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Abstract

Background: Compounds having both anticancer and antimicrobial activity have promising therapeutic potential
due to their selective cytotoxicity and their potential to reduce the occurrence of bacterial and fungal infections in
immune-compromised cancer patients. In our quest to find new antimicrobial agents with potent anticancer
activity, the biological potential of leaves from the three medicinal plants Centella asiatica, Warburgia salutaris and
Curtisia dentata as used by Zulu traditional healers for the treatment of cancer is investigated.

Methods: Extracts were assayed for antibacterial activity using the agar well diffusion and micro plate dilution
assay. In addition, minimum bactericidal concentrations (MBC), lactate dehydrogenase (LDH) release assay and
rhodamine 6G intake assay were used to ascertain the antibacterial activity. The cytotoxic effects of the plant
extracts were determined using tetrazolium-based colorimetric (MTT) cell proliferation assay against MCF-7, human
colorectal carcinoma cells (Caco-2), A549 and HeLa cancerous cell lines.

Results: The acetone extracts from Waburgia salutaris revealed noteworthy anti-proliferative effect yielding IC50
value of 34.15 μg/ml against MCF-7 cell line, while acetone extract from Curtisia dentata significantly (P≤ 0.05)
revealed promising IC50 values of 41.55, 45.13, 57.35 and 43.24 μg/ml against A549, HeLa, CaCo-2 and MCF-7 cell
lines. The extracts further revealed a broad-spectrum antibacterial activity against bacterial strains used in the study.
An acetone extract from W. salutaris revealed the highest zone of inhibition and the lowest minimum inhibitory
concentration (MIC) of 21.0 mm and 0.16 mg/ml respectively against Staphylococcus aureus. Methanol extract from
W. salutaris and ethyl acetate extract from C. dentata revealed 53% inhibition of R6G inside the cell against
Staphylococcus aureus and Escherichia coli respectively in a cytosolic lactate dehydrogenase assay, suggesting that
the mode of action of such extracts may be through efflux pump.

Conclusions: Overall, the extracts had good antibacterial activity and anti-proliferative effects against selected
cancerous cell lines. Given the good antibacterial activity of the extracts the plants may act as an immune booster
and prevent infection in immunosuppressed cancer patients. This is further supported by the plants’ anti-
proliferative potential, bacteriostatic, bactericidal properties and also their ability to block bacterial efflux pump
systems.
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Background
Chemopreventive agents from medicinal plants are being
sought after as a promising approach to control and man-
age life-threatening human infections like cancer [1, 2].
Studies of various medicinal plants and other natural
products from nature have shown the anti-proliferative,
cytostatic and cytotoxic activities of various phytochemi-
cals against different cancer cells [3]. Traditional African
medicine is amongst the most ancient natural therapies
and the oldest form of medicine currently used. Combined
with western drugs, it can be used to produce one of the
most successful regimes to treat a variety of illnesses [4].
Traditional African medicine is based on using botanical
preparations to treat human and animal illness. Such
medicine is prepared by extracting roots, barks, leaves,
flowers, seeds from, or the entire plant of, different plant
species [5]. Different types of plants contain a variety of
phytochemicals, which may well act as antioxidants, anti-
microbial, anti-inflammatory and anti-cancer agents, mak-
ing the use of plants more advantageous [6]. Furthermore,
these plants generally possess little or no side effects when
compared to western medicine. Immunosuppression is
the suppression of the immune system’s ability to fight
infection. This is often caused by diseases like HIV/AIDS,
lymphoma and cancer. Immunosuppression is a major
complication in cancer and also an adverse effect of
chemotherapy during the treatment of cancer. Most
patients being treated with broad-based chemotherapy
develop immunosuppression. Chemotherapy treatment is
intended to target rapidly dividing cells. Unfortunately, it
does not discriminate between cancer cells and other
rapidly dividing cells. The body’s immune system cells are
equally rapidly dividing and may unfortunately become
the target of chemotherapy. This invariably exposes pa-
tients receiving chemotherapy to infection. The most
common clinical manifestation of immunosuppression is
infection, which may be bacterial, viral, or fungal [7–10].
Centella asiatica (L.) Urb, Warburgia salutaris (Bertol. f.)
Chiov and Curtisia dentata (Burm. F.) C.A.Sm are African
medicinal plants which are generally used by traditional
healers for the treatment and management of cancer
[11–14]. C. asiatica is from the Araliaceae family and
its leaves are used for the treatment of fever, rheuma-
toid arthritis and skin related disorders [13–15]. W.
salutaris is from the Canellaceae family and used in the
treatment of malaria, venereal diseases, cancer, coughs
and colds [11, 16, 17]. C. dentata belongs to the Corna-
ceae family and its stem, bark and leaves are used in the
treatment of cancer, stomach disorders, diarrhoea, sexu-
ally transmitted diseases and as a blood purifier [14, 18].
In the current study, we evaluate the antibacterial activ-

ities of these medicinal plants, as used in the treatment of
cancer by traditional healers in South Africa against noso-
comial pathogenic bacterial strains due to the fact that the

most common clinical manifestation of immunosuppres-
sion is bacterial infection.

Method
Plant materials
The leaves of C. asiatica, W. salutaris and C. dentata were
collected from the South African National Biodiversity
Institute (SANBI) Lowveld Botanical Garden in Nelspruit,
South Africa. The voucher specimens of C. asiatica, W.
salutaris and C. dentata were prepared and matched with
voucher specimen numbers Glow 12/2011, Glow 167/1988
and Glow 96/1998 respectively within Lowveld Herbarium.
The plant materials were identified by Willem Froneman
the resident horticulturist.

Extraction
The plant leaves were dried at room temperature and
powdered using a hammer mill (Ika Scientific, Germany)
to yield approximately 2 mm mesh size powder. The
leaves of each plant were soaked (1:10 w/v) in metha-
nol, ethyl acetate, dichloromethane and distilled water
respectively in 200 ml Schott Duran bottles. The
bottles were placed in in mechanical shaker (IKA Sci-
entific, Model MF 10 B, Germany) at 100 rpm for 48 h
to extract the phytochemicals. The extracts were fil-
tered through a Whatman No.1 filter paper, and then
concentrated and dried using a Buchi rotoary evapor-
ator. The water extracts were dried using a bench top
freeze dryer (Labconco Corporation, Kansas City,
Moussouri, USA) after being frozen at 20 °C. All the
solvents used were of AR grade and obtained from
Merck, South Africa.

Microorganisms
A total of fourteen microorganisms were selected and
used in the study. The organisms were collected from the
University of South Africa, College of Agriculture and
Environmental Sciences Laboratories. Enterococcus avium
(ATCC 14025), Staphylococcus aureus (ATCC 6538),
Streptococcus agalactiae (ATCC 12386), Bacillus cereus
(ATCC 10702), Enterococcus hirae (ATCC 10541), Entero-
coccus faecalis (Clinical isolate), Enterococcus gallinarium
(ATCC 49573), Escherichia coli (ATCC 25922), Pseudo-
monas aeruginosa (ATCC 10031), Proteus mirabilis ATCC
(29906), Proteus vulgaris ATCC (49132), Klebsiella pneu-
moniae (ATCC 13883), Acinetobacter calcaoceuticus ani-
tratus (CSIR) and Salmonella typhi (ATCC 14028) were
selected for the study. The stock cultures were maintained
at 4 °C in Müeller-Hinton agar (Oxoid, Germany).

Antibacterial assay
Agar disk diffusion
The study of antibacterial activity of the selected medi-
cinal plant extracts was carried using the agar disk
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diffusion method [19]. Bacterial strains were grown over-
night at 37 °C separately in 10ml nutrient broth. The bac-
teria cultures were then diluted to the McFarland no.5
standard (1.0 × 108 CFU/ml). Bacteria suspension (1.0 × 108

CFU/ml) were then inoculated with into standard Petri
dishes with nutrients agar. Sterile paper disks of 6 mm
(Mast Diagnostics, Germany) were placed on the inocu-
lated plates after which the paper disk were soaked with
10 μl of 10 mg/ml of the extracts in 1% DMSO. Tests
were performed in triplicates. Zones of inhibition were
measured in mm as a diameter in areas where no
growth of the bacteria was visible.

The minimum inhibitory concentration (MIC)
The MIC of the extracts was determined using the
micro plate dilution assay [20]. Nutrients broth (50 μl)
was added into all the wells of the 96 well microtitre
plate. About 50 μl of all the extracts (5 mg/ml) in 1%
DMSO was then serially diluted down the rows from
row of the 96 well microtitre plate. Bacterial culture
(50 μl) of McFarland standard was then added to all
the wells of the 96 well microtitre plate then incu-
bated at 37 °C for 24 h. p-Iodo-nitrotetrazolium violet
(INT) solution (40 μl of 0.2 mg/ml) was then added
into all the well of the 96 well microtitre plate and
incubated at 37 °C for 30 min. The MIC was defined
as the lowest concentration with no visible microbial
growth observed within the plate.

The minimum bactericidal concentration (MBC)
Minimum bactericidal concentration is defined as the
lowest concentration of the plant extract where all the
inoculated bacterial strains are completely killed. Culture
medium 10 μl from the microtiter plates used for MIC
was reinoculating, on nutrient agar plates and incubated
at 37 °C for 24 h. [21].

Lactate dehydrogenase (LDH) release assay (membrane
damage)
The cytosolic LDH release assay was done using micro-
plate technique previously described [22–25]. The LDH
release assay was calculated with the formula: (E-C)/
(T-C) × 100, where E is the absorbance of the experi-
mental cell cultures, C is the absorbance of the cell
medium used as the control, and T the absorbance of
the positive control which is the LDH release of Triton
X-100 lysed cells.

Rhodamine 6G uptake
The extracts were tested for their Efflux pump inhibitory
activity using the method of Maesaki et al. (1999) [26]
with some modifications as described by Soyingbe et al.
(2015) [50]. The percentage accumulation of R6G inside

cells after exposure to glucose, essential oil and stan-
dards was calculated from the formula:

Percentage accumulation of R6G ¼ 1−At=Aoð Þ x 100ð Þ

Where At is the absorbance of the test compound and
Ao is the absorbance of the control in the presence of
glucose only.

Cytotoxity assay
Human breast adenocarcinoma (MCF-7) cells, human
cervical cancer cells (HeLa), human embryonic kidney
cells (HEK293) and human colorectal carcinoma cells
(Caco-2) were grown to confluency in 75 cm3 flasks. The
cells were then trypsinised and plated into 96 well plates
at specific seeding densities of 23 × 104 cells per well,
incubated overnight at 37 °C and 5% CO2. The medium
was then removed and fresh medium (MEM+Glutmax +
antibiotics+ 10% Fetal bovine serum) was added. Extracts
were then added in triplicate and incubated for 48 h. At
the end of the incubation period, test samples were re-
moved from the wells and replaced with 200 μl fresh
medium to which 30 μl of 5 mg/ML MTT was added and
incubated for 4 h. After incubation with MTT, the
medium in each well was removed and the formazan crys-
tals that formed were dissolved by adding 50 μL of DMSO
to each well of the plates. The plates were gently shaken
until the crystals dissolved. The amount of MTT reduc-
tion was measured immediately by detecting the absorb-
ance at 570 nm [27]. The percentage of cell viability was
calculated using the formula below:

%Cell viability ¼ Mean absorbance of sample

=Mean absorbance of control X 100

The IC50 values (lethal concentration at which 50% of
the cells are killed) were calculated from linear regression
plots as the concentration of the test sample that resulted
in 50% reduction of absorbance compared to untreated
cells. The intensity of the MTT formazan produced by
living metabolically active cells is directly proportional to
the number of live cells present.

Statistical analysis
The results of each assay was analyzed using Graphpad
Prism 6, data were expressed as means ± SD of triplicate
measurements. P values ≤0.05 were referred to as statis-
tically significant.

Results
The antibacterial activity of the plant extracts against
14 bacterial strains, is shown in Table 1. In the agar
diffusion assay, the selected medicinal plants showed a
broad-spectrum antibacterial activity against both gram
positive and gram negative organism with zones of

Soyingbe et al. BMC Complementary and Alternative Medicine          (2018) 18:315 Page 3 of 10



Ta
b
le

1
A
nt
ib
ac
te
ria
la
ct
iv
iti
es

of
Le
af

ex
tr
ac
ts
of

Ce
nt
el
la

as
ia
tic
a,
W
ar
bu
rg
ia
sa
lu
ta
ris

an
d
Cu

rt
isi
a
de
nt
at
e

Zo
ne

0f
in
hi
bi
tio

n

C
en

te
lla

A
si
at
ic
a

C
ur
tis
ia

D
en

ta
te

W
ar
bu

rg
ia

sa
lu
ta
ris

C
on

tr
ol
s

Te
st
or
ga
ni
sm

s
M
et
ha
no

l
Et
hy
l

A
ce
ta
te

A
ce
to
ne

w
at
er

M
et
ha
no

l
Et
hy
l

A
ce
ta
te

A
ce
to
ne

w
at
er

M
et
ha
no

l
Et
hy
l

A
ce
ta
te

A
ce
to
ne

w
at
er

C
ip
ro

1%
D
M
SO

E.
av
iu
m

19
±
2.
0

12
±
0.
4

13
±
2.
0

10
±
0.
4

18
±
1.
5

11
±
2.
0

15
±
0.
6

7
±
0.
1

16
±
0.
6

11
±
2.
1

14
±
3.
0

11
±
1.
1

31
±
2.
1

N
A

S.
au
re
us

18
±
1.
4

13
±
1.
4

10
±
0.
7

7
±
3.
0

15
±
2.
5

13
±
1.
5

17
±
1.
0

11
±
1.
1

19
±
2.
0

12
±
2.
0

21
±
1.
0

8
±
1.
2

27
±
0.
5

N
A

S.
ag
al
ac
tia
e

29
±
0.
4

10
±
2.
5

15
±
0.
3

8
±
1.
2

12
±
1.
5

15
±
1.
2

16
±
1.
5

11
±
0.
2

13
±
1.
2

9
±
1.
2

14
±
0.
5

N
A

22
±
1.
5

N
A

B.
ce
re
us

19
±
0.
0

10
±
0.
4

9
±
1.
2

8
±
0.
6

19
±
1.
5

13
±
0.
6

13
±
1.
0

10
±
0.
8

13
±
1.
2

10
±
0.
6

15
±
1.
0

9
±
.0
.9

25
±
0.
5

N
A

E.
hi
ra
e

15
±
1.
0

13
±
0.
4

11
±
1.
4

8
±
2.
8

13
±
0.
7

15
±
2.
5

14
±
1.
2

9
±
1.
5

17
±
1.
5

12
±
0.
8

11
±
0.
5

7
±
1.
5

28
±
1.
5

N
A

E.
fa
ec
al
is

16
±
0.
4

21
±
0.
4

13
±
2.
2

10
±
3.
1

18
±
1.
5

13
±
1.
2

14
±
1.
5

11
±
0.
2

12
±
2.
1

10
±
0.
5

12
±
0.
2

8
±
0.
6

35
±
1.
7

N
A

E.
ga
lli
na

riu
m

10
±
0.
5

14
±
1.
7

11
±
1.
0

7
±
0.
3

16
±
2.
0

12
±
1.
2

12
±
1.
0

7
±
1.
4

13
±
0.
6

12
±
0.
3

10
±
1.
0

N
A

26
±
2.
0

N
A

E.
co
li

16
±
0.
0

8
±
1.
0

10
±
0.
3

8
±
1.
1

10
±
1.
4

11
±
1.
4

11
±
1.
5

N
A

12
±
1.
0

10
±
1.
2

14
±
1.
5

10
±
1.
4

21
±
1.
7

N
A

P.
ae
ru
gi
no

sa
17

±
1.
0

8
±
0.
6

12
±
1.
0

N
A

12
±
0.
7

12
±
0.
6

12
±
1.
0

N
A

14
±
1.
0

9
±
1.
5

12
±
0.
6

8
±
1.
0

23
±
1.
5

N
A

P.
m
ira
bi
lis

14
±
1.
0

10
±
1.
6

9
±
1.
1

8
±
0.
0

10
±
1.
4

15
±
0.
4

15
±
0.
5

9
±
2.
5

16
±
0.
6

N
A

11
±
0.
7

N
A

26
±
1.
1

N
A

P.
vu
lg
ar
is

9
±
1.
0

9
±
0.
6

12
±
0.
6

9
±
0.
8

16
±
2.
5

14
±
0.
3

11
±
0.
8

7
±
3.
0

11
±
0.
0

9
±
0.
6

8
±
0.
4

N
A

24
±
0.
5

N
A

K.
pn

eu
m
on

ia
12

±
2.
0

7
±
0.
6

10
±
0.
6

N
A

10
±
2.
1

11
±
1.
5

10
±
1.
5

N
A

12
±
1.
0

11
±
2.
0

11
±
1.
0

N
A

25
±
2.
0

N
A

Ac
in
et
ob
ac
te
r

Ca
lc
ao
ce
ut
ic
al
s

An
itr
at
us

10
±
0.
6

8
±
0.
3

9
±
0.
7

N
A

12
±
2.
3

11
±
1.
1

10
±
0.
6

8.
0
±
1.
4

13
±
1.
0

10
±
1.
2

10
±
1.
1

N
A

23
±
1.
5

N
A

S.
ty
ph

i
11

±
1.
1

9
±
0.
6

7
±
0.
6

N
A

12
±
0.
7

10
±
1.
5

12
±
0.
6

N
A

13
±
1.
5

11
±
1.
5

9
±
1.
2

N
A

27
±
0.
5

N
A

In
hi
bi
tio

n
zo
ne

di
am

et
er
s
(m

m
)
in
cl
ud

in
g
di
am

et
er

of
th
e
st
er
ile

di
sc

(6
m
m
):
va
lu
es

ar
e
gi
ve
n
as

m
ea
n
±
SD

(3
re
pl
ic
at
es
).
N
D
=
no

t
de

te
rm

in
ed

;N
A
=
no

t
ac
tiv

e.
D
M
SO

=
D
im

et
hy

ls
ul
fo
xi
de

.S
D
=
st
an

da
rd

de
vi
at
io
n.

(P
≤
0.
05

)

Soyingbe et al. BMC Complementary and Alternative Medicine          (2018) 18:315 Page 4 of 10



inhibition ranging from 7mm to 29 mm. The methanol
extracts of C. asiatica and C. dendata, had the highest
antibacterial activity yielding 10 mm to 19 mm. The in-
hibitory zone of 8 mm to 21 mm was observed for the
acetone extract of W. salutaris. The minimum inhibi-
tory concentration (MIC) activity of methanol, ethyl
acetate acetone and water leaf extracts of C. asiatica,
W. salutaris and C. dentata are presented in Table 2.
The MIC values of the extracts ranged from 0.31 mg/ml
to >10 mg/ml. The methanol extract of W. salutaris
revealed a lowest MIC value of 0.31 mg/ml against E.
avium and E. coli, while the acetone extracts had an
MIC value of 0.31 mg/ml on E.coli. The MIC value of
0.31 mg/ml for the methanol extract of C. dentata on
Staphylococcus aureus was also noted. The cytosolic
lactate dehydrogenase release which measures the mem-
brane damage is shown in Table 3. Only extracts that
showed MBC activities were tested for their LDH release
activity. The highest cytosolic lactate dehydrogenase re-
lease ranged from 0 to 36.4% release. The accumulation of
R6G in the cells after exposure to glucose, plant extracts
and standard inhibitor berberine are presented in Table 3.
Insofar as the LDH activity was concerned, only extracts
with MBC values were tested further for their efflux pump
inhibitory activity. The value of the drug accumulation in
the presence of glucose alone was taken as the control 0%.
The accumulation range was from 0 to 53%, with the ethyl
acetate extract of C. dentata showing a high efflux pump
inhibitory capacity. The results of the cytotoxicity

investigations are presented in Table 4 and the cytotoxic
effects of the plant extracts were tested against 4 cell line.
The IC50 values of the extracts, which is the lethal concen-
tration at which 50% of the cells are killed (calculated as
the average from three independent experiments) against
doxorubicin hydrochloride as a reference drug, are
represented in Table 4. C. asiatica acetone extract
showed the most significant activity, with IC50 value of
53.65 ± 0.06 μg/ml against MCF-7 and 46. 49 ± 0.04 μg/ml
for A549. The water extracts were the least active and
showed IC50 value of >100 μg/ml for MCF-7, Caco-2 and
A549 and IC50 value of 76.3 ± 0.06 μg/ml for HeLa. The
acetone extracts from C. dentata and W. salutaris revealed
the most active cytotoxic effect. Acetone extracts from
C. dentata exhibited IC50 values of 43.24 ± 0.01 and
41.55 ± 0.04 μg/ml against MCF-7 and A549 respect-
ively, while the acetone extract from W. salutaris revealed
IC50 values of 34.15 ± 0.77 and 44.51 ± 1.25 μg/ml against
A549 and MCF-7 respectively. The methanol and ethyl
acetate extracts from C. dentata revealed IC50 values
ranging from 53.27 ± 0.76 μg/ml to 82.6 ± 0.13 μg/ml
against the four selected cell lines.

Discussion
Natural products which are obtained from medicinal
plants, extracted in their crude form or as purified iso-
lates, have been used as bases for discovering new drugs
because of their chemical diversity. Interest and demand
are on the rise for the chemical diversity applied in

Table 2 The MIC (mg/ml) values of Centella asiatica, Curtisia dentate and Warbugia salutaris extracts against bacteria

Centella
Asiatica

Curtisia
Dentate

Warburgia
salutaris

Controls

Test organisms Methanol Ethyl
Acetate

Acetone water Methanol Ethyl
Acetate

Acetone water Methanol Ethyl
Acetate

Acetone water Cipro 1% DMSO

E. avium 2.5 5 2.5 >10 0.63 5 0.63 5 0.31 1.25 1.25 10 0.63 ND

S. aureus 2.5 1.25 1.25 5 0.31 2.5 0.63 5 1.25 1.25 0.16 5 0.16 ND

S. agalactiae 5 5 5 >10 0.63 5 1.25 >10 5 >10 1.25 5 2.5 ND

B. cereus 2.5 2.5 1.25 5 0.63 5 1.25 5 1.25 5 1.25 10 0.63 ND

E. hirae 2.5 5 1.25 >10 1.25 5 5 5 1.25 2.5 2.5 5 5.0 ND

E. faecalis 5 10 5 10 >10 >10 5 >10 >10 >10 5 >10 0.63 ND

E. gallinarium 1.25 5 2.5 5 1.25 5 5 >10 2.5 2.5 5 5 0.31 ND

E. Coli 1.25 5 0.63 >10 0.63 2.5 1.25 10 0.31 2.5 0.31 5 0.31 ND

P. aeruginosa 5 10 5 10 1.25 >10 0.63 >10 2.5 >10 2.5 10 1.25 ND

P. mirabilis 2.5 >10 5 >10 0.63 5 1.25 >10 2.5 5 2.5 >10 0.31 ND

P. vulgaris 5 5 2.5 10 5 5 2.5 10 >10 5 5 10 1.25 ND

K. pneumonia >10 >10 5 >10 >10 >10 5 >10 2.5 5 5 >10 5.0 ND

Acinetobacter
Calcaoceuticals
Anitratus

5 >10 >10 >10 5 >10 >10 >10 5 >10 2.5 >10 5.0 ND

S. typhi >10 >10 >10 >10 5 >10 5 >10 5 >10 >10 >10 2.5 ND

MIC values given as mg/ml, results are mean of three replicates, ND = not determined, DMSO = Dimethyl sulfoxide; Cipro = Ciprofloxacin. (P ≤ 0.05)
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screening programs. The quest for therapeutic drugs ob-
tained from natural products, particularly edible plants,
has grown throughout the world [28, 29]. In this study
we investigated the antibacterial and cytotoxicity proper-
ties of 3 important medicinal plants used in the treat-
ment of cancer by traditional healers in South Africa
against nosocomial pathogenic bacteria. Treatments
using herbal medicines provide some advantages over
the use of single purified chemicals [15, 30]. This could
be because herbal medicines are mixtures of different
therapeutic or preventive compounds or components,
and could provide more activity in treating diseases than

single products on their own [4, 31]. The dried plant
leaves materials were extracted using different solvents,
ethyl acetate, acetone, methanol and water. Water being
the preferred solvent used by most traditional healers
because of its availability. However, water does not ex-
tract non-polar bio-active compounds. Hence, in our
study we decided to use other solvents to extract all
compounds of varying polarities. The methanol and
acetone extracts were the most active, as compared to
the ethyl acetate and water extracts. These findings are
similar to those of other authors [32] who reported that
the methanol leaf extract of C. asiatica has moderate

Table 3 Antibacterial percentage cytosolic lactate dehydrogenase assay and percentage accumulation of R6G inside the cell after
exposure to glucose, plant extract and standard inhibitor bererine

Percentage accumulation and release

Centella asiatica Curtisia dentate Warburgia salutaris Control

Test organisms Methanol Ethyl
Acetate

Acetone Water Methanol Ethyl
Acetate

Acetone water Methanol Ethyl
Acetate

Acetone water berberine

E. avium LDHa 0.68 – 0 – 8.1 – 0.7 – 2.4 – 0 – 53

R6Gb 11 31 10 – 30 – 24 – 3 – 21 –

S. aureus LDHa 0 0.3 3.6 – 7.2 2.1 5.4 – 0.8 0 36.4 – 87

R6Gb 20 42 5 – 9 35 25 – 53 20 6 –

S. agalactiae LDHa – – – – – – 0.7 – 0.5 – 1.4 – 76

R6Gb – – – – – – 14 – 15 – 3 –

B. cereus LDHa – 0.8 4.3 – 1.4 – – – 15.1 – 0.3 – 85

R6Gb – 39 13 – 12 – – – 10 – 8 –

E. hirae LDHa – – – – – – – – – 0 0.1 – 75

R6Gb – – – – – – – – – 24 9 –

E. faecalis LDHa – – – – – – – – – – 1.0 – 67

R6Gb – – – – – – – – – – 6 –

E. gallinarium LDHa 0 – – – – – 5.1 – 1.6 – – – 55

R6Gb 9 – – – – – 18 – 23 – – –

E. Coli LDHa 0.8 – 18.6 – 1.4 0 18.6 – 25.4 1.34 4.3 – 92

R6Gb 11 – 45 – 31 53 39 – 35 24 11 –

P. aeruginosa LDHa – – – – – – 4.4 – 3.3 – 0.9 – 64

R6Gb – – – – – – 51 – 24 – 7 –

P. mirabilis LDHa – – – – 0.7 – – – – – – – 41

R6Gb – – – – 18 – – – – – – –

P. vulgaris LDHa – – 0 – – – – – – – – – 50

R6Gb – – 6 – – – – – – – – –

K. pneumonia LDHa – – – – – – – – 4.7 0 – – 79

R6Gb – – – – – – – – 6 – –

Acinetobacter
Calcaoceuticals
Anitratus

LDHa – – – – – – – – – – 0 – 66

R6Gb – – – – – – – – – – 23 –

S. typhi LDHa – – – – – – – – – – 0 – 45

R6Gb – – – – – – – – – – 11 –
aLDH release (membrane damage) activity % LDH Release in comparison to Triton X-100; bValues of drug accumulation in the presence of glucose were taken as
the control, − = not determined. (P ≤ 0.05)
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antibacterial activity against Staphylococcus aureus, Ba-
cillus cereus, Pseudomonas aeruginosa and Escherichia
coli, while the acetone extract was less effective against
these same organisms. In other studies [33] the metha-
nol extract of C. asiatica leaves revealed the highest
inhibitory activity when compared to the acetone and
aqueous extracts. Additionally, Waburgia ugandensis
which had a similar composition pattern of its essential
oil with W. salutaris, inhibited gram positive bacteria S.
aureus and Streptococcus pnemoniae which were the
most sensitive to the extract [34].
Elsewhere, W. salutaris showed high antibacterial ac-

tivity against test bacteria and its methanol extract was
the only extract that showed activity against Escherichia
coli, a gram negative organism [35]. Higher antimicrobial
activity of methanol extracts from W. salutaris could be
related to sesquiterpene dialdehydes which are known to
have antibacterial and cytotoxic activities and previously
isolated from other taxonomically related Waburgia
species [36]. Muzigadial was also identified as the main
antibacterial agent in the stem bark of W. salutaris [16],
with MIC of 12.5 μg/ml against both S. aureus and B.
subtilis similar to the present study. Results of anti-
microbial potentials of C. dentata against E. coli sero-
types ranged between 8 and 28% which is similar to this
present study similarly other authors [37, 38] reported
MIC values using C. dentata methanol extracts that
agree with the present study [39]. The positive control
ciprofloxacin was also active against all the 14 organisms

tested, whilst 1% DMSO and the negative control i.e.
sterile distilled water were both not active on any of the
14 organisms tested.
The MBC values shown in Table 5 ranged between

2.5 mg/ml and 10mg/ml. The lowest MBC value of 2.5
mg/ml was observed in the methanol and acetone ex-
tracts of W. salutaris on E. coli, while only the acetone
extract of W. salutaris had an MBC value of 2.5 mg/ml
on S. aureus. The water extracts showed no bactericidal
activities and are therefore not shown.
The highest release of 36.4% was revealed by the acet-

one extract of W. salutaris on S. aureus (Table 3). This
could be attributed to the fact that gram positive organ-
isms possess a single layer cell membrane, and more
susceptible to antibiotics compared to gram negative
organisms, that have a double membrane and are less
susceptible to the effect of antimicrobial agents [40].
Although most studies show that essential oils disrupt
the permeability barrier of bacteria cell membranes [41].
The results of the membrane damage activity in this
study show a low membrane damage activity similar to
that reported by other authors [42]. The LDH release ac-
tivity values of the extracts are generally low which
shows that the mode of action of the extracts are not
through membrane damage of the bacteria cells.
The efflux pump confers bacterial resistance [43]. The

development of new antibiotics which act as efflux pump
inhibitors (EPIs) is very important in order to reduce the
emergence of multidrug resistance (MDR) to the present

Table 5 The MBC (mg/ml) values of Centella asiatica, Curtisia dentate and Warbugia salutaris extracts against bacteria

Centella
Asiatica

Curtisia
Dentate

Warburgia
salutaris

Controls

Test organisms Methanol Ethyl
Acetate

Acetone water Methanol Ethyl
Acetate

Acetone water Methanol Ethyl
Acetate

Acetone water Cipro 1% DMSO

E. avium 5 >10 10 >10 2.5 >10 10 >10 5 >10 10 >10 0.63 ND

S. aureus 10 5 5 >10 5 10 5 >10 10 10 2.5 >10 0.16 ND

S. agalactiae >10 >10 >10 >10 >10 >10 10 >10 10 >10 5 >10 2.5 ND

B. cereus >10 10 2.5 >10 10 >10 >10 >10 5 >10 5 >10 0.63 ND

E. hirae >10 >10 >10 >10 >10 >10 >10 >10 >10 10 10 >10 5.0 ND

E. faecalis >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 10 >10 0.63 ND

E. gallinarium 10 >10 >10 >10 >10 >10 10 >10 10 >10 >10 >10 0.31 ND

E. Coli 5 >10 5 >10 10 5 5 >10 2.5 5 2.5 >10 0.31 ND

P. aeruginosa >10 >10 >10 >10 >10 >10 10 >10 10 >10 10 >10 1.25 ND

P. mirabilis >10 >10 >10 >10 5 >10 >10 >10 >10 >10 >10 >10 0.31 ND

P. vulgaris >10 >10 10 >10 >10 >10 >10 >10 >10 >10 >10 >10 1.25 ND

K. pneumonia >10 >10 >10 >10 >10 >10 >10 >10 10 10 >10 >10 5.0 ND

Acinetobacter
Calcaoceuticals
Anitratus

>10 >10 >10 >10 >10 >10 >10 >10 >10 >10 10 >10 5.0 ND

S. typhi >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 2.5 ND

MBC values given as mg/ml, results are mean of three replicates ND = not determined, DMSO = Dimethyl sulfoxide; Cipro = Ciprofloxacin. (P ≤ 0.05)
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antibiotics being used. Recent studies have shown that me-
dicinal plants have bioactive compounds (such as tannins,
alkaloids, flavonoids etc) responsible for antibacterial prop-
erties [44]. The accumulation of R6G was species specific,
as observed in the current study. These results were in
accordance with results found by other authors [45], which
showed that R6G concentration are increase with plant ex-
tracts. S. aureus was noted to have the highest percentage
accumulation when compared with other organisms.
In a study carried out by Babu et al., 1995 [46], purified

fractions of C. asiatica showed anti-proliferative effects
having IC50 values of 17 μg/mL and 22 μg/mL against
Ehrlich ascites tumor cells, which agrees with our study.
On the other hand, Pittella et al. 2009 [47] showed aque-
ous extracts of C. asiatica to reveal no anti-proliferative
activity against mouse melanoma (B16F1), human breast
cancer (MDA MB-231) and rat glioma (C6) cell lines with
IC50 value of 698.0 μg/mL, 648.0 μg/mL and 1000.0 μg/mL
respectively. Betulinic acid was found to be the most
abundant of the isolated compounds, present in most of
the bulk fractions of C. dentata [38]. Betulinic acid was se-
lectively cytotoxic against several human melanoma can-
cer cell lines. It was also found to be active in vivo against
athymic mice carrying human melanoma with little tox-
icity [48]. The mechanism of action of betulinic acid on
mammalian cells is thought to involve the induction of
apoptosis [48]. By the standard set by National Cancer In-
stitute, a crude extract is said to have anti-tumor proper-
ties when exhibiting the IC50 value of less than 50 μg/ml
[49], suggesting that the extracts from the selected medi-
cinal plants revealed some anti-cancer effects against the
selected cell lines.

Conclusion
It is imperative that more drugs be discovered to combat
the upsurge of cancer. Medicinal plants are being sought
after as the potential way forward in treating cancer and
also the underlying effects of cancer treatments. The
methanol extracts of C. Dentate and W. Salutaris showed
the highest antibacterial activity while the acetone extract
of W. Salutaris showed the most promising cytotoxicity
effect. Given the good antibacterial activity of the extracts
the plants may act as an immune booster and prevent
infection in immunosuppressed cancer patients. This may
also be due to their bacteriostatic and bactericidal activ-
ities, and also their ability to block bacterial efflux pump
systems. With the plant extracts showing a good overall
antibacterial activity and moderate cytotoxic effect in this
study, the results of this study suggest that the different
extracts have the potential to be exploited as a good
source for the development of antimicrobial agents.

Abbreviations
LDH: Lactate Dehydrogenase; MBC: Minimum bactericidal concentration;
MIC: Minimum inhibitory concentration; R6G: Rhodamine 6G

Acknowledgements
The authors are grateful to the University of Zululand Research Committee,
the National Research Foundation and Mangosuthu University of
Technology.

Funding
We acknowledge the financial contribution of the Mangosuthu University
of Technology Research Directorate, the National Research Foundation
(Unique Grant Number 113595) University of Zululand.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding Author on reasonable request.

Authors’ contributions
The biological assays analyses and writing the draft manuscript were done
by SOS. TJM conceived the idea, NIM reviewed the draft and final
manuscripts and interpretation of results. All authors read and approved of
the final manuscript for submission.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Research, Innovation and Engagements Portfolio, Mangosuthu University of
Technology, Durban 4031, South Africa. 2University of South Africa, College
of Agriculture and Environmental Sciences Laboratories, Private Bag X06,
Florida, Johannesburg 0710, South Africa.

Received: 12 July 2018 Accepted: 16 November 2018

References
1. Catalano E, Maestri P, Cochis A, Azzimonti B, Varoni E, Fraschini F, Rimondini

L, Megna S, Iriti M. Cytotoxic activity of plant extract on cancer cells. Italian J
of Anat Embryology. 2014;118(2):50.

2. Karikas GA. Anticancer and chemopreventing natural products: some
biochemical and therapeutic aspects. J Buon. 2010;15:627–38.

3. Gordaliza M. Natural products as leads to anticancer drugs. Clin Trans Oncol.
2007;9:767–76.

4. Mushtaq A, Khan MI, Muhammad M, Rahmat AK. Role of medicinal plants in
oxidative stress and cancer. Sci Rep. 2013;2:641–3.

5. Abera B. Medicinal plants used in traditional medicine by Oromo people,
Ghimbi District, Southwest Ethiopia. J Ethnobiol Ethnomedicine. 2014;10:40.

6. Newman DJ, Gordon MC. Natural products as sources of new drugs from
1981 to 2014. J Nat Prod. 2016;25:79(3):629–61.

7. Adams DH, Sanchez-Fueyo A, Samuel D. From immunosuppression to
tolerance. J Hepatol. 2015;62:170–85.

8. Cristina G, Thorsten H. Targeting immunosuppression for cancer therapy. J
Clin Invest. 2013;123(6):2355–7.

9. Christine A, Andreas H, Stefan K. Pneumocystis carinii colonization in the
absence of immunosuppression. Scand J Infect Diseases. 1997;29(6):591.

10. Rasmussen L, Arvin A. Chemotherapy-induced immunosuppression. Environ
Health Perspect. 1882;43:21–5.

11. Van Wyk BE. The potential of south African plants in the development of
new medicinal products. S Afr J Bot. 2011;77(4):812–29.

12. Afolayan AJ, Jimoh FO, Sofidiya MO, Koduru S, Lewu FB. Medicinal potential
of the root of Arctotis arctotoides. Pharm Biol. 2007;45:486–93.

13. Steenkamp V, Gouws MC. Cytotoxicity of six south African medicinal plant
extracts used in the treatment of cancer. S Afr J of Bot. 2006;72(4):630–3.

Soyingbe et al. BMC Complementary and Alternative Medicine          (2018) 18:315 Page 9 of 10



14. Hutchings A, Scott AH, Lewis G, Cunningham A. Zulu medicinal plants. An:
inventory. 1996. Scottsville: University of Natal Press.

15. Breyer-Brandwijk, MG, Watt JM. The Medicinal and Poisonous Plants of
Southern and Eastern Africa. 1962; 2nd Edition, E. and S. Livingstone Ltd.,
Edinburgh.

16. Rabe T, Van-Staden J. Isolation of an antibacterial sesquiter-penoid from
Warburgia salutaris. J Ethnopharmacol. 2000;73:171–4.

17. Mahlori JM, Munaka CM, Siegfried ED. A drimane sesquiterpenoid lactone
from Warburgia salutaris. Phytochemistry. 1999;51:435–8.

18. Cunningham AB. An investigation of the herbal medicine trade in Natal/
KwaZulu Investigational Report No. 29. Institute of Natural Resources,
Pietermaritzburg.1988.

19. Van Vuuren SF. Viljoen AM. A comparative investigation of the antimicrobial
properties of indigenous south African aromatic plants with popular
commercially available essential oils. J Essent Oil Res. 2006;18:66–71.

20. Eloff JN. A sensitive and quick method to determine the minimal inhibitory
concentration of plant extracts for bacteria. Planta Med. 1998;64:711–3.

21. Soyingbe OS, Oyedeji AO, Basson AK, Singh M, Opoku AR. Chemical
composition, antimicrobial and antioxidant properties of the essential oils of
Tulbaghia violacea Harv L.F. Afr J Microbiol Res. 2013;7:1787–1793, 30.

22. Korzeniewski C, Callewaert DM. An enzyme- release assay for natural
cytotoxicity. J Immunol Meth. 1983;64:313–20.

23. Badovinac V, Trajkovic V, Mostarica-Stojkovic M. Nitric oxide promotes
growth and major Histocompati-bility complex-unrestricted cytotoxicity of
interleukin- 2-activated rat lymphocytes. Scand J Immunol. 2000;52:62–70.

24. Tadić VM, Jeremic I, Dobric S, Isakovic A, Markovic I, Trajkovic V, Bojovic D,
Arsic I. Anti-inflammatory, Gastroprotective, and cytotoxic effect of Sideritis
scardica extracts. Planta Med. 2012;78:415–27.

25. Soyingbe OS, Oyedeji AO, Basson AK, Opoku AR. The essential oil of
Eucalyptus grandis W. hill ex maiden inhibits microbial growth by inducing
membrane damage. Chin Med. 2013;4:7–14.

26. Maesaki S, Marichal P, Bossche HV, Sangland D, Kohno S. Rhodamine 6G
efflux for the detection of CDR1-overrxpressing azole-resistant Candida
albicans strains. J Antimicrob Chemother. 1999;44:27–31.

27. Mosmann T. Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J. Immunol.
Methods1983;65:55–63.

28. Sasidharan S, Chen Y, Saravanan D, Sundram KM, Yoga LL. (2011). Extraction,
isolation and characterization of bioactive compounds from plants’ extracts.
Afr J Trad. Complementary Altern Med. 2011;8:1–10.

29. Cosa P, Vlietinck AJ, Berghe DV, Maes L. Anti-infective potential of natural
products: how to develop a stronger in vitro ‘proof-of-concept’. J
Ethnopharmacol. 2006;106:290–302.

30. Vickers A. Botanical medicines for the treatment of cancer: rationale,
overview of current data, and methodological considerations for phase I
and II trials. Cancer Investig. 2002;20:1069–79.

31. El-Shemy HA, Aboul-Enein AM, Aboul-Enein MI, Issa SI, Fujita K. The effect of
willow leaf extracts on human leukemic cells in vitro. J Biochem Mol Biol.
2003;36:387–9.

32. Zaidan MR, Noor Rain A, Badrul AR, Adlin A, Norazah A, Zakiah I. In vitro
screening of five local medicinal plants for antibacterial activity using disc
diffusion method. Trop Biomed. 2005;22:165–70.

33. Thangavel A, Muniappan A, Yesudason JK, Sekarn T. Phytochemical
screening and antibacterial activity of leaf and callus extracts of Centella
asiatica. Bangladesh J Pharmacol. 2011;6:55–60.

34. Lawal AL, Ogunwande IA, Opoku AR, Kasali AA, Oyedeji AO. Chemical
composition and antibacterial activities of essential oil of Warburgia salutaris
(Bertol. F.) Chiov. From South Africa. J Bio Active Prod Nat. 2014;4:272–7.

35. Rabe T, Van Staden J. Antibacterial activity of south African plants used for
medicinal purposes. J Ethnopharmacol. 1997;56:81–7.

36. Abebe WA, Bucar F, Gibbons S, Asres K. Sesquiterpenes from Warburgia
ugandensis and their antimycobacterial activity. Phytochemistry. 2005;66:2309–15.

37. Fadipe VO, Mongalo NI. Opoku AR. In vitro evaluation of the comprehensive
antimicrobial and antioxidant properties of Curtisia dentate (Burm.F) C.a SM:
toxicological effect on the human embryonic kidney (HEK293) and human
hepatocellular carcinoma (HepG2) cell lines. 2015 EXCLI J. 2015;14:971–83.

38. Nielsen TR, Kuete V, Jager AK, Mayer JJM, Lall N. Antimicrobial activity of
selected south African medicinal plants. BMC Comp Alt Med. 2012;12:74.

39. Doughari JH, Ndakidemi PA, Human IS, Benade S. Antioxidant, antimicrobial
and antiverotoxic potentials of extracts of Curtisia dentata. J Ethnopharmacol.
2012;14(141):1041–50.

40. Kaur GJ, Arora DS. Antibacterial and phytochemical screening of Anethum
graveolens. Foeniculum vulgure and Trachysprmum ammi BMC Complement
Altern Med. 2009;9(30):1–10.

41. Cox SD, Mann CM, Markham JL, Bell HC, Gustafson JE, Warmington JR,
Wyllie SG. The mode of antimicrobial action of essential oil of Melaleuca
alternifola (tea tree oil). J Appl Microbiol. 2000;88:170–5.

42. Dambudzo P, Rebamang M, Simelane M, Basson A, Okoh A, Opoku A.
Evaluation of the anti-listeria potentials of some plant-derived triterpenes.
Annals Clin Microbiol Antimicrob. 2014;13(37):1–7.

43. Amusan OOG, Sukati NA, Dlamini PS, Sibandze FG. Some Swazi
Phytomedicine and their constituents. Afr J Biotechnol. 2007;6:267–72.

44. Sagbo IJ, Afolayan AJ, Bradley G. Antioxidant, antibacterial and
phytochemical properties of two medicinal plants against the wound
infecting bacteria. A Pacific J Trop Biomed. 2017;7(9):817–25.

45. Chitemerere T, Mukanganyama S. In vitro antibacterial activity of selected
medicinal plants from Zimbabwe. African J Plant Sci Biotech. 2010;5:1–7.

46. Babu TD, Kuttan G, Padikkala J. Cytotoxic and anti-tumour properties of
certain taxa of Umbelliferae with special reference to Centella asiatica (L.)
urban. J Ethnopharmacol. 1995;48:5–57.

47. Pittella F, Dutra RC, Junior DD, Lopes MTP, Barbosa NR. Antioxidant and
cytotoxic activities of Centella asiatica (L) Urb. Int J Mol Sci. 2009;10(9):3713–21.

48. Pisha E, Chai H, Lee IS, Chagwedera TE, Farnsworth NR, Cordell GA, Pezzuto
JM. Discovery of betulinic acid as a selective inhibitor of human melanoma
that functions by induction of apoptosis. Nat Med. 1995;1(10):1046–51.

49. Mans DRA, Rocha ABD, Schwartsmann G. Anti-cancer drug discovery and
development in Brazil: targeted plant collection as a rational strategy to
acquire candidate anti-cancer compounds. Oncologist. 2000;5:185–98.

50. Soyingbe OS, Myeni CB, Osunsanmi OF, Lawal OA, Opoku AR. (2015).
Antimicrobial and efflux pumps inhibitory activities of Eucalyptus grandis
essential oil against respiratory tract infectious bacteria. J Med Plants Res.
2015;9(10):343–8.

Soyingbe et al. BMC Complementary and Alternative Medicine          (2018) 18:315 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Method
	Plant materials
	Extraction
	Microorganisms
	Antibacterial assay
	Agar disk diffusion
	The minimum inhibitory concentration (MIC)
	The minimum bactericidal concentration (MBC)
	Lactate dehydrogenase (LDH) release assay (membrane damage)
	Rhodamine 6G uptake
	Cytotoxity assay

	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

