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ABSTRACT

Purpose: We continue our investigations regarding assessing the antibacterial and antioxidant properties of
extracts derived from the leaves of various plants belonging to the Fius genus. In the current study, we aimed to assess
the antibacterial properties of ethanolic extract prepared from leaves of Ficus cyathistipula Warb. against some Gram-
positive and Gram-negative bacteria to evaluate the possible use of this plant in the prevention and treatment of bacterial
infections caused by these bacteria.

Methodology. The leaves of . gathistipula were sampled at M.M. Gryshko National Botanic Garden (NBG, Kyiv,
Ukraine) and the Botanic Garden of Ivan Franko National University in Lviv (Lviv, Ukraine). Freshly collected leaves were
washed, weighed, and homogenized in 96% ethanol (in the proportion of 1:9, w/w) at room temperature. The extract
was then filtered and investigated for its antimicrobial activity. The testing of the antibacterial activity of the plant extract
was carried out 7z »i#o by the Kirby-Bauer disc diffusion technique. Gram-negative bacteria, Pseudomonas aeruginosa
(Schroeter) Migula (ATCC®27853™), Escherichia coli (Migula) Castellani and Chalmers (ATCC®35218™), and Escherichia coli
(Migula) Castellani and Chalmers (ATCC®25922™), as well as Gram-positive bacteria Staphylococcus anrens sUbsp. aurens strain
(ATCC®25923™), Staphylococcus anreus subsp. aureus strain (ATCC®29213™) and methicillin-resistant Szaphylococcus aurens
(NEQAS 3679™), as well as the fungus Candida albicans 1ocally isolated, were used as test organisms. Zone diameters were
determined and averaged. The following zone diameter criteria were used to assign susceptibility or resistance of
bacteria to the phytochemicals tested: Susceptible > 15 mm, Intermediate = 10-15 mm, and Resistant < 10 mm.

Scientific novelty. The ethanolic extract derived from the leaves of F. gashistipula exhibited varying inhibitory
activities against all the test strains. More sensitive for this extract was C. albicans strain. S. aurens subsp. aurens strain
(ATCC® 25923™), S. aurens subsp. aurens strain (ATCC® 29213™), methicillin-resistant 5. aurens (NEQAS 3679™), P. aeruginosa
(Schroeter) Migula (ATCC® 27853™), E. coii (Migula) Castellani and Chalmers (ATCC® 25922™), and E. co/i (Migula)
Castellani and Chalmers (ATCC® 35218™) strains were more resistant to F. gathistipula extract. The results are
encouraging enough to pursue bioactivity-guided fractionation of this extract and structure elucidation of the active
phytoconstituents from the F. gathistipula extract as a possible anti-bacterial agent.

Conclusions. S. aurens and C. albicans appeared to be more sensitive to the F. gathistipula extract. The antibacterial
activity may be associated with the presence of secondary metabolites. The results of this study provide baseline
information on F. gathistipula potential validity in the treatment of fungus-induced and bacterial infections, caused by
Candida albicans and Staphylococeus aurens.

Key words: Ficus ¢yathistipnla Warb, Gram-negative bacteria, Gram-positive bacteria, susceptibility or resistance of
bacteria, Kirby-Bauer disc diffusion technique
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AHOTAIIIA

MeTta: Mu npoJOBXKYEMO Halll JOCHIMKEHHS WI0A0 OI[iHKKM aHTHOaKTepiaJbHUX Ta aHTHUOKCUJAHTHUX
BJIACTUBOCTEHN €KCTPAKTIB, OTPUMAHUX 3 JINCTS Pi3HUX POCJHH, L0 HaJeXaTb A0 poAy icus. Y 1boMy JOCTiIpKeHH] MU
MaJId Ha MeTi JoC/iJUuTH aHTUOaKTepiaibHi BJaCTUBOCTI CIUPTOBOTO €KCTPAKTY, OTPUMAHOTO 3 JIUCTSA Ficus cyathistipula
Warb. mofo fedkux rpaMIO3WTHBHUX | rpaMHeraTUBHUX OaKTepii, 100 OLiHUTH MOXXJMBE BHUKOPHUCTAHHA L€l
POCJIUHU J151 TPOPiNaKTUKHU Ta JIIKYBaHHS OaKTepiaJbHUX iHOeKIil, BUKIMKAHUX IUMU OaKTepisMU.

MeTtoponoris. 3pasku aucTs F. gathistipnla BiA6Upanu Ajs fociijxenb y HanioHaibHOMy 60TaHiYHOMY cazy
imeni M.M. I'pumika (HBC, KuiB, Ykpaina) Ta boraniunomy cagy JIbBiBCbKOr0 Hal[iOHAJIBHOTO YHiBepcUTeTY iMeHi [BaHa
®panka (J/IbBiB, YkpaiHa). CBi>ko3i6paHe JIMUCTSI IPOMUBAJIM, 3BAXKYBaJIM Ta FOMOreHi3yBaJiu B 96% eTanoui (y nponopuii
1:9, mac./mac.) npu KiMHaTHIN Temnepatypi. [loTiM ekcTpakT QiabTpyBasu Ta AOCHIIKYyBaTu HOro aHTUMIKPOOHY
aKTUBHICTb. TecTyBaHHA aHTHUOaKTepiaJbHOI aKTMBHOCTI POCAMHHOrO €KCTPaKTy NPOBOAMJIM in vitro MeTozoM
nuckoBoi nudysii Kip6i-bayepa. 'pamHeratuBHi 6akTtepii, Psexdomonas aeruginosa (Schroeter) Migula (ATCC®27853™),
Escherichia coli (Migula) Castellani and Chalmers (ATCC®35218™) i Escherichia coli (Migula) Castellani and Chalmers
(ATCC®25922™), a TaK0 rpaMNO3UTUBHI 6aKTepil Staphylococcus aurens subsp. aunrens (ATCC®25923™), Staphylococcus aurens
subsp. anreus (ATCC®29213™) i MeTULMIIIH-PE3UCTEHTHUH Staphylococcus anrens (NEQAS 3679™), a TaKOK JIOKAJIbHO BU/IIJIEHUH
rpub Candida albicans BAKOPUCTOBYBAJIM SIK TeCT-OopraHiaMu. BusHavaiu Ta ycepefHIOBaJU AiaMeTpH 30H iHri6yBaHHS
pocty 6akTepiil. HactynHi kpuTepii fgiamerpa 30H iHri6yBaHHS BUKOPHUCTOBYBAJIMCS JAJI1 BU3HAYEHHS YyTJIMBOCTI
a60 pe3uCTEeHTHOCTI 6aKTepilt A0 AoCaimKyBaHUX PiTOXIMIYHMX pedyoBUH: YyTauBi = 15 MM, npoMixkHi = 10-15 MM i
cTikki < 10 MM.

HaykoBa HoBu3HA. ETaHOJILHUN eKCTpaKT, OTPUMaHUN 3 NUCTA F. gathistipula, BUABNAB pi3HY iHri6yro4y Airo
LI0/10 BCIiX AOCHIKYBaHUX IUTAMIB. Bilbll Yy TIMBUM 0 LbOI0 €eKCTPAKTy BUABUBCA WTaM C. albicans. ltamu S. aurens
subsp. awureus (ATCC®25923™), . aurens subsp. aurens (ATCC®29213™), MeTULMIIH-PE3UCTEHTHUHN S. anrens (NEQAS
3679™), P. aeruginosa (Schroeter) Migula (ATCC®27853™), E. co/i (Migula) Castellani and Chalmers (ATCC®25922™) i E. coli
(Migula) Castellani i Chalmers (ATCC®35218™) 6y.iu 6i/b11 CTIHKUMU A0 eKCTPAKTY F. ¢yathistipula. Pe3yIbTaTH € JOCUTD
06HaAiMIMBUMY, 106 NPOAOBXKUTH (PAKLiOHYBaHHS LbOTO EKCTPAKTy, KepoBaHe 6ioakTHBHIicTIO, i 3’scyBaTu
CTPYKTYPY aKTUBHUX PiTOKOMIIOHEHTIB €eKCTPAKTY F. ¢yathistipula AK MOXKINBOT0 aHTHOAKTEPiaJIbHOTO areHTa.

BucHoBkM. lllTamMu . aurens i C. albicans BAABUINCA OLIbLI Yy TJUBUMU O €KCTPAKTY F. cyathistipnla. AHTHGAKTe-
piajbHa aKTUBHICTb 1IbOTO €KCTPAKTy MoOXke OYTH MOB’A3aHa 3 HAABHICTIO BTOPUHHUX MeTaGOJITIB F. ¢yathistipula.
Pe3ysbTaTH 11b0Or0 JOCIiXKEHHA HAJJAal0Th 6a30BY iHpOpMallito NPo NOTEeHLINHY poJb F. ¢yathistipula B 1iKyBaHHI iHQeKLil
iHAyKOBaHUX TPpUOKAMU Candida albicans Ta 6akTepiaJbHUX IHPeKUiN, CHPUIUHEHUX Staphylococcus anrens.

Kiro4oBi cnoBa: Ficus cyathistipula Warb, rpamHeraTuBHiI 6akTepil, rpaMIO3UTUBHI 6GakTepii, 4yT/IUBICTH ab0
pe3UCTeHTHICTb 6aKTepill, MeTouKa AuckoBoi Judysii Kip6i-Bayepa.

Introduction Ficus trees have widely been used by

Among 37 genera of Moraceae comprising humans over their history in a variety of
1050-1100 species in total, Ficus L. is the largest industries and fields of activity. Virtually all
one with ca 750 species of tropical and subtro- parts of their body are utilized by local people in
pical distribution worldwide. Its characteristic ~ various medicinal practices to cure wounds,
features include the presence of waxy glands on sores, stomach and eye problems, headaches
vegetative plant parts, heterostyly, and and toothaches, and even tumours and cancer,
prolonged protogyny, i.e., the anthesis of  etc. A number of species are known helpful in
staminate flowers in already mature fruits. healing disorders of digestive and respiratory
These features are functionally linked to the systems, parasitic infections, and also as
unique pollination mode in Ficus, which painkillers, tonics, and ecbolics [24].

involves mutualistic relationships with agaonid Fiens species have been used in Indian
wasps (order Hymenoptera) and has attracted ayurvedic and African traditional medicine [1,
much research interest over the last two 20, 11]. Over the past decades, the medicinal
centuries [9, 5]. In the review by Y. Shi and co- properties of the genus Ficus have been

workers [37], it was noted that Ficus is a large extensively investigated through both ethno-
genus of flowering plants with wide distribution =~ botanical field surveys and pharmacological
in tropical and semi-tropical temperate zones. studies [37]. Many Ficus species have been used
Plants in this genus have occupied many in traditional medicine in the treatment of a
ecological niches and can be deciduous or  variety of ailments and diseases such as
evergreen trees, shrubs, herbs, climbers or  convulsive disorder [7], wound healing [30],
creepers, and life forms can be free-standing  gonorrhea [11], tuberculosis [3], diabetes [12],
trees, epiphytes or semi-epiphytes in crevices,  diarrheal infections [18], dysentery [36],
rheophytes or lithophytes [37]. malaria [8] and HIV [17]. These plants possess

antioxidant [29], anti-diabetes and anti-hyper-
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glycemic [27], antibacterial [28], antifungal [43],
antiviral [13], anti-protozoal [8], anticancer
[25], cytotoxic [32], anti-ulcer [16], anti-
inflammatory [26], anti-diarrhea [18], hepato-
protective [34], muco-protective and gastro-
protective activities [35]. These plants to be rich
sources of flavonoids, lignans, terpenoids,
alkaloids, coumarins steroids, and ceramides [3,
10].

Antimicrobial resistance is the pheno-
menon causing a challenge in new drug
development through conventional methods.
Therefore, the requirement of alternative
medicine, such as phytotherapy, is in high
demand [15]. Several developing countries use
medicinal plants as a first medicinal response to
certain diseases including bacterial infection
diseases [19]. There were reports showing that
medicinal plants have antibacterial activity
against some pathogenic and opportunistic
bacteria [38]. The knowledge of traditional
medicines hidden and lost should be researched
and the loss of natural resources used as
traditional medicines should be prevented [19].

We continue our investigations regarding
assessing the antibacterial and antioxidant
properties of extracts derived from the leaves of
various plants belonging to the Fimus genus. In
the current study, we aimed to assess the
antibacterial properties of ethanolic extract
prepared from leaves of Ficus cyathistipula
Warb. against some Gram-positive and Gram-
negative bacteria to evaluate the possible use of
this plant in the prevention and treatment of
bacterial infections caused by these bacteria. A
study of Ficus species focusing on antibacterial
aspects may provide an understanding of a
wider range of health benefits of the genus Fieus.

Ficus  cyathistipula Warb. is a monoecious
evergreen tree reaching up to 8 m in height,
hemi-epiphytic or terrestrial, native to Africa.
Its leaves are 6-20 cm long and 3-7 cm across,
oblanceolate to obovate, with acuminate apex
and acute to attenuate base, coriaceous and
glabrous. The syconia are born solitary (or up to
3 together) in the leaf axils; they are globose to
obovoid or pyriform, sessile or pedunculate,
3-5 cm in diameter, often somewhat scabrous, at
maturity pale green to pale yellow [6].

Material and methods

Plant materials and Preparing Plant Extracts. The
leaves of F. gathistipula were sampled at
M.M. Gryshko National Botanic Garden (NBG,
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Kyiv, Ukraine) and the Botanic Garden of Ivan
Franko National University in Lviv (Lviv,
Ukraine). The whole collections of tropical and
subtropical plants both at M.M. Gryshko
National Botanic Garden (Kyiv, Ukraine) and
Botanic Garden of Ivan Franko National
University in Lviv (Lviv, Ukraine) (including
Ficus spp. plants) have the status of a National
Heritage Collection of Ukraine and are
supported through State funding.

The sampled leaves of F. ¢yathistipula were
brought into the laboratory at the Department
of Biology, Institute of Biology and Earth
Sciences, Pomeraniam University in Stupsk
(Poland) for antimicrobial studies. Freshly
collected leaves were washed, weighed, and
homogenized in 96 % ethanol (in the propor-
tion of 1:9, w/w) at room temperature. The
extract was then filtered and investigated for its
antimicrobial activity. The extract was stored in
the glass bottles with dark walls at 4 °C until use.

Bacterial  strains. Gram-negative bacteria,
Pseudomonas  aernginosa ~ (Schroeter) — Migula
(ATCC®27853™),  Escherichia  coli  (Migula)
Castellani and Chalmers (ATCC® 35218™) and
Escherichia coli (Migula) Castellani and Chalmers
(ATCC®25922™), as well as Gram-positive
bacteria Staphylococcus aunrens subsp. aurens strain
(ATCC®25923™), Staphylococcus anrens SUbSP. anrens
strain (ATCC®29213™) and methicillin-
resistant Staphylococcus anrens (NEQAS 3679™), as
well as the fungus Candida albicans locally isolated,
were used as test organisms. C. albicans were
differentiated from other Candida and Cryptococcns
species by its ability to grow on the Levine
formula of EMB agar and to produce germ tubes
within 3 h, and pseudohyphae and budding cells
at 18-24 h when incubated at 35 °C in 5%-10%
CO2. The addition of tetracycline to the Levine
formulation aids in the selection of C. a/bicans
from clinical sources that are contaminated
with bacteria. Susceptibility testing of the
isolate was performed by disk diffusion
according to the Guidelines of Clinical and
Laboratory Standard Institute (CLSI).

Evaluation of Antibacterial Activity of Plant Extracts
by the Disk Diffusion Technigue. Strains tested were
plated on TSA medium (Tryptone Soy Agar) and
incubated for 24 h at 37 °C. Then the suspension
of microorganisms was suspended in sterile PBS
and the turbidity was adjusted to equivalent to
that of a 0.5 McFarland standard. The antimicro-
bial susceptibility testing was done on Muller-
Hinton agar by disc diffusion method (Kirby-
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Bauer disk diffusion susceptibility test protocol)
[4]. Muller-Hinton agar plates were inoculated
with 200 ul of standardized inoculum (108
CFU/mL) of the bacterium and spread with
sterile swabs. Growth from freshly subcultured
C. albicans isolates was suspended in 10 mL of
sterile saline to obtain turbidity of 0.5 McFarland
standard. Using a sterile swab, the Sabouraud
dextrose agar plates were evenly inoculated
with the C. a/lbicans suspension. The plates were
then incubated at 27 °C for 48 h. Each test was
repeated eight times. Sterile filter paper discs
impregnated by extract were applied over each
of the culture plates, 15 min after bacteria
suspension was placed. A control disc impre-
gnated with sterile 96 % ethanol was used in
each experiment. The disks were incubated for
24 h at 37 °C. The assessment of antimicrobial
activity was based on the measurement of the
diameter of the inhibition zone formed around
the disks (mm). The diameters of the inhibition
zones were measured in millimeters and
compared with those of the control disks. The
following zone diameter criteria were used

to assign susceptibility or resistance of bacteria
to the phytochemicals tested: Susceptible
(S) 2 15 mm, Intermediate (I) = 10-15 mm, and
Resistant (R) <10 mm [33].

Statistical analysis. Zone diameters were
determined and averaged. Statistical analysis of
the data obtained was performed by employing
the mean * standard error of the mean (S.E.M.).
All variables were randomized according to the
phytochemical activity of the extract tested. All
statistical calculation was performed on
separate data from each strain. The data were
analyzed using a one-way analysis of variance
(ANOVA) using Statistica v. 13.3 software
(TIBCO Software Inc., Krakow, Poland).

Results and discussion

The antibacterial activity induced by the
ethanolic extract derived from the leaves of
F. ¢yathistipnla estimated as diameters of growth
inhibition zones of examined Gram-positive and
Gram-negative strains was presented in Figures
1 and 2.

E’” g Candida albicans locally isolated \ '—|—' 17,21%
g3 Control (96% ethanol) | 4 748
Staphylococcus aureus (NEQAS 3679™) | - 1055 *
-é Control (96% ethanol) | -+ 627
E Staphylococcus aureus subsp. aureus Rosenbach (ATCC® 25923™) | 122 #
E Control (96% ethanol) | —1 671
g Staphylococcus aureus subsp. aureus Rosenbach (ATCC® 29213™) | - 13,95 ¥
Control (96% ethanol) | —4— 7,89
Pseudomonas aeruginosa (Schroeter) Migula (ATCC® 27853™) | {1089 *
'é Control (96% ethanol) | —— 6,92
5
.g Escherichia coli (Migula) Castellani and Chalmers (ATCC® 35218™) | —— 12,75 *
E" Control (96% ethanol) | 4 712
E Escherichia coli (Migula) Castellani and Chalmers (ATCC® 25922™) | 11,62 *
&}
Control (96% ethanol) | 656
0 5 10 15 20

Diameters of inhibition zones, mm

Fig. 1. The antibacterial activity of the ethanolic extract derived from the leaves
of Ficus cyathistipula estimated as diameters of growth inhibition zones
of examined Gram-positive and Gram-negative strains.
The data were presented as the mean # the standard error of the mean (S.E.M.).
Note: * - significant differences between the control (96 % ethanol)
and Ficus cyathistipula extract (p < 0.05)
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Our results revealed that the ethanolic
extract derived from leaves of F. guathistipula
possessed intermediate activity against the
Gram-positive bacteria, i.e. (12.2 * 0.65) mm
inhibition zone diameter for S. aureus subsp. anreus
strain (ATCC®25923™), (13.95 % 0.86) mm
inhibition zone diameter for . axreus subsp. aureus
strain (ATCC®25923™), and (10.55 * 0.56) mm
for methicillin-resistant  Staphylococcus  anrens
(NEQAS 3679™) compared to the 96 % ethanol -
(6.71 £ 0.44) mm, (7.89 £ 0.65) mm, and
(6.27 £ 0.35) mm, respectively. Also, the etha-
nolic extract derived from leaves of F. ¢yathistipula
possessed mild activity against the Gram-
negative bacteria, i.e.(11.62 +0.88) mm for
E. /i (Migula) Castellani and Chalmers
(ATCC®25922™), (12.75 + 0.64) mm for E. co/i

A

(Migula) Castellani and Chalmers (ATCC®
35218™), and (10.89 £ 0.74) mm for P. aeruginosa
(Schroeter) Migula (ATCC®27853™) compared
to the ethanolic controls 6.56 + 0.59 mm and
6.92 £ 0.47 mm, respectively). The ethanolic
extract derived from leaves of F. ¢uathistipula
possessed significant antifungal activity against
C. albicans strain (17.21 £ 0.87 mm for C. albicans
compared to the controls 7.48 = 0.24 mm). Thus,
S. anrens and  C. albicans appeared to be more
sensitive to the F. gathistipula extract.

Detailed photos regarding the zones of
inhibition induced by the F. gathistipula extract
against Gram-positive and Gram-negative

bacterial strains were recorded and presented
in Figure 2.

Fig. 2. Inhibition growth zones induced by the F. cyathistipula extract against
Escherichia coli (Migula) Castellani and Chalmers (ATCC®25922™) (A) and
Pseudomonas aeruginosa (Schroeter) Migula (ATCC® 27853™) (B)

This study is part of a continued investi-
gation of the antibacterial properties of some
species belonging to the Fiwus genus. In our
previous study [41], /» vitro antimicrobial activity
of ethanolic extract prepared from F. benghalensis
L. leaves against both Gram-positive (Szaphylococcus
anrens, methicillin-resistant §. axrenslocally isolated,
and Streptococcus pneumoniae) and Gram-negative
bacterial strains (Kikebsiella pnewmoniae, Psendomonas
aernginosa, and Escherichia coli), as well as fungus
Candida albicans, were demonstrated to evaluate
the possible use of this plant in preventing

41

infections. The ethanolic extract derived from
leaves of F. benghalensis showed moderate anti-
bacterial activity against S. awreus, E. coli, and
Pseudomonas aernginosa, while no significant anti-
bacterial activity against Kkbsiella pnenmoniae and
Streptococeus pnenmoniae, methicillin-resistant S. asureus,
and Candida albicans were demonstrated. Among
the tested microbial strains, bacteria were
found to be more sensitive to many of the test
agents than fungi. This trend is not unusual
because the plant extracts often displayed
better bactericide than fungicide activities. For
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example, this tendency was revealed for crude
plant extracts, derived from the aerial parts of
25 plants belonging to four plant families
(Asteraceae, Euphorbiaceae, Rubiaceae, and Solanaceae)
[31]. Moreover, the antibacterial activity was
more pronounced in the Gram-positive bacteria
(8. aurens) than the Gram-negative bacteria (E. co/i
and P. aeruginosa). The pronounced antibacterial
activities of this extract could be a result of the
plant's secondary metabolites (carbohydrates,
reducing sugars, sterols, glycosides, phenolic
compounds, tannins, saponins, flavonoids, etc.).
Therefore, F. benghalensis has great medicinal
potential for the therapy of infections induced
by Gram-positive and Gram-negative bacteria
and may be used as a natural antiseptic and
antimicrobial agent in medicine [31]. Conside-
ring the increasing rate of antibiotic resistance
throughout the world, this species of plant can
be considered a potential source of antibacterial
agents.

Also, we have screened the antimicrobial
activity of ethanolic extract obtained from
Ficus lyrata Warb. leaves against the standard and
locally isolated strains of Gram-negative
bacteria Klebsiella  pneuwmonia (ATCC 700603),
Pseudomonas aernginosa (ATCC 27853), and Escherichia
coli (ATCC 25922), as well as Gram-positive
bacteria Staphylococcus  anrens (ATCC 25923),
methicillin-resistant S. awrens, and  Streptococcns
pneumoniae (ATCC 49619) [39]. Our results
showed that the ethanolic extract derived from
leaves of . jrata exhibited moderate activity
against the Gram-positive bacteria (11.3 mm of
inhibition zone diameter for S. awress), and the
Gram-negative bacteria (10.3 mm for E. cw/).
K. pnewmonia,  P. aeruginosa, — methicillin-resistant
S. aurens, and S. pneumoniae appeared to be less
sensitive to the extracts, the inhibition zone was
89 mm, 85mm, 89mm, and 8.4 mm,
respectively. The ethanolic extract of F. /rata has
moderate antimicrobial activities attributed to
its higher triterpenoids, flavonoids, and
glycosides content, which confirms the
traditional use of this plant for the treatment of
diseases caused by pathogens. Yet, this research
illustrates that a Gram-positive bacterium was
more susceptible to the ethanolic leaf extracts of
F. hrata as compared to Gram-negative bacteria
species [39].

In our previous study [40], we also
assessed the in vitro antibacterial activity of
ethanolic extract prepared from Ficus sur Forssk.
leaves against Escherichia coli, Staphylococcus aureus,
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and Pseudomonas aernginosa strains, clinically impor-
tant bacteria, which are indicator organisms
commonly used in programs to monitor
antibiotic resistance. For this study, Staphylococcus
anrens ATCC 25923, S. aurens ATCC 29213, S. aureus
NCTC 12493, Escherichia coli ATCC 25922, E. coli
ATCC 35218, Psendomonas aeruginosa ATCC 27583
were used. The results of antibacterial activity
clearly showed that the extract has shown
antibacterial activity against the entire tested
organisms. The extract has shown better
activity against S. aureus strains compared to the
E. cw/i and P. aeruginosa strains. The ethanolic
extract exhibited mild antibacterial activity
against E. «/i. The results of this investigation
suggest that the leaf extracts of F. surcan be used
to isolate antibacterial agents for developing
new pharmaceuticals to control pathogenic
bacteria responsible for infective diseases in
humans and animals [40].

Also, other researchers revealed the
antibacterial activity of many Ficus species. For
example, Kuete and co-workers (2008) have
evaluated the antimicrobial activity of the
methanol extracts from Ficus chlamydocarpa Mildbr.
& Burret (FCR), Ficus cordata Thunb. (FCB),
mixture of the two plants (FCM), as well as that
of the isolated flavonoids Alpinumisoflavone
(2), Genistein (3), Laburnetin (4), Luteolin (5)
(isolated from FCR), Catechin (7) and Epiaf-
zelechin (8) (isolated from FCB). Mycobacteria,
fungi, Gram-positive and Gram-negative bacterial
species were tested for their susceptibility to
the above samples. The microplate dilution and
radiometric respiratory methods were used to
determine the susceptibility testing of the
samples against Mycbacterium  smegmatis and
Mycobacterinm  tuberculosis, respectively. The disc
diffusion assay was used to determine the
sensitivity of the samples, whilst the micro-
dilution method was used for the determination
of the minimal inhibition concentration (MIC)
and the minimal microbicidal concentration
(MMC) against fungi, Gram-positive and Gram-
negative bacterial species. All the samples
except compound 7 were found to be active to
Mycobacterinm smegmatis and the MIC ranged from
0.61 to 312.50 microg/ml. Compound 4 showed
the best activity against Mycobacterium tuberculosis
exhibiting a MIC of 4.88 microg/ml. The results
of the diffusion test indicated that the crude
extract from FCB, FCM as well as compounds 5
and 8 were able to prevent the growth of all
tested (fungi, Gram-positive and Gram-negative
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bacteria) organisms. The inhibition effect of the
crude extract from Ficus chlamydocarpa was obser-
ved on 10 (62.5%) of the 16 tested micro-
organisms (excluding mycobacteria) whereas
that of compounds 4, 2, and 3 was respectively
noted on 14 (87.5 %), 8 (50.0 %) and 7 (39.9 %)
of the tested microbial species. FCB was found
to be more active than FCR in most of the tested
organisms. The results of KueteV. and
co-workers [22] provided evidence that the
studied plants extract, as well as some of the
isolated compounds might be potential sources
of the new antimicrobial drugs.

The effect of ethanolic extract of F. re/igiosa
fruits extract was studied by Kumar Goyal A.
and co-workers [23] against two Gram-positive
bacteria (Staphylococcus epidermidis and Staphylococcus
anrens) and two Gram-negative bacteria (Psexdonionas
vulgaris and  Klebsiella  pnenmonia). The minimum
inhibitory concentration of extract effective
against . epidermidis and K. pnenmonia was 15 mg/ml
while the minimum inhibitory concentration for
S. aurens and P. vulgaris was 30 mg/ml. At 15 mg/ml
concentration of extract, K pueumonia showed
more sensitivity (inhibition zone 21 mm) than
S. epidermidis (inhibition zone 19 mm). At 30 mg/ml
concentration, P. vufgaris showed more sensiti-
vity (inhibition zone 12 mm) than . aureus
(inhibition zone 9 mm). Present observations
indicate that the extracts possess antibiotic
activity. Further scientific evaluation is needed
to screen active phytochemicals from this
important plant to use it for the production of
new antibiotics [23].

H. Usman and co-workers [42] tested stem
bark crude methanolic extract and its n-butanol
and residual aqueous portions from Ficus
thonningii Blume against clinical isolates of
Gram-negative (Escherichia coli, Klebsiella  spp.,
Pseudomonas  aernginosa, and  Salmonella  typh?) and
Gram-positive (Staphylococcus anrens and Streptococcus
spp.) bacteria and carried out a qualitative
phytochemical analysis of the extracts. All
tested organisms were susceptible and the
inhibition efficacy depended on the bacterial
species, extract and portion type, and
concentration, with no significant difference
between the effects on Gram-positive and Gram-
negative bacteria in general. Overall inhibition
increased in the sequence crude extract -
residual aqueous portion - n-butanol portion.
Based on the disc diffusion assay, . axreus was
most strongly inhibited by the extract’s n-
butanol portion (inhibition zone diameter
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ranged from 20.0 to 26.33 mm), while the
residual aqueous portion appeared the weakest
(13 to 17 mm). Nutrient broth dilution essay
showed MIC 2.5 mg/ml for the crude extract and
n-butanol portion and MIC 1.25 mg/ml for the
residual aqueous portion against . aureus.
Although phytochemical analysis showed quite
rich chemical content of crude extract and both
its portions (with alkaloids, anthraquinones,
carbohydrates, flavonoids, saponins, and
tannins present), no difference between these
three reagents tested were found that would
potentially account for their variation in
bacterial inhibition efficacy.

The phytochemical test of the crude
extracts of Ficus species revealed the presence of
alkaloids, carbohydrates, flavonoids, saponins,
and tannins [21, 2, 44]. These classes of secon-
dary metabolites, such as alkaloids, saponins,
tannins, anthraquinones, and flavonoids are
known to have curative activity against several
pathogens and therefore could suggest the use
traditionally for the treatment of various
illnesses [42]. The antimicrobial activity of
secondary metabolites present in F. ¢yathistipula
extract can be responsible for the antibacterial
properties of this extract.

Phytochemical investigation of the
bioactive extracts of the leaves of F. gathistipula
was assessed by F. El-Sakhawy and co-workers
[14]. Ethanolic and aqueous leaf extracts of
F. ¢yathistipula significantly reduced blood glucose
levels, and improved triglycerides and
cholesterol levels of dyslipidemia in diabetic
rats. They similarly reduced the inflammation of
paw edema and stomach ulcers in rats.
Fractions obtained by the successive partition
of ethanolic extract were assessed by
F. El-Sakhawy and co-workers [14] for their
cytotoxicity, antioxidant and antimicrobial
activities. Petroleum ether fraction was the
most cytotoxic (IC50 = 4.43 + 0.2, 17.3 £2.22,
and 15.5 +3.67 ug/ml on MCF7, HepG2 and
HeLa cell lines, respectively). Ethyl acetate
fraction was the strongest antioxidant in the
DPPH assay (IC50 = 100 pg/ml). All samples
exhibited low to strong antimicrobial activity.
Chemical investigation of leaf extracts led to the
isolation of a-amyrin palmitate (1), lupeol
acetate (2), taraxerol (3), B-sitosterol (4), proto-
catechuic acid (5) and 3-0-caffeoyl quinic acid (6)
that were identified via spectral and chromato-
graphic analyses. Metabolite profiling was
performed via UPLC-PDA-MS and revealed the
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presence of flavonoid glycosides, phenolic acids,
isoflavones, coumarins, and fatty acids. Quanti-
tative determination revealed 593 * 0.5 mg BSE,
348.1 = 0.09 mg GAE, 238.7 + 0.5 mg rutin, and
9 £ (0.5 g tannins per 100 g d.wt. of leaves. GLC
analysis of lipid fraction revealed the identifi-
cation of phytosterols (15.6 %), saturated
(51.71 %), and unsaturated (41.9 %) fatty acids.
Galactose, glucose, arabinose, and glucuronic
acid (36.98 %, 28.86 %, 22.56 %, and 1.06 %,
respectively) were identified by HPLC analysis

methicillin-resistant . auxrens (NEQAS 3679™),
P. aeruginosa (Schroeter) Migula (ATCC® 27853™),
E. coi (Migula) Castellani and Chalmers (ATCC®
25922™), and E. w/ (Migula) Castellani and
Chalmers (ATCC® 35218™) strains were more
resistant to . gashistipula extract. The results are
encouraging enough to pursue bioactivity guided
fractionation of this extract and structure
elucidation of the active phytoconstituents from
the F. gathistipula extract as a possible anti-
bacterial agent. The results of this study provide

of mucilage-hydrolysate [14]. baseline information on F. ¢athistipula potential
validity in the treatment of fungus-induced

Conclusions infections, caused by Candida albicans.

The ethanolic extract derived from the
leaves of F. gathistipula exhibited varying inhibi-
tory activities against all the test strains. More
sensitive for this extract was C. a/bicans strain.
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