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Antibacterial activity of methanol extracts
of the leaves of three medicinal plants
against selected bacteria isolated from
wounds of lymphoedema patients
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Abstract

Background: Patients with lymphoedema are at high risk of getting bacterial and fungal wound infections leading
to acute inflammatory episodes associated with cellulitis and erysipelas. In Ethiopia, wound infections are traditionally
treated with medicinal plants.

Methods: Agar well diffusion and colorimetric microdilution methods were used to determine the antibacterial activity
of methanol extracts of the three medicinal plants against Staphylococcus aureus, Streptococcus pyogenes, Escherichia
coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Shewanella alage, methicillin-resistant S. aureus ATCC®43300TM,
Staphylococcus aureus ATCC25923, Escherichia coli ATCC25922, Klebsiella pneumoniae ATCC700603, and Pseudomonas
aeruginosa ATCC37853.

Results: The methanol extract of L. inermis leaves showed high activity against all tested bacterial species, which was
comparable to the standard drugs. Similarly, the extracts of A. indica showed activity against all tested species though
at higher concentrations, and higher activity was recorded against Streptococcus pyogenes isolates at all concentrations.
However, the extract of A. aspera showed the lowest activity against all tested species except Streptococcus pyogenes
isolates. The lowest minimum inhibitory concentration (MIC) was recorded with the extract of L. inermis against E. coli
isolate and S. aureus ATCC 25923.

Conclusion: Methanol extracts of L. inermis, A. indica, and A. aspera leaves exhibited antimicrobial activity against
selected bacterial isolates involved in wound infections, of which the methanol extracts of L. inermis exhibited the
highest activity. The results of the present study support the traditional use of plants against microbial infections, which
could potentially be exploited for the treatment of wound infections associated with lymphoedema.
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Background
Wound infections are usually associated with normal
flora, bacteria from the environment or hospital-acquired
infections [1]. Microorganisms infect soft tissue when the
skin surface is compromised in some way. Patients with
lymphoedema are at high risk of wound infection because
of loss of skin integrity [2], resulting in ingress of microor-
ganisms. Impaired clearance of microorganisms from the
infected area due to impaired lymphatic system results in
recurrent infections [3]. Patients with secondary lymphoe-
dema are predisposed to cellulitis [4].
Acute inflammatory episodes associated with cellulitis

and erysipelas are common complications of wounds in
lymphoedema patients, and most infections are caused
by group A, C, or G streptococci and Staphylococcus
aureus bacteria [2]. Microorganisms known to cause
chronic wound infection and cellulitis in lymphoedema-
tous limbs include Streptococci species, Staphylococci
species, Pseudomonas species, and Bacteroides species [5].
Fungal infections are also common due to the moisture
produced between the skin folds, resulting in skin break-
down, which in turn leads to infection in the macerated
regions. Lymphangitis is an inflammation of the lymph-
atic system due to bacterial infection after invasion
through skin wounds or abrasions [6].
Folk medicine provides an important and unexplored

resource for the discovery and development of potential
new medicines against microbial infections to decrease
the emergence of resistance and adverse drug reactions.
Furthermore, the use of medicinal plants provides op-
portunities for developing countries as they may be
more affordable, accessible and available [7].
Ethnobotanical studies carried out in Ethiopia reported

that endemic plants have been used by traditional healers
for a range of ailments, including open wound infections.
However, the scientific evidence available regarding the
antibacterial activity of traditionally used endemic plants
against bacterial pathogens involved in wound infections
of lymphoedematous limbs is limited [8].
This study, therefore, aimed to test the antibacterial

activity of the leaf methanol extracts of Lawsonia iner-
mis, Azadirachta indica, and Achyranthus aspera against
selected bacteria isolated from the wounds of patients
with lymphoedema and against standard ATCCs.

Methods
Plant material collection
The leaves of Lawsonia inermis (Henna) were collected
from Laga Gandisa (approximately 90 32′ 59″ N and 410

28′ 31″ E), 53 km from Dire Dawa, Ethiopia. The leaves
of Azadirachta indica (Neem) were collected from Kur-
are Goti (approximately 100 7′ 15″ N and 380 9′ 13″ E),
209 km northwest of Addis Ababa on the way to Dejen
Town, Ethiopia. The leaves of Achyranthes aspera

(Telenge) were collected from the Nile Gorge (approxi-
mately 100 7′51″N, and 3809′19″ E), 210 km northwest
of Addis Ababa on the way to Dejen, Ethiopia. No access
permit was required from Ethiopian Biodiversity insti-
tute for the collection of these plants. Collection of all
plant materials was carried out in consultation with a
botanist from the Ethiopian Public Health Institute, local
people, and traditional healers in the areas. Plant mate-
rials were authenticated by a botanist and specimens
were archived at the Herbarium of Ethiopian Public
Health Institute with voucher numbers of MG-012/05
for L. inermis, NA10 for A. aspera, and DG-18 for A.
indica.

Bacterial strains
The bacterial strains for this experiment were isolated from
the wounds of lymphoedema patients from East Wollega
Zone. Standard reference bacteria were obtained from the
National Referral Bacteriology and Mycology Laboratory,
Ethiopian Public Health Institute. Clinical isolates of
Staphylococcus aureus, Streptococcus pyogenes, Escherichia
coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and
Shewanella alage were used. Reference bacteria including
MRSA Staphylococcus aureus ATCC®43300™, Staphylococcus
aureus ATCC25923, Escherichia coli ATCC25922, Klebsiella
pneumoniae ATCC700603 and Pseudomonas aeruginosa
ATCC37853 were also used.

Swab sample collection and processing
Wounds were cleaned with sterile normal saline and
wound swabs and discharge were obtained from all
study participants aseptically using a sterile moistened
cotton swab. Swabs were then immersed in a container
of Amies transport medium with charcoal (Bio mark La-
boratories, Pune, India). All samples were transported
on ice to the Ethiopian Public Health Institute, National
Referral Bacteriology and Mycology Laboratory (Ethiop-
ian National Accreditation Office accredited and ranked
as Five Star by the American Society for Microbiology)
where all laboratory tests were conducted. Swabs were
used to inoculate MacConkey agar (Becton Dickinson
and Company, Cockeysville, MD, USA), blood agar and
mannitol salt agar (both from HiMedia Laboratories,
Mumbai, India) and incubated aerobically at 37 °C, and
5% CO2 for 24 h. After 24 h, plates without growth were
incubated further for up to 48 h.
Growth of micro-organisms was identified by examining

colony morphology followed by biochemical identification
using the automated VITEK® 2 COMPACT Microbial
Detection System (bioMerieux, Marcy l’Etoile, France).

Extraction and preparation of plant materials
The extraction of each plant material was done following
methods previously used with slight modifications [9].
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Each plant material powder was successively extracted
with three organic solvents in order of increasing polar-
ity (petroleum ether ➔ethyl acetate➔methanol➔aqu-
eous). Three hundred grams of each powder was soaked
in 1.5 l of petroleum ether separately and kept on a
VWR DS 500 orbital shaker for 72 h. The extracts were
filtered using WhatmanNo1 filter paper. The residue
was further extracted twice with fresh petroleum ether.
Then, all the filtrates were mixed. The resulting residues
were air-dried and further extracted with ethyl acetate,
methanol, and sterile water using the procedure
employed for petroleum ether extraction. Organic sol-
vents were then removed from the extracts using rotava-
por and the extracts were kept for several days in a
water bath (40 °C). After complete drying, the yield of
each extract was measured separately, and the extracts
were stored at 40c until used for further study. The dried
extracts of A. aspera, L. inermis and A. indica were dis-
solved in 10% DMSO and kept at 40c until used for the
experiments.

Preliminary phytochemical screening of the extracts
Phytochemical analysis of the methanol extract of A.
aspera, L. inermis and A. indica leaves was performed
using standard procedures to determine the active con-
stituents present in the extracts. Tests for alkaloids, sa-
ponins, phenols, tannins, anthraquinones, terpenoids,
flavonoids and steroids were performed following the
methods developed before [10].

Test for alkaloids
Extracts from plants were dissolved in HCl and filtered
for the following tests.

a. Mayer’s Test: Filtrates were treated with Mayer’s
reagent (Potassium Mercuric Iodide). Yellow
precipitation indicates the presence of alkaloids in
the extracts.

b. Dragendroff’s Test: Filtrates were treated with
Dragendroff’s reagent (solution of Potassium
Bismuth Iodide). Red precipitation indicates the
presence of alkaloids in the extracts.

Test for saponins (foam test)
Extract was shaken with 2 ml of water. If foam produced
persists for 10 min, it indicates the presence of saponins.

Phenol test
0.5 G crude extracts was treated with a few drops of 2%
FeCl3 bluish green or black colouration indicated pres-
ence of phenolic compound

Test for tannins (ferric chloride test)
Each plant extract was stirred with 1 ml of distilled
water, after filtered, ferric chloride reagent added to the
filtrate. A blue-black, green, or blue-green precipitate in-
dicates the presence of tannins.

Test for anthraquinones
Chloroform was added to the extracts and shaken for 5
min. The extract was filtered and shaken with an equal
volume of 100% ammonia solution. A pink, violet or red
colour in the ammoniacal layer (lower layer) indicated
the presence of free anthraquinones.

Test for terpenoids
Each extract was dissolved in chloroform, then 3ml of
concentrated sulfuric acid was added carefully and ex-
amined: reddish brown coloration indicates the presence
of terpenoid.

Test for steroids
Chloroform 10ml was added to 2 ml of all three plant
extracts. To these extracts 1 ml of acetic anhydride was
added and then 2ml of concentrated sulphuric acid was
added along the sides of the test tube. Colour formation
at the junction is noted. The appearance of blue green
colour indicates the presence of steroids.

Test for flavonoids (alkaline reagent test)
Extracts were treated with drops of sodium hydroxide
solution. Formation of intense yellow colour, which be-
comes colourless on addition of dilute acid, shows pres-
ence of flavonoids.

Bacterial culture and inoculum preparation
Fresh cultures of bacteria were prepared from frozen
stock, streaked on Mueller Hinton agar (MHA) plates
and incubated for 24 h at 37 °C in an incubator. After-
18-24 h of incubation, a single colony of microorganisms
was picked and inoculated into 3 mL sterile saline
solution. The saline tube was then vortexed to create a
uniform solution, and turbidity was adjusted to 0.5
McFarland standard (108 CFU/mL).

Antibacterial activity assays
The agar well diffusion assay
The Kirby-Bauer technique was used to determine the
antibacterial activity of the extracts [11]. A total of 11
bacteria strains were used for this test. Mueller Hinton
agar (pH 7.2 & 4mm depth) plates were inoculated with
test organisms (prepared in a sterile saline tube) by
streaking the loop in a back-and-forth motion to ensure
an even distribution of inoculum. MHA with 5% sheep
blood was used for Streptococcus pyogenes. A circular 6
mm diameter well was punched aseptically with a sterile
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cork borer. Then, a volume of 100 μL methanol extracts
of A. aspera, L. inermis and A. indica leaves (at concen-
trations of 100 mg/mL, 200 mg/mL, and 400 mg/mL)
were dispensed into the wells. Similarly, 5% Di-methyl-
sulfoxide (DMSO) was dispensed into the control well,
and reference antibiotic discs were placed on the surface
of the plate and incubated for 24 h at 37 °C. For Strepto-
coccus pyogenes, a carbon dioxide incubator was used for
incubation. Each experiment was done three times.

Microdilution method
The minimum inhibitory concentration (MIC) and mini-
mum bactericidal concentration (MBC) of the extracts
were determined using the p-iodonitrotetrazolium chlor-
ide (INT) colorimetric assay method [12]. The test was
done according to the recommendations of the Clinical
Laboratory Standard Institute [13]. Bacteria were sub-
cultured on Mueller Hinton agar (pH 7.2) and incubated
at 37 °C for 24 h. Bacterial colonies were inoculated into
a sterile saline solution and used before 30 min. The bac-
terial suspension was evenly mixed and diluted to meet
the turbidity of 0.5 McFarland standard (1 × 108 CFU/
mL). Further dilution was performed to obtain the final
concentration of inoculum (5 × 105 CFU/mL) in each
well. A stock solution of plant extracts was prepared in
DMSO. Serial dilutions of the working solution were
prepared by diluting the extract solution in sterile Muel-
ler Hinton Broth. The final concentration of DMSO in
the solution was less than 2.8% in the solution. The test
was performed in a sterile 96-well plate. Methanol ex-
tracts of A. aspera, L. inermis, and A. indica leaves were
tested in triplicate in one plate for each bacterium.
Mueller Hinton Broth (100 μL) was dispensed to all
wells. A working solution of extracts (100 μL) and solv-
ent controls (MH broth and 2.8% DMSO) were dis-
pensed into their respective wells. Serial dilutions were
performed from columns one to nine, and 50 μL of ex-
cess medium was discarded from column nine. The last
column served as a blank containing only broth. Col-
umns 10 and 11 served as negative controls, which only
contained medium and bacterial suspension, and media
DMSO and bacteria, respectively. 50 μL of test bacteria
were added to each well except for the last row, which
served as a blank. The concentration of plant extracts
ranged from 0.78 mg/mL to 200 mg/mL. The plates were
sealed and incubated for 24 h at 37 °C. After 24 h incu-
bation, 40 μL (0.2 mg/mL) p-iodonitrotetrazolium chlor-
ide (INT) was added to all wells and incubated again at
37 °C for 30 min. The MIC of the samples was detected
after 30 min of incubation. Viable bacteria reduced the
yellow dye to pink. MIC was defined as the sample con-
centration that prevented the colour change of the
medium and exhibited complete inhibition of microbial
growth. The MBC was determined by adding 50 μL

aliquots from the wells that did not show growth after
incubation for the MIC test to 150 μL broth in the well
plate, and incubated for 48 h at 37 °C. Then, MBC was
observed as the lowest concentration of extracts which
did not produce a colour change after the addition of
INT as mentioned above.

Statistical analysis
Statistical Package for Social Science (SPSS) version 20
was used for descriptive analyses, such as frequencies
and means. Statistical differences in the mean zones of
inhibition for individual bacteria and differences in the
susceptibility of the test microorganisms were analysed
using ANOVA followed by Tukey’s post hoc at a signifi-
cance level of P < 0.05. MIC was analysed using descrip-
tive statistics.

Results
Plant extract yield and properties
The percent yields of the methanol extracts of A. aspera,
L. inermis and A. indica and their properties are given in
Table 1. Maximum yield was obtained from L. inermis
(15.9%), followed by A. aspera (14.7%) and A. indica
(7.9%).

Preliminary phytochemical screening of the extracts
The methanol extracts of L. inermis, A. aspera and A.
indica leaves tested positive for alkaloids, terpenoids,
phenolic compounds, tannins and steroids tests. Further-
more, L. inermis contained anthraquinones, whereas A.
indica contained saponins and flavonoids. However, L.
inermis did not contain flavonoids or saponins, and fla-
vonoids were absent from A. aspera. A. indica was nega-
tive for the anthraquinones test (Table 2).

Antibacterial activity
The antibacterial activities of the methanol extracts of L.
inermis, A. aspera and A. indica leaves were tested
against microorganisms isolated from the wounds of pa-
tients with lymphoedema and standard ATCCs. In vitro
antibacterial activity was tested in the presence or ab-
sence of a zone of inhibition in diameter, the minimum
inhibitory concentration (MIC) and minimum bacteri-
cidal concentration (MBC) in comparison with the refer-
ence antibacterial drugs.
Generally, it was observed that bacterial growth inhib-

ition increased as the concentration of the extracts in-
creased. Pairwise comparison of ANOVA was used to
test the variability in susceptibility of the microorgan-
isms toward the extracts (p < 0.05). No significant differ-
ence was observed in terms of susceptibility between K.
pneumoniae isolates and ATCC (p = 0.91), S. algae iso-
lates and P. aeruginosa ATCC (p = 0.74), E. coli isolates
and K. pneumoniae ATCC (p = 0.89), S. aureus isolates
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and MRSA ATCC (p = 1.0), or S. aureus isolates and E.
coli ATCC (p = 1.0). There was a significant difference in
the zone of inhibition between L. inermis and the other
two plant extracts, A. aspera and A. indica. However, no
significant growth inhibition difference was detected be-
tween A. indica and A. aspera (p = 0.55).
The Streptococcus pyogenes isolate showed the highest

susceptibility to all the extracts at all concentrations
compared with the standard drugs. K. pneumoniae
ATCC700603, K. pneumoniae isolates and P. aeruginosa
isolates showed low levels of susceptibility against all ex-
tracts (Figs. 1 and 2).
All three concentrations (100, 200, and 400 mg/mL) of

L. inermis showed significant activity against all tested
bacteria species, which was comparable to the standard
drugs. The highest zone of inhibition was recorded by L.
inermis against all tested species except K. pneumonia
ATCC700603, P. aeruginosa isolates and K. pneumonia
isolates. L. insermis showed exceptional activity against
E. coli isolates, S. aureus ATCC 25923, and MRSA
ATCC® 43300™, which was comparable to the conven-
tional drug cefoxitin (Table 3).
A. indica extract was shown to have activity against all

tested species at high concentrations, and high activity
was recorded against Streptococcus pyogenes isolates at
all concentrations (100, 200, and 400 mg/mL). However,
100 mg/mL and 200 mg/mL concentrations showed low
activity against all tested strains. A. aspera showed the
lowest activity against all tested species, except against
Streptococcus pyogenes isolate (10.5 ± 0.9 to 13.3 ± 0.6
mm ZI) compared with the reference drug cefoxitin
(15–24mm) (Table 3). There were significant differences

in the mean zone of inhibition between the different
concentrations of L. inermis, A. aspera and A. indica
(p < 0.05).
Among the strains, S. aureus, E. coli, P. aeruginosa,

and K. pneumonia isolates were less susceptible to L.
inermis than the standard ATCCs. Similarly, multi-drug
resistant S. aureus (MRSA) was less susceptible to all
tested extracts compared to S. aureus isolate and stand-
ard ATCC. All the references used in the test showed
the highest activity against their respective tested spe-
cies. The mean inhibition zones of triplicate experiments
for the three different concentrations of extracts (100,
200 and 400 mg/mL) are summarized in Table 3.
The methanol extracts of the three plant leaf extracts

showed different levels of MIC against all tested bacteria.
There was no inhibition of growth of bacteria in the
negative controls (medium and bacterial suspension, and
media DMSO and bacteria). The colorimetric broth
microdilution assay showed that the methanol extract of
L. inermis inhibited the growth of eleven tested microor-
ganisms within the concentration ranges of 1.5 ± 1.4 to
12.5 ± 0.0 mg/mL. Whereas, the minimum bactericidal
concentration (MBC) ranged from 12.00 ± 0.0 to 83.3 ±
28.9 among the strains.
The MICs were recorded for L. inermis against E. coli

isolate (1.5 ± 1.4 mg/mL) and S. aureus ATCC 25923
(3.1 ± 0.0 mg/mL), and the lowest MBC against E. coli
isolate (12.00 ± 0.0 mg/mL). The highest MIC value of L.
inermis was against K. pneumoniae ATCC700603 and E.
coli ATCC 25922 which was 12.0 ± 0.0 mg/mL for both
(Table 4).
Similarly, the MICs of A. indica ranged from 25.0 ±

0.0 mg/mL to 100.0 ± 0.0 mg/mL among the tested
strains, and MBC ranges from 36.7 ± 23 to 200.0 ± 0.0
mg/mL. The lowest MIC of A. indica was observed
against S. aureus and K. pneumonia isolates, and the
highest values were against P. aeruginosa and S. algae
isolates (Table 4). The lowest MBC of A. indica was ob-
served against S. pyogenes isolate (36.7 ± 23mg/mL)
(Table 3.10). Similarly, the MICs of methanol extracts of
A. aspera ranged from 50.0 ± 0.0–200.0 ± 0.0 mg/mL.
The minimum bactericidal concentration for the three
plant extracts was ≥200.0 mg/mL, except for S. aureus
isolate and S. pyogenes isolate which was 100.0 ± 0.0 mg/
mL for both (Table 4).

Table 1 Extraction yield of the plants in methanol

Plant name with parts Appearance Consistency Yield (% w/w)

Lawsonia inermis (leaves) Brown Semisolid 15.9

Achyranthes aspera (leaves) Dark green Semisolid 14.7

Azadirachta indica (leaves) Grey Powder 7.9

Table 2 Preliminary phytochemical screening for secondary
metabolites

S/N Secondary metabolites L. inermis A. aspera A. indica

1 Alkaloids + + +

2 Terpenoids + + +

3 Saponins + – +

4 Flavonoids – – +

5 Phenols + + +

6 Tannins + + +

7 Anthraquinones + – –

8 Steroids + + +

+ = present, − = absent
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Discussion
Natural products contain a range of lead compounds
which may enable the development of novel anti-
microbial agents as conventional antimicrobial drugs
become ineffective due to emergence of resistance.
The secondary metabolites present in a medicinal
plant may have different modes of antimicrobial
action which help combat the emergence of resis-
tance [14].
Assessing the antibacterial activity of herbal medicines

for their potential use in treatment of skin and wound
infections has great importance. The antibacterial acti-
vity observed in the present study suggests that among
the plant extracts tested are some that could be used for
the management of wound infections in patients with
lymphoedema.

Qualitative tests for secondary metabolites in metha-
nol extracts of L. inermis leaves revealed the presence of
alkaloids, terpenoids, saponins, phenols, tannins, anthra-
quinones and steroids which may be responsible for the
antibacterial activity demonstrated. Which is in agree-
ment The metabolites documented are in line with pre-
vious findings [15] with the exception of the absence of
flavonoids. L. inermis is a source of unique and valuable
natural compounds that have been considered for a wide
range of disease conditions as well as cosmetics [16].
The methanol extract of L. inermis leaves had signifi-

cant activity against all tested bacteria. Among the tested
strains, S. aureus ATCC 25923, MRSA ATCC®43300TM,
E. coli ATCC 25922, E. coli, and Streptococcus pyogenes
isolates were the most susceptible, with a zone of inhib-
ition comparable to cefoxitin and penicillin at all tested

Fig. 1 Zone of inhibition of extracts against E. coli and S. algae isolates

Fig. 2 Zone of inhibition of extracts against P. aeruginosa and S. aureus isolates
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concentrations. This finding supports the work of Mani-
vannan et al. [17], Kannahi et al. [18], and Badoni et al.
[19]. ß-asarones, the active constituents found in the
leaves, roots, and rhizomes of the L. inermis, were
responsible for all antimicrobial activities [20].
The quinones present in L. inermis (henna) were

found to possess high activity against all microorganisms
[17]. In the methanol extract of L. Inermis leaves,
alkaloids, anthraquinones, and saponins have been
reported to have antibacterial activity, and the high
activity against most microorganisms may be due to a

single or combined effect of these secondary metabo-
lites [21].
Azadirachta indica is one of the most useful medicinal

plant, whose plant parts have been used as traditional
medicine with proven antiseptic, antiviral, antipyretic,
anti-inflammatory, antiulcer and antifungal properties
[22]. Our study showed that the methanol extract of A.
indica leaves contained alkaloids, terpenoids, saponins,
flavonoids, phenols, tannins, and steroids, which is in
agreement with previous reports [22]. Phytochemical
constituents such as flavonoids and saponins could be

Table 3 Mean inhibition zone of bacterial growth (mm) for the leaves of methanol extracts of L. inermis, A. aspera and A. indica
leaves

Plants Conc.
(mg/
mL)

Zone of inhibition (mm) (Mean ± SD)

S. aureus E. coli P. aeruginosa K. pneumoniae MRSA S. pyogenes Shewanella algae

ATCC Isolate ATCC Isolate ATCC Isolate ATCC Isolate ATCC Isolate Isolate

LI 100 33.0 ± 1.0 15.5 ± 0.5 15.1 ± 0.7 8.1 ± 0.4 20.5 ± 0.5 12.5 ± 0.5 8.2 ± 0.3 7.6 ± 0.5 15.1 ± 0.7 21.0 ± 1.0 20.5 ± 0.5

200 31.0 ± 1.0 17.5 ± 0.5 19.3 0.6 10.3 ± 0.8 21.2 ± 0.7 13.8 ± 0.8 9.6 ± 0.5 8.8 ± 0.7 19.3 ± 0.6 24.5 ± 0.5 21.2 ± 1.1

400 33.0 ± 1.0 21.3 ± 1.5 21.2 ± 0.3 12.1 ± 0.6 21.5 ± 0.9 15.6 ± 0.5 10.5 ± 0.9 10.8 ± 0.8 21.2 ± 0.3 25.9 ± 0.9 21.9 ± 1.0

AA 100 7.1 ± 0.6 6.3 ± 0.6 6.4 ± 0.5 6.8 ± 0.8 6.4 ± 0.4 6.2 ± 0.3 6.4 ± 0.4 6.0 ± 0.0 6.6 ± 0.6 10.5 ± 0.9 6.5 ± 0.5

200 9.1 ± 0.4 6.5 ± 0.5 6.6 ± 0.6 7.4 ± 0.5 6.5 ± 0.5 6.6 ± 0.5 6.8 ± 0.7 6.5 ± 0.5 7.5 ± 0.6 12.9 ± 1.0 6.6 ± 0.7

400 6.3 ± 0.4 7.0 ± 1.0 7.5 ± 0.6 7.6 ± 0.5 6.7 ± 0.6 7.0 ± 1.0 7.2 ± 1.0 6.5 ± 0.5 7.4 ± 0.4 13.3 ± 0.6 6.8 ± 0.8

AI 100 6.4 ± 0.4 6.2 ± 0.3 6.3 ± 0.4 6.6 ± 0.5 6.4 ± 0.4 6.4 ± 0.4 6.4 ± 0.5 6.1 ± 0.2 6.3 ± 0.4 16.7 ± 0.6 6.3 ± 0.6

200 6.7 ± 0.3 6.7 ± 0.6 6.5 ± 0.5 7.4 ± 0.4 6.8 ± 0.7 6.8 ± 0.7 6.6 ± 0.6 6.1 ± 0.2 6.5 ± 0.5 18.3 ± 0.6 7.4 ± 0.5

400 7.4 ± 0.4 8.2 ± 0.7 7.5 ± 0.7 6.3 ± 0.3 7.8 ± 0.2 7.5 ± 0.5 8.5 ± 0.5 7.4 ± 0.5 6.4 ± 0.5 21.0 ± 1.0 9.5 ± 0.5

5 μg cefoxitin 27.0 ± 0.0 27.0 ± 0.0 24.0 ± 0.0 24.0 ± 0.0 29.0 ± 0.0 29.0 ± 0.0 24.0 ± 0.0 24.0 ± 0.0 15.0 ± 0.0 – –

5 μg
ciprofloxacin

– – – – – – – – – – 24.0 ± 0.0

10 μg penicillin – – – – – – – – – 24.0 ± 0.0 –

5% DMSO NI NI NI NI NI NI NI NI NI NI NI

Values are triplicate and represented as mean ± SD. AI Azadirachta indica, LI Lawsoni ainermis, AA Achranthes aspera, NI No inhibition

Table 4 The mean values of MIC and MBC for the methanol extracts of Lawsonia inermis, Achyranthes aspera and Azadirachta indica
leaves

S/
N

Bacteria MIC (mg/mL) MBC (mg/mL)

LI AI AA LI AI AA

1 S. aureus ATCC 25923 3.1 ± 0.0 33.3 ± 14.4 50.0 ± 0.0 25.0 ± 0.0 200.0 ± 0.0 200.0 ± 0.0

2 MRSA S. aureus ATCC® 43300™ 4.2 ± 2.0 33.3 ± 14.4 42.0 ± 14.4 50.0 ± 0.0 200.0 ± 0.0 > 200.00

3 E. coli ATCC 25922 12.5 ± 0.0 83.3 ± 29.0 66.7 ± 28.9 25.0 ± 0.0 200.0 ± 0.0 200.0 ± 0.0

4 P. aeruginosa ATCC27853 4.2 ± 1.8 50.0 ± 0.0 200.0 ± 0.0 18.8 ± 10.8 200.0 ± 0.0 200.0 ± 0.0

5 K. pneumoniae ATCC700603 12.5 ± 0.0 41.7 ± 14.4 50.0 ± 0.0 83.3 ± 28.9 100.0 ± 0.0 > 200.00

6 E. coli isolate 1.5 ± 1.4 83.3 ± 28.9 100.0 ± 0.0 12.00 ± 0.0 100.00 ± 0.0 200.0 ± 0.0

7 K. pneumoniae isolate 7.3 ± 4.8 25.0 ± 0.0 50.0 ± 0.0 50.0 ± 0.0 100.0 ± 0.0 > 200

8 P. aeruginosa isolate 12.5 ± 0.0 100.0 ± 0.0 166.7 ± 57.7 66.7 ± 28.9 200.0 ± 0.0 > 200

9 Shewanella algae isolate 6.25 ± 0.0 100.0 ± 0.0 200.0 ± 0.0 83.3 ± 28.9 100.0 ± 0.0 > 200

10 S. aureus isolate 6.25 ± 0.0 25.0 ± 0.0 50.0 ± 0.0 25.0 ± 0.0 50.0 ± 0.0 100.0 ± 0.0

11 S. pyogenes isolate 6.25 ± 0.0 33.3 ± 14.4 83.3 ± 28.9 41.7 ± 14.4 36.7 ± 23 100.0 ± 0.0

Values are triplicate and represented as mean ± SD. MIC Minimum inhibitory concentration, MBC Minimum bactericidal concentration, LI Lawsonia inermis, AI
Azadirachta indica, AA Achyranthes aspera
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responsible for the anti-inflammatory, antimicrobial,
antioxidant, and antiviral activity of the plant [22].
A. indica extract was found to have moderate activity

against all tested strains except E. coli isolate (6.3 ± 0.3
mm ZI) and MRSA (6.4 ± 0.5 mm ZI) at 400 mg/mL. In
comparison with the reference drugs, the highest activity
of A. indica extract was recorded against Streptococcus
pyogenes isolate (21.0 ± 1.0 mm ZI), followed by Shewa-
nella algae (9.0 ± 0.5 mm ZI) at 400 mg/mL. Clinical iso-
lates of E. coli, P. aeruginosa, and K. pneumonia strains
were found to be less susceptible than the standard
ATCCs at the tested concentrations. A. indica extract at
concentrations of 100 mg/mL and 200 mg showed low
activity against the tested strains, except for Streptococ-
cus pyogenes and S. algae (Fig. 2).
S. aureus isolates were more susceptible than the

standard ATCC. Previous studies showed that the
methanol extract of A. indica (neem) had high activity
against standard and clinical isolated strains of P. aerugi-
nosa [23]. Another study indicated that ethanol extracts
of A. indica (neem) leaf exhibited antibacterial activity
against E. coli, K. pneumoniae, Proteus mirabilis, S. aur-
eus, P. aeruginosa, and Enterococcus faecalis at 100, 50,
and 25mg/mL [24].
Achyranthes aspera locally known as “Telegne” is trad-

itionally used in Ethiopia for treatment of a range of
wound infections [25]. It was reported to have anti-
bacterial, anti-inflammatory, analgesic, and antipyretic
activities [26]. Previous studies on methanol extracts of
A. aspera (leaves) showed secondary metabolites such as
alkaloids, terpenoids, phenols and tannins which might
be responsible for the pharmacological activities of the
plant extract [27].
In this study, the methanol extract of A. aspera leaves

showed high antibacterial activity against Streptococcus
pyogenes at 400 mg/mL, and low activity against the
other strains at tested concentrations. Next to Strepto-
coccus pyogenes, S. aureus ATCC was found to be more
susceptible than the clinical isolate. Except for the
Streptococcus pyogenes strain, this finding agrees with
the report of Taye et al [28], in which gram-positive bac-
teria were more susceptible than gram-negatives to the
plant extracts, perhaps due to the nature of their cell
walls. Gram-negatives have phospholipid membranes
carrying structural lipopolysaccharide components that
makes their cell wall impermeable to some antimicrobial
substances [29].
The minimum inhibitory concentration (MIC) is de-

fined as the lowest concentration of antimicrobial agent
that inhibited the visible growth of microorganisms after
overnight incubation. The MBC is complementary to
the MIC. It demonstrates the lowest level of antimicro-
bial agent that results in microbial death after sub cul-
turing the organism in an antibiotic-free media [30]. The

MIC is used to evaluate the antimicrobial effectiveness
of new compounds or extracts by measuring the effect
of decreasing the antimicrobial concentration. Antimi-
crobials with lower MIC are considered to be more
effective.
The MIC values obtained from the present study indi-

cated that the methanol extract of L. inermis leaves was
more potent against E. coli isolate and S. aureus ATCC
25923, which agrees with the initial antimicrobial
screening test results (agar well diffusion test). Strong
antibacterial activity was also observed against S. aureus
ATCC 25923, MRSA ATCC® 43300TM, and P. aerugi-
nosa ATCC27853 at low concentrations of L. inermis ex-
tract. The results of our study agree with those of
previous report from Jordan [31]. The differences in bac-
terial susceptibility could be due to variations in intrinsic
tolerance of microorganisms, or the physico-chemical
properties of phytochemicals present in the crude ex-
tracts of the plant materials [31].
The MBC/MIC ratio was determined for L. inermis ex-

tract to determine whether the extract was bactericidal
or bacteriostatic at the tested concentrations. The MBC/
MIC ratio greater than 4 is usually considered to be a
bacteriostatic effect; whereas values less than 4 show
bactericidal effects [32]. Accordingly, L. inermis extract
was shown to have bactericidal effects against E. coli
ATCC 25922, P. aeruginosa ATCC27853, E. coli isolate,
K. pneumonia isolate, S. aureus isolate and Streptococcus
pyogenes isolate; but bacteriostatic activity against S. aur-
eus ATCC 25923, MRSA ATCC® 43300TM, P. aerugi-
nosa ATCC27853, K. pneumonia ATCC700603, P.
aeruginosa isolate and S. algae isolate. Generally, the ac-
tivity is considered to be high when MIC is less than10
μg/mL, moderate when MIC is between 10 and100 μg/
mL and low when MIC is greater than 100 μg/m [33].
A. indica and A. aspera extracts with MICs ranging

from 25.0 ± 0.0 mg/mL to 100.0 ± 0.0 mg/mL, and 50.0 ±
0.0 to 200.0 ± 0.0 mg/mL, respectively, had moderate to
low activity against the tested bacterial strains. Even
though A. indica exhibited moderate to low activity
against the tested strains, it showed bactericidal activity
against all tested strains, with MBC values ≥200 mg/mL
against all tested strains except S. aureus and Streptococ-
cus pyogenes isolates.
The presence of bioactive phytochemical compounds

such as alkaloids, flavonoids, tannins, phenols, steroids,
and terpenoids in all three tested plant extracts
accounted (either individually or in combination) for the
broad-spectrum antimicrobial activities observed in this
study, which is in agreement with the findings of
previous studies [34, 35].
Possible modes of antibacterial action of some of the

secondary metabolites could be described as follows:
Tannins may act by inactivating microbial adhesins,
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enzymes and cell envelope transport proteins [34]; flavo-
noids by altering the cell membranes of microbes and
inhibiting energy metabolism and synthesis of nucleic
acids [36], alkaloids by disrupting the cell wall and /or
inhibiting Deoxyribonucleic acid (DNA) synthesis (Ref?);
anthraquinones by increasing the levels of superoxide
anions and/or singlet oxygen molecules [37], and diter-
penes and phenolic compounds by disrupting microbial
cell membranes [38].

Conclusion
The methanol extracts of L. inermis, A. indica and A.
aspera leaves exhibited antimicrobial activity against se-
lected bacterial isolates involved in lymphoedema-
associated wound infections and standard ATCCs in-
cluding methicillin resistant S. Aureus. L. inermis extract
demonstrated high activity and had bactericidal effects
against most of the tested bacterial strains. However, A.
indica and A. aspera extracts showed low to moderate
activity against most tested strains at 400 mg/mL. These
findings support the traditional claim that the three me-
dicinal plants have antibacterial activity in wound infec-
tions. Further investigations, however, need to be carried
out before recommending their use.
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