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Studies on antibacterial, antioxidant and fibroblast growth stimulation
of wound healing remedies from South Africa
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Abstract

Aqueous and methanol extracts ofUrtica urens, Capparis tomentosa, Dicoma anomala, Leonotis leonorus, Xysmalobium undulatum,
Helichrysum foetidum, Pterocarpus angolensis, Terminalia sericeaandGunnera perpensa, plants documented as being used for topical
wound healing in the literature, were tested for antibacterial activity againstStaphylococcus aureus,Streptococcus pyogenes,Escherichia coli
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ndPseudomonas aeruginosa. Methanol and water extracts of two of these plants,Terminalia sericeaandGunnera perpensa, were more
ctive compared to the other extracts againstStreptococcus pyogenesandStaphylococcus aureus. The effects of the latter plants on fibrobl
rowth as well as oxidant production byN-formyl-methionyl-leucyl-phenylalanine were also studied. The water and methanol extr
erminalia sericeaandGunnera perpensasignificantly decreased luciginin enhanced chemiluminescence at concentrations of 100�g/ml and
igher. However, the extracts had no effect on the growth of primary human fibroblasts.
2004 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

More than 80% of the world’s population still depends
pon traditional medicines for various skin diseases (Priya
t al., 2002). Wound healing is a complex process charac-

erized by homeostasis, re-epithelialisation, granulation tis-
ue formulation and remodelling of the extracellular matrix
Priya et al., 2002). Though the healing process takes place
y itself, an infection can seriously delay this healing pro-
ess (Priya et al., 2002). Although there are many published
eports on the effectiveness of South African traditional reme-
ies against Gram-positive and Gram-negative microorgan-

sms, only three publications could be found where the an-
ibacterial activity of remedies used specifically for the treat-
ent of wounds has been determined (Rabe and van Staden,
997; Grierson and Afolayan, 1999; Kelmanson et al., 2000).

∗ Corresponding author. Tel.: +27 12 3192 547; fax: +27 12 3211 081.
E-mail address:vsteen@med.up.ac.za (V. Steenkamp).

The following nine plants, based on their ethnomed
use for topical wound healing, were selected for testing
the bark ofTerminalia sericeaBurch ex DC. (Combretacea
(Watt and Breyer-Brandwijk, 1962; Mabogo, 1990; Van W
et al., 1997), (ii) Capparis tomentosaLam. (Capparacea
roots, which are applied to snake-bites, wounds and lep
(Hutchings et al., 1996), (iii) decoctions of the roots ofGun-
nera perpensaL. (Haloragaceae) are applied as a dressin
wounds and psoriasis (Watt and Breyer-Brandwijk, 1962),
(iv) seed ashes ofPterocarpus angolensisDC. (Fabaceae
are used as a dressing on wounds and psoriasis where
fruits are used to treat head wounds (Hutchings et al., 1996),
(v) decoctions of the leaves and stems ofLeonotis leonu
rus (L.) R. Br. (Lamiaceae) commonly known as the w
dagga, are applied to boils, snake-bites and sores on t
and head as well as for the treatment of eczema and
skin diseases (Watt and Breyer-Brandwijk, 1962; Hutchin
et al., 1996; Van Wyk et al., 1997), (vi) Dicoma anomala
Sond. (Asteraceae) root is applied as a paste to sore
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wounds (Watt and Breyer-Brandwijk, 1962; Hutchings et al.,
1996), (vii) powdered tuber ofXysmalobium undulatum(L.)
Ait. f. (Asclepiadaceae) is applied to sores, wounds and ab-
scesses (Watt and Breyer-Brandwijk, 1962; Hutchings et al.,
1996; Van Wyk et al., 1997), (viii) Helichrysum foetidum(L.)
Moench (Asteraceae) leaves are used as a dressing of septic
sores (Watt and Breyer-Brandwijk, 1962) and circumcision
wounds (Hutchings et al., 1996) and (ix) infusions ofUrtica
urensL. (Urticaceae) is applied externally to burns (Watt and
Breyer-Brandwijk, 1962).

In African communities, few people visit health services
and thus rely on ethnomedicines. In addition, the cost of an-
tibiotics is high enough being not affordable to these people.
Although the above plants are widely used as remedies, most
of them have not yet been evaluated for antibacterial activ-
ity. In this study, we investigated the above-mentioned South
African plants, used for topical wound healing, for their po-
tential antibacterial activity since microbial infections can
hamper the healing process. The two most promising can-
didates were selected for further testing on the growth of
fibroblasts and effects on oxidant production by stimulated
neutrophils. Antioxidant activity was determined since the re-
lease of oxygen radicals kills invading foreign organisms and
clears the wound of fibrin matrix, thus enhancing the healing
process (Grinnell and Zhu, 1994), whereas fibroblasts play a
c ive
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collected in the botanical institutes are deposited in the re-
spective herbariums.

2.2. Preparation of extracts

Different parts of the plants were dried and ground to
a fine powder (Table 1). One gram of plant material was
added to 10 ml of deionised water and boiled for 15 min.
The extracts were allowed to cool, centrifuged and the super-
natants filtered through 0.22�m filters. Methanol extracts
of the remedies were prepared by adding 1 g plant material
to 10 ml methanol and macerated for 24 h at room tempera-
ture. Yields (w/w) were determined by weighing sterile glass
Petri-dishes, placing 2 ml of the filtered supernatant into the
dish, drying at 100◦C overnight and re-weighing the dishes
(Table 1).

2.3. Antibacterial assay

Antibacterial activity tests were carried out against
Staphylococcus aureus(ATCC 25923), Streptococcus pyo-
genes(clinical isolate; identified and obtained from the De-
partment of Microbiology, Faculty of Health Sciences, Uni-
versity of Pretoria), Escherichia coli(ATCC 25922) and
Pseudomonas aeruginosa(ATCC 27893).
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rucial role in wound healing by initiating the proliferat
hase of repair (Mensah et al., 2001).

Results from our study found bothTerminalia sericeaand
unneraperpensato have no effect on fibroblast growth. V

ous researchers investigated the ability of aqueous ex
f herbal remedies, used for wound healing, to stimulat
rowth of fibroblasts in vitro (Phan et al., 1998; Mensah
l., 2001; Stevenson et al., 2002), however, these two spec
ave not previously been investigated. Numerous pub

ions reported the antioxidant activity of plants tradition
sed for wound healing (Mensah et al., 2001; Thang et a
001; Phan et al., 2001a,b; Shirwaikar et al., 2003). This study

s the first to determine the antioxidant activity ofTerminalia
ericeaandGunnera perpensa.

. Materials and methods

.1. Plant material

Terminalia sericea(N.H. 1878) andCapparis tomentos
N.H. 1882) are lodged at the Soutpansbergensis herba
oius Trichardt.Gunnera perpensawas collected and ide

ified at the Research Centre for Growth and Developm
Pietermaritzburg, KwaZulu-Natal).Pterocarpus angolens
ndLeonotis leonoruswere collected at the National Bota

cal Institute (NBI) in Pretoria.Dicoma anomala(Hankey
653) andXysmalobiumundulatum(Hankey 1654) were co

ected at the NBI in Johannesburg.Helichrysum foetidumwas
ollected at the NBI in Bettiesbaai andUrtica urenswas pur-
hased from a healthshop. Voucher materials from the p
Inocula of the microorganisms were prepared from
ueller–Hinton broth (Davies Diagnostics) cultures and
ensions were adjusted to a 0.4 reading using a standa
iometric method (Lee and Hiefets, 1987) and a colorimete
Sherwood). Methanol extracts were dried and reconsti
n distilled water. Minimal inhibition concentration (MIC
alues of the extracts were determined based on a micro
ilution method (Eloff, 1998a).

The 96-well sterile plates were prepared by dispen
80�l of the inoculated broth plus a 20-�l aliquot of the
lant extract made up in broth or 20�l broth in the case of th
egative control into each well. Phenol (Merck) was inclu
s positive control. Plates were covered and incubated fo
t 37◦C. Bacterial growth was determined after addition
0�l p-iodonitrotetrazolium violet (0.2 mg/ml, Sigma).

.4. In vitro test for fibroblast growth stimulation

Semi-continuous human fibroblasts (MRC5, ATCC C
71) were grown as a mono-layer culture at 37◦C in 5%
O2 in minimal essential medium supplemented with 1
eat inactivated foetal calf serum.

Cells were seeded into 96-well plates at a densit
× 105 cells per well. Plates were incubated for a further 2
fter which the medium was replaced with 200�l of Dul-
ecco’s modified Eagle’s medium/10% fetal calf serum in
resence or absence of different concentrations of the
xtract. The plates were incubated and cell growth determ
n after treatment using the 3-[4,5-dimethylthiazol-2-yl]-2
iphenyl-tetrazoliumbromide (MTT) test (Mossmann, 1983).
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Table 1
Scientific and trivial names of the plants investigated, plant part used, extraction solvent and w/w yields in terms of dry starting material

Scientific name Plant part Vernacular name Solvent and % (w/w) yield

Zulu English MeOH H2O

Capparis tomentosaLam. Root Umqoqolo Woolly caper-bush 0.55 2.72
Dicoma anomalaSond. Root Umuna Wormbos 0.53 2.95
Gunnera perpensaL. Root Uxobo River pumpkin 1.05 1.99
Helichrysum foetidum(L.) Moench Leaves Isicwe Stinking starflower 0.71 0.84
Leonotis leonurus(L.) R. Br. Stems/leaves Imunyamunya Wild dagga 0.42 1.60
Pterocarpus angolensisDC. Seeds Umbilo African teak 0.06 0.17
Terminalia sericeaBurch. ex DC. Bark Amangwe Silver cluster-leaf 3.30 2.41
Urtica urensL. Whole plant Imbati Small stinging nettle 0.38 0.77
Xysmalobium undulatum(L.) Ait. f. Tuber Ishongwe Uzara/Milkwort 1.46 2.31

2.5. Antioxidant activity

Neutrophils were isolated from heparinized venous blood
obtained from normal healthy volunteers by density gradi-
ent centrifugation on Histopaque-1077 (Sigma diagnostics,
St. Loius, MO). Briefly, 30 ml whole blood was layered into
15 ml Histopaque-1077 and centrifuged at 400×gand 21◦C
for 25 min. The neutrophils separated as a band just above the
erythrocytes and were carefully removed by aspiration. Any
contaminating erythrocytes were selectively lysed by expo-
sure to cold 0.84% ammonium chloride for 10 min before
washing the separated neutrophils with HEPES buffered (pH
7.4) Hanks Balanced Salt Solution (HBSS) and adjusting the
cell concentration to 1× 107 cells/ml. Cell purity was gener-
ally greater than 90% and cell viability better than 95%.

Oxidant generation by N-formyl-methionyl-leucyl-
phenylalanine (FMLP)-stimulated neutrophils was measured
using lucigenin-dependant chemiluminescence as described
by Allen (1986). Briefly, neutrophils (5× 106/ml) were
incubated at 4◦C in luciginin (1 mM) in phenol red free
HEPES buffered HBSS for 30 min. Of this suspension,
200�l was added to 100�l of varying concentrations of
plant extract in 600�l HBSS and incubated for a further
15 min at 37◦C in a chemiluminometer equipped with an
automatic dispensing system. Activation of the neutrophils
w
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case ofPseudomonas aeruginosa, the MIC was >4 mg/ml.
The water extract of this plant showed activity only against
the Gram-positive bacteria tested: 4 mg/ml forStaphylococ-
cus aureusand 1 mg/ml forStreptococcus pyogenes. Both
the water and methanol extracts ofTerminalia sericeahad
MIC values of 1 mg/ml againstStaphylococcus aureusand
Streptococcus pyogenes. No activity was present against the
Gram-negative bacteria up to concentrations of 4 mg/ml for
this plant extract. Tests could not be carried out using the wa-
ter extracts ofPterocarpus angolensisdue to the low yield.
Phenol, which forms the base of many topically applied an-
tiseptics, was included as positive control. Phenol presented
MICs of 1 mg/ml, 1 mg/ml and 2 mg/ml againstStaphylococ-
cus aureus, Escherichia coliandPseudomonas aeruginosa,
respectively. SinceTerminalia sericeaandGunneraperpensa
were the most active plants, further tests were carried out us-
ing extracts of these two specimens only.

Both plant extracts had no significant effect on the growth
of the fibroblasts up to concentrations of 1 mg/ml (results
not shown). However, the water extracts of both plants as
well as the methanol extract ofTerminalia sericeasignifi-
cantly decreased the luciginin enhanced chemiluminescence
response of FMLP stimulated neutrophils at a concentration
of 100�g/ml and higher (Fig. 1).
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. Results

The methanol and water extracts ofDicoma anomala,He-
ichrysum foetidum, Leonotis leonurus, Urtica urens, Ptero-
arpus angolensisandXysmalobium undulatumpresente
ICs >4 mg/ml against all the selected bacteria. The w

xtract ofCapparis tomentosashowed activity of 4 mg/m
gainstStaphylococcus aureusand 1 mg/ml againstStrepto-
occus pyogenes, whereas the methanol extract was ac
gainstStreptococcus pyogenesat 4 mg/ml. The methan
xtract ofGunnera perpensapresented MICs of 1 mg/m
mg/ml and 4 mg/ml againstStaphylococcus aureus, Strep-
ococcus pyogenesandEscherichia coli, respectively. In th
. Discussion and conclusion

The use of decoctions of severalTerminalia species i
idespread in Africa and many species are known to co
ntimicrobial constituents and activity (Burapadaja and Bun
hoo, 1995; Sato et al., 1997; Silva et al., 1997; Fyhrqu
l., 2002; Gupta et al., 2002; Khan et al., 2002; Pawar and
002; Suguna et al., 2002). Three studies on the antimicrob
ctivity of Terminalia sericeahave been carried out. In o
f them, methanol, ethanol, acetone and water extracts
oots were shown to inhibitStaphylococcusaureus(Fyhrquist
t al., 2002). In a second work, acetone leaf extracts in

ted growth ofStaphylococcus aureus(MIC 3.0 mg/ml),Es-
herichia coli (MIC 1.2 mg/ml) andPseudomonas aeru
nosa (MIC 6.0 mg/ml) (Eloff, 1999). In a third report
oth the water and methanol extracts of bark had
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Fig. 1. Effects obtained for (A) methanol and (B) water extracts ofTermi-
nalia sericea(�) andGunnera perpensa(©) on luciginin enhanced chemi-
luminescence response of FMLP stimulated neutrophils.

effect on Staphylococcus aureus(Rabe and van Staden,
1997). In our study, both methanol and water extracts of the
bark inhibited growth ofStaphylococcus aureusandStrepto-
coccus pyogenes. These results are in contradiction to that of
Rabe and van Staden (1997)who also used bark as well as the
same solvents but, however, they reported no inhibitory ac-
tivity. Furthermore, our MIC was 1 mg/ml againstStaphylo-
coccus aureus, which is lower than the 3.0 mg/ml reported by
Eloff (1999). Similar to our findings,Fyhrquist et al. (2002)
reported no activity againstEscherichia coliwhereasEloff
(1999)reported activity with a MIC of 1.2 mg/ml. The MIC
of 6.0 mg/ml reported byEloff (1999)againstPseudomonas
aeruginosawas not witnessed by us, since the highest con-
centration at which the extracts were tested was 4 mg/ml.

McGaw et al. (2000)determined the antibacterial ac-
tivity of Gunnera perpensaagainstBacillus subtilis, Es-
cherichia coli, Klebsiella pneumoniaeandStaphylococcus
aureus. Other authors tested antibacterial activity using the
disc diffusion assay and found ethanol and water extracts
of the root ofGunnera perpensato have a MIC of 3.13
and 0.78 mg/ml againstStaphylococcus aureus, respectively
(McGaw et al., 2000). No inhibitory activity was found in
the disc diffusion assay againstEscherichia coliby the same
authors (McGaw et al., 2000). We found the methanol extract
of Gunnera perpensato have a MIC of 2.0 mg/ml, 1 mg/ml
a -

cus aureusandEscherichia coli, respectively. The water ex-
tracts were less active with a MIC of 4 mg/ml and 2 mg/ml
againstStreptococcus pyogenesandStaphylococcus aureus,
respectively.

Various studies support our results thatUrtica urens,
Leonotis leonurusandXysmalobium undulatumpossess no
antibacterial activity (Hutchings et al., 1996; Rabe and van
Staden, 1997; Kelmanson et al., 2000). Various species or
constituents of the genusHelichrysumhave been reported
to contain antimicrobial activities (Rios et al., 1991; Meyer
and Afolayan, 1995; Salie et al., 1996; Afolayan and Meyer,
1997; Mathekga et al., 2000). However, no antibacterial in-
formation is available onHelichrysum foetidum. We detected
no activity with both the water and methanol extracts against
the microorganisms tested. No reports of antibacterial studies
carried out usingCapparis tomentosa, Dicoma anomalaor
Pterocarpus angolensiscould be obtained from the literature.

Extracts of bothTerminalia sericeaandGunneraperpensa
showed possible scavenging activity in a concentration de-
pendant manner. Water extracts demonstrated higher activity
than the methanol extracts.

Pentacyclic triterpenoids have been isolated fromTermi-
nalia species (Van Wyk et al., 1997), which are known for
their antimicrobial activity (Bruneton, 1995). Various acids
as well as venusol has been isolated from the rhizome of
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nd 4 mg/ml againstStreptococcus pyogenes, Staphylococ
unnera perpensa(Khan et al., 2004). Although, venuso
as been reported to stimulate a contractile response

leum and uterus muscles, no other activity has been rep
hus far (Khan et al., 2004).

The antibacterial effect of the crude methanol extracts
o a lesser extent, the water extracts ofTerminalia sericeaand
unnera perpensaagainst the mentioned pathogens confi

he evidence of previous studies reporting that methan
more consistent extraction solvent of antimicrobial s

tances from medicinal plants compared to ethanol, he
nd water (Eloff, 1998b; Lin et al., 1999; Karaman et a
003). As Staphylococcus aureusis one of the most persi

ent infectious microorganisms (Baird-Parker, 1972; Kan
nd Moon, 1990) and commonly found in nosocomial i

ections (Hugo and Russell, 1995), the methanol extracts
erminalia sericeaandGunnera perpensacould be advanta
eous for the treatment of such wound infections.
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