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Nowadays numerous medicinal plants possessing antiviral, antibacterial, antifungal and antiparasitic
activities have a significant role in aquaculture as prophylactic and therapeutic agents against fish pathogens.
This prompted us to determine the in vitro antimicrobial activity of ethanolic extracts from leaves of various
Ficus species (Moraceae) against the bacterial strain of Aeromonas hydrophila isolated locally from
infected rainbow trout (Oncorhynchus mykiss) with the aim of providing a scientific proof for the use of
the plants in the treatment of bacterial infections induced by Aeromonas spp. in fish. The antimicrobial
susceptibility testing was done on Muller-Hinton agar by disc diffusion method. Our results indicated
that extracts offer a promising alternative to the use of antibiotics in controlling A. hydrophila growth. In
our study, most ethanolic extracts obtained from Ficus spp. proved effective against the bacterial strain of
Gram-negative 4. hydrophila tested, with 10—12 mm zones of inhibition being observed. A. hydrophila
demonstrated the highest susceptibility against F. pumila. Among various species of Ficus with moderate
activity against A. hydrophila, the highest antibacterial activity for F. benghalensis, F. benjamina, F.
deltoidea, F. hispida, F. lyrata was displayed. Thus, Ficus spp. 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. It is concluded from the present study that these products can be used in aquaculture
as therapeutic and prophylactic agents against fish pathogens, with antimicrobial and immunostimulant
properties. Further investigation is necessary to identify those bioactive compounds, which will be a platform
for further pharmacological studies and clinical applications.

Key words: antibacterial activity, Aeromonas hydrophila, infected rainbow trout Oncorhynchus mykiss,
Ficus spp., ethanolic extracts, zone of growth inhibition

INTRODUCTION. aquatic environments and are pathogenic to fish

The genus Aeromonas of the family Aero- and other animals [Cipriano, Austin, 2011]. A.
monadaceae includes Gram-negative facultative hydrophila is an autochthonous species in fresh-
anaerobes that have worldwide distribution in water environments and a member of the normal
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microflora in the fish intestinal tract [Cipriano,
2001]. On the other hand, A. hydrophila causes
diverse pathologic conditions that include acute,
chronic, and latent infections. Aeromonas bacteria
are also the etiologic agents responsible for a va-
riety of infections in both immunocompetent and
immunocompromised humans. Severity of disease
is influenced by a number of interrelated factors,
including bacterial virulence, the kind and degree
of stress exerted on a population of fish, as well as
the resistance and physiological condition of the
host. Pathologic conditions attributed to members
of the A. hydrophila complex include dermal ul-
ceration, hemorrhagic septicemia, red sore disease,
red rot disease, and scale protrusion disease [ Cip-
riano, 2001]. In salmonids, A. salmonicida causes
furunculosis, a disease characterized by skin ul-
cers and septicemia. Moreover, other Aeromonas
species are involved in similar pathological diseas-
es [Austin, Austin, 2007]. Findings of Zepe-
da-Veldzquez and co-workers [2015] confirmed
that the Aeromonas species, A. hydrophila, A.
salmonicida, and A. veronii, are associated with
septicemia and dermal lesions in rainbow trout.
Our previous study revealed that cytoplasmic vac-
uolation of hepatocytes, loss of normal basophilia
by cytoplasm, presence of pigment deposition in
the parenchyma are a signs of liver deterioration
in trout affected by A. hydrophila. Impaired cir-
culation in the liver manifested in oedema and an
occurrence of a large number of erythrocytes in the
sinusoids and the intercellular space [Tkachenko
etal., 2014].

One of the overriding considerations is how
disease may be controlled. The application of
vaccine technology to fish diseases started with
A. salmonicida in the 1940s and now commer-
cial products based on iron-regulated outer mem-
brane proteins (IROMPs) of typical strains are
available. Motile aeromonads have attracted less
interest in vaccine development. However, these
pathogens have been the focus of probiotics, im-
munostimulants and medicinal plants, some of
which stimulate immune memory. Finally, the use
of genetically disease-resistant stock has already
been considered for A. salmonicida [Cipriano,
Austin, 2011].

The benefits of medicinal plants have been
the focus in many studies originating from Asia
in controlling infections induced by Aeromonas

[Cipriano, Austin, 2011]. The active compounds
of herbs possess characteristics that could be use-
ful in fish and shrimp culture; various herbs can
stimulate growth and appetite, enhance immune
system responses, and have broad spectrum of an-
timicrobial activity [ Friedman et al., 2002].

Resistance against antibiotics of many bacteria
is accumulating. Therefore, searches for new sub-
stances with antimicrobial activity have become an
urgent necessity. Medicinal plants involved in tra-
ditional medicine are potential sources of antimi-
crobial compounds. Recently, there has been in-
creasing interest in Ficus spp. (Moraceae) due to
its chemical composition and the potential health
benefits. Ficus spp. have been extensively used in
traditional medicine for a wide range of ailments
of the central nervous system, endocrine system,
gastrointestinal tract, reproductive system, respira-
tory system and infectious disorders [ Kumar, Au-
gusti, 1989; Cherian, Augusti, 1993; Kirana et
al., 2009, 2011; Usman et al., 2009; Ahmad et
al., 2011; Ilyanie et al., 2011; Dangarembizi et al.,
2012; Arunachalam, Parimelazhagan, 2013; Gul-
e-Rana et al., 2013; Farsi et al., 2014]. Howev-
er, 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. This prompted us to determine the
in vitro antimicrobial activity of ethanolic extracts
from leaves of various Ficus species against the
bacterial strain of A. hydrophila isolated locally
from infected rainbow trout (Oncorhynchus my-
kiss (Walbaum, 1792)) with the aim of providing
a scientific rationale for the use of the plant in the
treatment of bacterial infections induced by Aero-
monas spp. in fish.

MATERIALS AND METHODS.

Collection of Plant Material. The leaves of
F. aspera G.Forst, F. benghalensis L., F. benjam-
ina L., F. benjamina ‘Reginald’, F. binnendijkii
(Miq.) Migq., F. binnendijkii ‘Amstel Gold’, F.
binnendijkii ‘Amstel King’, F. binnendijkii ‘Am-
stel Gold’, F. carica L., F. craterostoma 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. erecta var. sieboldii (Miq.)
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King, F. hispida L.f., F. luschanthiana (Miq.)
Miq., F. Iyrata Warb., F. macrophylla Desf. ex
Pers., F. mucuso Welw. ex Ficalho, F. natalensis
Hochst. subsp. natalensis, F. natalensis Hochst.
subsp. leprieurii (Miq.) C.C.Berg, F. palmeri
S.Watson, F. platypoda (Miq.) A.Cunn. ex
Miq., F. pumila L., F. religiosa L., F. rubiginosa
Desf. ex Vent., F. sagittata J].Koenig ex Vahl, F.
septica Burm. f., F. sur Forssk., F. sycomorus L.,
F. vasta Forssk., F. villosa Blume were collected
in M. Gryshko National Botanical Garden (Kyiv,
Ukraine) and Botanical Garden of Ivan Franko
Lviv National University (Lviv, Ukraine) during
March and September, 2015. The whole col-
lection of tropical and subtropical plants both at
NBG and Botanical Garden of Ivan Franko Lviv
National University (including Ficus spp. plants)
has the status of a National Heritage Collection of
Ukraine. The species author abbreviations were
followed by Brummitt and Powell [1992].

Preparation of 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
in 96% ethanol (in proportion 1:10) at room tem-
perature.

Method of Culturing Pathological Sam-
ple. Aeromonas hydrophila (strain E2/7/15)
isolated locally from gill of rainbow trout (On-
corhynchus mykiss Walbaum) with clinical fea-
tures of furunculosis (kidneys were gray, liver was
pale and fragile, enlarged spleen with exudate in
the body cavity) was used as test organism. Fish
infection had a mixed character (Pseudomonas
fluorescens, A. hydrophila complex, Shewanel-
la putrefaciens ). The increased mortality among
trout has been occurred. Fish with clinical signs
of disease were euthanized with Propiscin (Inland
Fisheries Institute, Poland), anesthetic designed
for fish, in immersion using 2 mL per liter of water.
Samples of internal organs (kidneys, spleen, liver)
weighting 2 g were taken and homogenized be-
fore preincubation in T'SB broth (Tripticase Soya
Broth, Oxoid) for 24 hrs.

Identification Method of the Bacteria. After
preincubation, bacterial culture was transferred to
two different cultivation media: TSA (Tripticase
Soya Agar, Oxoid) and BHIA (Brain Heart In-

fusion Agar, Oxoid) supplemented with 5% of
sheep blood [OIE Fish Diseases Commission
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2000, Fredrichs, 1993]. After 48 hrs of incu-
bation at 27 °C, characteristic pink colonies were
selected for further examination. Bacterial species
were identified with the oxidase test and API E
test kit (Biomerieux, France). The results of the
test were interpreted in accordance with the man-
ufacturer’s protocol, after 24 hrs of incubation at
27 °C. Codes ++V-V—+V+++—+-VV
in API E test were identified as A. hydrophila.
Bacterial Growth Inhibition Test of
Plant Extracts by the Disk Diffusion Meth-
od. Strain tested was plated on TSA medium
('Tryptone Soya Agar) and incubated for 24
hrs at 25 °C. Then the suspensions of micro-
organisms were suspended in sterile PBS and
the turbidity adjusted equivalent to that of a 0.5
McFarland standard. Antimicrobial activity of
extracts was evaluated by using agar well diffu-
sion method [Bauer et al., 1966]. Muller-Hin-
ton agar plates were inoculated with 200 ul
of standardized inoculum (108 CFU/mL)
of bacterium and spread with sterile swabs.
Sterile filter paper discs impregnated by ex-
tract were applied 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). The A. hydrophila isolates were in-
dividually tested against 4 antibiotics. The test-
ed antibiotics were as follows: oxytetracycline
(30 pg), enrofloksacin (5 pg), gentamicin (10 ug);
sulphamethoxazole / trimethoprim (25 pg). 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-
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
diameters of the inhibition zones were measured in
millimeters, and compared with those of the con-
trol and standard susceptibility disks. Activity was
evidenced by the presence of a zone of inhibition
surrounding the well. Each test was repeated six
times. The following zone diameter criteria were
used to assign susceptibility or resistance of bac-
teria to the phytochemicals tested: Susceptible
(S) > 15 mm, Intermediate (I) = 11—14 mm, and
Resistant (R) <10 mm [Okoth et al., 2013].
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REsuLTS. comparison of susceptibility categories, i. e. sus-
The results of screening study of antimicrobial ~ceptible, intermediate, and resistant, for the disk
activity of ethanolic extracts obtained from Ficus diffusion method is shown in Table 1.
spp. leaves are presented in Table 1, Figs 1-5. A

Fig. 1. Antimicrobial activity of ethanolic extracts obtained from F. benghalensis (4), F. benjamina (5) (A),
F. cyathistipula (14), and F. lyrata (15) against A. hydrophila (B) measured as inhibition zone diameter.

Fig. 2. Antimicrobial activity of ethanolic extracts obtained from F. natalensis subsp. leprieurii (34) and F. deltoidea
(36) (A), as well as F. palmeri (50), F. hispida (51), and F. natalensis subsp. natalensis (52) against A. hydrophila

(B) measured as inhibition zone diameter.

Fig. 3. Antimicrobial activity of ethanolic extracts obtained from F. pumila (55, 60) against A. hydrophila (A), and
tested antibiotics measured as inhibition zone diameter.

175



Halyna Tkachenko, Lyudmyla Buyun, Elzbieta Terech-Majewska, Zbigniew Osadowski, Yevgenii Sosnovskyi, Vitaliy Honcharenko, Andriy Prokopiv.

Table 1. Susceptibility or resistance of A. hydrophila against ethanolic extracts obtained from Ficus spp. leaves

Susceptibility or resistance of A. hydrophila

Ficus spp.
Intermediate (I) = 11—14 mm Resistant (R) < 10 mm

F. aspera +

F. benghalensis

F. benjamina

F. benjamina ‘Reginald’ +

F. binnendijkii +

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. clastica “Variegata’

F. erecta

F. erecta var. sicboldii

F. hispida

F. luschanthiana

F. lyrata

F. macrophylla

F. mucuso

F. natalensis subsp. lepricurii

F. natalensis subsp. natalensis

F. palmeri

F. platypoda

e e I I I I o I I A

F. pumila

F. religiosa +

F. rubiginosa +

F. sagittata

F. septica

F sur

F. sycomorus

F. vasta +

F. villosa +
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Our results showed that the A. hydrophi-
la revealed intermediate susceptibility (diame-
ter of inhibition zone) concerning to ethanolic
extracts obtained from F. benghalensis, F. ben-
jamina, F. binnendijkii, F. cyathistipula, F. del-
toidea, F. erecta, F. erecta var. sieboldii, F. hisp-
ida, F. luschanthiana, F. lyrata, F. macrophylla,
F. mucuso, F. natalensis subsp. leprieurii, F. na-
talensis subsp. natalensis, F. palmeri, F. platypo-
da, F. pumila, F. rubiginosa, F. sur, F. sycomorus,
and F. villosa. A. hydrophila was resistant against
ethanolic exstracts from F. aspera, F. benjamina
‘Reginald’, F. binnendijkii ‘Amstel Gold’, F. bin-
nendijkii ‘Amstel King’, F. carica, F. craterosto-
ma, F. drupacea, F. drupacea ‘Black Velvet’,
F. elastica, F. clastica “Variegata’, F. religiosa,
F. sagittata, F. septica, and F. vasta ('Table 1).

Discussion.

Our results indicated that extracts offer a
promising alternative to the use of antibiotics in
controlling A. hydrophila. In our study, most eth-
anolic extracts obtained from Ficus spp. proved
effective against the bacterial strain of Gram-neg-
ative A. hydrophila tested, with 10—12 mm
zones of inhibition being observed. A. hydroph-
ila demonstrated the highest susceptibility against
F. pumila (Table 1, Fig. 3). Among various
species of Ficus with moderate activity against
A. hydrophila, the highest antibacterial activity
for F. benghalensis, F. benjamina, F. deltoidea,
F. hispida, F. lyrata was noted.

[t is well documented that various Ficus
spp. have been used against Gram-positive and
Gram-negative bacteria [ Salem et al., 2013]. The
scientific research on Ficus spp. indicated that
these plants have received increasing interest in
recent years. For instance, F. deltoidea has been
reported to have beneficial pharmaceutical uses as
an antidiabetic, anti-inflammatory, antinocicep-
tive, antimelanogenic, antiphotoaging, antioxidant,
antiulcerogenic, and antibacterial agent with an-
tioxidant, antihyperglycemic, anti-inflammatory,
antiulcerogenic and antinociceptive activity [ Bun-
awan et al., 2014; Dzolin et al., 2015]. Adam and
co-workers (2007) reported that almost all of the
parts of F. deltoidea plant including the root, bark,
leaf and fig have their own medicinal properties.

Abdsamah and co-workers (2012) studied the

in vitro antimicrobial activity of the chloroform,

methanol and aqueous extracts of F. deltoidea
against 2 Gram-positive [Staphylococcus aureus

(IMR S-277), Bacillus subtilis (IMR K-1)], 2
Gram-negative [ Escherichia coli (IMR E-940),
Pseudomonas aeruginosa (IMR P-84)] and 1
fungal strain, Candida albicans (IMR C-44). All
the extracts showed inhibitory activity on the fun-
gus, Gram-positive and Gram-negative bacteria
strains tested except for the chloroform and aque-
ous extracts on B. subtilis, E. coli, and P. aerugi-
nosa [ Abdsamah et al., 2012]. In line with these
studies, in our investigation, ethanolic extract ob-
tained from F. deltoidea showed intermediate an-
tibacterial efficiency against A. hydrophila with
11—13 mm zone of growth inhibition (Fig. 2A).

Similar antibacterial activity was shown for
ethanolic exstract from F. benjamina (Fig. 1).
F. benjamina also possesses high medicinal po-
tential. The plant is also used as antimicrobial,
antinociceptive, antipyretic, hypotensive and an-
ti-dysentery remedy [Imran et al., 2014]. Sirisha
and co-workers (2010) suggested that the leaves,
bark and fruits of F. benjamina contain various
bioactive constituents like cinnamic acid, lactose,
naringenin, quercetin, caffeic acid and stigmas-
terol. The fruit extract of F. benjamina possessed
both antitumor and significant antibacterial activ-
ities. Medicinal importance of this plant encour-
aged us to carry out the antimicrobial study of
the ethanolic extract from the leaves of F. benja-
mina plants against A. hydrophila. Parveen and
co-workers [2009] reported about the isolation
and characterization of a new triterpene, (9,11),
(18,19)-disecoolean-12-en-28-oic acid (1) along
with B-amyrin (2). The compound 1 exhibited
significant antimicrobial activity against Salmo-
nella typhimurium (MTCC-98), C. albicans
(IAO-109), S. aureus (IAO-SA-22), E. coli
(K-12) and low activity against A. niger (lab iso-
late ICAR) and A. brassicola.

Our results demonstrate that F. benghalensis
has intermediate in vitro activity against A. hy-
drophila. Our study is in agreement with stud-
ies of other authors. The bark of F. benghalensis
exhibited significant antibacterial activity against
S. aureus, P. acruginosa and K. pneumoniae
[Gayathri et al., 2009].

Verma and co-workers [2012, 2013] con-
firmed immunostimulatory role of F. benghalensis
(prop-roots) and L. leucocephala (pod seed) in
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Clarias gariepinus when supplemented in artifi-
cial feed. They evaluated the antibacterial activity
of methanolic extracts of F. benghalensis (prop-
root) by measurement of zone of inhibition against
pathogenic bacteria, E. coli and A. hydrophila.
Moreover, juvenile C. gariepinus were fed with
5% powder of F. benghalensis with respective
feeds for 20 days prior to the experiment. Immu-
nomodulatory response of supplementary feed was
studied by challenging the fish intraperitoneal-
ly at weekly intervals, with A. hydrophila. One
set of fish, not challenged with A. hydrophila was
used as a negative control, to analyze any detri-
mental effect of supplementary feed, while posi-
tive control, comprised of challenged fish fed with
non-supplemented feed. Other two groups of fish
were challenged with A. hydrophila and fed with
respective supplementary feeds. Fish fed with sup-
plementary feed showed increased lysozyme activ-
ity and phagocytic index indicating an increase in
non-specific immune response. Moreover, serum
lysozyme, tissue superoxide dismutase, percent-
age phagocytosis, phagocytotic index, nitric oxide
(NO), total serum protein and immunoglobulin
increased significantly in the treated fish compared
to control fish.

In our study, ethanolic extracts of F. lyrata
and F. hispida leaves inhibited growth of A. hy-
drophila (Fig. 1B, 2B). In similar studies con-
siderable antimicrobial activity of F. lyrata also
has been found. Ethyl acetate extract of F. Iyra-
ta latex comprises compounds with antibacterial
and anticandidal properties which can be used as
antimicrobial agents in new drugs for therapy of
infectious diseases. The methanolic extract had
no effect against bacteria except for Proteus mi-
rabilis while the ethyl acetate extract had inhibi-
tion effect on the multiplication of five bacteria
species (E. facecalis, Citobacter freundii, P. acru-
ginosa, E. coli and Proteus mirabilis) [Bidarigh
et al., 2011]. F. Iyrata has been reported to have
numerous bioactive compounds such as arabi-
nose, [3-amyrins, [-carotenes, glycosides, [3-se-
tosterols and xanthotoxol [Jeong and Lachance,
2001; Vaya and Mahmood, 2006]. Findings of
Rizvi and co-workers [2010] suggest that Urso-
lic acid from F. lyrata has excellent antibacterial
activity against several problematic bacteria like
MRSA and ESBL producing bacteria, Pseudo-

monas, Salmonella, Shigella and Vibrio cholerae
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and other known pathogens with drug resistance.
Ursolic acid and Acacetin-7-O-neohesperido-
side contribute significantly to the antimicrobial
activities of the crude extract of F. lyrata [Rizvi
et al., 2010]. Ahmad and Beg [2001] revealed
that glycosides and saponins extracted from leaves
using alcohol had biological effects but they had
no effects on C. albicans, S. aureus and E. coli.

F. hispida was chosen for its abundance of al-
kaloids, carbohydrates, proteins and amino acids,
sterols, phenols, flavonoids, gums and mucilage,
glycosides, saponins, and terpenes [ Ghosh et al.,
2004]. The broad antibacterial activities of this
extract, apparently, could be explained as a result
of the plant secondary metabolites. Previously
have been reported [Salem et al., 2013], that the
therapeutic properties of Ficus species may be at-
tributed to the presence of a wide range of phyto-
chemical compounds. In general, Ficus species are
rich sources of polyphenolic compounds. In par-
ticular, flavonoids and isoflavonoids are respon-
sible for the extract’s strong antioxidant activity
that may be useful in preventing diseases involv-
ing oxidative stress [Sirisha et al., 2010]. Ali and
Chaudhary [2011] have reported that F. hispida
contains wide varieties of bioactive compounds
from different phytochemical groups like alkaloids,
carbohydrates, proteins and amino acids, sterols,
phenols, flavonoids, gums and mucilage, glyco-
sides, saponins, and terpenes. Two substantial
phenanthroindolizidine alkaloids, 6-O-methylty-
lophorinidine and 2-demethoxytylophorine, and
a novel biphenylhexahydroindolizine hispidine
from stem and leaves of F. hispida were isolated
by Venkatachalam and Mulchandani [1982]. Re-
cently, hispidin has been reported to have antican-
cer activity [Ali and Chaudhary, 2011]. All the
detected phenolic acids are known to have anti-
microbial and antioxidant properties [ Jaafar et al.,
2012]. The antimicrobial property of F. hispida
extract may be due to its constituents.

A wide range of chemical compounds have
been also isolated and characterized from F.
deltoidea, particularly from the leaves and figs
[Bunawan et al., 2014]. An initial comprehen-
sive study on volatile compounds produced by
the fruits was conducted by Grison-Pigé and
co-workers [2002]. The volatile compounds iso-
lated and identified are mainly products of the
shikimic acid pathway, terpenoids, and aliphat-
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ic groups, generally present as floral fragranc-
es in plants. Mohd Lip and co-workers [2009]
have isolated and identified moretenol from F.
deltoidea leaves. Later on, an antibacterial com-
pound known as lupeol (C;)H;,0) was also iso-
lated from the leaves of F. deltoidea and exhibit-
ed toxicity against S. aureus, B. subtilis, and E.
coli [Suryati et al., 2011]. Ong and co-workers
[2011] demonstrated enhancement of flavonoid
compounds (rutin, quercetin, and naringenin) in
cell cultures of F. deltoidea influenced by different
carbon sources as well as plant growth regulators.
A comprehensive study on flavonoid compounds
of aqueous extract of F. deltoidea was conduct-
ed by Omar and co-workers [2011], and more
than 25 compounds were identified. Currently,
two bioactive constituents known as vitexin and
isovitexin have been isolated, identified, and eval-
uated to show ai-glucosidase inhibition [Choo et
al., 2012]. The antibacterial activity of this ex-
tract is possibly linked to the presence of flavonoid
compounds. Antibacterial activities of flavonoid
compounds isolated from plant species are well
documented [ Hendrich, 2006; Ferrazzano et al.,
2011; Farzaei et al., 2013]. A high amount of epi-
catechin found in F. deltoidea may be responsible
for the strong radical scavenging activities found
in the extract. A positive correlation was observed
between flavonoid constituents present and radical
scavenging activities of the aqueous extracts of F.
deltoidea [Dzolin et al., 2015]. Chemical analy-
sis found four phenolic compounds (chlorogenic,
p-coumaric, ferulic and syringic acids) in roots,
three (chlorogenic, p-coumaric and ferulic acids)
in stem and only one (caffeic acid) in leaves of
F. benjamina [Imran et al., 2014]. A glucoside,
bengalenoside, was isolated from F. benghalensis
and evaluated for hypoglycemic activity [Garg,
Paliwal, 2011]. The phytochemical screening of
F. benghalensis revealed the presence of saponins,
tannins and flavonoids in aqueous and methanolic
extract [Aswar et al., 2008]. Levels of total phe-
nolic, total flavonol and total flavonoid compounds
in aerial roots in 70 mg/g of extract, 3 mg/g
quercetin equivalent and 5 mg quercetin equiv-
alent /g extract have also been reported [ Sharma
et al., 2009]. Some natural compounds, i. e. glu-
coside, 20-tetratriaconthene-2-one, 6-heptatria-
contene-10-one, pentariacontan-5-one, [3-sitos-
terol-ot-D-glucose and meso-inositol have been

isolated from the bark [Subramanian and Misra,
1978].

Antibacterial flavonoids might be having mul-
tiple cellular targets, rather than one specific site
of action. 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 [ Kumar, Pandey, 2013].

[t is desirable that antibiotic use in fish cultures
will be reduced and replaced by natural medicines
to prevent the emergence of bacterial resistance
in aquatic animals and their environment. Anti-
biotics are widely used in fish farms to prophy-
lactically treat bacterial infections and as a growth
promoter. Despite its widespread use, there is no
regulation on this drug class in fish [Rigos, Troi-
si, 2005 ]. Therefore, use of plant extracts can be
more effective for preventive and therapeutically
aims in aquaculture. In our study, the ethanolic
extracts obtained from various species of Ficus
leaves showed varying inhibitory activities against

A. hydrophila.

CONCLUSIONS.

Present study aimed to investigate the in vitro
antimicrobial activity of the ethanolic leaf extracts
of various Ficus spp., respectively using the disc
diffusion method, against A. hydrophila. Our re-
sults demonstrate that various species of Ficus had
intermediate antibacterial in vitro activity against
A. hydrophila. The highest antibacterial activity
against A. hydrophila was noted for F. benghalen-
sis, F. benjamina, F. deltoidea, F. hispida, F. lyra-
ta. Further studies should be conducted to verify
this activity against other pathogenic bacteria of
interest in aquaculture and to confirm immune re-
sponse involvement or its potential as a virulence
factors inhibitor. Thus, Ficus spp. leaves possess
great medicinal potential for the therapy of bac-
terial and fungal infections and may be used as a
natural antiseptic and antimicrobial agent in vet-
erinary. These products can be used in aquacul-
ture as therapeutic and prophylactic agents against
fish pathogens, with antimicrobial and /or immu-
nostimulant properties. Further investigation is
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necessary to identify those bioactive compounds,
which will be a platform for further pharmacologi-
cal studies and clinical applications.
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AHBTHMHKPO6GHAS aKTHBHOCTD HEKOTOPDIX CIIHPTOBBIX
BKCTpaKTOB, ﬂOJ\yquHle H3 AMCThEB BHZOB
Ficus, B ornomenuun Aeromonas hydrophila

Txkauenxo I'M ., Byion A.H .2, Tepex-Maesckas 3.2, Ocagosckuii 3.1, Cocrosckuii E.B.#,
Toruapenxo B.M 2, Ilpokonus A.HM.#2

1 Kageapa 300r0run 1 pusuororuu xuBotHbix, MHcTHTYT 6HOAOrHE H OXpambI cpeabr, [ loMopckas

Axagemus 8 Cayncke, [Toabma

2 Haumonaabupiit 60tannueckuit cag um. H.H.Tpumxo HAH Yrpauner, Kues, Yxpanua

3 Kageapa smusoorororun, Bapmusucko-Masypcekuit Yansepcurer 8 Oapmroine, [Toabma

4 BOT&HI/I‘-IeCKI/Iﬁ cazg .}\bBOBCKOFO HallHOHAAbBHOI'O YHHBEPCHUTETA HMEHH I/IBaHa CDpaHKO, ]\bBOB,

Ykpauna

? AbBOBCKI/Iﬁ HagHOHa}\beIﬁ YHUBEPCUTET HMEHH I/IBaHa (Dpal-mo, j\bBOB, YKpaHHa

B nacTosimee BpeMsi MHOrOUHCAGHHDBIE A€KaPCTBEHHbIE PACTeHHs, 06AAZAIOIIHe TPOTHBOBUPYCHBIMH,
aHTH6aKTepPHAAbHBIMHU, IPOTHBOTPUOKOBBIMH H IPOTHBONAPa3HTaPHbIMH CBOMCTBAMH, UTPAIOT BazKHYIO
POAb B aKBaKYAbTYpE B KauecTBe MPOPUAAKTHYECKHX U TeparleBTUIECKUX areHTOB B AeUeHHH [apasUTO30B
pbI6. DTO MOCAYUAO OCHOBAHHEM AL CPABHEHMsS] aHTUMHKPOGHOH aKTUBHOCTU CIIHPTOBBIX SKCTPAKTOB
U3 AMCTbeB pasAMuHbIX BUA0B (pukycoB (Moraceae) B otHOmEeHun 6akTepuarbHoro mramma Aeromonas
hydrophila, nsoAupoBaHHOrO AOKaAbHO M3 HH(HUHPOBaHHOK pazy:iHOl poperu (Oncorhynchus mykiss)
C IIeABIO BbIIBAGHHS HAYYHBIX Z0Ka3aTeAbCTB JASl HCIIOAb30BAHHS STHX PACTEHHH B A€4EHHH GaKTepHaAb-
HbIX UH(EKIHUH pbI6, BbisBaHHbIX Aeromonas. Hamm pesyabraTh mokasaau, 4to ucroAb3oBaHHe HCCAE-
ZIOBaHHbIX 3KCTPAKTOB SIBASIETCS TIEPCIIEKTUBHON aAbTePHATHBOH MPUMEHEHHIO aHTHOUOTHKOB C IIEABIO
kouTtpoAst pocta A. hydrophila. IToayyennbie pesyabTaThl CBUAETEABCTBYIOT O TOM, YTO GOABLIIHHCTBO
CITUPTOBBIX SKCTPAKTOB, MOAYYEHHDIX U3 (PUKYCOB, ABASIOTCS 3(D(PEKTHBHBIMH B OTHOIIEHHH POCTa GaKTe-
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puaabuoro mramma A. hydrophila, ¢ 10—12 mm sosamu uaru6uposanust pocta. A. hydrophila oxasaacs
Han60Aee BOCIPHUMYHBBIM B OTHOIIEHHH dKCTPakToB AucTbeB F. pumila. Cpean pasandubx BHAOB (u-
Kyca ¢ yMEePeHHOH aKTHBHOCTbIO B oTHomenuu A. hydrophila, Bbicokas aHTHOaKTepHaAbHAs AKTHBHOCTD
ormeuena y F. benghalensis, F. benjamina, F. deltoidea, F. hispida, F. lyrata. Takum o6pasom, sxcTpak-
ThI U3 AUCTbeB (PUKYCOB 06AAZAI0T GOABIIUM TepareBTHUECKUM MTOTEHIIMAAOM B AeUeHHH GaKTepHaAbHbIX
¥ I'PU6KOBbIX HH(EKIUH U MOTYT ObITh HCIIOAb30BAHbI B KAYECTBE MPUPOAHBIX AHTUCENTHKOB U MPOTH-
BOMHKPOOHDBIX areHToB B BeTepuHapuu. K13 zanHoro mccaesosanus czeran BbIBOJ, YTO 3TH MPOZYKTHI
MOTYT 6bITh MCIIOAb30BaHbl B Ae4e6HO-NIPOPUAAKTHIECKUX MEPOIIPUSATUAX B aKBAKYAbTYpE B KauecTBe
aHTUMUKPOO6HDIX cpeacTB. JarbHefiue uccae10BaHUS HEOGXOAUMDI JAS UAEHTHPUKALIMH GHOAOTHIECKH
aKTHBHbIX COEJMHEHUH, KOTOPbIE MIOCAY2KAT TAAT(GOPMOH A ZAABHEHIIHX (PapMaKOAOTHIECKHX HCCAEZO0-
BaHHUH U KAHUHUYECKOTO IIPUMEHEHHSI.

Kawuerble caoBa: antubaktepuarbnas aktuBHOCTb, Aeromonas hydrophila, pazy:xuas goperb
Oncorhynchus mykiss, Ficus spp., ciupToBble 3KCTPAKTbI, 30HA MHTUOUPOBAHHUS POCTA.
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