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Abstract

Background: Diseases caused by microorganisms and parasites remain a major challenge globally and particularly
in sub-Saharan Africa to man and livestock. Resistance to available antimicrobials and the high cost or unavailability
of antimicrobials complicates matters. Many rural people use plants to treat these infections. Because some
anthelmintics e.g. benzimidazoles also have good antifungal activity we examined the antifungal activity of extracts
of 13 plant species used in southern Africa to treat gastrointestinal helminth infections in livestock and in man.

Methods: Antifungal activity of acetone leaf extracts was determined by serial microdilution with tetrazolium violet
as growth indicator against Aspergillus fumigatus, Cryptococcus neoformans and Candida albicans. These pathogens
play an important role in opportunistic infections of immune compromised patients. Cytotoxicity was determined
by MTT cellular assay. Therapeutic indices were calculated and selectivity for different pathogens determined. We
proposed a method to calculate the relation between microbicidal and microbistatic activities. Total activities for
different plant species were calculated.

Results: On the whole, all 13 extracts had good antifungal activities with MIC values as low as 0.02 mg/mL for
extracts of Clausena anisata against Aspergillus fumigatus and 0.04 mg/mL for extracts of Zanthoxylum capense,
Clerodendrum glabrum, and Milletia grandis, against A. fumigatus. Clausena anisata extracts had the lowest
cytotoxicity (LC50) of 0.17 mg/mL, a reasonable therapeutic index (2.65) against A. fumigatus. It also had selective
activity against A. fumigatus, an overall fungicidal activity of 98% and a total activity of 3395 mL/g against
A. fumigatus. This means that 1 g of acetone leaf extract can be diluted to 3.4 litres and it would still inhibit the
growth. Clerodendrum glabrum, Zanthoxylum capense and Milletia grandis extracts also yielded promising results.

Conclusions: Some plant extracts used for treatment of parasitic infections also have good antifungal activity.
Because it is much easier to isolate antifungal compounds by bioassay guided fractionation, this approach may
facilitate the isolation of anthelmintic compounds from active plant extracts. The viability of this approach can be
tested by isolating the antifungal compounds and then determining its anthelmintic activity. Some of these plant
extracts may also be useful in combating fungal infections.
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Background
Apart from acting as a source of food, providing shelter
and many other uses, plants have been a source of medi-
cine for man and his animals. Infectious diseases caused
by bacteria, fungi and viruses continue to be a major
health concern especially in sub-Saharan Africa. These
organisms cause untold hardship particularly in rural areas
due to poor sanitary conditions, limited availability of po-
table drinking water and poverty. The situation is compli-
cated with the HIV/AIDS pandemic that has ravaged a
part of the world with the attendant problem of antimicro-
bial resistance and opportunistic infections. Even when
antimicrobials are available, they remain expensive for the
poorer communities and in some cases especially in the
rural areas may be adulterated and of little value in the
treatment of diseases caused by fungi in man and in ani-
mals [1]. Plants have consequently been widely used for
the treatment of various ailments in animals. McGaw and
Eloff [2] reported that of more than 200 plant species used
in ethnoveterinary medicine (EVM) in South Africa, only
27 or 13% have been evaluated for any biological activity.
More species need to be evaluated, and more in depth in-
vestigation of plants already tested needs to be carried out.
Southern African plants are a potential source of undis-
covered compounds with high biologically active extracts
against a variety of disease-causing organisms [3], or
disease-transmitting vectors [4].
The plant species used in this study were chosen based

on documented traditional use for anthelmintic purposes.
Because some commercial anthelmintics such as benzimi-
dazoles have antifungal activity, we decided to investigate
the possible antifungal activity and the cytotoxicity of
extracts of these 13 plant species. Acetone was selected as
the only solvent based on its ability to extract compounds
with a wide range of polarities, its low toxicity in anti-
microbial bioassays and because it is easily removed from
the extract at low temperature [5,6]. The fungal pathogens
were selected based on their importance in opportunistic
infections of immune compromised patients.

Methods
Plant collection
Leaves of thirteen plant species were collected in November
2009 at the National Botanical Garden in Pretoria, South
Africa. The trees were identified and labelled and voucher
specimens were kept in the Herbarium of the Garden
(Table 1). Plant leaves were dried at room temperature in
a well-ventilated room, milled to a fine powder in Macsa-
lab Mill (Model 2000 LAB EriezW) and stored in closed
containers in the dark until use.

Plant extraction
Plant material (1 g) from each species investigated was
extracted with 10 mL of acetone, (technical grade,
Merck) in polyester centrifuge tubes [5]. The tube was
vigorously shaken for 30 min on an orbital shaker, then
centrifuged at 4000 x g for 10 min and the supernatant
was filtered using Whatman No.1 filter paper before
being transferred into pre-weighed glass containers. This
was repeated twice and solvent was removed by evapo-
ration under a stream of air in a fume hood at room
temperature to produce the dried extract [16].

Chromatographic analysis
The extracted chemical components were made up to a
concentration of 10 mg/mL and 10 μL was analysed by
thin layer chromatography (TLC) separation using
aluminium-backed TLC plates (Merck, Silica gel F254).
The TLC plates were developed in saturated chambers
using mobile phases of varying polarities, namely, ethyl
acetate/methanol/water (40:5.4:5) [EMW] (polar/neutral),
chloroform/ethyl acetate/formic acid (5:4:1) [CEF] (inter-
mediate polarity/acidic) and benzene/ethanol/ammonia
hydroxide (90:10:1) [BEA] (non-polar/basic) [17]. Sepa-
rated components were examined under UV light at wave-
lengths of 254 and 365 nm after which TLC plates were
sprayed with vanillin-sulphuric acid [18] and heated at
110°C to optimal colour development.

Antifungal activity
The MIC values were determined using a serial micro-
plate dilution method developed by Eloff [6] and modi-
fied by Masoko et al. [19]. Three fungal species, namely
Candida albicans, Cryptococcus neoformans and Asper-
gillus fumigatus associated with opportunistic infections
of immune compromised patients, were obtained from
the fungal culture collection in the Department of Veter-
inary Tropical Diseases, Faculty of Veterinary Science at
the University of Pretoria. C. albicans was isolated from
a Goldian finch, C. neoformans from a cheetah and A.
fumigatus from a chicken, all of which suffered from sys-
temic mycosis. None of the animals had been treated
prior to sampling. All fungi were maintained in Sabou-
raud dextrose agar (Oxoid, Basingstoke) until use. For
growth inhibition, assays, fungal species were grown
overnight in Sabouraud dextrose broth at 35°C prior to
the test. Fungi were cultured at 35°C in universal bottles
as slants in Sabouraud dextrose agar (Oxoid, Basing-
stoke) (65 g dissolve in 1 L distilled water and sterilized
by autoclaving at 121°C for 30 min). Using sterile cotton
swabs the collected conidia were inoculated into Sabou-
raud dextrose broth (Sigma, Germany) (30 g dissolve in
1 L distilled water and sterilized by autoclaving at 121°C
for 30 min) prior to bioactivity assays. Densities of
fungal cultures used in bioautography and for MIC
determinations were as follows: C. albicans, 2.5 × 106

cfu/mL; C. neoformans, 2.6 × 106 cfu/mL; A. fumigatus,
8.1 × 106 cfu/mL. Candida albicans was diluted to a



Table 1 List of plant species used in the investigation, their traditional uses and references

Plant species Family Medicinal uses Reference

Brachylaena discolor Asteraceae (267) Purgatives against intestinal parasites, anthelmintics for calves, sheep and goats [7-9]

Zanthoxylum capense Rutaceae (96) Gastric and intestinal disorders, anthelmintics, cough, bronchitis, pleurisy [7,9]

Clerodendrum glabrum Lamiaceae (403) Intestinal parasites, coughs, fever and diabetes [7-9]

Heteromorpha trifoliata Apiaceae (491) Intestinal worms, colic in horses and vermifuge, enemas for abdominal disorders [7,8,10]

Apodytes dimidiata Icacinaceae (139) Enemas for intestinal parasites, purgatives, inflammation of the ear [7,8,10]

Strychnos mitis Strychnaceae (73) Malaria, Fevers [11]

Maesa lanceolata Maesaceae (615) Anthelmintics, treatment of wounds and infertility [8]

Indigofera frutescens Papilionaceae (675) Anthelmintics [8]

Leucosidea sericea Rosaceae (288) Treatment of opthalmia, anthelmintics, astringents and vermifuge [8,12]

Melia azedarach Meliaceae (702) Effective anthelmintics, emetic, cathartic and treatment of eczema [8,9,13]

Clausena anisata Rutaceae (317) Anthelmintics, purgatives, rheumatism, fevers and myiasis [14]

Cyathea dregei Cyatheaceae (658) Anthelmintics [14]

Milletia grandis Papilionaceae (704) Anthelmintics and tranquilizers [8,15]

(PRU voucher specimen numbers provided after family names).
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density of about 2.5 × 104 cfu/mL, C. neoformans,
2.6 × 104 cfu/mL, and A. fumigatus 8.1 × 104 cfu/mL.
Tetrazolium violet was used as an indicator of microbial
growth [6,19]. Growth of the microorganisms reduces the
tetrazolium violet to a red formazan. Amphotericin B was
used as a positive control in antifungal activity assays.
MIC was registered as the lowest concentration of plant
extract inhibiting microbial growth, indicated by a de-
crease in the intensity of the red colour of the formazan
product. The total activity of the extracts was calculated
as the total mass (mg) of the extract divided by the MIC
value (mg/mL). Total activity value indicates the volume
to which the extract derived from 1 g of plant material
can be diluted and still inhibits the growth of the micro-
organism [16,20].

Cytotoxicity assay using MTT
For this assay Vero monkey kidney cells obtained from a
confluent monolayer cells were trypsinised and seeded
(0.5 x 103 cells per well) in a 96 well microtitre plate and
incubated overnight at 37°C in a 5% CO2 atmosphere, in
minimal essential medium 200 μl (MEM, Highveld Bio-
logical, South Africa) supplemented with 0.1% gentamicin
(VirbacR) and 5% foetal calf serum (Adcock-Ingram). After
24 hours the media was replaced and 200 μl of the extracts
(1, 0.1, 0.01, 0.001 mg/mL) were further incubated for 5
days. Viability of cells was determined using the
tetrazolium-based colorimetric MTT assay (3-5-dimethyl
thiazol-2-yl-2, 5-diphenyl tetrazolium bromide) described
by [21]. In short the media in each well was removed and
replaced with fresh media and 30 μl of 5 mg/mL MTT in
PBS and subsequently incubated for four hours. Hereafter
the medium was removed and cells washed with PBS,
prior to the addition of dimethyl sulphoxide (50 μl) to
dissolve any formazan crystals present. The absorbance of
the wells was measured with a Versamax microplate
reader at 570 nm. Different concentrations of berberine
chloride (Sigma) were used as a positive control, while
wells containing only cells without extracts were the nega-
tive control. The percentage cell viability relative to the
pure growth was calculated. The LC50 values was calcu-
lated by determining the concentration of plant extracts
resulting in 50% reduction of absorbance compared to un-
treated cells. Tests were carried out in triplicate and each
experiment was repeated three times.

Bioautographic investigations
For bioautography analysis, thin layer chromatography
(TLC) plates were loaded with 10 μL of each extract of 10
mg/mL concentration and dried before developing in mo-
bile phases of BEA, CEF and EMW. The solvent was eva-
porated from the plates in a stream of air for four days.
Plates were then sprayed with concentrated cultures of
fungi species in fresh growth medium until completely
moist using a spraying gun. The moist plates were incu-
bated at 37°C in an incubator for 24 h. The plates were
then sprayed with 2 mg/mL of p iodonitrotetrazolium vio-
let (INT) (Sigma) and incubated for a further 12 h. The
emergence of purple-red colour resulting from the reduc-
tion of INT into its respective formazan was a positive in-
dicator of cell viability. Clear zones against the purple
background were indicative of antifungal activity of com-
pounds separated on TLC plates [22].

Results
Plant species yield
Different quantities were extracted with acetone from
the ground dried leaves. L. sericea had the highest
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percentage yield of 6.27%, followed closely by A. dimi-
diata with 6.07%, and the lowest yield was obtained
from Z. capense (0.81%). The percentage yields from
other dried leaves were: B. discolor (3.30), C. glabrum
(1.60), H. trifoliata (1.28), S. mitis (3.75), M. lanceolata
(2.79), I. frutescens (2.05), M. azedarach (2.29), C. ani-
sata (3.40), C. dregei (2.50) and M. grandis (1.24).

Phytochemical analysis
The compounds present in the different extracts that
react with the vanillin spray reagent were separated by
thin layer chromatography using the CEF solvent system
(Figure 1). More than 13 compounds varying in polarity
were separated.

Bioautography
With the three solvent systems used, 37 active bands
were seen for the 3 fungal pathogens in the chromato-
grams of the different plants extracts. BEA system sepa-
rated 17 (46%) of the active bands, followed by CEF 14
(38%) and EMW 6 (16%) as the least. This indicates that
most of the antifungal compounds are non-polar. In the
antifungal bioautography, A. dimidiata (Rf; 019, 0.37,
0.63) and L. sericea (Rf; 0.18, 0.23, 0.28) had 3 active
bands each against C. albicans in the BEA chromato-
gram (Figure 2). This was followed by A. dimidiata with
two active bands in the BEA system against A. fumiga-
tus. No antifungal compounds were seen in BEA chro-
matograms of B. discolor and S. mitis extracts (Figure 2),
CEF and EMW against the fungi organisms used in this
study. An active compound with Rf value between 0.93-
0.95 was present in Z. capense (0.95), C. glabrum (0.95),
M. lanceolata (0.95), I. frutescens (0.94), M. azedarach
BD ZC CG HT AD SM ML

Figure 1 TLC plates developed in CEF system and sprayed with vanill
thirteen acetone leaf extracts. KEY: BD, B. discolor; ZC, Z. capense ; CG, C.
lanceolata ; IF, I. frutescens ; LS, L. sericea ; MA, M. azedarach ; CA, C. anisata
(0.93) and C. anisata (0.93) extracts. This compound
appears to be a common compound with zone of inhi-
bition shown in all 6 plants listed above. C. albicans ge-
nerally led to the most inhibition bands with the
different plant extracts

Antifungal activity of extracts
MIC values: From the MIC values the average values for
the different plant extracts against all three fungi were cal-
culated (Table 2). The average MIC values of all extracts
against all three fungi varied between 0.09 and 0.63 mg/mL
over the 12 and 24 hour incubation periods. The Clausena
anisata extract had the best MIC (0.02 mg/mL) against
A. fumigatus. Extracts of Z. capense, C. glabrum, and
M. grandis, also had excellent antifungal activity (0.04 mg/
mL MIC) against A. fumigatus. Extracts of Z. capense,
C. glabrum, L. sericea and B. discolor had good activity
(0.08 mg/mL MIC) against C. neoformans and also I. frutes-
cens extracts against A. fumigatus (Table 2).
Selective activity: If an extract has good activity against

several microorganisms it may contain a general metabolic
toxin that could also affect animal cells. The C. anisata
and M. grandis extracts had good selective activity against
A. fumigatus. In other cases some measure of selectivity
was present. On average the most sensitive fungus to these
extracts was A. fumigatus MIC (0.21 and 0.45 mg/mL
after 12 and 24 h), followed by C. neoformans (0.26 and
0.41 mg/mL) and by C. albicans (0.35 and 0.48 mg/mL).
Fungicidal versus fungistatic activity: In an extract with

fungistatic activity after a prolonged period growth would
again take place. To measure the fungicidal activity we
propose that the MIC of the extract after 12 h should be
divided by the MIC after 24 h and multiplied by 100 to
IF LS MA CA CD MG

in sulphuric acid showing varied chemical constituents of the
glabrum; HT, H. trifoliata ; AD, A. dimidiata ; SM, S. mitis ; ML, M.
; CD, C. dregei ; MG, M. grandis.



BD ZC CG HT AD SM ML IF LS MA CA CD MG

Figure 2 Bioautogram of thirteen plant leaf acetone extracts separated by the benzene-ethylacetate-ammonia solvent system against
C. albicans showing antifungal bands. KEY: BD, B. discolor; ZC, Z. capense ; CG, C. glabrum; HT, H. trifoliata ; AD, A. dimidiata ; SM, S. mitis ; ML,
M. lanceolata ; IF, I. frutescens ; LS, L. sericea ; MA, M. azedarach ; CA, C. anisata ; CD, C. dregei ; MG, M. grandis.

Adamu et al. BMC Complementary and Alternative Medicine 2012, 12:213 Page 5 of 7
http://www.biomedcentral.com/1472-6882/12/213
give the fungicidal activity. The time period would depend
on the growth rate of the specific microorganism. The co-
nidia collected and incubated at a high level led to a rela-
tively high growth rate in our case. Extracts of three
species Clausena anisata, Milletia grandis and Cyathea
dregei had a fungicidal activity higher than 90% and the
L. sericea extract had definite fungistatic activity.
The average total activity against the 3 fungal organ-

isms varied from 1026 mL/g for C. anisata to 84 mL/g
for the H. trifoliata extract (Table 3). The highest total
activity value of 3395 mL/g against A. fumigatus was for
the C. anisata extract and the lowest was 20 mL/g for
H. trifoliata against A. fumigatus (Table 3). Total activity
values indicate which species could be the best source of
an extract for use by poor communities or for organic
production [20]. Clausena anisata with the highest total
activity may be a good candidate for further study.
Table 2 MIC in mg/mL of the leaf extracts of 13 plant species
C. neoformans (CN) incubated for 12h and 24 h

Time and fungus 12h AF 24h AF 12h CA 24h CA 1

Brachylaena discolor 0.31 0.61 0.31 0.31

Zanthoxylum capense 0.04 0.08 0.16 0.31

Clerodendrum glabrum 0.04 0.08 0.31 0.63

Heteromorpha trifoliata 0.63 1.25 0.31 0.63

Apodytes dimidiata 0.31 0.31 0.31 0.63

Strychnos mitis 0.31 0.63 0.31 0.63

Maesa lanceolata 0.31 0.31 0.16 0.31

Indigofera frutescens 0.08 0.31 0.16 0.16

Leucosidea sericea 0.16 1.25 0.31 0.31

Melia azedarach 0.31 0.63 0.16 0.31

Clausena anisata 0.02 0.04 0.63 0.63

Cyathea dregei 0.16 0.31 1.25 1.25

Milletia grandis 0.04 0.08 0.16 0.16

Average 0.21 0.45 0.35 0.48

Values below 0.1 mg/mL in bold font. Degree of fungicidal activity (FCA) calculated
Cytotoxicity and therapeutic index
Clausena anisata had the highest LC50 (lowest toxicity)
of 0.17 mg/mL, followed by Melia azedarach at 0.14
mg/mL. C. dregei on the other hand was highly toxic
with an LC50 of 0.003 mg/mL (Table 4). The ratio be-
tween efficacy and safety of an extract is a very import-
ant parameter in developing any therapeutic product.
The therapeutic index is an indication of the safety of
the extract. If there is selective activity to the pathogen
the therapeutic index will be higher than 1. Because both
values are inversely related to activity the therapeutic
index is calculated by dividing the cytotoxicity LC50 in
mg/mL by the MIC in mg/mL. The higher the value of
the therapeutic index the safer the extract. The Clero-
dendrum glabrum extract with a therapeutic index of 4.3
against A. fumigatus was the best. The Clausena anisata
extract was the second best with a therapeutic index of
against A. fumigatus (AF), C. albicans (CA) and

2h CN 24h CN Average 12 h Average 24h Degree FCA

0.08 0.16 0.23 0.36 65

0.08 0.08 0.09 0.16 60

0.08 0.16 0.14 0.29 49

0.16 0.16 0.37 0.68 54

0.08 0.16 0.23 0.37 64

0.63 0.63 0.42 0.63 66

0.16 0.63 0.21 0.42 50

0.16 0.16 0.13 0.21 63

0.08 0.16 0.18 0.57 32

0.63 0.63 0.37 0.52 70

0.16 0.16 0.27 0.28 98

0.16 0.16 0.52 0.57 91

0.63 0.63 0.28 0.29 95

0.24 0.30 0.26 0.41 65.9

by dividing average of 12 h MIC by average 24 h MIC and multiplying by 100.



Table 3 Total activity of the leaf of 13 plant extract used
as anthelmintic screened for antifungal activity using
three fungal organisms

A. fumigatus C. albicans C. neoformans

Incubation time 12 24 12 24 12 24

Brachylaena discolor 213 108 213 213 825 413

Zanthoxylum capense 405 203 101 52 203 203

Clerodendrum glabrum 798 399 103 51 199 51

Heteromorpha trifoliata 40 20 82 40 159 159

Apodytes dimidiata 392 392 392 193 1518 434

Strychnos mitis 242 119 242 119 119 144

Maesa lanceolata 180 349 349 180 349 89

Indigofera frutescens 513 132 256 256 256 256

Leucosidea sericea 783 100 404 404 1566 783

Melia azedarach 148 73 286 150 73 73

Clausena anisata 3395 1698 108 108 424 424

Cyathea dregei 313 161 40 40 313 313

Milletia grandis 618 309 154 154 39 39
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2.7 against A. fumigatus followed by the Clerodendrum
glabrum extract (2.15) against C. neoformans. All other
values were below 1 (Table 4).
Discussion
All 13 plant extracts had some degree of activity against
the 3 fungal pathogens used. Many authors consider ac-
tivity of a plant extract with MIC higher than 0.1 mg/mL
as not significant [16,23]. Extracts from 8 of the 13 species
Table 4 Cytotoxicity (LD50 in mg/mL) of extract and
selectivity index based on MIC of extract after 12 hours
of extracts from thirteen plants examined

Plant species Cytotoxicity A.
fumigatus

C.
albicans

C.
neoformans

Brachylaena discolor 0.004 0.01 0.01 0.05

Zanthoxylum capense 0.008 0.2 0.05 0.1

Clerodendrum
glabrum

0.172 4.3 0.55 2.15

Heteromorpha
trifoliata

0.043 0.27 0.55 0.27

Apodytes dimidiata 0.003 0.01 0.01 0.04

Strychnos mitis 0.043 0.14 0.14 0.07

Maesa lanceolata 0.104 0.34 0.65 0.65

Indigofera frutescens 0.052 0.65 0.33 0.33

Leucosidea sericea 0.016 0.1 0.05 0.2

Melia azedarach 0.145 0.47 0.91 0.23

Clausena anisata 0.053 2.65 0.08 0.33

Cyathea dregei 0.017 0.11 0.01 0.11

Milletia grandis 0.021 0.53 0.13 0.03

Therapeutic index calculated by dividing LD50 by MIC.
with the exception of H. trifoliata, S. mitis, M. lanceolata,
M. azedarach and C. dregei extracts had MIC values lower
than 0.1 mg/mL. It may be interesting to correlate the
anthelmintic activity of the extracts with their antifungal
activity.
Clausena anisata extracts had the best activity with an

MIC of 0.02 mg/mL. C. anisata extracts also had the
best antifungal activity when plant extracts of Tanzanian
plant species were examined with an MIC value of 1
mg/mL against C. albicans [24] compared to 0.63 mg/mL
against the same pathogen in the current study. It is
satisfying that the results are close despite the use of dif-
ferent extractants, different origins of the plants and dif-
ferent C. albicans isolates. The MIC activity of C. anisata
found here 0.04 mg/mL correlates very well with other
published values of 0.05 mg/mL [3]. Bosman et al. [25]
reported that L. sericea is active against fungi using the
non-quantitative disc diffusion method, but no activity
was reported for acetone leaf extracts of L. sericea. The ac-
tivity of L. sericea dichloromethane, ethanol and petro-
leum ether extracts against C. albicans was very poor with
MICs ranging from 1.56-12.5 mg/mL [26] compared to
our value of 0.31 mg/mL. The large difference obtained
using similar methods may be ascribed to difference in ac-
tivity of the plants examined.
We have frequently found that acetone is the best extrac-

tant for antibacterial and antifungal extracts [5,17,27]. In
practically all cases antimicrobial compounds isolated were
intermediate polarity compounds. The activity of this plant
extract when compared to previous study by Suleiman
et al., [3] who reported an MIC value of 0.05 mg/mL
against A. fumigatus with a total activity value of 2740 mL
with the acetone leaf extract of Loxostylis alata as against
0.04 mg/mL and 3395 mL total activity in this study remain
one of the best activities recorded in our group so far.
The selectivity index of the extracts also helps to select

plant extracts that will be useful for further study. In this
study, Clerodendrum glabrum and Clausena anisata with
selectivity index of 4.30 and 2.65 respectively, may have the
potential for use in in vivo animal trials against A. fumiga-
tus. The higher the selectivity index the higher the safety of
the extract when used in vivo. Thus considering the results
obtained in this study C. anisata and C. glabrum should be
considered as candidates for further study especially in
treatment of poultry infected with A. fumigatus.

Conclusions
After investigating the antifungal activity and cytotoxicity
of the different plant extracts, the two most promising
plant species for in depth analysis to treat fungal infections
were C. anisata and C. glabrum. The potential use of plant
extracts in organic animal production instead of a com-
mercial drug is not a pipe dream. Our group have shown
that a Loxostylus alata extract was as effective as
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fluconazole in treating poultry infected with Aspergillus
fumigatus [28,29]. C. anisata and C. glabrum extracts had
a lower cellular toxicity than the Loxostylus alata extract
and may deliver an even more useful product that could
also be important in treating human patients.
There is a need to develop plant extracts to combat mi-

crobial and parasitic infections. Because the bioassays are
simple and it is relatively easy to isolate antifungal com-
pounds by bioassay guided fractionation. In this study plants
used traditionally to treat helminth infections generally had
good antifungal and in some cases excellent antifungal ac-
tivities. We are in the process of determining the anthel-
mintic activity of extracts of these traditionally used species.
If a good correlation exists between antifungal and anthel-
mintic activity the search for new anthelmintic compounds
or extracts with good anthelmintic activity may be accele-
rated. The Phytomedicine Programme (www.up.ac.za/
phyto) has a database in which the antifungal activity of leaf
extracts of more than 600 tree species has been determined.
If there is indeed a reasonable correlation between antifun-
gal and anthelmintic activities it means that antifungal
assays amenable to robotic systems may be used to detect
promising candidate plant species to discover anthelmintics.

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

Authors’ contributions
MA participated in the design of the study, carried out field work, prepared
the extracts, participated in all assays and wrote the first draft of the
manuscript. VN participated in the design and coordination of the study,
supervised the study and revised the draft manuscript. JNE conceived the
study, participated in the design and coordination of the study, supervised
the study, analysed the data and revised the final manuscript. All authors
read and approved the final manuscript.

Acknowledgements
The University of Agriculture, Makurdi and Tertiary Education Tax Fund
(TETFund) Nigeria sponsored the PhD study of MA, the Medical Research
Council of South Africa and the Faculty of Veterinary Science, University of
Pretoria provided funds and granted a PhD research support bursary.

Author details
1Phytomedicine Programme, Department of Paraclinical Sciences, Faculty of
Veterinary Science, University of Pretoria, Private Bag X04, Onderstepoort,
Pretoria 0110, South Africa. 2Permanent address: Department of Veterinary
Parasitology and Entomology College of Veterinary Medicine, University of
Agriculture Makurdi, Makurdi, Nigeria.

Received: 2 July 2012 Accepted: 29 October 2012
Published: 7 November 2012

References
1. Isturiz RE, Carbon C: Antibiotic resistance in developing countries. Infect

Cont Hosp Ep 2000, 21:394–397.
2. McGaw LJ, Eloff JN: Ethnoveterinary use of southern African plants and

scientific evaluation of their medicinal properties. J Ethnopharmacol 2008,
119:559–574.

3. Suleiman MM, McGaw LJ, Naidoo V, Eloff JN: Evaluation of several tree
species for activity against the animal fungal pathogen Aspergillus
fumigatus. S Afr J Bot 2009, 76:64–71.

4. Nchu F, Maniania NK, Toure A, Hassanali A, Eloff JN: The use of a
semiochemical bait to enhance exposure of Amblyomma variegatum
(Acari: Ixodidae) to Metarhizium anisopliae (Ascomycota: Hypocreales).
Vet Parasitol 2009, 160:279–284.

5. Eloff JN: Which extractant should be used for the screening and isolation
of antimicrobial components from plants? J Ethnopharmacol 1998, 60:1–8.

6. Eloff JN: A sensitive and quick method to determine the minimum inhibitory
concentration of plant extracts for bacteria. Planta Med 1998, 60:1–8.

7. Bryant AT: Zulu Medicine and Medicine-Men. Cape Town: C. Struik; 1966.
8. Watt JM, Breyer-Brandwijk MG: The Medicinal and Poisonous Plants of

Southern and Eastern Africa. 2nd edition. London: Livingstone; 1962.
9. Hutchings A, Scott AH, Lewis G, Cunningham AB: Zulu Medicinal Plants: An

Inventory. Pietermaritzburg: University of Natal Press; 1996.
10. Gerstner J: A preliminary checklist of Zulu names of plants with short

notes. In Bantu Studies. 12th edition. Edited by George J, Liang MD, Drewes
SE: Phytochemical Research in South Africa; 2001:215–236. S. Afr. J. Sci. 2001,
97: 93–105.

11. Bisset NG: The Asian species of Strychnos. Part III. The ethnobotany.
Lloydia 1974, 37:62–107.

12. Jacot Guillarmod A: Flora of Lesotho. Cramer, Lehr 1971.
13. Oliver-Bever B: Medicinal Plants in Tropical West Africa. Cambridge University

Press; 1986.
14. Doke CM, Vilakazi BW: Zulu-English Dictionary. 2nd edition. Johannesburg:

Witwatersrand University Press; 1972.
15. Palmer E, Pitman N: Trees of Southern Africa, Volume 3. Cape Town Press:

Balkema; 1972.
16. Eloff JN: Quantifying the bioactivity of plant extracts during screening

and bioassay-guided fractionation. Phytomedicine 2004, 11:370–371.
17. Kotze M, Eloff JN: Extraction of antibacterial compounds from Combretum

microphyllum (Combretaceae). S Afr J Bot 2002, 68:62–67.
18. Stahl E: Thin Layer Chromatography 2nd Ed. New York: Springer-Verlag; 1969.
19. Masoko P, Picard J, Eloff JN: Antifungal activities of six South African

Terminalia species (Combretaceae). J Ethnopharmacol 2005, 99:301–308.
20. Eloff JN: A proposal on expressing the antibacterial activity of plant

extracts - a small first step in applying scientific knowledge to rural
primary health care in South Africa. S Afr J Sci 2000, 96:116–118.

21. Mosmann T: Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J Immunol Methods
1983, 65:55–63.

22. Masoko P, Eloff JN: The diversity of antifungal compounds of six South
African Terminalia species (Combretaceae) determined by
bioautography. Afr J Biotechnol 2005, 4:1425–1431.

23. Cos P, Vlietinck AJ, Vanden Berghe D, Maes L: Anti-infective potential of
natural products: How to develop a stronger in vitro ‘proof-of-concept’.
J Ethnopharmacol 2006, 106:290–302.

24. Omar JH, Van den Bout-van den Beukel CJ, Matee MI, Moshi MJ, Mikx FH,
Selemoni HO, Mbwambo ZH, AJ Vdv, Verwelj PE: Antifungal activity of
some Tanzanian plants used traditionally for the treatment of fungal
infections. J Ethnopharmacol 2006, 108:124–132.

25. Bosman AA, Combrinck S, Roux-van der Merwe P, Botha BM, McCrindle RI:
Isolation of an anthelmintic compound from Leucosidea sericea. S Afri J
Bot 2004, 70:509–511.

26. Aremu AO, Fawole OA, Chukwujekwu JC, Light ME, Finnie JF, Van Staden J:
In vitro antimicrobial, anthelmintic and cyclooxygenase-inhibitory
activities and phytochemical analysis of Leucosidea sericea.
J Ethnopharmacol 2010, 131:22–27.

27. Eloff JN, Famakin JO, Katerere DRP: Combretum woodii (Combretaceae)
leaf extracts have high activity against Gram-negative and Gram-positive
bacteria. Afr J Biotechnol 2005, 4:1161–1166.

28. Eloff JN, Suleiman M, Naidoo V: A crude extract of Loxostylus alata is as
effective in treating aspergillosis in poultry as a commercial drug.
Planta Med 2010, 76:405.

29. Suleiman MS, Duncan N, Eloff JN, Naidoo V: A controlled study to
determine the efficacy ofLoxostylis alata(Anacardiaceae) in the treatment
of aspergillosis in a chicken (Gallus domesticus) model in comparison to
ketoconazole.BMC Veterinary Research 2010, 8:210.

doi:10.1186/1472-6882-12-213
Cite this article as: Adamu et al.: Some southern African plant species
used to treat helminth infections in ethnoveterinary medicine have
excellent antifungal activities. BMC Complementary and Alternative
Medicine 2012 12:213.

http://www.up.ac.za/phyto
http://www.up.ac.za/phyto

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Plant collection
	Plant extraction
	Chromatographic analysis
	Antifungal activity
	Cytotoxicity assay using MTT
	Bioautographic investigations

	Results
	Plant species yield
	Phytochemical analysis
	Bioautography
	Antifungal activity of extracts
	Cytotoxicity and therapeutic index

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


