Tpyasl BHHPO

AKBAKyJIBTYpA

2017 r. ToM 167

UDK 615.012.1: 582.949.2: 581.3

Antibacterial screening of ethanolic extracts obtained from leaves
of various Ficus species (Moraceae) against Citrobacter freundii

Halyna Tkachenko!, Lyudmyla Buyun?, Elzbicta Terech-Majewska®, Zbigniew Osadowski!

I Dep. of Zoology and Animal Physiology, Institute of Biology and Environmental Protection, Pomeranian

University in Slupsk, Poland

2 M. Gryshko National Botanical Garden, NASU, Kyiv, Ukraine
3 Dep. of Epizootiology, University of Warmia and Mazury, Olsztyn, Poland

Medicinal herbs play an alternative role to antibiotic therapy in aquaculture. Ficus species (IMoraceae)
leaves possess great medicinal potential for the therapy of bacterial and fungal infections and may be used
as a natural antiseptic and antimicrobial agent in veterinary. Present study aimed to investigate the in vitro
antimicrobial activity of the ethanolic leaf extracts of various Ficus species against fish pathogen, Citrobacter
freundii. The leaves of Ficus species were collected in M. Gryshko National Botanical Garden (Kyiv,
Ukraine). Freshly crushed leaves were washed, weighted, and homogenized in 96 % ethanol (in proportion
1:10) at room temperature. Citrobacter freundii was isolated locally from gill of eel (Anguilla anguilla) with
clinical features of disease. The antimicrobial susceptibility testing was done on Muller-Hinton agar by
disc diffusion method (Kirby-Bauer disk diffusion susceptibility test protocol). Muller-Hinton agar plates
were inoculated with 400 pl of standardized inoculum (108 CFU /mL.) of bacterium and spread with sterile
swabs. Our results demonstrate that various species of Ficus had mild antibacterial in vitro activity against
C. freundii. The results proved that the ethanolic extracts obtained from F. pumila, F. binnendijkii ‘Amstel
Gold’, F. carica, F. erecta, F. hispida, F. mucuso, F. palmeri, F. religiosa possess considerably sufficient
antibacterial potential against C. freundii.

Key words: Ficus species, ethanolic extracts, antibacterial in vitro activity, zone of growth inhibition,
Citrobacter freundii, eel Anguilla anguilla.

INTRODUCTION

The parasitic, bacterial, and fungal diseases act
as major limiting factors for fish farming, mean-
ing that massive amounts of antibiotics, disinfec-
tants, and pesticides in order to control mortality
and avoid huge economic losses have to make use
[Valladio et al., 2015]. However, most chemical
products are toxic towards fish and compromise
their tissues. On the other hand, such chemother-
apeutics are potential xenobiotics in the nature and
may give rise to serious risks to human health and

138

cause environmental pollution [Malheiros et al.,
2016].

The herbal extracts can be used in fish culture
as alternatives to vaccines, antibiotics or chemo-
therapeutic agents [Galina et al., 2009]. Herbal
medicines appear as sustainable and effective al-
ternatives for conventional drugs for disease con-
trol in aquaculture. Plant-based products have
shown promise, in that it is natural and biodegrad-
able and has antimicrobial activity against various
pathogens relating to fish [ Valladao et al., 2015].
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Many medicinal plants and their extracts act as
immunostimulants. The use of immunostimulants
has been considered to be the most environmen-
tally friendly method of preventing piscine disease
[Carbone and Faggio, 2016]. One group of im-
munostimulants that has shown numerous bene-
ficial effects in aquatic animals, is tropical herbs.
Indeed, Chinese herbs can stimulate the devel-
opment of organs directly associated with the im-
mune response, such as the thymus and spleen as
well as increase antibody production [ Galina et al.,
2009]. Moreover, one of the therapeutic strategies
in ayurvedic medicine (plant-derived therapeutics)
is to increase the body’s natural resistance to the
disease-causing agent rather than to directly neu-
tralize the agent itself [Devasagayam and Sainis,
2002]. Successful results on controlling diseases
in shrimp and fish by herbs have been reported in
Mexico, Thailand, Japan and Turkey [Galina et
al., 2009].

One of the potential plants that can be used
as antimicrobial to enhance survival and immune
competence is Ficus genus. Recently, researchers
have reported promising effects from many spe-
cies from Ficus genus for treating parasitic diseas-
es and broad activity against bacteria and fungi
[Salem et al., 2013]. Ficus trees have a number of
uses in various industries and fields of human ac-
tivity. Virtually all parts of their body are utilized
in ethnomedicine to cure disorders of digestive and
respiratory systems, skin diseases, parasitic infec-
tions, etc. Some species have been cited to have
analgesic, tonic, and ecbolic effects [ Lansky and
Paavilainen, 2011].

The pantropical genus Ficus L., with its ap-
proximately 750 species, is the largest within the
family Moraceae and one of the most speciose
genera of flowering plants. Among all Moraceae,
it is characterized by the presence of waxy glands
on vegetative organs, heterostyly, and prolonged
protogyny, that is the anthesis of staminate flow-
ers in already mature fruits. These features are
functionally linked to the unique pollination mode
in Ficus involving mutualistic relationships with
agaonid wasps (order Hymenoptera). The closed
urceolate inflorescences provide a shelter for the
development of wasps, which, in turn, are the only
pollinators of these plants ensuring their reproduc-
tive propagation [Cook, Rasplus, 2003; Berg,
Corner, 2005].

Ficus spp. has been extensively used in tradi-
tional medicine for a wide range of ailments of the
central nervous system, endocrine system, gastro-
intestinal tract, reproductive system, respiratory
system and infectious disorders [Usman et al.,
2009; Ahmad et al., 2011; Dangarembizi et al.,
2012; Arunachalam and Parimelazhagan, 2013].
However, although many species within the genus
Ficus have been encompassed by phytochemical
and pharmacological investigations in previous
years, there are many species that have not been
studied and whose ethnobotanical relevance is yet
to be investigated. Therefore, this study assessed
the antibacterial activity of ethanolic extracts of
various Ficus species against Citrobacter freun-
dii, a fish pathogen isolated locally from gill of eel
(Anguilla anguilla L.) with clinical features of
disease.

MATERIALS AND METHODS

Plant Materials. The leaves of F. aspera
G. Forst, F. benghalensis L., F. benjamina L.,
F. benjamina ‘Reginald’, F. binnendijkii Miq.,
F. binnendijkii ‘Amstel Gold’, F. binnendijkii
‘Amstel King’, F. carica L., F. craterostoma
Warb. ex Mildbr. & Burret, F. cyathistipula
Warb., F. deltoidea Jack, F. drupacea Thunb.,
F. drupacea ‘Black Velvet’, F. elastica Roxb.,
F. clastica “Variegata’, F. erecta Thunb., F. erec-
ta var. sieboldii (Miq.) King, F. hispida L.f.,
F. luschnathiana (Miq.) Miq., F. lyrata Warb.,
F. macrophylla Desf. ex Pers., F. mucuso Welw.
ex Ficalho, F. natalensis Hochst. subsp. natalen-
sis, F. natalensis Hochst. subsp. leprieurii (Miq.)
C.C. Berg, F. palmeri S. Watson, F. platypoda
(Miq.) A. Cunn. ex Migq., F. pumila L., F. re-
ligiosa L., F. rubiginosa Desf. ex Vent., F. sagit-
tata ]. Koenig ex Vahl, F. septica Burm. f., F. sur
Forssk., F. sycomorus L., F. vasta Forssk., F. vil-
losa Blume were collected in M. Gryshko Na-
tional Botanical Garden (NBG, Kyiv, Ukraine).
The whole collections of tropical and subtropical
plants at NBG (including Ficus spp. plants) have
the status of a National Heritage Collections of
Ukraine. The species author abbreviations were
followed by Brummitt and Powell (1992).

Preparing Plant Extracts. The sampled
leaves of Ficus spp. were brought into the labo-
ratory for antimicrobial studies. Freshly crushed
leaves were washed, weighted, and homogenized
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in 96 % ethanol (in proportion 1:10) at room tem-
perature. The extracts were then filtered and in-
vestigated for their antimicrobial activity. All ex-
tracts were stored at 4 °C until use.

Method of Culturing Pathological Sample
and identification Method of the Bacteria. Cit-
robacter freundii isolated locally from gill of eel
(Anguilla anguilla 1..) with clinical features of dis-
ease. Samples of internal organs (kidney, spleen,
liver) were taken and homogenized before prein-
cubation in TSB broth (Tripticase Soya Broth,
Oxoid) for 24 hrs. After preincubation, bacterial
culture was transferred to two different cultivation
mediums: TSA (Tripticase Soya Agar, Oxoid)
and BHIA (Brain Heart Infusion Agar, Oxoid)
supplemented with 5% of sheep blood (OIE Fish
Diseases Commission 2000). After 48 hrs of incu-
bation at 27 °C, characteristic round, smooth col-
onies were selected for further examination. They
were not pigment and did not induce haemolysis on
blood agar. Bacterial species was identified on the
basis of key phenotypic characters and with the use
of the oxidase test and API E test kit (Biomerieux,
France). The results of test were interpreted in ac-
cordance with the manufacturer’s protocol, after 24
hrs of incubation at 37 °C.

Bacterial Growth Inhibition Test of Plant
Extracts by the Disk Diffusion Method. Strain
tested was plated on TSA medium (Tryptone
Soya Agar) and incubated for 24 hrs at 25 °C.
Then the suspension of microorganisms were sus-
pended in sterile PBS and the turbidity adjusted
equivalent to that of a 0.5 McFarland standard.
Muller-Hinton agar plates were inoculated with
400 pl of standardized inoculum (108 CFU /mL)
of bacterium and spread with sterile swabs. Sterile
filter paper discs impregnated by extract were ap-
plied over each of the culture plates, 15 min after
bacteria suspension was placed. The antimicrobial
susceptibility testing was done on Muller-Hinton
agar by disc diffusion method (Kirby-Bauer disk
diffusion susceptibility test protocol) [ Bauer et al.,
1966]. The C. freundii isolates were individual-
ly tested against 4 antibiotics. The results were
determined using the disk diffusion method. The
tested antibiotics were as follows: gentamicin, tet-
racycline, enrofloxacin, and sulfonamide. A neg-
ative control disc impregnated by sterile ethanol
was used in each experiment. The sensitivity of
strain was also studied to the commercial prepara-
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tion with extracts of garlic (in dilution 1:10, 1:100
and 1:1000). After culturing bacteria on Muel-
ler-Hinton agar, the disks were placed on the same
plates and incubated for 24 hrs at 25 °C. The
assessment of antimicrobial activity was based on
measurement of the diameter of the inhibition zone
formed around the disks.

The diameters of the inhibition zones were mea-
sured in millimeters, and compared with those of the
control and standard susceptibility disks. Activity
was evidenced by the presence of a zone of inhibi-
tion surrounding the well. Each test was repeated
six times. The following zone diameter criteria were
used to assign susceptibility or resistance of bacteri-
um to the phytochemicals tested: Susceptible (S) >
15 mm, Intermediate (I) = 11—14 mm, and Resis-
tant (R) <10 mm [Okoth et al., 2013].

REsuLTS

The results of antimicrobial activity of ethano-
lic extracts obtained from leaves of various Ficus
species are presented in Table 1 and Figs 1—-5. A
comparison of susceptibility categories, i. e. inter-
mediate and resistant, for the disk diffusion tech-
nique is demonstrated in Table 1.

Our results revealed that C. freundii (400 pl
of standardized inoculum) had intermediate sus-
ceptibility (diameter of inhibition zone) concern-
ing to ethanolic extracts obtained from leaves of
F. binnendijkii ‘Amstel Gold’ (mean of inhibition
zone diameter was 11 mm), F. carica (13 mm),
F. erecta (12 mm), F. hispida (14 mm), F. mucu-
so (14 mm), F. palmeri (13 mm), F. religiosa (12
mm). The highest anti-Citrobacter activity was
demonstrated for F. pumila (15 mm). C. freundii
was resistant against ethanolic extracts from F. as-
pera, F. benghalensis, F. benjamina, F. benjam-
ina ‘Reginald’, F. binnendijkii, F. binnendijkii
‘Amstel King’, F. craterostoma, F. cyathistipula,
F. deltoidea, F. drupacea, F. drupacea ‘Black Vel-
vet’, F. elastica, F. elastica ‘“Variegata’, F. erecta
var. sieboldii, F. luschnathiana, F. lyrata, F. mac-
rophylla, F. natalensis subsp. natalensis, F. na-
talensis subsp. lepricurii, F. platypoda, F. rubigi-
nosa, F. sagittata, F. septica, F. sur, F. sycomorus,
F. vasta, F. villosa (inhibition zone diameters were
ranged from 6 to 10 mm) (Table 1).

Antimicrobial activity of ethanolic extracts
obtained from leaves of various Ficus species are
shown in Figs 1—-5.



Antibacterial screening of ethanolic extracts obtained from leaves of various ...

Table 1. Susceptibility or resistance of Citrobacter freundii against ethanolic extracts obtained from leaves of various

Ficus species

Ficus species

Susceptibility or resistance of Citrobacter freundii

Susceptible (S) > 15 mm Intermediate (I) = 11—14 mm

Resistant (R) <10 mm

F. aspera

+

F. benghalensis

F. benjamina

F. benjamina ‘Reginald’

F. binnendijkii

+ I+ [+ [+

F. binnendijkii ‘Amstel Gold’

F. binnendijkii ‘Amstel King’

+

F. carica

F. craterostoma

F. cyathistipula

F. deltoidea

F. drupacea

F. drupacea ‘Black Velvet’

F. elastica

F. elastica “Variegata’

FH [+ [+ |+ [+ |+

F. erecta

F. erecta var. sieboldii

+

F. hispida

F. luschnathiana

F. lyrata

+

F. macrophylla

F. mucuso

F. natalensis subsp. leprieurii

F. natalensis subsp. natalensis

F. palmeri

F. platypoda

F. pumila

F. religiosa

F. rubiginosa

F. sagittata

F. septica

F. sur

F. sycomorus

F. vasta

F. villosa

S S
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Fig. 1. Antimicrobial activity of ethanolic extracts obtained from leaves of F. hispida (1), F. villosa (2), F. mucuso (3),
F. benghalensis (4), F. carica (6) (A), F. pumila (7), F. macrophylla (8), F. sycomorus (9), F. luschnathiana (10)
F. elastica “Variegata’ (11), F. aspera (12) (B) against C. freundii.

A B

Fig. 2. Antimicrobial activity of ethanolic extracts obtained from leaves of F. religiosa (13), F. cyathistipula (14),
F. lyrata (15), F. binnendijkii (18) (A), F. elastica (19), F. benjamina ‘Reginald’ (20), F. binnendijkii ‘Amstel King’
(23), F. binnendijkii (24) (B) against C. freundii.

Fig. 3. Antimicrobial activity of ethanolic extracts obtained from leaves of F. luschnathiana (26), F. craterostoma (27),
F. drupacea ‘Black Velvet’ (28), F. elastica (29), F. drupacea (30) (A), F. septica (31), F. natalensis subsp. leprieurii
(34), F. binnendijkii ‘Amstel Gold’ (35), F. deltoidea (36) (B) against C. freundii.
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Fig. 4. Antimicrobial activity of ethanolic extracts obtained from leaves of F. erecta var. sieboldii (37), F. rubiginosa

(40), F. erecta (41), F. sagittata (42) (A), F. lyrata (45), F. vasta (48) (B) against C. freundii.

Fig. 5. Antimicrobial activity of ethanolic extracts obtained from leaves of F. palmeri (50), F. natalensis subsp.

natalensis (52), F. platypoda (54), F. sagittata (42) (A), F. pumila (55) (B) against C. freundii.

A B

Fig. 6. Antimicrobial activity of different concentrations of garlic (Allium sativum) extract (A), and tested antibiotics

(B) against C. freundii.
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DiscussioN

Researchers are in continuous search for the
exploration of novel sources of more effective com-
pounds for the treatment of infectious diseases in
aquaculture [Das et al., 2008; Manivasagan et
al., 2013]. As previously reported, plants pos-
sess antibacterial secondary metabolites which are
getting more and more importance due to their
negligible toxicity and adverse effects for aquatic
organisms and environment [Galina et al., 2009;
Hai, 2015]. The aim of the current study is to
take a step towards the achievement of novel nat-
ural antimicrobial agents against fish pathogen,
Citrobacter freundii. Results of the current study
revealed that F. pumila possess high antibacteri-
al results against C. freundii. This significance
is in the terms of therapeutic applications against
various disorders, i. e. skin diseases, enlargement
of liver and spleen, dysentery, diarrhea, diabetes,
leprosy, lung complaints, leucorrhoea, heart dis-
eases, cough, asthma, piles, ulcers, gonorrhea and
rheumatism [Kaur, 2012]. Similarly, the antimi-
crobial activity of ethanolic extracts from leaves of
F. binnendijkii ‘Amstel Gold’, F. carica, F. erec-
ta, F. hispida, F. mucuso, F. palmeri, F. religio-
sa is also dominant. It was also observed that the
F. hispida and F. mucuso were the most active one
against C. freundii.

The results of our previous reports are in line
with the findings of our current study which in-
dicate that like other species of Ficus genus,
F. pumila, F. binnendijkii ‘Amstel Gold’, F. car-
ica, F. erecta, F. hispida, F. mucuso, F. palmeri,
F. religiosa are also prominent candidates of this
genus as alternative antimicrobial agents in aqua-
culture. In our previous study, we determined the
in vitro antimicrobial activity of ethanolic extracts
from the leaves of various Ficus species against the
bacterial strain of A. hydrophila isolated locally
from infected rainbow trout (Oncorhynchus my-
kiss Walbaum) with the aim of providing scientific
rationale for using these plants in the treatment of
bacterial infections induced by Aeromonas spp.
in fish (Tkachenko et al. 2016a, b). Interesting-
ly, ethanolic extracts obtained from Ficus spe-
cies demonstrated different antibacterial activity
against A. hydrophila inoculated with 200 ul and
400 pl of standardized inoculum (108 CFU ml1)
of bacterium strain. Previous study using 200 ul
of A. hydrophila inoculum revealed that F. ben-
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ghalensis, F. benjamina, F. binnendijkii, F. cy-
athistipula, F. deltoidea, F. erecta, F. erecta var.
sieboldii, F. hispida, F. luschnathiana, F. lyrata,
F. macrophylla, F. mucuso, F. natalensis sub-
sp. lepricurii, F. natalensis subsp. natalensis,
F. palmeri, F. platypoda, F. pumila, F. rubigino-
sa, F. sur, F. sycomorus, and F. villosa possessed
good antibacterial activity (diameters of inhibition
zones ranged from 10 to 14 mm), while 4. hy-
drophila was resistant against ethanolic exstracts
from F. aspera, F. benjamina ‘Reginald’, F. bin-
nendijkii ‘Amstel Gold’, F. binnendijkii ‘Ams-
tel King’, F. carica, F. craterostoma, F. drupacea,
F. drupacea ‘Black Velvet’, F. elastica, F. elastica
‘Variegata’, F. religiosa, F. sagittata, F. septica,
and F. vasta [ Tkachenko et al., 2016a]. On the
other hand, in study with 400 pl of A. hydrophi-
la inoculum, bacterium demonstrated the highest
susceptibility to F. pumila leaves extract (diame-
ters of inhibition zones ranged from 16 to 18 mm),
while intermediate susceptibility was demonstrat-
ed to ethanolic extracts obtained from F. bengha-
lensis, F. benjamina, F. benjamina ‘Reginald’,
F. binnendijkii, F. carica, F. cyathistipula, F. del-
toidea, F. drupacea, F. drupacea ‘Black Velvet’,
F. elastica, F. erecta, F. erecta var. sieboldii,
F. hispida, F. lyrata, F. macrophylla, F. natal-
ensis subsp. leprieurii, F. natalensis subsp. na-
talensis, F. palmeri, F. religiosa, F. rubiginosa,
F. septica, and F. sycomorus leaves [ Tkachenko
et al., 2016b]. In other our study, most ethanolic
extracts obtained from Ficus spp., proved effec-
tive against the bacterial strain of Gram-negative
P. fluorescens (strain EE1/7/15) isolated locally
from internal organs of rainbow trout (Oncorhyn-
chus mykiss Walbaum) with clinical features of
furunculosis, with 8 —15 mm zones of inhibition
being observed. Among various species of Ficus
the most effective against P. fluorescens (400 pl
of standardized inoculum) were the ethanolic ex-
tracts of the leaves of ten Ficus species: F. cra-
terostoma, F. cyathistipula, F. drupacea ‘Black
Velvet', F. hispida, F. macrophylla, F. mucuso,
F. pumila, F. villosa (Tkachenko et al. 2016¢).
Various species of Ficus had mild antibacterial in
vitro activity against C. freundii isolated locally
from infected eel (Anguilla anguilla L.) in dis-
solved to 200 ul of standardized inoculum (Kir-
by-Bauer disk diffusion susceptibility test pro-
tocol). Our results proved that the extracts from
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F. drupacea, F. septica, F. deltoidea as well as
F. hispida, F. mucuso, F. pumila, F. craterosto-
ma exhibit a favorable antibacterial activity against
C. freundii [ Tkachenko et al., 2016d].

The results obtained in the current study can
be correlated with the previous publications. Oth-
er species of Ficus genus also possess effective
potential against microbes i. e., F. religiosa have
been reported to possess strong antibacterial and
antifungal activities [ Preethi et al., 2010; Gayath-
ri, Kannabiran, 2009; Solomon-Wisdom et al.,
2011; Rajiv, Rajeshwari, 2012; Al Askari et al.,
2013; Essien et al., 2016]. In a study of Preethi
and co-workers (2010), aqueous extract of F. reli-
giosa leaves compared to the ethanol and methanol
extracts showed the strongest inhibitory activity
against bacteria (Bacillus subtilis, Escherichia
coli, Pseudomonas aeruginosa, and Salmonella
typhi) as evaluated by the agar diffusion method.
Rajiv and Rajeshwari (2012) screened antimicro-
bial activity of F. religiosa bark, leaf, stem, and
fruit aqueous extracts against a number of major
pathogens (Aeromonas hydrophila, Enterobacter
aerogenes, E. coli, Pseudomonas aeruginosa,
Staphylococcus aureus, Streptococcus pyogenes,
Aspergillus niger, and Candida albicans) and
conducted their phytochemical analysis. All test-
ed extracts appeared active against the pathogens
at concentrations 25—100 mg/ml, the widest
inhibition zone (15—16 mm) resulting from the
highest concentration. Fruit extract showed gen-
erally the weakest activity and only the leaf ex-
tract affected the whole set of tested organisms at
maximal concentration. Antibacterial properties
of the extracts were generally better pronounced
than untifungal ones [Rajiv, Rajeshwari, 2012].
Gayathri and Kannabiran (2009) reported quite
high antibacterial activity of F. benghalensis bark
aqueous extract against Klebsiella pneumoniae,
Pseudomonas aeruginosa, and Staphylococ-
cus aureus. Phytochemical screening of the ex-
tracts showed tannins and saponins to significant-
ly prevail over other chemical classes, suggesting
their substantial contribution to the antimicrobial
properties of the species [ Gayathri, Kannabiran,
2009]. Solomon-Wisdom and co-workers (2011)
tested leaf and stem bark methanolic extracts
from F. sur against several bacterial and fungal
pathogens (Bacillus subtilis, E. coli, P. acrugi-
nosa, Salmonella typhimorium, S. aureus, and

Candida pseudotropicalis) and carried out their
phytochemical screening. Leaf and bark extracts
showed inhibition of all tested organisms except P.
aeruginosa and S. typhimorium. Phytochemical
analysis showed leaf extract to have richer content
compared to stem bark extract. Saponins, steroids,
and tannins were present in both extracts. Leaf ex-
tract additionally contained volatile oils and phe-
nols, while stem bark extract was distinct in con-
taining saponin glycosides [ Solomon-Wisdom et
al., 2011].

In the same way, essential oils from leaves of
Ficus species have been reported to possess anti-
microbial potential. Essien and co-workers (2016)
obtained essential oils from leaves of F. mucuso
(misspelled as “Ficus mucoso”) and Casuarina
equisetifolia and screened them for chemical con-
tent as well as cytotoxic (against human cancer
cells) and antimicrobial activities. Microorgan-
isms tested included Gram-positive (Bacillus ce-

reus ATCC14579 and S. aureus ATCC29213)
and Gram-negative (E. coli ATCC254922 and
P. aeruginosa ATCC27853) bacteria and fun-
gi (Aspergillus niger ATCC16401 and Candida
albicans ATCC10231). In F. mucuso, identified
were 35 constituents representing 100 % of the
leaf essential oil content. The leaf oil was found
to be rich in terpenoids (89.6% of its content).
Gram-positive bacteria appeared more sensitive to
the treatments than Gram-negative ones (Essien
et al. 2016). Kubmarawa and co-workers (2007)
carried out an antimicrobial and phytochemical
screening of 50 Nigerian plant species ethanolic
extracts, among which were five species of Ficus
(i. e., F. abutifolia (Miq.) Miq., F. platyphyl-
la Del., F. polita Vahl, F. sycomorus L., and
F. thonningii Blume). Microbial strains used in
the study were Bacillus subtilis NCTC8236, E.
coli ATCC9637, P. acruginosa ATCC27853,
S. aureus ATCC13709, and C. albicans
ATCC10231. Ficus stem bark extracts demon-
strated comparatively low antimicrobial activi-
ty, with the broadest activity spectrum being of
F. thonningii extract (active against all microor-
ganisms except P. aeruginosa and S. aureus). Ex-
tracts from F. polita and F. sycomorus showed no
activity at all. P. aeruginosa was in general moder-
ately susceptible compared to other bacteria test-
ed, although no Ficus extract was active against
it. Phytochemical analysis revealed the presence
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of only saponins and volatile oil in F. thonningii
extract and saponins and flavonoids in F. polita
extract, while richer chemical content was found
in F. abutifolia (tannins, alkaloids, and volatile
oil), F. platyphylla (saponins, flavonoids, alka-
loids, and volatile oil), and F. sycomorus (gly-
cosides, tannins, flavonoids, and volatile oil) ex-
tracts (Kubmarawa et al. 2007). Al Askari and
co-workers (2013) screened aqueous and ethan-
olic leaf extracts of F. carica from different regions
of Morocco against 16 bacterial strains (Acine-
tobacter baumannii, Escherichia coli, Hafnia
alveie, Klebsiella pneumoniae, Proteus mira-
bilis, Pseudomonas aeruginosa, P. fluorescens,
Salmonella arizonae, S. entericatyphimurium,
S. enteritidis, Staphylococcus aureus, S. aureus
meticillin-resistant, S. epidermidis, Streptococcus
pyogenes, S. sanguins, and Yersinia enterocoliti-
ca) and 8 yeasts (Candida famata, C. glabrata,
C. parapsilosis, C. tropicalis, two strains for each
species). In general, aqueous extract was found
more active against Gram-positive bacteria than
Gram-negative ones and it was not active against
yeasts. Ethanolic extract demonstrated stronger
inhibitory activity compared to aqueous extract
and inhibited growth of both bacteria and fungi
[Al Askari et al., 2013].

Several classes of secondary metabolites such
as alkaloids, triterpenes, sterols, flavonoids, poly-
phenols and saponins have been reported to have
antibacterial properties [Cowan, 1999; Kuete et
al., 2008; Mbaveng et al., 2015; Voukeng et al.,
2016]. Their presence in the studied plant ex-
tracts could explain the antibacterial effects of the
tested samples. Antibacterial activity of tannins
and saponins isolated from plant species are well
documented [Gayathri, Kannabiran, 2009; Us-
man et al., 2009]. The presence of flavonoids and
polyphenols is the basis for the analgesic and an-
ti-inflammatory activities of various parts of Ficus
including the fruit, latex, bark, roots, and leaves
[Modi et al., 2012; Eteraf-Oskouei et al., 2015].
The antimicrobial activity of purified flavonoids
may result in susceptibility differences against spe-
cies with different origins and background [ Taguri
et al., 2004 ]. This could explain the difference in
sensitivity to Ficus extracts used in this work and
a previously tested other species of Ficus [Tk-
achenko et al., 2016a-d]. The highest antibac-
terial potential of Ficus could be explained by the
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amount of flavonoids present. However, the activ-
ity showed by ethanolic extracts of Ficus species
may result from the interactions of different poly-
phenols. Most studies on the antimicrobial poten-
tial of polyphenols have focused on the inhibitory
activity of individual components. The inhibitory
effect of phenolics could be explained by absorp-
tion across cell membranes, interactions with en-
zymes, substrate and metal ion deprivation [ Scal-
bert, 1991]. Direct interaction between the two
compounds may result in changes of the structural
conformation thus reducing the inhibitory activity
[Mandalari et al., 2010]. Antibacterial flavonoids
might be having multiple cellular targets, rather
than one specific site of action [Kumar, Pandey,
2013]. One of their molecular actions is to form
complex with proteins through nonspecific forces
such as hydrogen bonding and hydrophobic ef-
fects, as well as by covalent bond formation. Thus,
their mode of antimicrobial action may be relat-
ed to their ability to inactivate microbial adhesins,
enzymes, cell envelope transport proteins, and so
forth. Lipophilic flavonoids may also disrupt mi-
crobial membranes [ Cowan, 1999; Kumar, Pan-
dey, 2013]. Moreover, many flavonoids are shown
to have antioxidative activity, free radical scaveng-
ing capacity, coronary heart disease prevention,
hepatoprotective, anti-inflammatory, and antican-
cer activities, while some flavonoids exhibit poten-
tial antiviral activities [ Kumar, Pandey, 2013].

CONCLUSIONS

The study reveals that among the plants of Fi-
cus species screened, F. pumila, F. binnendijkii
‘Amstel Gold’, F. carica, F. erecta, F. hispida,
F. mucuso, F. palmeri, F. religiosa were rich in
antimicrobial agents. Secondly it may also be im-
plied that the ethanolic fraction was rich in such
secondary metabolites which confer antimicrobi-
al potential to these plants. Based on our current
investigation it can be concluded that F. pumila,
F. binnendijkii ‘Amstel Gold’, F. carica, F. erec-
ta, F. hispida, F. mucuso, F. palmeri, F. religiosa
possess considerably antibacterial potential against
C. freundii. It may also be concluded that anti-
microbial potential of ethanolic extracts obtained
from leaves of various Ficus species might be due
to wide variety of compounds present in these
plants. Moreover, we observed that specifically the
ethanolic fraction of F. pumila possesses consider-
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ably high activity against C. freundii. Therefore,
these species are potent targets to be subjected to
bio-guided isolation and exploration of novel nat-
ural antimicrobials for application in aquaculture.
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AHTHUMHKPO6GHDIH CKPHHHUHT CITHPTOBBIX 3KCTPAKTOB, MOAYYEHHDIX
u3 AucTbeB pasHbix BuAoB Ficus B ornomenunn Citrobacter freundii

I'M. Tkauenxo!, A.H. Bywown?, 3. Tepex-Maesckas®, 3. Ocazosckuii’

! UucruryT 6uororuu u oxpaubt cpeabt, [ lomopekas Akazemus, Caymnck, [Toabma
2 Hauponaabupiit 60rannueckuit cag um. H.H. [pumko HAHY, Kues, Yxpauna

3 Bapmuncko-Masypckuit Yuusepcurer, Oaburrsin, [ Toabma

JekapcTBeHHbIE PACTEHHS UTPAIOT AAbTEPHATUBHYIO POAb B AHTHOHOTHUKOTEPAIIMU B aKBaKyAbType. Buapl
Ficus (Moraceae) o6AazaoT 60AbIINM Aede6HBIM MOTEHIIMAAOM B Teparuu 6aKTepHaAbHbIX H F'PHOKOBbIX
MH(QEKIHUH, U MOTYT OGbITb HCIIOAb30BAaHbI B KA4€CTBE aHTHCENTHKOB M AaHTUMHKPOOHBIX areHTOB B BETe-
punapuu. Hacrosmee mccaezoBanue npegnasHadeHo AAs USydeHHUs in vilro aHTUMHKPOGHOH aKTHBHOCTH
STAHOABHBIX AHCTOBbIX SKCTPAKTOB PasAHYHbIX BUAOB Ficus npotus Bosbyauters Citrobacter freundii.
Auctbst 6b1au cobpanbr B Haumonaabnom 6orannyeckom cazy um. H.H. [pumxo (Kues, Yxpauna).
Caezxecpesannble AMCTbs IPOMbIBaAH, B3BelIHMBaA U roMorenusuposaiu B 96 % aranone (B npomnopiuu
1:10) npu xomuaTHO# Temnepatype. Citrobacter freundii Bbizeasan AokarbHO u3 :xabp yrps (Anguilla
anguilla) ¢ KAUHMYeCKUMM TIpU3HaKaMu 3a60AeBaHuA. VcrbITanMe Ha aHTUMMKPOGHYIO UYBCTBHTEAD-
HOCTb npoBoAuAn MeTozoM Kup6u-Bayspa. B yamku ¢ arapom Muller-Hinton unoxyauposaru 400 mxa
crangaprusupoBansoro uaokyasnta (108 KOE /ma) Gakrepun u pacripesie Al paBHOMEPHO CTEPHABHBIMH
tamronamu. Hat pesyabTaThb! okasbiBaloT, 4To pasAMUHbIE BU/bI (PUKYCOB UMEAU CAABYIO aHTHOAKTEpHU -
aAbHYIO aKTUBHOCTb in vitro npotus C. freundii. PesyabTaTel Tak:ke OKa3aAH, YTO STAHOAbHbIE SKCTPAK-
Tb1, ToAydenHbie ot F. pumila, F. binnendijkii ‘Amstel Gold’, F. carica, F. erecta, F. hispida, F.mucuso,
F. palmeri, F. religiosa 06AazatoT 3HauMTeAbHBIM aHTH6AKTepHaAbHbIM MoTeHuHaroM rpotus C. freundii.

Kawuerbie caora: Ficus spp., AMCTbSI, CIMPTOBbIE SKCTPAKThI, aHTHOAKTepHAAbHAS AKTUBHOCTD, 30HA
unrubuposanus pocta, Citrobacter freundii, yropp Anguilla anguilla.
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