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Abstract

The incidence of antibiotic resistance among bacteria to
synthetic drugs is on the increase, as such there is the
need for new and safer antimicrobials especially, from
natural sources like plants. Leaves of Bryophyllum
pinnatum and Aspilia africana are among the many that
have been used by rural dwellers as medicines to treat
infections. Methanol, hot water and ethanolic extracts of
the leaves of Bryophyllum pinnatum and Aspilia africana
were obtained and their antimicrobial activity testing
against three microorganisms isolated from wound which
includes Staphylococcus aureus, Escherichia coli and
Pseudomonas aeruginosa. The results indicated that the
methanol extract of both plants had higher antimicrobial
activity against the test isolates as compared with their
ethanol extracts; while the hot water extracts had no
antimicrobial activity against the isolates. Ethanol extracts
of both plants showed little antimicrobial activity against
the test isolates. S. aureus was more susceptible to
methanolic extract of B. pinnatum with a zone of
inhibition of 4 mm, E. coli was 3.0 mm while that of P.
aeruginosa was 1.0 mm. Susceptibility pattern of the
isolates to A. africana showed that P. aeruginosa was
more susceptible with a zone of inhibition of 6.0 mm; that
of S. aureus was 5.0 mm while that of E. coli was 3.0 mm.
This shows that methanolic extracts of Bryophyllum
pinnatum and Aspilia africana can be used against
pathogenic organisms including Staphylococcus aureus,
Escherichia coli and Pseudomonas aeruginosa which can
cause slow healing of wounds.
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Introduction
The colonization of wounds by microorganisms is an

important cause of death among surgical patients. When there
is a hole in the skin, microorganisms (more often the
opportunistic ones) invade and multiply in the hole causing
delay in the wound healing and as such an infection which can
lead to asymptomatic colonization, bacteremia or even death
[1]. Microorganisms frequently isolated from wounds include
those of the genera Pseudomonas, Candida, Staphylococcus,
Streptococcus, Bacillus and even Escherichia coli. The higher
frequency associated with these organisms is their ability to
form biofilms on colonized surfaces thus aiding in their
resistance to antibiotics and virulence [2]. Proper sanitation of
wounds and good hygiene practices can avoid complications
arising from the colonization of some fungi and bacteria on
wounds [3,4].

Substances that are able to kill bacteria are generally
referred as antibiotics. They can be applied on the skin, taken
intravenously or taken in orally (through the mouth). They may
be in liquid form or powdered form. With the recent
emergence and re-emergence of antibiotic resistance as a
result of widespread use of antibiotics, this has become a
public health issue worldwide and has been documented [5,6].
This emergence of antibiotic resistance has also been linked
with the wrong use of antibiotics [7]. A good number of
persons living in underdeveloped and some developing
countries survive below the poverty line, are unable to afford
proper medical care and as such rely on patent medicine
stores whenever they fall sick. This has led to continual abuse
of drugs especially antibiotics as most times, broad spectrum
antibiotics are prescribed and misused. In other cases when
the right drugs are prescribed, most patients either do not
complete the dosage especially if they begin to notice
improvement in their health or do not take the drugs at the
appropriate time. Subsequently, these make the
microorganism resistant to these drugs when they are taken.
There is therefore, the need to explore new and safer
antimicrobials that can probably act in a manner different
from the already existing ones [8]. This has led to research into
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the use of whole or parts of plants with the purpose of
exploring the active ingredient that can be used in the
production of new antimicrobial drugs [9,10]. This is of
advantage since the plants are cheaper, most of which can be
found in our environment and as such, a great breakthrough in
modern medicine [11].

Plants are free gifts of nature and are found around us.
Although some plants are prevalent in some areas, if the
environmental conditions are favourable, they can be
transplanted to another habitat. Most plants are not just
sources of food, but are used as herbs and as such are
medicinal. Different parts (bark, root, twig, fruit and leaves) of
different plants have been studied and found to be sources of
antimicrobial agents. These include Moringa oliefera, Jatropha
curcas, Carica papaya, Psidium guajava, Magnifera indica and
others [12-14]. Moringa oliefera has been reported to possess
antitumoural, antioxidant, anti-inflammatory, hypoglycaemic
and antimicrobial properties [15]. Jatropha curcas over the
years have been reported to possess bioactive activity against
guinea worm sores, fever, joint rheumatism, jaundice and
mouth infections [13].

Bryophyllum pinnatum (Lam.) Oken, is an environmental
weed from the family Crassulceae that is most often used to
treat urinary stones, hypertension, cold, abscesses, asthma,
insect bite, skin disorders and other ailments. It is a succulent
glabrous herb that is 0.3 m-1.2 m high. It is native to
Madagascar and Southern Africa and grows mainly in the
tropics [16]. It is commonly called air plant, life plant, love
plant or miracle leaf [17]. Aspilia africana on the other hand, is
a semi-woody herb that grows up to 2 m high and occurs
throughout tropical Africa and the wasteland of the Savannah
forest. The mashed leaves and flowers are used in treating
sores and wounds and can stop bleeding. Ugandans use the
leaf extract to treat gonorrhea, Ghanaians use the leaves to
prepare cough medicine for kids; while in Tangayika, its root
extract is used to treat tuberculosis [18,19]. Its methanol
extract has been found to possess antiulcer activity while its
hexane extract has been reported to possess anti-
inflammatory activity [20,21]. It has also been found to be
useful in the treatment of diseases affecting the urinary organs
without adverse side effects [16]. Highlighting the increase in
the incidence of antibiotic resistance which has become a
public concern, newer and safer antibiotics need to be
introduced of which some plants have been found to be
effective. This study is aimed at testing the antimicrobial effect
of Bryophyllum pinnatum and Aspilia africana on isolates from
wounds, thus their possible use for the synthesis of
antimicrobial drugs.

Methodology

Collection of bacterial isolates
The bacterial isolates used in this study had been isolated

from wounds and were obtained from the microbiology
laboratory of the University of Port Harcourt Teaching Hospital.

The isolates were Pseudomonas aeruginosa, Escherichia coli
and Staphylococcus aureus.

Identification of isolates
The collected isolates were sub cultured in Nutrient Agar

(CM0003, Oxoid UK) and then identified using standard
microbiological procedures by carrying out gram’s reaction and
biochemical tests to confirm the species [22]. The identified
isolates were suspended in nutrient agar slants and were
subsequently used in testing the extracts respectively.

Collection of the leaves
The leaves of Bryophyllum pinnatum and Aspilia africana

which were identified by a botanist in the Department of
Medical Laboratory Science of the Rivers State University of
Science and Technology, Port Harcourt, Nigeria. Nonetheless,
the leaves were collected from the garden and premises of the
Rivers State University of Science and Technology, Port
Harcourt and were therefore transported to the laboratory
immediately for processing. The leaves were washed using tap
water to remove dust and then dried in the oven at 37°C for 3
days while the leaves of A. africana were dried at 70°C for 4
days. The difference in drying time and temperature was
because of their varied thickness in architecture of the leaves.

Preparation of extracts
The dried leaves were blended differently using a sterile

electric blender (rinsed with absolute alcohol) to fine powder.
The leaves were not exposed to direct sunlight so that the
active compounds are not lost [23]. The hot water (aqueous)
extract was prepared by putting 10 g of each of the fine
powder into a 100-ml flask to which 10 ml of distilled water
was added. This was heated to boil for one hour using a hot
plate and stirred regularly for 3 minutes to 5 minutes. After
which, the mixture was filtered using Whatmann No 1 filter
paper and the supernatant recovered. The methanol and
ethanol extracts were prepared according to the method of
Ekpe [24]. It was prepared in a ratio of 1:1 (10 g of the fine
powder of each plant added to 10 ml of methanol and ethanol
each). The mixture was allowed to stand at room temperature
for 4 hours with occasional stirring. The mixtures were after
which filtered separately using Whatmann No 1 filter paper to
remove the residue. The filtrate was allowed to settle for 30
minutes and then left to evaporate for two days at room
temperature till it was concentrated. The concentrated
aqueous, ethanol and methanol extracts were thereafter
stored at 5°C in the refrigerator for use.

Antibiotic discs
Gram negative and gram positive multipurpose discs were

used to compare the susceptibility pattern of the isolates to
that of the plant extracts. This was done using the disc
diffusion method.
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Inoculum size
Bacterial suspensions were made in sterile normal saline

and adjusted to 0.5 Macfarland’s standard which is 108 cfu/ml
(NCCLS).

Screening of plant extracts for antimicrobial
activity

This was done according to the method of Atata [25]. Each
test microorganism was uniformly inoculated onto freshly
prepared Mueller-Hinton Agar (Oxoid, UK) using a sterile
cotton swab. A 5-mm diameter sterile cork borer was used to
make wells in the medium; 0.1 mL of each of the extracts was
then dropped in the holes and labeled accordingly. The control
for each was prepared by adding ethanol and methanol
separately to small pieces of cut filter paper and then seeded
onto the inoculated agar plates. The setups were allowed to
stand at room temperature for 30 minutes before being
incubated at 37°C for 24 hours. After 24 hours, the zones of
inhibition around each of the extracts was measured and
recorded in millimeter.

Data presentation
The results obtained were represented using tables as

shown below.

Results
Methanol, ethanol and hot water extracts from the leaves of

Bryophyllum pinnatum and Aspilia africana were tested
against different wound isolates. Results obtained as recorded
in Table 1 and Table 2 indicates that the methanol extracts of
both plants had a higher antimicrobial activity compared with
their ethanol extracts, while the hot water extracts of both
plants had no antimicrobial activity. Methanol extract of A.
africana had the highest activity against Pseudomonas
aeruginosa with a zone of inhibition of 6.0 mm while that of B.
pinnatum was 1.0 mm. Susceptibility of Staphylococcus aureus
to methanolic extract of A. africana was high with a zone of
inhibition of 5.0 mm while that of B. pinnatum was 4.0 mm.
Susceptibility of Escherichia coli to the methanol of both plants
was the same with a zone of inhibition of 3.0 mm. Ethanolic
extract of B. pinnatum was less effective on the test isolates
with all the isolates having a zone of inhibition of 1.0 mm while
ethanolic extract of A. africana was more effective on E. coli
with a zone of inhibition of 3.0 mm, on P. aeruginosa with a
zone of inhibition of 1.0 mm but had no activity against S.
aureus (Figure 1 and Figure 2).

Table 3 shows that S. aureus was more susceptible to
chloramphenicol and lincocin with their zones of inhibition
being 9.0 mm. Rifampicin had the least antibiotic effect on S.
aureus with a zone of inhibition of 6.0 mm. The susceptibility
pattern of E. coli to gram negative antibiotic discs indicated
that it was most susceptible to ciprofloxacin with a zone of
inhibition of 13 mm and it was least susceptible to Nalidixic

acid and Streptomycin with zones of inhibition of 6 mm as
recorded in Table 4.

Table 1 Antimicrobial activity of Bryophyllum pinnatum
extracts with the zone of inhibition (mm).

Test organisms

Neat B.
pinnatum
methanol
extract

Neat B.
pinnatum hot
water
extract

Neat B.
pinnatum
ethanol
extract

Staphylococcus
aureus 4 _ 1

Escherichia coli 3 - 1

Pseudomonas
aeruginosa 1 - 1

++=Moderately sensitive; +=Sensitive; -=Resistant

Table 2 Antimicrobial activity of Aspilia Africana against the
test isolates with the zone of inhibition (mm).

Test organisms Neat A.
africana

methanol
extract

Neat A.
africana

hot water
extract

Neat A. africana
ethanol extract

Staphylococcus
aureus

++ (5.0) - - (0.0)

Escherichia coli + (3.0) - + (3.0)

Pseudomonas
aeruginosa

+ (6.0) - + (1.0)

++=Moderately sensitive; +=Sensitive; -=Resistant

Discussion
The presence of Staphylococcus aureus, Escherichia coli and

Pseudomonas aeruginosa in wounds is of public health
concern as their presence can lead to serious complication of
nosocomial infections if unchecked in good time [26],
especially in cases where the wounds are not properly treated
or just left open. These organisms are normally found in moist
environments and only become pathogenic when they
introduced to areas in the body that lack normal host defenses
such as when the skin has an injury or direct tissue damage
[27]. In this study, all three isolates were sensitive to
ciprofloxacin. Extensive use of this antibiotic and other related
ones has led to reported cases of multi-drug resistant plasmids
and transposons found in strains of bacterial genera associated
with nosocomial infections [28]. However, multidrug resistant
saga has continued to pose critical health challenging issues
especially in our remote villages with little or non-existence of
functional health infrastructure to carter for increasing
population of the citizens. Nonetheless, it may probably be
believed that some of the reasons for the geometric increase
of multi drug resistance cases might be linked to poor
prescriptions expertise of antibiotic regimen and non-
adherence to drug intake pattern recommendation by the
subjects as suggested by the physician, even as it seems to be
an evidence of lack of health awareness education on the
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subject matter among the subjects, in our remote
communities.

Figure 1 Zones of inhibition around neat B. pinnatum
methanol extract against S. aureus.

Figure 2 Zones of inhibition around neat B. pinnatum
methanol extract against Escherichia coli.

Table 3 Antimicrobial sensitivity of Staphylococcus aureus to
known antibiotics.

Gram positive antibiotic disc Zone of inhibition (mm)

Ciprofloxacin (CPX) + (8.0)

Norfloxacin (NB) + (7.0)

Gentamicin (GN) + (8.0)

Lincocin (LC) ++ (9.0)

Streptomycin (S) + (7.0)

Rifampicin (RD) + (6.0)

Erythromycin (E) + (8.0)

Chloramphenicol (CH) ++ (9.0)

Ampiclox (APX) + (7.0)

Floxapen (FLX) + (7.0)

The sensitivity of the test isolates to methanolic extracts of
both plants is at variance with the findings of Obi and Onuoha
[29], who described ethanol as the best solvent for the
extraction of bioactive substances from plants. The ability of
the methanolic extract of both plants to be more effective
than that the ethanolic extract could be linked to the fact that,
the active antimicrobial agent in the leaves are more soluble in
methanol and as such, it is able to extract the antimicrobial
contituents from the leaf [30]. The sensitivity of the P.

aeruginosa to the methanolic extract of both leaves is in
contrast to the study carried out by Faleye and Ogundaini [18],
who reported that the Aspilia africana extracts obtained using
six different solvents, had no activity on P. aeruginosa. This
may be because the solvents used in the extraction process
could not extract the active antimicrobial agent against P.
aeruginosa.

Table 4 Antimicrobial Sensitivity of E. coli and P. aeruginosa to
known antibiotics.

Gram negative antibiotic
disc

Escherichia coli Pseudomonas
aeruginosa

Ciprofloxacin (CPX) +++ (13.0) ++ (10.0)

Gentamicin (CN) + (7.0) + (8.0)

Streptomycin (S) + (6.0) + (7.0)

Peflacine (PEF) +++ (11.0) ++ (10.0)

Augmentin (AU) ++ (9.0) ++ (9.0)

Ceprorex (CEP) + (7.0) + (6.0)

Nalidixic acid (NA) + (6.0) --

Septrin (SXT) ++ (10.0) + (8.0)

Ampicillin (PN) + (8.0) --

Ofloxacin (OFX) ++ (10.0) +++ (12.0)

Lincocin (LC) -- + (8.0)

Rifampicin (RD) -- + (8.0)

Testing of the leaves of two the plants, Bryophyllum
pinnatum and Aspilia africana, according to the results
obtained above indicated that both plants had antimicrobial
activity against Staphylococcus aureus, Escherichia coli and
Pseudomonas aeruginosa at different levels. Although a
previous study on its influence on the estrous cycle and histo-
architecture of the uterus of female rats suggested a negative
influence on the reproductive health of the animal [31],
modifications can be made during its processing, to make it
safer for humans.

No doubt, the use of medicinal plants has been helpful in
the treatment of wounds, cough and many other illnesses in
our rural communities by our great grandfathers and
ancestors. However, some of the conventional methods of
extractions are through maceration and soxhlet extraction,
though one critical challenge of these methods is that it does
not give room to large quantity of the extracts to be explored
for commercial use. These tend to limit the widely application
of these important natural resources in the local communities.
Nonetheless, critical improvements have been made, through
the use of Ultrasound Assisted Extraction (UAE), Micro Wave
Assisted (MAE), and Supercritical Fluid Extraction (SFE) which
have certainly improved the extraction process of the
medicinal plant. However, one significant setback on the use of
improved methods of extraction in our local communities
would anchor strongly on the lack of expertise and
professional skills, lack of power (Electricity) and weak
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infrastructural developments, in our developing communities
to stimulate large productions of these medicinal plants to be
available at all times for the treatment of emerging and re-
emerging of infectious diseases across the globe, especially in
this period of increasing trend of antibiotic resistant saga.
Furthermore, the measurement and determination of the
actual doses of the medicinal plants have also provoked
massive challenges to the traditional herbal doctors during the
prescription and treatment of their patients in our rural
villages. Thus, the need to create enabling grounds that would
promote the mass production of the medicinal plants with
minimal cost cannot be over emphasized, since it has already
been proven to possess rich therapeutic attributes as an
alternative option to synthetic commercially prepared
medicines (drugs). It is strongly believed that, the promotion
of the use of medicinal plants would help to reduce the
increasing statistic of antibiotic resistance crises in our various
hospitals and health centers globally.

Conclusion
In conclusion, the leaves of Bryophyllum pinnatum and

Aspilia africana possess antimicrobial properties and as such
can be harnessed for the production of antimicrobial drugs.
Indiscriminate use of drugs, especially antibiotics should be
discouraged; sick persons should be encouraged to visit a
physician in a hospital/clinic, run specific tests, drugs
administered based on the test result and the dosage of the
drugs should be completed. Mass campaigns should be carried
out to sensitize the public on the increasing trend of antibiotic
drug resistance, its causes and prevention so as to reduce its
occurrence. Researches on better ways to extract the active
antimicrobial agents in plants and thus their introduction to
the pharmaceutical industry should be encouraged so that
they can be used in the production of newer, safer and
possibly, cheaper drugs. It is therefore strongly believed that
the gains from the above practice would certainly underpin
possible health outcome and also collectively reduce the
increasing trend of multi drug resistance problems across the
globe. However, it is the scholar’s opinion that more novel
research in this direction should be encouraged and should
also be strongly sustained for the benefit of man across the
globe especially in our developing communities.
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