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ABSTRACT

Aims: To determine the antibacterial activities of leaf extract of Ficus abutilifolia against selected
clinical bacterial isolates. Also, to analyse the extract for the constituent phytochemical
compounds.

Study Design: In vitro antimicrobial assay of solvent fractions of plant leaf extract against selected
clinical bacterial isolates.

Place and Duration of Study: Chemistry and Microbiology Laboratories, Faculty of Science,
Obafemi Awolowo University, lle-Ife, Nigeria, between February 2014 and February, 2015.
Methodology: The disc diffusion method was used to determine the susceptibility of clinical
bacterial isolates to fractions of leaf extract of Ficus abutilifolia. The minimum inhibitory
concentrations (MIC) were determined by the microdilution assay. The rate of kiling of
representative isolates as well as phytochemical profile of plant leaf extract were studied using
standard methods.
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Results:

Conclusion:

infectious ailments.

F. abutilifolia exhibited broad spectrum antibacterial activity against all the tested
bacterial isolates with mean zone diameter of inhibition ranging from 9.3310.58 to 31.67+0.58 mm.
The ethyl acetate fraction exhibited the highest antibacterial activity with mean zone diameter of
inhibition against the tested bacterial isolates being 27.67+1.15 to 31.67+0.58 mm. The MIC of the
fractions ranged from 0.0313 to 0.250 pg/ml which compared favourably with that of the reference
drug, streptomycin with mean MIC of 0.125 to 0.250 pg/ml. The ethyl acetate fraction was the most
potent fraction with mean MIC of 0.0313 to 0.0625 pg/ml. Phytochemical assay of leaf extract
revealed the presence of tannins, anthraquinones, saponnins, flavonoids, alkaloids, reducing
sugar, cardiac glycosides, carbohydrates and phlobatannins.

The significant antibacterial activities exhibited by the ethyl acetate and other
fractions suggest the presence of bioactive compounds in the leaf extract of F. abutilifolia. The
plant could be a good source of antibacterial agents which can be developed as a pharmaceutical
product. This study also supports the traditional use of the plant in the treatment of several

Keywords: Ficus abutilifolia; antibacterial —activity; medicinal plants; bacterial resistance;
phytochemical.

1. INTRODUCTION natural compounds exert their effect by

mechanisms such as  disintegration  of

Medicinal plants have been used by man for the
treatment of varieties of diseases, including
microbial infections of several organs of the body
[1-3]. The use of extracts from various parts of
medicinal plants has therefore significantly
supported primary health care among and within
human communities [4,5]. Infections caused by
microorganisms such as bacteria, fungi and
viruses have been the major cause of diseases
throughout the history of human population.
Along the course of human history, antibiotics
were discovered and used to combat infectious
diseases caused by Dbacteria. Antibiotic
therapeutic failure as a result of the emergence
of resistant bacterial strains is however a current
global health problem [6,7]. For instance,
Staphylococcus aureus, implicated in several
infectious diseases, began the development of
penicillin-resistant strains not long after the
introduction of penicillin use [6]. The menace of
infectious pathogenic microorganisms, which
were thought to have been mitigated by
antibiotics has led to a re-emergence of more
virulent microorganisms in new form of resistant
strains [8]. Increase in antibiotic resistance is
attributable to a combination of microbial
characteristics, the selective pressure of
antibiotics use and technical changes that
enhance transmission of resistant organisms [9].
To combat this worrisome development,
scientists have been engaged in the study of
varieties of plants as potential sources of more
effective, natural antimicrobial agents [10-12].
Plants contain several secondary metabolites
which exert biological effects against external
agents, especially microorganisms [1]. These

cytoplasmic membrane, inhibition of cell wall
synthesis, substrate  deprivation, enzyme
inhibition and metal ion complexation [1].

Ficus species, which belong to the family
Moraceae, is a genus of about eight hundred
species of woody trees, shrubs and vines
occurring throughout the tropical and sub-tropical
regions of the world [13,14]. Ficus abutilifolia is a
small to medium-sized tree which seldom
exceeds 5 m in height and is generally
encountered along streams [15]. It is widely
distributed on the African continent [15,16].
Several species of the genus Ficus have been
reported to exhibit antimicrobial as well as
pharmacological effects. The sedative and anti-
convulsant activities of Ficus sycomorus have
been reported [17]. Extract of F. platyphylla was
reported to possess analgesic [18] as well as
anti-inflammatory and anti-conceptive [19]
activities. The antibacterial activities of F.
sycomorus L and F. platyphylla Del. were
reported [20] while ethanolic root extract of F.
benghalensis and F. racemosa produced
moderate antibacterial activities against S.
aureus, P. aeruginosa and K. pneumoniae [21].
Also, the acetone leaf extract of F. tsiela
produced inhibitory activity against S. aureus, P.
aeruginosa and K. pneumoniae [22]. Extract from
the leaves of F. abutilifolia are used traditionally
to treat various ailments such as typhoid fever,
chronic  dysentery, sexually  transmitted
infections, malaria and infertility by indigenous
communities especially in South eastern and
Northern parts of Nigeria [23]. To our knowledge,
there is paucity of information regarding the



antibacterial activity of F. abutilifolia, hence this
study was carried out to investigate the
antibacterial activities of leaf extract of the plant
against selected clinical bacterial isolates.
Analysis of the extract for the constituent
phytochemical compounds was also carried out.

2. MATERIALS AND METHODS
2.1 Plant Materials

Ficus abitilifolia leaves were collected from
several places in the Obafemi Awolowo
University, lle-Ife, Nigeria campus in February,
2014 and authenticated taxonomically by Dr. M.
Oziegbe at the Ife herbarium in the University.
The leaves were air-dried for four weeks and
then blended into powder.

2.2 Preparation of Plant Extracts

Extractions were performed by maceration in
which 1700 g of the powdered Ficus abitulifolia
leaves were soaked in 50% aqueous-methanol
(5 L) at room temperature for 72 h. The extracts
were then filtered using Whatman filter paper no.
2 and concentrated in vacuo at 40C on a rotary
evaporator (Heldolph, Germany) to about one-
third of its original volume. Concentrated crude
extract of the plant was in turn dissolved in
distiled water and partitioned with n-hexane
(2.5%x1 L), dichloromethane (2.5x1 L), ethyl
acetate (2.5x1 L) and n-butanol (2.5%0.7 L). The
partitioned fractions were concentrated to
dryness in vacuo to afford five different fractions:
hexane, dichloromethane, ethyl acetate, n-
butanol and aqueous fractions with compounds
of appropriate polarity. The fractional solvent
extracts obtained were concentrated to dryness
on a rotatory evaporator and then screened for
their antibacterial activities.

2.3 Preliminary Phytochemical Analysis
of Ficus abitulifolia Extracts

The phytochemical screening of crude extracts
from the plant material was carried out to detect
the presence of active, plant secondary
metabolites. The plant extracts were screened
for the presence of carbohydrates, alkaloids,
saponnin, tannins, flavonoids, anthraquinones,
phlobatannin and terpenoids according to
established procedures [24,25].

2.4 Test for Alkaloids

Exactly 0.5 g of the plant extract was dissolved in
5 ml of 1% HCI on steam bath. One millilitre of
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the filtrate was treated with drops of
Dragendorff's reagent. Turbidity or precipitation
was taken as indicative of the presence of
alkaloids.

2.5 Test for Tannins

About 1 g of the extract was dissolved in 20 ml of
distilled water and filtered, 2 to 3 drops of 10% of
FeCl; was added to 2 ml of the filtrate. The
production of a blackish-blue or blackish-green
colouration was indicative of tannins. To another,
2 ml of the filtrate was added 1 ml of bromine
water. A precipitate was taken as positive for the
tannins.

2.6 Test for Flavonoids

A 0.2 g of the extract was dissolved in 2 ml of
methanol and heated. A chip of magnesium
metal was added to the mixture followed by the
additon of a few drops of concentrated
hydrochloric acid. The occurrence of a red or
orange colouration was indicative of the
flavonoids.

2.7 Test for Saponins

Freshly prepared 7% blood agar medium was
used and wells were made in it. The extract in
methanol was applied with distilled water and
methanol used as negative control while
commercial saponin (BDH) solution was used as
positive control. The plates were incubated at
35T for 6 h. Complete haemolysis of the blood
around the extract was indicative of saponins.

2.8 Test for Phlobatannins

About 1.0 g of the plant extract was boiled with
1% aqueous hydrochloric acid. Deposition of a
red precipitates was taken as indication of the
presence of phlobatannins.

2.9 Test for Anthraquinones

About 1.0 g of the plant extract was dissolved in
petroleum ether and filtered. Aqueous ammonia
was then added to the filtrate, formation of pink
colouration was taken as indication of the
presence of anthraquinones in the plant extract.

2.10 Test for Cardiac Glycosides

About 1.0 g of the plant extract was dissolved in
pyridine and few drops of 2% sodium



nitroprusside solution with few drops 2% NaOH
solution were added. A deep red colour which
fade to brownish yellow was taken as indication
of the presence of cardenolides.

2.11 Test for Carbohydrates

About 1.0 g of the plant extract was dissolved in
distilled water and filtered. Few drops of
Molisch’s reagent and concentrated H,SO, were
added and formation of red or dull violet
colouration at the interface of two layers was
taken as indication of the presence of
carbohydrates in the plant extract.

2.12 Microorganisms and Growth
Conditions
Pure clinical isolates of Bacillus subtilis,

Staphylococcus aureus, Enterococcus faecalis
and Clostridium sporogenes (Gram positive
bacteria) and Pseudomonas aeruginosa,
Klebsiella pneumoniae, Escherichia coli, and
Salmonella typhi (Gram negative bacteria),
collected from the stock cultures of Medical and
Parasitology Laboratory of the Obafemi Awolowo
University Teaching Hospitals, lle-Ife, Nigeria,
were used for the experiment. The bacterial
strains were maintained at 4C on agar slant and
incubated at 35C for 24 h on nutrient agar
before use.

2.13 Antimicrobial Assays

2.13.1 Disc diffusion assay

Antimicrobial activities were determined by the
disc diffusion method [26], with modifications.
Two hundred microliter suspensions  of
standardized microbial cells (10° CFU/mI) were
inoculated into 20 ml of Mueller Hinton agar and
poured into sterile Petri dishes. Dried solvent
fractions of F. abutilifolia leaf extract were
reconstituted in 10% dimethylsulfoxide (DMSO)
solution to give a final concentration of 1000
pg/ml.  Sterile paper discs (6 mm) were
impregnated with 10 pl sterile solutions of the
solvent fractions and placed, aseptically, on the
agar surface. Standard discs (6 mm) containing
the broad spectrum antibiotic, streptomycin (10
pg/disc) (Oxoid, UK), were used as positive
controls. The plates were incubated at 37<C for
18-24 h after which they were examined for
zones of inhibition. The effects of the fractions on
the test isolates were compared with that of the
standard antibiotic, streptomycin. The
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experiments were carried out in triplicates and
zones of growth inhibition were recorded in
millimetres. Statistical analysis was performed
using SPSS software.

2.13.2 Determination of _the minimum
inhibitory concentrations (MICs)

Broth micro dilution method was used to
determine the minimum inhibitory concentrations
(MIC) of the solvent fractions [27]. The dried
solvent fractions were dissolved in 10% DMSO
solution to give a concentration of 400 ug/ml.
Serial 2-fold dilutions were then made in
concentrations ranging from 12.5 to 400.0 pg/ml.
The 96-well microtitre plates were prepared by
dispensing into each well 100 pl of Mueller
Hinton broth and each of the concentration
dilution of solvent fraction. Inoculum (10 ul) of
test bacteria suspensions and 50 pl (0.2 mg/ml)
of p-iodonitrotetrazolium (INT) chloride were then
added into each well. The plates were covered
with parafilm, shaken to mix the contents and
then incubated at 37C for 24 h. Each
experiment was carried out in triplicates. The
MIC was defined as the lowest concentration at
which no visible growth was observed. The
colourless tetrazolium salt acts as an electron
acceptor and is reduced to a red-colored
formazan product by biologically active
organisms [28]. Where bacterial growth was
inhibited, the solution in the well remained clear
after incubation with INT.

2.13.3 Determination of minimum bactericidal
concentrations (MBC)

Minimum bactericidal concentrations (MBC) of
the solvent fractions were determined by
removing 100 ul of the test bacteria suspension
from cultures demonstrating no visible growth in
the MIC assay and inoculating them on freshly
prepared Mueller Hinton agar plates. Plates were
incubated at 37C for 48 h with experiments
carried out in triplicates. The MBC was taken as
the concentration of the solvent fraction that did
not show any growth on the new set of agar
plates.

2.13.4 Determination of rate of killing

Rate of killing studies on representative of each
Gram-positive and Gram-negative bacterial
isolates were carried [29]. Staphylococcus
aureus was chosen for Gram positive while
Pseudomonas aeruginosa represented the
Gram-negative bacterial strains. Standardized



inocula (10° CFU ml™) of test organisms (0.5 ml)
were mixed with 4.5 ml of MBC of ethyl acetate
fraction. The preparations were allowed to stand
at room temperature and the rate of killing was
determined over 2 h. At each 15 min interval, 0.1
ml of mixture was taken and transferred to 4.5 ml
of brain heart infusion broth recovery medium
containing 3% “Tween 80" to neutralize the
effects of antimicrobial extract carry overs from
the test organisms. The suspension was then
serially diluted 10-fold with sterile normal saline
and plated out on sterile Mueller Hinton agar in
triplicates. The plates were incubated at 37<C for
24 h. Control plates containing organism
suspension without solvent fraction were also set
up. The number of surviving colonies were
counted and recorded against time.

3. RESULTS

Exactly 350 g of crude extract was obtained from
1700 g of the powdered leaves of Ficus
abutilifolia. The extract was dark brown in colour.

Investigations on the leaf extract of F. abutilifolia
for its phytochemical constituents revealed the
presence of all the phytochemical groups
screened for such as alkaloids, anthraquinones,
saponnins, flavonoids, tannins, cardiac
glycosides, carbohydrate and phlobatannins
(Table 1). Five fractions were obtained from the
crude extract of the plant material which were the
aqueous, n-hexane, dichloromethane, ethyl
acetate and n-butane fractions. All the fractions,
with the exemption of the aqueous fraction,
exhibited antibacterial activities against all test
clinical bacterial isolates with zones of inhibition
which  ranged between 9.3330.58 and
31.67+0.58 mm. All the test bacterial isolates
were found to be susceptible to the four active
fractions of the leaf extract (Table 2). The
reference antibiotic, streptomycin exhibited
antibacterial activities with zones of inhibition

Table 1. Phytochemical compounds detected in the le
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ranging between 10.67+1.15 and 25.0+1.00 mm,
against the test isolates. The ethyl acetate
fraction exhibited the highest antibacterial activity
against all the test bacterial isolates with mean
zones of inhibition ranging between 27.67+1.15
mm and 31.67+0.58 mm (Table 2). The minimum
inhibitory concentrations (MIC) exhibited by the
ethyl acetate fraction against the test bacterial
isolates ranged between 0.0313 pg/ml and
0.0625 pg/ml while the MIC exhibited by n-
butanol, hexane and dichloromethane fractions
against the test isolates ranged between 0.125
pg/ml and 0.25 pg/ml (Table 3). The MIC
exhibited by streptomycin against the test
isolates ranged between 0.125 pg/ml and 0.25
pg/ml. The minimum bactericidal concentration
(MBC) values ranged between 0.0625 pg/ml and
0.25 pg/ml for the ethyl acetate fraction and
between 0.25 p/ml and 0.50 pg/ml for all other
active fractions and reference antibiotic
streptomycin (Table 4). The killing rate test was
carried out to determine the bactericidal effects
of the 1 x MIC and 2 x MIC of the ethyl acetate
fraction of Ficus abuitilifolia leaf extract on
Staphylococcus aureus and Pseudomonas
aeruginosa. At a concentration of 1 x MIC, the
percentage of Staphylococcus aureus cells killed
after 15 min exposure time of the cells to the
ethyl acetate fraction was 20.5t£0.71 %. The
percentage of cells killed rose to 55.0+1.41 %
after 60 min exposure time. When the contact
time was increased to 120 min, 88.0£1.41 % of
the Staphylococcus aureus cells had been killed
(Fig. 1). The concentration of the fraction was
increased to 2 x MIC and the test isolates were
subjected to the effect of the fraction. At 15 min
exposure time, 38.5+0.71% of the
Staphylococcus aureus cells were killed and this
rose to 100% at the end of 120 min exposure
time. A linear relationship was also observed
between the percentage of Pseudomonas
aeruginosa cells killed and increase in MIC
concentration and exposure time (Fig. 2).

af extract of Ficus abutilifolia

Phytochemical compound Test Observation Indication
Tannins Ferric chloride Blue-green colour Positive
Anthraquinones Borntrager Bright pink colour Positive
Saponins Frothing test Frothing formation Positive
Flavonoids HCI Red or orange colour Positive
Alkaloids Meyer Absence of turbidity positive
Cardiac glycoside H,SO, Pink colour Positive
Carbohydrate (ketonic sugar) HCI Cherry red colour Positive
Phlobatannins HCI Cloudy red colour Positive




Table 2. Antibacterial activities of solvent fracti
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ons of Ficus abutilifolia

selected clinical bacterial isolates

leaf extract against

Test bacteria

Fraction/ Mean zones of inhibition in (mm*)

AQS HEX DCM ETAC BUT STR

(1000 (2000 (1000 (1000 (1000 (20

pg/ml)  pg/ml) pg/ml) pg/ml) pg/ml) pg/disc)
S. aureaus 0.0 10.334¢0.58  20.33+0.58 29.33+1.53 22.33+1.15 14.67+1.15
E. faecali 0.0 20.33+0.58 20.67+1.15 30.67+0.58 15.00+1.00 24.67+1.15
B. subtilis 0.0 18.33+¢0.58  23.33+1.15 30.67+1.15 18.33+0.58 24.33+0.58
K. pneumonia 0.0 10.6741.15 10.33+1.15 29.67+0.58 20.33+0.58 21.67+1.15
E. coli 0.0 17.67+1.15 20.67+1.15 31.67+0.58 24.33+0.58 18.33+0.58
C. sporogenes 0.0 9.67+1.15 16.33+0.58  30.67%1.15 9.33+0.58 25.00+1.00
S. typhi 0.0 9.67+1.15 20.67+1.15 30.67+1.15 20.33+¥1.53 10.67+1.15
P. aeruginosa 0.0 17.67+1.15 20.67+0.58 27.67+1.15 24.67+1.15 24.67+1.15

mm* - Mean of three replicateststandard deviation, AQS — aqueous, HEX — hexane, DCM - dichloromethane,
ETAC - ethyl acetate, BUT — butane, STR - streptomycin

Table 3. Minimum inhibitory concentrations (MIC) of

fractions of Ficus abutilifolia leaf extract

against selected clinical bacterial isolates

Test bacteria

Fraction/ average MIC (ug/ml)

Hexane Dichloromethane  Ethyl acetate Butanol Streptomycin
S. aureus 0.125 0.125 0.0625 0.125 0.125
E. faecalis 0.125 0.125 0.0313 0.250 0.125
B. subtilis 0.125 0.250 0.0625 0.125 0.125
K. pneumonia 0.125 0.125 0.0313 0.250 0.125
E. coli 0.250 0.125 0.0625 0.125 0.250
C. sporogenes 0.125 0.125 0.0625 0.125 0.125
S. typhi 0.125 0.125 0.0625 0.250 0.125
P. aeruginosa 0.125 0.125 0.0625 0.250 0.125

Table 4. Minimum bactericidal concentrations (MBC)

of fractions of Ficus abutilifolia leaf

extract against selected clinical bacterial isolate s

Test bacteria

Fraction/ average MBC (ug/ml)

Hexane Dichloromethane Ethyl acetate Butanol Streptomycin
S. aureaus 0.25 0.25 0.125 0.25 0.25
E. faecalis 0.25 0.25 0.0625 0.50 0.25
B. subtilis 0.25 0.50 0.125 0.50 0.25
K. pneumonia 0.25 0.25 0.0625 0.50 0.25
E. coli 0.50 0.25 0.125 0.25 0.50
C. sporogenes 0.25 0.25 0.125 0.25 0.25
S. typhi 0.25 0.25 0.125 0.50 0.25
P. aeruginosa 0.25 0.25 0.25 050 0.25

4. DISCUSSION

Medicinal plants have been used by several
human communities to treat diverse diseases,
including infections. They could therefore
constitute a potential source for the production of
new medicines which may complement or
enhance the effects of the conventional
antimicrobials. Moreover, the search for effective
antibacterial agents from natural sources such as
plants has become necessary in order to

overcome the problem of bacterial resistance,
especially in clinical practice, where treatment
failure due to the problem is a global challenge.
All the fractions obtained from the crude extract
of Ficus abutilifolia except the aqueous, exhibited
high degree of antibacterial activities against all
the test clinical bacterial isolates used in this
study. The effects of the fractions also compared
favourably with that of standard antibiotic
streptomycin used as positive control. The broad
spectrum and high activities exhibited by Ficus
abutilifolia extracts against the tested bacterial



isolates in this study showed that the plant could
be a good source of antibacterial drug of natural
origin, for the treatment of infectious diseases in
human. Several other species of the genus Ficus
have been reported to exhibit significant
antibacterial activities such as F. capensis
[30,31], F. carica [32] F. sycomoros and F.
platyphylla [20]. All the organic solvent fractions
exhibited antibacterial activities whereas the
aqueous fraction showed no activity against the
test isolates. This may be due to the fact that
antimicrobial principles were either polar or non-
polar and they were extracted only through the
organic solvent media [33]. Some phytochemical
compounds were detected in Ficus abutilifolia
leaf extract which included tannins,
anthraquinones, saponnins, flavonoids, alkaloids,
reducing sugar, cardiac glycosides,
carbohydrates and phlobatannis. Some of these
compounds have been reported to be present in
other Ficus species [34,35]. Medicinal values of
plants lie in the bioactive phytochemicals present
in them and the significant antibacterial activities
exhibited by F. abutilifolia leaf extract in this
study, could be due to the presence of these
different bioactive compounds. Tannins exert
antimicrobial effects through mechanisms such
as membrane disruption, binding to proteins,
enzyme inhibition, substrate deprivation and
metal ion complexation [36]. Flavonoids have
been reported to display strong antibacterial
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activity by mechanisms such as formation of
complexes with extracellular proteins and
bacterial cell wall [37,38]. Alkaloids interfere with
processes such as deoxyribonucleic acid
replication and ribonucleic acid transcription,
which are important to microbial functioning [36].
These phytochemical compounds present in
Ficus abutilifolia, may also be exploited for the
development of drugs for the treatment of
diseases caused by the bacterial isolates used in
this study.

The fractions obtained from Ficus abitulifolia
exhibited low minimum inhibitory and minimum
bactericidal concentrations. The ethyl acetate
fraction exhibited the lowest MIC (range 0.0313
to 0.0625 pg/ml) and MBC (range 0.0625 pg/ml
to 0.125 pg/ml), of all the fractions. The range of
MIC and MBC values exhibited by the ethyl
acetate fraction showed that it was more
effective against the test bacteria when
compared with the reference antibiotic
streptomycin. All other fractions also compared
favourably with that of the reference antibiotic.
The low values of the MIC of these fractions
indicated a better antibacterial activity [39].
Hence, this plant could serve as a good source
from which antibacterial agents could be
developed. Such antibacterial agents could go a
long way in health care delivery for the treatment
of infections caused by bacteria.
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The biocidal effects of extract of Ficus abutilifolia
on the test isolates were studied based on the
rate of killing of the test isolates. The ethyl
acetate fraction exhibited appreciable killing rate
against Staphylococcus aureus and
Pseudomonas aeruginosa. As the concentrations
and exposure time increased, there was increase
in population of the test isolates killed. This was
an indication of monophasic effect exhibited by
the extract in killing the microorganisms.

5. CONCLUSION

The potency exhibited by Ficus abutilifolia leaf
extract against the clinical test isolates used in
this study, at low concentrations and minimal
contact time, has shown that drugs formulated
from this plant for clinical trials will go a long way
in health care delivery. The present study
supports the claimed uses of Ficus abutilifolia in
the traditional system to treat various infectious
diseases caused by pathogenic microbes.
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