including antibiotics used in a clinical setting, rendering the
drug therapeutically ineffective (Amusan et al. 2007). Anti-
biotic resistance can develop rapidly through changes in the
expression of efflux pumps. It is, therefore, imperative that
new antibiotics, resistance-modifying agents and, more spe-
cifically, efflux pump inhibitors (EPIs) are characterized
(Stermitz et al. 2000). The use of bacterial resistance modi-
fiers such as EPIs could facilitate the re-introduction of the-
rapeutically ineffective antibiotics back into clinical use and
might even suppress the emergence of MDR strains (Stavri
et al. 2007).

Natural product medicines have come from various
source materials including terrestrial plants, terrestrial
microorganisms, marine organisms and terrestrial verte-
brates and invertebrates (Raja et al. 2010). The use of indi-
genous knowledge of traditional medical practitioners as
leads provides a useful route employed in the search for
novel drugs (Amusan et al. 2007). This is rewarding, and
since most indigenous plants used in traditional medicine
have not been explored in detail, the potential for discovery
of more novel therapeutic compounds through bioprospec-
ting of the flora is tremendous (Amusan ef al. 2007). The
antimicrobial potential of different medicinal plants are
being extensively studied all over the world, but only a few
studies have been carried out in a systematic manner (Arora
et al. 2009). Numerous investigations have proved that
medicinal plants contain diverse classes of bioactive com-
pounds such as tannins, alkaloids and flavonoids, which ex-
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Table 1 The scientific and vernacular names of some of the plant extracts used in this study as well as the traditional uses of some of the plants.

Family Botanical name Local name Voucher Plant part tested Major traditional use (Reference)
Asteraceae Vernonia adoensis Sch.Bip. ex Walp.  Musikavakadzi Cl E7 Leaves Boiled and decoction drunk to cure TB
(Kisangau et al. 2007)
Anacardiaceae Mangifera indica L. Mumango N 17 E4 Stems and twigs  Used for coughs and diarrhoea
Chrysobalanaceae  Parinari curatellifolia Planch. ex Muhacha C6 EIl, Stems and twigs, Herpes
Benth. E7 leaves
Leguminosae Xeroderris stuhlmannii (Taub.) Murumanyama C4 E4 Stems and twigs  Stomach ailments (Iwawela ef al.
Mendoga & E.P. Sousa 2007), mastitis, backache (Ruffo 1991)
Proteacea Faurea saligna Mutsatsati CI3 E7 Leaves
Myrtaceae Callistemon citrinus Skeels UZ2 E7 Leaves Antibacterial, Haemorrhoid treatment
(Oyedeji et al. 2009)
Moraceae Ficus sycomorus L. SCCl1 Leaves
E7
Rubiaceae Fadogia stenophylla Welw. ex Hiern SCC2 Leaves
E7
Vitaceae Cyphostemma viscosum (Gilg & Fodya yemusango SCcC4 Leaves
R.E.Fr.) Desc. ex Wild & R.B.Drumm. E7
Rubiaceae Fadogia ancylantha Schweinf. Masamba emusango  SCC7
E7
Ranunculaceae Clematopsis scabiosifolia Hutch. SCC8 Leaves
E7
Salons delagoense Nhundurwa Leaves, fruits Used to treat scabies in children
(Chigora et al. 2007)
Myrtaceae Syzigium cumini Linn. Skeels Muboo C15 E7, Leaves, fruits Anti-inflammatory herb, treatment of
E 12 dysentery (Kumar et al. 2008)
Rhamnaceae Zyziphus mucronata Willd. Muchecheni C7E7 Stems Snake bites and stomach ache (Ruffo
1991)
Celastraceae Gymnosporia senegalensis Loes Chizhuzhu N5 E7 Leaves
musosawafa
Verbenaceae Lantana camara var. aculeata (L.) Mbarambati UZ1 E7 Leaves Ring worm infections (Chigora ef al.
Moldenke 2007)
Fabaceae Brachystegia boehmii Taub Muphuti N7 E7 Leaves
Rubiaceae Catunaregum spinosa Thunb Mutsvairachuru c17 Leaves

hibit various pharmacological properties (Emam 2010).
However, in the absence of any scientific proof of their
effectiveness, the validity of these remedies remains ques-
tionable and their use by local communities remains restric-
ted (Kaur and Arora 2009). Phytochemical and pharmacolo-
gical investigations of several plants have already led to the
isolation of some natural antimicrobials such as berberine
and harmane whose mechanism of action is attributed to
their ability to intercalate with DNA (Kumar et al. 2007).
The known success of these traditional therapies has guided
the search for new chemotherapeutic alternatives to fight
respiratory and other infections caused by drug-resistant
bacteria (Bocanegra-Garcia ef al. 2009).

In the present study, 19 plants of different families were
selected to assess their antibacterial potential. Some of the
plants are known for their use as traditional medicines to
cure common ailments such as diarrhoea, tuberculosis, sto-
mach pains, skin infections and coughs while most of them
were randomly selected with no history of use in traditional
medicine (Kisangau et al. 2007). To give a scientific basis
to the use of these plants, this study was carried out to
assess the antibacterial potential of selected Zimbabwean
plants against some clinically important bacteria using polar
ethanol extracts to mimic traditional extraction protocols.

MATERIALS AND METHODS
Plant material

Plants were collected on the basis of indigenous knowledge as
well as random selection from three provincial locations in Zim-
babwe: Mashonaland Central (Centenary), Harare (University of
Zimbabwe) and Mashonaland West (Norton). The plants were
authenticated by a taxonomist, Mr. Christopher Chapano of the
National Botanic Gardens, Harare, Zimbabwe. Voucher specimens
were deposited in the herbarium, Department of Biochemistry,
University of Zimbabwe. Table 1 shows the list of plants used in
this study.

Preparation of extracts

The preparation of plant extracts was described by Mukangany-
ama et al. (2011). Briefly, plant samples were ground in a two-
speed blender (Cole Parmer Instrument Co., Vernon Hills, USA).
Plant A volume of 8 ml of ethanol was added to 2 g of powder and
shaken for 5 min on a vortex and left to sit for 10 min. A syringe
was prepared by inserting a piece of fine sieve. The plant suspen-
sion was then transferred into a syringe and filtered into a small
glass vial. The sterile suspension was filtered again using 0.45 pM
Millipore sterile filter (Sigma-Aldrich, Taufkirchen, Germany)
into a labelled small glass vial. Ethanol was left to evaporate over-
night in fume hood with an air stream. A constant dry weight of
each extract was obtained and the residues were stored at 4°C.

Materials

All the chemicals, including ethanol, dimethylsufoxide (DMSO),
rhodamine 6G, the standard antibiotic ampicillin and the standard
drug efflux pump inhibitor reserpine were purchased from Sigma
Chemical Co. (Taufkirchen, Germany) and all the solvents used
were of analytical grade.

Microorganisms and growth conditions

Five bacterial strains (Staphylococcus aureus (ATCC 9144), Pseu-
domonas aeruginosa (ATCC 27853), Escherichia coli (ATCC
11229), Bacillus cereus (ATCC 11778) and Bacillus subtilis
(ATCC 6633)) were obtained from the Division of Microbiology,
Department of Biological Sciences, University of Botswana. All
strains were maintained as stock strains in 50% glycerol in Ep-
pendorf® microtubes and kept at -30°C until use. Bacteria were
grown in nutrient broth at 37°C for 24 h and adjusted to a con-
centration of 1 x 10® colony forming units per ml (CFU/ml).



Antibacterial activities of medicinal plants from Zimbabwe. Chitemerere and Mukanganyama

1. Determination of antibacterial activity by agar diffusion
method

The disc diffusion method for antimicrobial susceptibility testing
was carried out according to the standard method by Zaidan et al.
(2005) to assess the presence of antibacterial activities of the plant
extracts. Plant extracts were screened for antibacterial activity
against five species of bacteria; Escherichia coli, Pseudomonas
aeruginosa, Bacillus subtilis, Bacillus cereus and Staphylococcus
aureus. Nutrient agar mixed with bacteria at a concentration of
1x10° cfu/ml was poured in Petri dishes and allowed to cool. The
plant extracts equivalent to 1000 pg, dissolved in ethanol, were
applied to sterile paper discs (6 mm diameter, Cartridge Suscepti-

bility Discs, Mast Diagnostics, Mast Group Ltd., Merseyside, UK).

The solvent was allowed to evaporate from filters deposited on 96-
well plates at room temperature. The discs were then deposited on
the surface of the innoculated agar plates. Plates were then incu-
bated for 24 h at 37°C (Jeio Tech Incubated Shaker, SI-300,
Gasan-Dong, Geumcheon-Gu, Seoul, Korea). Ampicillin was used
as the positive control at concentrations of 500, 50, 5 and 1 pg/ml
and de-ionized water was used as the negative control for the anti-
biotic. Zones of inhibition were measured in mm after 24 h of
growth. The experiment was performed in quadruplicate.

2. Determination of minimum inhibitory concentration (MICs)
and minimal bactericidal concentrations (MBC)

The microplate method of Eloff (1998) was used to determine the
MIC values for plant extracts with antibacterial activity. Residues
of plant extracts were dissolved to 25 mg/ml using the extracting
solvent ethanol. All extracts are tested at 1000 pg/ml (Al-Fatimi et
al. 2007) and serially diluted two-fold to 1.95 pg/ml in a 96-multi-
well polystyrene flat-bottomed microplate(Sigma-Aldrich, St.
Louis, MO, USA) after which 100 pul (1 x 10® CFU/ml) of bacteria
are added to each well. The antibiotic ampicillin was added as ref-
erence antibiotic in each assay. Extract-free solution was used as
the negative control. Pre-incubation absorbance values were read
from an ELISA reader (Biokinetic Reader EL 350, Bio-Tek™ Ins-
truments, Winooski, VT, USA). The microplates were then incu-
bated overnight at 37°C and absorbance values were read after 24
h. MIC values are recorded as the lowest concentration of the ex-
tract that completely inhibited bacterial growth. The experiment
was performed in duplicate. Bacterial cells from the MIC test plate
were sub-cultured on solid nutrient agar by making streaks on the
surface of the agar. The plates were incubated overnight at 37°C
and the MBCs were determined after 24 h. Plates that did not
show growth were considered to be the MBC for the extract or
drug used. The experiment was carried out in duplicate.

Rhodamine 6G uptake

Initial screening results showed that extracts from Mangifera in-
dica, Callistemon citrinus and Vernonia adoensis were potent anti-
bacterials. These extract activities were tested for effectiveness as
MDR inhibitors in Rhodamine 6G accumulation experiments
using the method of Maesaki ef al. (1999) with some modifica-
tions. Bacteria were cultured overnight at 37°C at 110 rpm with
shaking. After 24 h cells were centrifuged using a Rotofix 32
centrifuge (Hettich Zentrifugen, Tuttlingen, Germany) at 4000 rpm
for 5 min and washed twice with phosphate buffered saline (PBS)
(pH 7.2). Cells were centrifuged again and re-suspended at 40
mg/ml in PBS containing 10 mM sodium azide (NaN;). R6G was
added to a final concentration of 10 um and cells placed in an
incubator for 1 h. Cells were then divided into two aliquots, tube A
and tube B. Cells were centrifuged for 5 min at 4000 rpm. Cells in
tube A were re-suspended in PBS containing 1 M glucose while
the cells in the tube B were re-suspended in PBS alone. Plant ex-
tract was then added to the cells containing glucose to a final con-
centration of 100 uM. A standard inhibitor reserpine was also used
at a final concentration of 100 uM. Both tubes were then placed in
an incubator with agitation for 30 min at 37°C. Cells were cen-
trifuged and the supernatant was discarded. The remaining pellet
was re-suspended in 0.1 M glycine HCI, pH 3 and placed in a
shaking incubator overnight. After 24 h, cells were centrifuged for
10 min at 4000 rpm and the supernatant collected for measuring

absorbance at 527 nm using a Shimadzu UV/VIS UV-1601 spec-
trophotometer (Shimadzu, Kyoto, Japan).

Statistical analysis

A comparison of the antibacterial activity of the samples with
standard antibiotics was evaluated by applying a two tailed-
unpaired r-test. All values are expressed as the mean + standard
deviation and P < 0.05 values were considered to indicate statis-
tically significant differences. Numerical data were analysed using
the Student’s #-test using Graphpad™ version 4 for Windows
(Graphpad™ Software Inc., San Diego, California, USA).

RESULTS AND DISCUSSION

Thirteen extracts from the 19 plants selected exhibited
antibacterial activity against the test microorganisms (Table
2). Extracts were not strain specific and showed antibac-
terial activity for all five bacterial species. Exceptions were
observed for the extract of Asteraceae that showed no acti-
vity at all for E. coli and S. aureus and hardly any activity
for P. aeruginosa and B. cereus (7 and 8 mm, respectively)
but resulted in a zone of inhibition of 25 mm for B. subtilis,
Mangifera indica, Callistemon citrinus and Vernonia ado-
ensis were shown to be the most potent extracts for all the
test microorganisms in all the assays carried out in this
study (Tables 2, 3). Results from the R6G uptake experi-
ment showed that Mangifera indica, Callistemon citrinus
and Vernonia adoensis extracts were a potential source of
compounds that had efflux pump inhibitor activity (Fig. 1).

Antibacterial activity of plant extracts

The ethanolic extracts of all the potent plants resulted in
variable zone of inhibition (7-25 mm) for all bacteria tested
(Table 2). Callistemon citrinus and Vernonia adoensis ex-
tracts showed potent antibacterial activity compared with
the extracts of Parinari curatellifolia and Mangifera indica,
with the zone of inhibition diameter ranging from 12-25
mm and 15-25 mm, respectively. In the disc diffusion assay,
the extract from Mangifera indica was not very potent in
terms of inhibiting bacterial growth but showed good anti-
bacterial activity with the zone of inhibition diameters ran-
ging from 9-15 mm. The extract from the leaves and stems
of Parinari curatellifolia also showed antibacterial activity
with diameters of zone of inhibition ranging from 9-20 mm.
Diameters of zone of inhibition exhibited by Callistemon
citrinus and Vernonia adoensis extracts were comparable to
those exhibited by the reference antibiotic ampicillin which
had diameters of zone of inhibition ranging from 25-45 mm.
The different bacterial cells were susceptible to the standard
antibiotic ampicillin and resulted in variable inhibitory
zones of 21-45 mm (Table 2). Extracts of Callistemon citri-
nus and Vernonia adoensis were as active as the standard
antibiotic but all the other extracts were less potent than
ampicillin. All bacterial strains were sensitive to ampicillin.

Minimum inhibitory concentration and minimum
bactericidal concentration

The five most potent extracts showing considerably good
antibacterial activity for each test organism were selected to
determine MIC. Values for MICs were dependent on the
bacterial species. Generally, the MIC values were low
(0.06-0.5 mg/ml) showing that the extracts are potent
(Table 3). However, ampicillin was a more potent antibac-
terial than all the extracts with MIC values ranging from
0.002-0.008 mg/ml. Mangifera indica, Callistemon citrinus
and Vernonia adoensis were the most potent extracts against
all the test bacteria. M. indica was the most potent showing
the same trend of inhibition against all bacteria (0.04-0.047
mg/ml) followed by C. citrinus with MIC values ranging
from 0.02-0.13 mg/ml. V. adoensis had MIC values ranging
from 0.09-0.19 mg/ml. Extracts of Parinari curatellifolia
and Vernonia adoensis also showed good inhibitory activity
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Table 2 Zones of inhibition (mm) induced by ethanol extracts from selected Zimbabwean plants against bacteria.

Plant species

Bacterial species

Pseud s aeruginosa _Escherichia coli Staphylococcus aureus  Bacillus subtilis Bacillus cereus
Syzigium cumini 9+0.6 NA 11+£0 NA 9+0.6
Callistemon citrinus 120" 2507 240 2507 12+05™"
Ficus sycomorus 8+0 NA NA NA 7+0.6
Vernonia adoensis 204077 15+£07" 254077 2007 16+£0.6™""
Parinari curatellifolia/stems  12+0"" 12+0™ 15+0™ 11£0 10+0.5™
Parinari curatellifolia/leaves 11 £0" 10+0™ 20+0™ 1140 9+1"
Gymnsporia senegalensis 6+0 NA NA NA
Mutsvairachuru 6+0 7+0 NA 10£0
Lantana camara 7+0 NA NA NA 9+0"
Brachystegia boehmii 8+0 8+0 10+0 NA 8+0
Mangifera indica 9+0° 100 10+0 15+0°
Faurea spp 9+0 10£0 11+£0 18+0™ 7+0.6
Asteraceae family/flowers 7+0 NA NA 25£0™" 8+0.6
Ampicillin (500 mg) A 2540 45+0 30+0 45+ 0 2140
*dkk%k: most potent, *: least potent
Values are expressed as mean + standard deviation. (n = 4).
Table 3 A summary table for the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) assays.
Microorganism G+/G- Plant species MIC® pg/ml MBC" pg/ml MIC amp MBC amp
Escherichia coli G- Callistemon citrinus 125 250 8 16
Vernonia adoensis 188 500
Parinari curatellifolia (stems) 188 500
P, curatellifolia 300 500
Mangifera indica 47 250
Pseudomonas aeruginosa G- Vernonia adoensis 188 1000 16 125
Callistemon citrinus 63 250
P. curatellifolia (stems) ND > 1000
P, curatellifolia 188 500
M. indica 46 250
Staphylococcus aureus G+ Vernonia adoensis 94 1000 <2 8
Callistemon citrinus 47 250
P, curatellifolia 375 500
P. curatellifolia (stems) 250 500
Faurea sp ND >1000
Bacillus subtilis G+ Callistemon citrinus 24 63 4 8
Asteraceae family (flowers) 292 1000
Vernonia adoensis 188 1000
Faurea sp 500 > 1000
M. indica 40 125
Bacillus cereus G+ Vernonia adoensis 188 1000 4 8
Callistemon citrinus 63 125
P. curatellifolia (stems) 179 500
Lantana camara ND > 1000
P. curatellifolia 375 > 1000

a: minimum inhibitory concentration
b: minimum bactericidal concentration
ND: no activity detected

Table 4 Percentage increase of R6G accumulation in bacterial cells. Results show the percentage accumulation of R6G inside the cell after exposure to
glucose, plant extracts and the standard inhibitor reserpine. The value of drug accumulation in the presence of glucose alone was taken as the control at

0 %. Values are expressed as mean + standard deviation. (n = 4).

Microorganism Sample causing highest R6G influx Second highest Sample causing least influx % influx by
(%) (%) (%) Reserpine

Staphylococcus aureus V. adoensis M. indica C. citrinus 90 +1
(Gram+) (116 +2) @®87+1) (54+3)

Pseudomonas aeruginosa C. citrinus M. indica V. adoensis 58+1
(Gram-) (100 + 1) (73£1) (64+1)

Bacillus cereus V. adoensis M. indica C. citrinus 18+2
(Gram+) 49+£3) 21£1) (14+2)

Bacillus subtilis V. adoensis C. citrinus M. indica 44+ 1
(Gram+) 40=£1) 38+£1) (9+0.5)

Escherichia coli M. indica V. adoensis C. citrinus 7+£0.5
(Gram-) 83£1) 29+ 1) (11+1)

(0.19-0.5 mg/ml).

Results from the MBC assays supported the data ob-
tained from the disc diffusion assay and the MIC determina-
tion assay. These results further confirmed that Mangifera
indica, Callistemon citrinus and Vernonia adoensis were the
most potent extracts. These three extracts exhibited a bacte-
ricidal nature as observed from their MBC values that

ranged from 0.06-1 mg/ml (Table 3). However, plant ex-
tracts seemed to be species specific as they did not show the
same trend of bactericidal activity. Other extracts were bac-
teriostatic with MBC values ranging from 0.5-1 mg/ml.
From the MIC and MBC assays, Gram-negative species
seemed to be more resistant to plant extracts than Gram-
positive species as indicated by their high MIC and MBC
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Fig. 1 The accumulation of R6G in bacterial cells over time. The graphs are a plot of R6G concentration inside the cell after 30 min of incubation
against the sample used (plant extract, ampicillin or reserpine). Glucose was used to provide energy for the efflux pumps in the form of ATP. Key: A =
Staphylococcus aureus; B = Bacillus cereus; C = Bacillus subtilis; D = Escherichia coli; E = Pseudomonas aeruginosa. Error bars denote the standard
deviations from mean (n = 4). The asterisks (*) indicate statistical significant differences with the control (+ glucose) (P < 0.05).

values (Table 4). Other studies carried out have also shown
Gram-negative strains to be less sensitive to antibiotics than
Gram-positive bacteria (Stavri et al. 2007; Doughari and
Manzara 2008). Gram-negative bacteria and mycobacteria
both possess thick outer membranes that are highly hydro-
phobic, providing these organisms with a permeability bar-
rier especially towards hydrophilic compounds such as
macrolide antibiotics such as erythromycin. This in part
explains the observed less sensitivity to antimicrobials by
Gram-negative bacteria than by Gram-positive organisms
(Stavri et al. 2007). Some of the extracts used in this study
have shown antibacterial activity in other studies as well.
Vernonia species possesses antibacterial properties against

K. pneumoniae and M. tuberculosis (Kisangau et al. 2007,
Maregesi et al. 2008) and were used in the cure of tubercu-
losis. A crude extract of Vernonia adoensis was found to
have high activity against E. coli, a gram-negative bacterial
species of clinical importance (Kisangau et al. 2007). The
leaves of M. indica have been reported to possess antibac-
terial activity against E. coli and other bacteria in the family
enterobacteriaceae (Doughari and Manzara 2008). Another
different part of the mango plant, the kernel seed was also
observed to possess high antibacterial activity against food-
borne pathogenic bacteria (Kabuki et al. 2000). In another
study, Mangifera indica was found to contain alkaloids and
glycosides, giving it great pharmacological importance
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(Nwinuka et al. 2008). Preliminary phytochemical analysis
of M. indica also showed the presence of tannins, saponins
and phenols in addition to the glycosides and the alkaloids
(Doughari and Manzara 2008). The presence of these phy-
toconstituents in leaf extracts is thought to be responsible
for antibacterial activity. Alkaloids and their derivatives
have activities against Staphylococcus aureus and methi-
cillin-resistant S. aureus. The mechanism of action of highly
aromatic planar quaternary alkaloids is attributed to their
ability to intercalate with DNA (Kumar et al. 2007). Man-
gifera indica also has traditional uses for curing coughs,
diarrhoea and dysentery (Kisangau et al. 2007). These fin-
dings on the antibacterial activity of the mango plant,
makes it a potential candidate to focus on in terms of dis-
covering new lead compounds for drug development. Cal-
listemon species have also been used in traditional medicine
(Seyyed et al. 2010), ornamental horticulture and essential
oil production (Oyedeji et al. 2009). The ethanolic and me-
thanolic extract of Callistemon citrinus exhibited a varied
range of antimicrobial activity against both gram positive as
well as Gram-negative bacteria (Seyyed ef al. 2010). In a
number of studies carried out in different countries, essen-
tial oils extracted from Callistemon species, including C.
citrinus were found to contain 1,8-cineole, a-pinene, [-
pinene, myrcene, limonene, linalool and menthyl acetate
(Oyedeji et al. 2009). These oils were also found to have
antibacterial activity against both Gram-positive and Gram-
negative bacteria. C-methyl flavonoids, triterpenoids and
phloroglucinol derivatives were also some of the compounds
identified in Callistemon species (Oyedeji et al. 2009).

Effects of extracts on Rhodamine 6G uptake

Bacterial efflux pumps offer potential targets to combat
problematic infectious diseases such as those caused by
MRSA, E. coli and P. aeruginosa (Stavri et al. 2007). In
Gram-positive organisms, the pumps studied in greatest
detail include the NorA, Tet (K) and Msr (A) transporters
while in Gram-negative bacteria, studies have focused on
the tripartite AcrAB-TolC and MexAB-OprM efflux pumps
of E. coli and P. aeruginosa, respectively (Stavri et al.
2007).

Our results showed that the accumulation of R6G was
both strain- and extract-specific with a different trend of

R6G accumulation from one bacterium to another (Table 4).

A study to determine the consequences of inhibiting the
efflux pumps of P. aeruginosa was undertaken by Lomov-
skaya et al. (1999). Inhibition of efflux pumps significantly
decreased MICs for both antibiotic-susceptible and -
resistant bacteria, reversed acquired resistance, and resulted
in a decreased frequency of emergence of P. aeruginosa
mutants highly resistant to fluoroquinolones (Lomovskaya
et al. 1999).

For S. aureus, the V. adoensis extract inhibited efflux
pumps to a greater extent, thus, resulting in the highest ac-
cumulation of R6G (116% increase from the control) within
the cell compared to M. indica (87%) and C. citrinus (54%)
(Table 4). For P. aeruginosa, C. citrinus extract inhibited
drug efflux pumps the most, accumulating R6G within the
cell by 100% more than the control. M. indica extract was
the second most potent drug efflux pump inhibitor increa-
sing R6G uptake by 73% with V. adoensis extract increasing
uptake up to 64%. B. cereus extract showed the same trend
of inhibition of efflux pumps as that of S. aureus with per-

centage increases of 49, 21 and 14%, respectively (Table 4).

However, inhibition of pumps was to a greater extent in S.
aureus than in B. cereus. For B. subtilis, accumulation of
R6G decreased from V. adoensis extract to M. indica extract
with percentage increase values of 40, 38 and 19%, respec-
tively. M. indica increased R6G accumulation 83 times
more than the control while V. adoensis and C. citrinus in-
creased accumulation by 29 and 11%, respectively (Table
4). These results show that the plant extracts used in this
study were able to increase the accumulation of R6G within
the bacterial cells even in the presence of glucose, which is

needed to provide energy for the efflux pumps to initiate the
efflux process.

It is expected that Gram-positive bacteria are more sen-
sitive to the extracts because of the single layer of their cell
wall while the double membrane of Gram-negative bacteria
should make them less sensitive (Kaur and Arora 2009). In
this study, S. aureus was the most sensitive test bacterium to
all the plant extracts used (54-116% R6G accumulation)
and for E. coli for which two extracts increased accumula-
tion of R6G inside the cell by 29 and 11%. The Gram-
negative P. aeruginosa produced unexpected drug accumu-
lation results: it was more sensitive to the extracts even
though many studies have shown that the presence of a
double membrane in Gram-negative bacteria makes them
less sensitive to extracts or drugs (Stavri et al. 2007). Fur-
ther work needs to be carried out with the strain especially
regarding its medical importance and reported cases of drug
resistance. All the extracts that were screened for drug
efflux pump inhibitor properties against P. aeruginosa were
effective in inhibiting the efflux system that was responsible
for extruding R6G from the cell. The percentage R6G ac-
cumulation in P. aeruginosa ranged from 64-100%, thus
making it the second most sensitive strain to the plant
extracts after S. aureus. Phytochemicals from these extracts
could be developed to serve as efflux pump inhibitors in the
administration of antibiotics curing infections by resistant P,
aeruginosa to restore their uses. Work has already been
done to characterize some efflux pumps in P. aeruginosa.
Westbrock-Wadman et al. (1999) characterized amrAB
genes that encode a P. aeruginosa transporter belonging to
the resistance, nodulation, and cell division (RND) family
of efflux systems which also appeared to be the same as
mexXY genes discovered from P. aeruginosa earlier (West-
brock-Wadman et al. 1999). The other two Gram-positives
(B. cereus and B. subtilis) in this study also produced un-
expected result with percentage increase in the amount of
R6G in the cell ranging from 9-49%. These results were un-
expected because Gram-positive bacteria have been shown
to be more susceptible to antibiotics (Kaur and Arora 2009)
but in this study B. cereus and B. subtilis were less suscep-
tible to the plant extracts (Table 4).

It is of importance to identify agents that can block the
efflux of drugs from within bacteria, so as to extend the life
of existing antibacterial drugs. The concept of using a com-
pound that inhibits resistance together with a conventional
antibiotic is well proven and co-amoxiclav is an important
example (Stermitz et al. 2000). A number of MDR pump
inhibitors against the human pathogen S. aureus have been
described and they include berberine isolated from Berberis

fremontii, which is an alkaloid with only weak antibacterial

activity (MIC = 256 mg/L) against a wild-type strain of S.
aureus (Stermitz et al. 2000). However, the isolation of the
flavonolignan 5'-methoxyhydnocarpin-D (5'-MHC-D) and a
synergistic study between these two compounds led to a 16-
fold increase in the antibacterial activity of berberine (MIC
= 16 mg/L). 5'-MHC-D also had a synergistic effect with
several other substrates of the efflux pump NorA, including
norfloxacin (Stavri et al. 2007). Although the antibacterial
activities of V. adoensis, M. indica and C. citrinus observed
in this study confirm the findings of other previous similar
studies, it is worth noting that these extracts also showed
activity as efflux pump inhibitors, an interesting finding
which has not been reported in previous studies investi-
gating the antibacterial activity of these three extracts.

Inhibition of efflux pumps by plant extracts and
reserpine

Reserpine is an antihypertensive plant alkaloid that was first
isolated from the roots of Rauwolfia vomitoria and was
found to reverse NorA-conferred MDR (Stavri et al. 2007).
Thus, reserpine is used as a standard inhibitor of efflux
pumps. All the test bacteria in this study responded to the
effects of reserpine by increasing R6G influx by 7-90%
(Table 4). In most cases the plant extracts used in this assay



Antibacterial activities of medicinal plants from Zimbabwe. Chitemerere and Mukanganyama

were more effective in blocking drug efflux pumps than
reserpine. A possible reason for this would be the presence
of abundant chemical compounds in the extracts with efflux
pump inhibitor activity. Hence, these extracts have a pro-
mising future for the development of effective EPIs which
would augment the antibacterial activities of standard anti-
biotics.

CONCLUSION

The extracts from Mangifera indica, Callistemon citrinus
and Vernonia adoensis were found to have the most antibac-
terial activity. These extracts also showed activity as efflux
pump inhibitors. Lead compounds from such plant extracts
need to be isolated so that they can serve as templates for
the production of new antibiotics as well as efflux pump in-
hibitors.
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