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Many species belonging to the Ficus genus (Moraceae) contain several active compounds
such as flavonoids, tannins, sesquiterpenes, alkaloids, and saponins which possess biological
activities such as antioxidant, anticancer, anti-inflammation, antiviral, antibacterial, and others. In
this study, we evaluated the antimicrobial activity of the ethanolic extract derived from the leaves of
Ficus lingua Warb. ex De Wild. & T.Durand against some Gram-positive and Gram-negative
strains in order to evaluate the possible use of this plant in preventing infections caused by these
bacteria both in veterinary and medicine. The leaves of Ficus lingua, cultivated under glasshouse
conditions, were sampled at M.M. Gryshko National Botanic Garden (NBG), National Academy of
Science of Ukraine. The testing of the antibacterial activity of the plant extracts was carried out in
vitro by the Kirby-Bauer disc diffusion technique. In the current study, Gram-negative strains such
as Escherichia coli (Migula) Castellani and Chalmers (ATCC® 25922™)  Escherichia coli
(Migula) Castellani and Chalmers (ATCC® 35218™), Pseudomonas aeruginosa (Schroeter)
Migula (ATCC® 27853™) and Gram-positive strains such as Staphylococcus aureus subsp. aureus
Rosenbach (ATCC® 29213™), Staphylococcus aureus subsp. aureus Rosenbach (ATCC® 25923™),
methicillin-resistant (MRSA), mecA positive Staphylococcus aureus (NCTC® 12493), Enterococcus
faecalis (Andrewes and Horder) Schleifer and Kilpper-Balz (ATCC® 51299™) (resistant to
vancomycin; sensitive to teicoplanin) and Enterococcus faecalis (Andrewes and Horder) Schleifer
and Kilpper-Balz (ATCC® 29212™) were used. Results of the current study revealed that both
Gram-positive and Gram-negative strains were sensitive to the F. lingua extract. Gram-positive
strains such as S. aureus subsp. aureus Rosenbach (ATCC® 29213™), S. qureus subsp. aureus
Rosenbach (ATCC® 25923™), E. faecalis (Andrewes and Horder) Schleifer and Kilpper-Balz
(ATCC® 51299™) and E. faecalis (Andrewes and Horder) Schleifer and Kilpper-Balz (ATCC®
29212™) were sensitive to the F. lingua extract. The highest diameters of inhibition zones after the
application of the F. lingua extract were observed for S. aureus subsp. aureus strains. This study
demonstrates the antibacterial potential of ethanolic extract derived from the leaves of F. lingua
and for use in the treatment of bacterial infection. The bioactive compounds of F. lingua extract, as
well as its main biological activities, make it a promising candidate for communicable disease
management.

Keywords: Ficus lingua Warb. ex De Wild. & T.Durand, Kirby-Bauer disc diffusion
technique, Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Enterococcus
faecalis.
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Tkauenko I'., Byion JI., I'aciok O., becuacuuii C.,
I'onuapenko B., [Ipoxkonis A., Kypramwok H.

AHTUBAKTEPIAJIBHA AKTUBHICTb ETAHOJIOBOI'O EKCTPAKTY,
OTPUMAHOI'O 3 JIUCTHA FICUS LINGUA WARB. EX DE WILD. & T.DURAND
(MORACEAE) NIPOTHU AESIKUX TPAMITIO3UTUBHUX
ITPAMHETATUBHUX HITAMIB

baecamo sudis, wo nanesxicams 0o poody Ficus (Moraceae), micmamo KilbKa aKmMuGHUX CHOJYK,
Maxkux K ¢ragoHoiou, 0yOUNbHI peuo8UHU, CecKeimepnenu, aiKaioiou ma CanoHinu, AKi Maoms
AHMUOKCUOAHMHY, NPOMUNYXTUHHY, NPOMUSANATbHY, NPOMUBIPYCHY, AHMUOAKMEPIATbHY ma THi
gracmugocmi. Y ybomy O00CHIONCeHHI MU BUBYANU AHMUMIKPOOHY QKMUBHICMb CHUPMOBO2O
excmpakmy, ompumarnozo 3 aucms Ficus lingua Warb. ex De Wild. & T.Durand npomu oesaxux
2PAMNOZUMUBHUX | SPAMHE2AMUBHUX ULMAMIE, W00 OYIHUMU MONCIUBE BUKOPUCTNAHHA YIEL pOCIUHU
07151 3anodieaHts IHpeKYIsIM, BUKTUKAHUM YUMU OaKmepisamu, K y emepunapii, max i 6 MeOuyuHi.
Jlucma Ficus lingua, Kyibmugosanux 6 meniuuHux ymoeax, eiooupanu y Hayionanrernomy
oomaniunomy cady imeni M.M. I puwxa (HEC) HAH Yxpainu.

Bunpobyesanns anmubaxmepiaibHoi akmueHoCcmi poCIUHHUX eKCIMPAKMIE NPOo8oOUlU in Vitro
memooom ouckoeoi oughyzii’ Kipoi-bayepa. Y nomounomy 00CniodxcenHi epamuecamusHi wmami,
maxki sk Escherichia coli (Migula) Castellani i Chalmers (AT cCc® 25922™) Escherichia coli
(Migula) Castellani ma Chalmers (ATCC® 35218™), Pseudomonas aeruginosa (Schroeter) Migula
(ATCC® 27853™) ma epamnosumusni wmamu, maxi sk Staphylococcus aureus subsp. aureus
Rosenbach (ATCC®™ 29213™), Staphylococcus aureus subsp. aureus Rosenbach (ATCC® 25923™),
methicillin-resistant (MRSA), mecA positive Staphylococcus aureus (NCTC® 12493), Enterococcus
faecalis (Andrewes and Horder) Schleifer and Kilpper-Balz (ATCC® 51299™) (cmitikuii npomu
BAHKOMIYUHY, dymausuil 00 metikonianiny) i Enterococcus faecalis (Andrewes and Horder)
Schleifer and Kilpper-Balz (ATCC® 29212™) Gyno euxopucmano. Pesyntsmamu nomouroeo
00CIONCEHHS NOKA3ANU, WO AK 2PAMAOZUMUBHI, MAK [ SPAMHE2AMUSHT Wmamu OVau Yyymauei 0o
excmpaxkmy F. lingua. I'pam-nosumueni wmamu, maxi sk S. aureus subsp. aureus Rosenbach
(ATCC® 29213™), S. qureus subsp. aureus Rosenbach (ATCC® 25923™), E. faecalis (Andrewes
and Horder) Schleifer ma Kilpper-Balz (ATCC® 51299™) | E. faecalis (Andrewes and Horder)
Schleifer ma Kilpper-Balz (ATCC® 29212™) 6ye yymausuii do excmpaxmy F. lingua. Haii6inbuiui
diamemp 30H iH2iOy8anHA nicia 3acmocysanns ekcmpaxkmy F. lingua cnocmepieascs ons S. aureus
subsp. aureus strains. Ile Oocniddicennss OemoHCcmMpye  AHMUOAKMEPIANbHUL  NOMEHYIAN
eMAaHONbHO2O eKCcmpakmy, ompumanoeo 3 aucms F. lingua, ons euxopucmanmns npu niKyeaHi
bakmepianvuux ingexyiiu. bBioakmueni cnonyku excmpaxmy F. lingua, a maxodc iioco ocnoena
bionociuna akmueHicmes pooONsAms 1020 NePCneKMUSHUM KAHOUOAMOM OJisl IKY8AHHA IHGeKYiliHux
3aX60PIOBAHD.

Karuosi ciosa: Ficus lingua Warb. ex De Wild. & T.Durand, nuckonudysiiiauii meton Kipoi-
bayepa, Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Enterococcus faecalis.

INTRODUCTION

The mulberry family (Moraceae) is represented by mainly woody tropical or (more rarely)
temperate species with specialized canals within their body containing milky latex, the feature most
obviously distinguishing the family from other members of the order Urticales in which it is
currently placed. The family comprises 37 genera and 1050-1100 species with a diversity of growth
forms, including terrestrial trees, shrubs, climbers, hemi-epiphytes, subshrubs, and herbs [9, 10, 14].
Ficus L. is the largest within the family, containing ca 750 species distributed in the tropics and
subtropics worldwide. Despite the exceptionally large species diversity of Ficus unproportional to
that of other moraceous taxa, its consideration as a single entity is well-grounded on a number of

39



D) Jlhupoguusui asenanax 3

specific features, among which are the presence of waxy glands on vegetative plant parts,
heterostyly, and anthesis of staminate flowers when the fruits are mature. The last two
characteristics are functionally linked to the unique pollination mode in the genus involving
mutualistic relationships with insects from the family Agaonidae (Hymenoptera) commonly
referred to as «fig wasps» [8, 9, 11, 25].

Among the pharmacological properties demonstrated for the species belonging to the Ficus
genus are antioxidants [4], antidiabetic [15], anti-inflammatory [24], anticancer [3], antitumor [35]
and antiproliferative [29], antimutagenic [28], antimicrobial [23], anti-helminthic [6],
hepatoprotective [17], wound healing [19], anticoagulant [21], immunomodulatory activities [16],
antistress [38], toxicity studies [26], and larvicidal effects [28, 36]. Many reports have revealed that
Ficus species contained a wide range of phytoconstituents, including phenols, flavonoids, alkaloids,
tannins, saponins, terpenoids, glycosides, sugar, protein, essential and volatile oils, and steroids
[28]. Cruz and co-workers [12] have compiled the main reports over the last 5 years concerning the
Ficus spp. fruits based on chemistry, properties, and applications as products. About 30 Ficus spp.
fruits were reported focusing on their chemical composition rich in phenolic acids such as gallic,
caffeic, and chlorogenic acids, as well as quercetin and cyanidin derivatives. The fruits from the
Moraceae family presented mainly antioxidant and antimicrobial properties in addition to other
functional properties to consumer's health [12]. Thus, plants belonging to the Ficus genus could be
considered a priori as a good source of natural compounds to treat, prevent and control many
diseases and disorders [15].

Many plants of the family Moraceae are used in the treatment of infectious diseases [22]. In
our previous studies, we also assessed the antibacterial activity of ethanolic extracts derived from
leaves of Ficus species against many bacterial and fungus strains [39-42]. In this study, we
evaluated the antimicrobial activity of the ethanolic extract derived from the leaves of Ficus lingua
Warb. ex De Wild. & T.Durand against some Gram-positive and Gram-negative strains in order to
evaluate the possible use of this plant in preventing infections caused by these bacteria both in
veterinary and medicine.

Ficus lingua is an evergreen shrub, sometimes with a climbing habit, or can become a tree
with a spreading, much-branched crown; it can grow up to 30 meters tall (African Flowering Plants
Database, Conservatoire et Jardin Botaniques; Tropical Plants Database) [46]. It often starts life
as an epiphyte in the branch of a tree and can eventually send down aerial roots that, once they
reach the ground, provide extra nutrients that help the plant grow more vigorously. These aerial
roots can completely encircle the trunk of the host tree, constricting its growth — this, coupled with
the more vigorous top growth, can lead to the fig outcompeting and killing the tree in which it is
growing (Protabase — Plant Resources of Tropical Africa) [33]. The tree is traditionally used as a
source of fiber from which cloth can be made. The cloth is traditionally made by removing pieces of
bark from the bole and large branches, then soaking it in water for several days, drying it in the
shade and then beating it with a mallet to make it supple enough for use It is sometimes grown to
provide shade and as an ornamental and bonsai tree (Protabase — Plant Resources of Tropical
Africa; Tropical Plants Database). The range of F. lingua in tropical Africa is Liberia, through the
moister parts of Africa to Uganda and Kenya, south to DR Congo, Malawi, Mozambique, and
Swaziland. The habitat - evergreen humid forest; coastal bushland; coral outcrops; Hemi-epiphytic,
strangler or secondarily terrestrial; sometimes growing on rocks. At elevations up to 1,200 meters
(African Flowering Plants Database, Conservatoire et Jardin Botaniques; Protabase — Plant
Resources of Tropical Africa) [2].

The current study was conducted as a part of an ongoing project between the Institute of
Biology and Earth Sciences (Pomeranian University in Stupsk, Poland), M.M. Gryshko National
Botanic Gardens of National Academy of Sciences of Ukraine (Kyiv, Ukraine), and Ivan Franko
Lviv National University (Lviv, Ukraine) undertaken in the frame of cooperation program aimed at
assessment of medicinal properties of tropical plants, cultivated ex-situ.
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MATERIALS AND METHODOLOGY

Collection of Plant Materials and Preparation of Plant Extracts. The leaves of F. lingua,
cultivated under glasshouse conditions, were sampled at M.M. Gryshko National Botanic Garden
(NBG), National Academy of Science of Ukraine. The leaves (fig. 1) were brought into the
laboratory for antimicrobial studies. Freshly sampled leaves were washed, weighed, and
homogenized in 96% ethanol (in the ratio of 1:19, w/w) at room temperature. The extracts were
then filtered and investigated for their antimicrobial activity.

This study was carried out during the Scholarship Program supported by The International
Visegrad Fund in the Department of Zoology and Animal Physiology, Institute of Biology and
Earth Sciences, Pomeranian University in Slupsk (Poland). We are cordially grateful to The
International Visegrad Fund for supporting our study.

Fig. 1. Twig of Ficus lingua Warb. ex De Wild. & T. Durand.
Photo: Lyudmyla I. Buyun

Determination of the antibacterial activity of plant extracts by the disk diffusion method.
The testing of the antibacterial activity of the plant extracts was carried out in vitro by the Kirby-
Bauer disc diffusion technique [7]. In the current study, Gram-negative strains such as Escherichia
coli (Migula) Castellani and Chalmers (ATCC® 25922™), Escherichia coli (Migula) Castellani and
Chalmers (ATCC" 35218™), Pseudomonas aeruginosa (Schroeter) Migula (ATCC® 27853™) and
Gram-positive strains such as Staphylococcus aureus subsp. aureus Rosenbach (ATCC® 29213™),
Staphylococcus aureus subsp. aureus Rosenbach (ATCC® 25923™)  methicillin-resistant (MRSA),
mecA positive Staphylococcus aureus (NCTC®™ 12493), Enterococcus faecalis (Andrewes and
Horder) Schleifer and Kilpper-Balz (ATCC® 51299™) (resistant to vancomycin; sensitive to
teicoplanin) and Enterococcus faecalis (Andrewes and Horder) Schleifer and Kilpper-Balz (ATCC®
29212™) were used.

The strains were inoculated onto Mueller-Hinton (MH) agar dishes. Sterile filter paper discs
impregnated with extract were applied over each of the culture dishes. Isolates of bacteria with
extract were then incubated at 37 °C for 24 h. The Petri dishes were then observed for the zone of
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inhibition produced by the antibacterial activity of F. lingua extract. A control disc impregnated
with 96% ethanol was used in each experiment. At the end of the 24-h period, the inhibition zones
formed were measured in millimeters using the vernier. For each strain, eight replicates were
assayed (n = 8). The Petri dishes were observed and photographs were taken. The susceptibility of
the test organisms to the F. lingua extract was indicated by a clear zone of inhibition around the
discs containing the extract and the diameter of the clear zone was taken as an indicator of
susceptibility. 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
(S) > 15 mm, Intermediate (I) = 10—15 mm, and Resistant (R) < 10 mm [30, 43, 44].

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)
[50].

RESULTS AND DISCUSSION
The antibacterial activity induced by the ethanolic extract derived from the leaves of F. lingua
estimated as diameters of growth inhibition zones of examined Gram-positive and Gram-negative
strains was presented in Figures 2 and 3.

Enterococcus faecalis (Andrewes and Horder) Schleifer and Kilpper-Balz (ATCC® 29212™) —4— 1471 *

Control (96% ethanol) —+— 818

Enterococcus faecalis (Andrewes and Horder) Schleifer and Kilpper-Balz (ATCC® 51299™) 4 1364 *

Control (96% ethanol) 4 7,53

Staphylococcus aureus (NCTC® 12493) —— 13,34 *

Control (96% ethanol) —4— 833

Staphylococcus aureus subsp. aureus Rosenbach (ATCC® 25923™) —— 1519 %

Gram-positive strains

Control (96% ethanol) 1 981

Staphylococcus aureus subsp. aureus Rosenbach (ATCC® 29213™) —4— 17,56 *

Control (96% ethanol) —4— 894
=1 1028 *

= 7,12

Pseudomonas aeruginosa (Schroeter) Migula (ATCC® 27853™)

Control (96% ethanol)

Escherichia coli (Migula) Castellani and Chalmers (ATCC® 35218™) —— 12,82 *

Control (96% ethanol) =8 7

Escherichia coli (Migula) Castellani and Chalmers (ATCC® 25922™) —4— 1549 *

Gram-negative strains

Control (96% ethanol)

1 802

0 5 10 15 20

Diameters of inhibition zones, mm

Fig. 2. The antibacterial activity of the ethanolic extract derived from the leaves of Ficus
lingua 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.).
* denote significant differences between the control (96% ethanol) and F. lingua extract (p < 0.05).
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E F
Fig. 3. Inhibition growth zones induced by the F. lingua extract against Enterococcus
faecalis (Andrewes and Horder) Schleifer and Kilpper-Balz (ATCC® 29212T™) (A),
Enterococcus faecalis (Andrewes and Horder) Schleifer and Kilpper-Balz (ATCC® 51299™™)
(B), Staphylococcus aureus subsp. aureus Rosenbach (ATCC® 29213™) (C), Staphylococcus
aureus (NCTC® 12493) (D), Escherichia coli (Migula) Castellani and Chalmers (ATCC®
25922™) (E), Pseudomonas aeruginosa (Schroeter) Migula (ATCC® 27853™) (F)

Results of the current study revealed that both Gram-positive and Gram-negative strains were
sensitive to the ethanolic extract derived from the leaves of F. lingua. The diameters of inhibition
zones for E. coli (Migula) Castellani and Chalmers (ATCC®™ 25922™™) strain after the application of
F. lingua extract were increased to (15.49 = 0.91 mm) compared to the 96% ethanol as control
samples (8.02 £ 0.61 mm). Similar results were obtained for the E. coli (Migula) Castellani and
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Chalmers (ATCC® 35218™) strain. The diameters of inhibition zones after the application of F.
lingua extract were increase to (12.82 £ 0.79 mm) compared to the 96% ethanol as control samples
(7.0 £ 0.64 mm). The percentage of increase in the inhibition zone diameters was 93% and 83% for
E. coli (Migula) Castellani and Chalmers (ATCC® 25922™) and E. coli (Migula) Castellani and
Chalmers (ATCC® 35218™) strains, respectively. P. aeruginosa (Schroeter) Migula (ATCC®
27853™) strain was resistant to the F. lingua extract. The diameters of inhibition zones after the
application of F. lingua extract were (10.28 + 0.63 mm) compared to the 96% ethanol as control
samples (7.12 £ 0.56 mm) (Fig. 2).

Gram-positive strains were also sensitive to the F. lingua extract. S. aureus strains exhibited
intermediate activity to the F. lingua extract. S. aureus (NCTC® 12493) strain was less sensitive
then S. aureus subsp. aureus Rosenbach (ATCC® 29213™) and S. aureus subsp. aureus Rosenbach
(ATCC®™ 25923™) strains. Diameters of inhibition zones after application of the F. lingua extract
were (17.56 £1.11 mm) compared to the 96% ethanol as control samples (8.94 + 0.79 mm) for S.
aureus subsp. aureus Rosenbach (ATCC®™ 29213™) strain, (15.19 + 1.08 mm) compared to the
96% ethanol as control samples (9.81 + 0.77 mm) for S. aureus subsp. aureus Rosenbach (ATCC®
25923™) strain, and (13.34 + 0.88 mm) compared to the 96% ethanol as control samples (8.33
+0.74 mm) for S. aureus (NCTC® 12493) strain. The increase of diameters of inhibition zones after
the application of the F. lingua extract was 96% (p < 0.05), 55% (p < 0.05), and 60% (p < 0.05) for
S. aureus subsp. aureus Rosenbach (ATCC® 29213™), S. aureus subsp. aureus Rosenbach
(ATCC® 25923™) and S. aureus (NCTC®™ 12493) strains, respectively, compared to the control
samples (96% ethanol) (Fig. 2).

E. faecalis strains were also sensitive to the F. lingua extract (Fig. 2). Diameters of inhibition
zones after application of the F. lingua extract were (13.64 £ 0.95 mm) compared to the 96%
ethanol as control samples (7.53 + 0.60 mm) for E. faecalis (Andrewes and Horder) Schleifer and
Kilpper-Balz (ATCC® 51299™) strain and (14.71 + 1.05 mm) compared to the 96% ethanol as
control samples (8.18 £ 0.55 mm) for E. faecalis (Andrewes and Horder) Schleifer and Kilpper-
Balz (ATCC®™ 29212™) strain. The increase of diameters of inhibition zones after the application of
the F. lingua extract was 81% (p < 0.05) and 80% (p < 0.05) for E. faecalis (Andrewes and Horder)
Schleifer and Kilpper-Balz (ATCC®™ 51299™) and E. faecalis (Andrewes and Horder) Schleifer and
Kilpper-Balz (ATCC®™ 29212™) strains, respectively (Fig. 2).

Detailed photos regarding the zones of inhibition induced by the F. lingua extract against
Gram-positive and Gram-negative bacterial strains were recorded and presented in Figure 3.

In line with our previous studies according to the antibacterial potential of different plant
extracts, in the current study, we examined the antibacterial potential of an ethanolic extract derived
from the leaves of F. lingua against Gram-positive and Gram-negative bacterial strains. Sensitivity
to the F. lingua extract were Gram-negative bacterial strains, such as E. coli (Migula) Castellani and
Chalmers (ATCC® 25922™), E. coli (Migula) Castellani and Chalmers (ATCC® 35218™), P.
aeruginosa (Schroeter) Migula (ATCC® 27853™) strains. The diameters of inhibition zones after
the application of the F. lingua extract ranged from 10.1 to 16.8 mm. On the other hand, Gram-
positive strains such as S. aureus subsp. aureus Rosenbach (ATCC® 29213™), S. aureus subsp.
aureus Rosenbach (ATCC®™ 25923™), methicillin-resistant S. aureus (NCTC® 12493), E. faecalis
(Andrewes and Horder) Schleifer and Kilpper-Balz (ATCC® 51299™) and E. faecalis (Andrewes
and Horder) Schleifer and Kilpper-Balz (ATCC® 29212™) were sensitive to the F. lingua extract.
The highest diameters of inhibition zones after the application of the F. lingua extract were
observed for S. aureus subsp. aureus strains (Figures 2 and 3).

In our previous study, we screened the antimicrobial activity of the ethanolic extract of F.
lingua against fish pathogen — three Aeromonas strains (Aeromonas sobria, Aeromonas hydrophila,
Aeromonas salmonicida subsp. salmonicida). The leaf extract of F. lingua used in this study has
bactericidal properties which make it very attractive for use in fish aquaculture. Its uses will reduce
the side effects of applying synthetic compounds. The ethanolic extract obtained from leaves of F.
lingua exhibited the maximum antimicrobial activity against Aeromonas sobria strain (inhibition
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zone diameter was 19.38 + 1.27 mm), Aeromonas hydrophila (16.06 = 1.05 mm), and Aeromonas
salmonicida subsp. salmonicida (11.25 + 1.16 mm). The most susceptible strain to the antimicrobial
activity of F. lingua was Aeromonas sobria. However, further study is needed to determine the
effects of the active compounds present in the leaf extract of F. lingua on fish metabolism in in
vitro and in vivo studies. Present results suggest the possibility of using such extracts in in vivo
studies in order to corroborate if could be possible to use those extracts in aquaculture in order to
achieve protection against pathogenic infections [31].

Many researchers have revealed the antioxidant properties of many species belonging to the
Ficus genus. For example, Aref and co-workers [5] have investigated methanolic, hexanoic,
chloroformic, and ethyl acetate extracts of Ficus carica L. latex collected from Chott Mariam
Souse, Middle East coast of Tunisia against five bacteria species and seven strains of fungi. The
antimicrobial activity of the extracts was evaluated and based respectively on the inhibition zone
using the disc-diffusion assay, minimal inhibition concentration (MIC) for bacterial testing, and the
method by calculating inhibition percentage (1%) for fungi-inhibiting activities. The methanolic
extract had no effect against bacteria except for Proteus mirabilis while the ethyl acetate extract had
an inhibition effect on the multiplication of five bacteria species (Enterococcus faecalis,
Citrobacter freundii, Pseudomonas aeruginosa, Escherichia coli, and Proteus mirabilis). For the
opportunist pathogenic yeasts, ethyl acetate and chloroformic fractions showed a very strong
inhibition (100%); methanolic fraction had a total inhibition against Candida albicans (100%) at a
concentration of 0.500 mg/ml and a negative effect against Cryptococcus neoformans.
Microsporum canis was strongly inhibited with methanolic extract (75%) and totally with ethyl
acetate extract at a concentration of 0.750 mg/ml. The hexanoic extract showed medium results [5].

In our previous study [45], an ethanolic extract derived from leaves of F. carica was tested for
its antibacterial activity against Gram-negative bacteria Klebsiella pneumoniae (ATCC 700603),
Pseudomonas aeruginosa (ATCC 27853), and Escherichia coli (ATCC 25922), Gram-positive
bacteria Staphylococcus aureus (ATCC 25923), methicillin-resistant Staphylococcus aureus and
Streptococcus pneumoniae (ATCC 49619), as well as fungus Candida albicans. The ethanolic
extract of F. carica exhibited mild antimicrobial activity against the Gram-positive bacteria (10.4
mm of inhibition zone diameter for methicillin-resistant S. aureus and 14.28 mm for S. aureus), and
the Gram-negative bacteria (13.25 mm for E. coli). K. pneumonia, P. aeruginosa, and S.
pneumoniae appeared to be less sensitive to the extract, the inhibition zones were 9.75 mm, 8.69
mm, and 8.56 mm, respectively. The antibacterial activity of leaf extract is possible could be
explained by the presence of flavonoids, steroids, saponins, and/or tannins. The high antimicrobial
activity may perhaps be due to leaves content of rutin, quercetin, luteolin, phenolic acids, and
phytosterols [34].

Antimicrobial activities of some Thai traditional medical longevity formulations from plants
and antibacterial compounds from Ficus foveolata (Mig.) Wall. ex Mig. (synonym of Ficus
sarmentosa Buch.-Ham. ex Sm.) were studied by Meerungrueang and Panichayupakaranant [27].
The ethyl acetate extract of F. foveolata showed the strongest antibacterial activity with minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values of 19.5-39.0
and 39.0-156.2 pg/mL, respectively. On the basis of antibacterial assay-guided isolation, seven
antibacterial compounds, including 2,6-dimethoxy-1,4-benzoquinone (1), syringaldehyde (2),
sinapaldehyde (3), coniferaldehyde (4), 33-hydroxystigmast-5-en-7-one (5), umbelliferone (6), and
scopoletin (7), were purified. Among these isolated compounds, 2,6-dimethoxy-1,4-benzoquinone
(1) exhibited the strongest antibacterial activities against Streptococcus pyogenes, Streptococcus
mitis, Streptococcus mutans with MIC values of 7.8, 7.8, and 15.6 ug/mL, and MBC values of 7.8,
7.8, and 31.2 pg/mL, respectively [27].

Qualitative phytochemical screening and in vitro antimicrobial effects of methanol stem bark
extract of Ficus thonningii Blume were done by Usman and co-workers [47]. The phytochemical
tests revealed the presence of alkaloids, anthraquinones, carbohydrates, flavonoids, saponins, and
tannins. The antimicrobial activity of the plant extract was assayed using the agar plate disc
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diffusion and nutrient broth dilution techniques. Test microorganisms were Escherichia coli,
Klebsiella spp., Pseudomonas aeruginosa, Salmonella typhi (Gram-negative), Staphylococcus
aureus, and Streptococcus spp. (Gram-positive). The extracts inhibited the growth of all the test
organisms at different concentrations, especially against Pseudomonas aeruginosa and
Streptococcus spp. The results showed a MIC of 10 mg'ml™ against Pseudomonas and 1.25 against
the remaining organisms tested. The MBC against Staphylococcus aureus was 2.5 mg'ml™ and that
of Streptococcus spp. was found to be 0.625 mg'ml™. The extracts showed varied inhibitory activity
against the organisms studied [47].

Abdsamah and co-workers [1] have investigated the in vitro antimicrobial activity of the
chloroformic, methanolic and aqueous extracts of Ficus deltoidea Jack at 10 mg/ml, 20 mg/ml and
50 mg/ml, respectively using the disc diffusion method 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 fungus, Gram-positive and Gram-negative bacteria strains
tested except for the chloroformic and aqueous extracts on B. subtilis, E. coli, and P. aeruginosa.
The methanolic extract exhibited good antibacterial and antifungal activities against the test
organisms. The methanolic extract significantly inhibited the growth of S. aureus forming a wide
inhibition zone (15.67 £ 0.58 mm) and the lowest minimum inhibitory concentration (MIC) value
(3.125 mg/ml). B. subtilis was the least sensitive to the chloroform extract (6.33 + 0.58 mm) and
highest minimum inhibitory concentration (MIC) value (25 mg/ml) [1].

Also, Kuete and co-workers [23] have assessed the antimicrobial activity of the methanol
extract from the roots of Ficus polita VVahl. (FPR), as well as that of its fractions (FPR1-5) and two
of the eight isolated compounds, namely euphol-3-O-cinnamate (1) and (E)-3,5,4'-trihydroxy-
stilbene-3,5-O-B-D-diglucopyranoside (8). The results of the MIC determination showed that the
crude extract, fractions FPR1, FPR2, and compound 8 were able to prevent the growth of the eight
tested microorganisms. Other samples showed selective activity. The lowest MIC value of 64 pug/ml
for the crude extract was recorded on 50% of the studied microbial species. The corresponding
value for fractions of 32 ug/ml was obtained on Salmonella typhi, Escherichia coli, and Candida
albicans ATCC strains. The MIC values recorded with compound 8 on the resistant Pseudomonas
aeruginosa PAO1L strain were equal to that of chloramphenicol used as a reference antibiotic. The
obtained results highlighted the interesting antimicrobial potency of F. polita as well as that of
compound 8 and provided the scientific basis for the traditional use of this taxon in the treatment of
microbial infections [23].

The different bactericidal activity observed in this study may be due to the different
components extracted. Among the most abundant components present in leaves of various Ficus
plants, flavonoids, phenolic acids and especially terpenoids present bactericidal activity. Terpenoids
are natural compounds originating from five-carbon isoprene units and are responsible for the
protection of various plants against herbivores and pathogens [49]. The perturbation of ion
homeostasis upon an increase in cell wall permeability is key for the action of terpenoids against
bacteria cells [18]. In the study of Ergiiden [18], the antibacterial activity of 12 different terpenoids
or related structures in a comparative way and revealed that the phenolic terpenoids are superior to
other substituted derivatives against both Gram-negative Escherichia coli and Gram-positive
Staphylococcus aureus bacteria. An immediate loss of cell membrane integrity and ion leakage
upon treatment of both Gram-negative and Gram-positive cells with phenolic terpenoids carvacrol
and thymol were observed [18]. The combination of carvacrol and thymol has bacteriostatic and
bactericidal activities. Four terpenoids (carvacrol, thymol, eugenol, and nootkatone) exhibited
bacteriostatic and bactericidal activities when used at low concentrations for 5-10 min. The most
effective bactericidal activity was observed for Gram-negative bacteria [49]. After prolonged
treatment, leakage of genetic material and an increase in membrane permeability for molecules
were also observed [18]. Guimardes and co-workers [20] have investigated the antibacterial activity
of 33 free terpenes commonly found in essential oils and evaluated the cellular ultrastructure to
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verify possible damage to the cellular membrane. The higher antimicrobial activity was related to
the presence of hydroxyl groups (phenolic and alcohol compounds), whereas hydrocarbons resulted
in less activity. The first group, such as carvacrol, I-carveol, eugenol, trans-geraniol, and thymol,
showed higher activity when compared to sulfanilamide. The mechanism causing the cell death of
the evaluated bacteria is based on the loss of cellular membrane integrity of function [20].

Flavonoids, a wide variety of phenolic secondary metabolites, are also well-known as
antibacterial agents against a wide range of pathogenic microorganisms [37, 48]. Several high-
quality investigations have examined the relationship between flavonoid structure and antibacterial
activity and these are in close agreement [13]. The proposed antibacterial mechanisms of flavonoids
are as follows: inhibition of nucleic acid synthesis, inhibition of cytoplasmic membrane function,
inhibition of energy metabolism, inhibition of the attachment and biofilm formation, inhibition of
the porin on the cell membrane, alteration of the membrane permeability, and attenuation of the
pathogenicity [13, 48]. The natural phenols and their semisynthetic derivatives were tested by
Pinheiro and co-workers [32] for their antimicrobial activity against the bacteria: Staphylococcus
aureus, Escherichia coli, Listeria innocua, Pseudomonas aeruginosa, Salmonella enterica
typhimurium, Salmonella enterica ssp. enterica, and Bacillus cereus [32].

CONCLUSIONS

In summary, this study provides insight into the in vitro antibacterial activity of an ethanolic
extract derived from the leaves of Ficus lingua against Gram-negative strains such as E. coli
(Migula) Castellani and Chalmers (ATCC® 25922™), E. coli (Migula) Castellani and Chalmers
(ATCC® 35218™), P. aeruginosa (Schroeter) Migula (ATCC®™ 27853™) and Gram-positive strains
such as S. aureus subsp. aureus Rosenbach (ATCC®™ 29213™), S. aureus subsp. aureus Rosenbach
(ATCC®™ 25923™) methicillin-resistant (MRSA) S. aureus (NCTC® 12493), E. faecalis (Andrewes
and Horder) Schleifer and Kilpper-Balz (ATCC® 51299™) (resistant to vancomycin; sensitive to
teicoplanin) and E. faecalis (Andrewes and Horder) Schleifer and Kilpper-Balz (ATCC® 29212™)
Results of the current study revealed that both Gram-positive and Gram-negative strains were
sensitive to the F. lingua extract. Gram-positive strains such as S. aureus subsp. aureus Rosenbach
(ATCC®™ 29213™), S. aureus subsp. aureus Rosenbach (ATCC® 25923™), E. faecalis (Andrewes
and Horder) Schleifer and Kilpper-Balz (ATCC® 51299™) and E. faecalis (Andrewes and Horder)
Schleifer and Kilpper-Balz (ATCC" 29212™) were sensitive to the F. lingua extract. The highest
diameters of inhibition zones after the application of the F. lingua extract were observed for S.
aureus subsp. aureus strains. This study demonstrates the antibacterial potential of ethanolic extract
derived from the leaves of F. lingua and for use in the treatment of bacterial infection. The
bioactive compounds of F. lingua extract, as well as its main biological activities, make it a
promising candidate for communicable disease management.

Acknowledgments
This work was supported by The International Visegrad Fund, and the authors are cordially
grateful for this.

REFERENCES

1. Abdsamah O, Zaidi NT, Sule AB. Antimicrobial activity of Ficus deltoidea Jack (Mas
Cotek). Pak J Pharm Sci. 2012;25(3):675-678.

2. African Flowering Plants Database, Conservatoire et Jardin Botaniques; Available:
https://africanplantdatabase.ch/, December 17, 2022.

3. AlGhalban FM, Khan AA, Khattak MNK. Comparative anticancer activities of Ficus carica
and Ficus salicifolia latex in MDA-MB-231 cells. Saudi J Biol Sci. 2021;28(6):3225-3234.
d0i:10.1016/j.sjbs.2021.02.061.

47



D Jlhupoguusui asenanax 3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Al-Musayeib N, Ebada SS, Gad HA, Youssef FS, Ashour ML. Chemotaxonomic Diversity
of Three Ficus Species: Their Discrimination Using Chemometric Analysis and Their Role
in Combating Oxidative Stress. Pharmacogn Mag. 2017;13(Suppl. 3):S613-S622.
doi:10.4103/pm.pm_579 16.

Aref HL, Salah KB, Chaumont JP, Fekih A, Aouni M, Said K. In vitro antimicrobial activity
of four Ficus carica latex fractions against resistant human pathogens (antimicrobial activity
of Ficus carica latex). Pak J Pharm Sci. 2010;23(1):53-58.

Arvaniti OS, Samaras Y, Gatidou G, Thomaidis NS, Stasinakis AS. Review on fresh and
dried figs: Chemical analysis and occurrence of phytochemical compounds, antioxidant
capacity and health effects. Food Res Int. 2019;119:244-267.
doi:10.1016/j.foodres.2019.01.055.

Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic susceptibility testing by a
standardized single disk method. Am J Clin Pathol. 1966;45(4):493-496.

Berg CC, Corner EJH. Moraceae (Ficus). In: Noteboom H.P. (ed.) Flora Malesiana, Ser. 1,
Vol. 17, Part 2. National Herbarium Nederland, Leiden, 2005, pp. 1-730.

Berg CC. Moreae, Artocarpeae, and Dorstenia (Moraceae), with introductions to the family
and Ficus and with additions and corrections to Flora Neotropica Monograph 7. Flora
Neotropica Monograph 83. The New York Botanical Garden, New York, 2001, pp. 1-346.
Clement WL, Weiblen GD. Morphological evolution in the mulberry family (Moraceae).
Systematic Botany 2009;34(3):530-552.

Cook JM, Rasplus J-Y. Mutualists with attitude: coevolving fig wasps and figs. Trends in
Ecology & Evolution 2003;18(5):241-248.

Cruz JMDA, Corréa RF, Lamardo CV, et al. Ficus spp. fruits: Bioactive compounds and
chemical, biological and pharmacological properties. Food Res Int. 2022;152:110928.
doi:10.1016/j.foodres.2021.110928.

Cushnie TP, Lamb AJ. Antimicrobial activity of flavonoids. Int J Antimicrob Agents.
2005;26(5):343-356. doi:10.1016/j.ijantimicag.2005.09.002.

Datwyler SL, Weiblen GD. On the origin of the fig: phylogenetic relationships of Moraceae
from ndhF sequences. American Journal of Botany 2004;91(5):767-777.

Deepa P, Sowndhararajan K, Kim S, Park SJ. A role of Ficus species in the management of
diabetes mellitus: A review. J Ethnopharmacol. 2018;215:210-232.
doi:10.1016/j.jep.2017.12.045.

Du J, Li J, Zhu J, et al. Structural characterization and immunomodulatory activity of a
novel polysaccharide from Ficus carica. Food Funct. 2018;9(7):3930-3943.
d0i:10.1039/c8fo00603b.

El-Hawary SS, Ali ZY, Younis Y. Hepatoprotective potential of standardized Ficus species
in intrahepatic cholestasis rat model: Involvement of nuclear factor-kB, and Farnesoid X
receptor signaling pathways. J Ethnopharmacol. 2019;231:262-274.
d0i:10.1016/j.jep.2018.11.026.

Ergiliden B. Phenol group of terpenoids is crucial for antibacterial activity upon ion leakage.
Lett Appl Microbiol. 2021;73(4):438-445. doi:10.1111/lam.13529.

Garg VK, Paliwal SK. Wound-healing activity of ethanolic and aqueous extracts of Ficus
benghalensis. J Adv Pharm Technol Res. 2011;2(2):110-114. doi:10.4103/2231-4040.82957.
Guimardes AC, Meireles LM, Lemos MF, et al. Antibacterial Activity of Terpenes and
Terpenoids Present in Essential Oils. Molecules. 2019;24(13):2471.
doi:10.3390/molecules24132471.

48



D Jlhupoguusui asenanax 3

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hamed MB, El-Badry MO, Kandil EI, Borai IH, Fahmy AS. A contradictory action of
procoagulant ficin by a fibrinolytic serine protease from Egyptian Ficus carica latex.
Biotechnol Rep (Amst). 2020;27:e00492. doi:10.1016/j.btre.2020.e00492.

Kuete V, Kamga J, Sandjo LP, et al. Antimicrobial activities of the methanol extract,
fractions and compounds from Ficus polita Vahl. (Moraceae). BMC Complement Altern
Med. 2011;11:6. doi:10.1186/1472-6882-11-6.

Kuete V, Ngameni B, Simo CC, et al. Antimicrobial activity of the crude extracts and
compounds from Ficus chlamydocarpa and Ficus cordata (Moraceae). J Ethnopharmacol.
2008;120(1):17-24. doi:10.1016/j.jep.2008.07.026.

Lansky EP, Paavilainen HM, Pawlus AD, Newman RA. Ficus spp. (fig): ethnobotany and
potential as anticancer and anti-inflammatory agents. J Ethnopharmacol. 2008;119(2):195-
213. d0i:10.1016/j.jep.2008.06.025.

Lansky EP, Paavilainen HM. Figs: the genus Ficus. In: Hardman R. (ed.) Traditional herbal
medicines for modern times, Vol. 9. CRC Press, Boca Raton, 2011, pp. 1-357.

Li Z, Yang Y, Liu M, et al. A comprehensive review on phytochemistry, bioactivities,
toxicity studies, and clinical studies on Ficus carica Linn. leaves. Biomed Pharmacother.
2021;137:111393. d0i:10.1016/j.biopha.2021.111393.

Meerungrueang W, Panichayupakaranant P. Antimicrobial activities of some Thai
traditional medical longevity formulations from plants and antibacterial compounds from
Ficus foveolata. Pharm Biol. 2014;52(9):1104-1109. doi:10.3109/13880209.2013.877493
Murugesu S, Selamat J, Perumal V. Phytochemistry, Pharmacological Properties, and
Recent Applications of Ficus benghalensis and Ficus religiosa. Plants (Basel).
2021;10(12):2749. doi:10.3390/plants10122749.

Mutungi MM, Muema FW, Kimutai F, et al. Antioxidant and Antiproliferative Potentials of
Ficus glumosa and Its Bioactive Polyphenol Metabolites. Pharmaceuticals (Basel).
2021;14(3):266. doi:10.3390/ph14030266.

Okoth DA, Chenia HY, Koorbanally NA. Antibacterial and antioxidant activities of
flavonoids from Lannea alata (Engl.) Engl. (Anacardiaceae). Phytochem Lett. 2013;6:476-
481. doi:10.1016/j.phytol.2013.06.003.

Pekala-Safinska A, Tkachenko H, Buyun L, Kurhaluk N, Kasiyan O, Honcharenko V,
Prokopiv A, Osadowski Z. Antibacterial efficacy of leaf extract obtained from Ficus lingua
Warb. ex De Wild. & T.Durand (Moraceae) against Aeromonas spp. Strains.
Agrobiodiversity for Improving Nutrition, Health, and Life Quality, 2019;(3):139-153.
doi:10.15 414/agrobiodiversit y.2019.2585-8246.139-153.

Pinheiro PF, Menini LAP, Bernardes PC, et al. Semisynthetic Phenol Derivatives Obtained
from Natural Phenols: Antimicrobial Activity and Molecular Properties. J Agric Food
Chem. 2018;66(1):323-330. doi:10.1021/acs.jafc.7b04418.

Protabase — Plant Resources of Tropical Africa; Available: https://prota.protadu.org/,
December 17, 2022.

Ross JA, Kasum CM. Dietary flavonoids: bioavailability, metabolic effects, and safety.
Annu Rev Nutr. 2002;22:19-34. doi:10.1146/annurev.nutr.22.111401.144957.

Silihe KK, Zingue S, Winter E, et al. Ficus umbellata VVahl. (Moraceae) Stem Bark Extracts
Exert Antitumor Activities In Vitro and In Vivo. Int J Mol Sci. 2017;18(6):1073.
d0i:10.3390/ijms18061073.

Soni N, Dhiman RC. Larvicidal and antibacterial activity of aqueous leaf extract of Peepal
(Ficus religiosa) synthesized nanoparticles. Parasite Epidemiol Control. 2020;11:e00166.
doi:10.1016/j.parepi.2020.e00166

49



D Jlhupoguusui asenanax 3

37.Tan Z, Deng J, Ye Q, Zhang Z. The Antibacterial Activity of Natural-derived Flavonoids.
Curr Top Med Chem. 2022;22(12):1009-1019. doi:10.2174/1568026622666220221110506.

38. Taur DJ, Nirmal SA, Patil RY, Kharya MD. Antistress and antiallergic effects of Ficus
bengalensis  bark in  asthma. Nat Prod Res. 2007;21(14):1266-1270.
doi:10.1080/14786410701757330.

39. Tkachenko H, Buyun L, Osadowski Z, Honcharenko V, Prokopiv A. The antimicrobial
efficacy of ethanolic extract obtained from Ficus benghalensis L. (Moraceae) leaves.
Agrobiodiversity for improving nutrition, health and life quality, 2017;(1):438-445.

40. Tkachenko H, Buyun L, Osadowski Z, Terech-Majewska E, Honcharenko V, Prokopiv A.
Comparative study of antimicrobial efficacy of the ethanolic leaf extract of Ficus
benghalensis L. (Moraceae) against bacterial fish pathogens. Stupskie Prace Biologiczne,
2017;14:229-252.

41. Tkachenko H, Buyun L, Terech-Majewska E, Honcharenko V, Prokopiv A, Osadowski Z.
Preliminary in vitro screening of the antibacterial activity of leaf extracts from various Ficus
species (Moraceae) against Yersinia ruckeri. Fish. Aquat. Life, 2019;27:15-26. doi:
10.2478/aopf-2019-0002.

42. Tkachenko H, Buyun L, Terech-Majewska E, Osadowski Z, Sosnovskyi Y, Honcharenko V,
Prokopiv A. In vitro antibacterial efficacy of various ethanolic extracts obtained from Ficus
spp. leaves against the fish pathogen, Pseudomonas fluorescens. In: Globalisation and
regional environment protection. The technique, technology, ecology. Eds T. Noch, W.
Mikotajczewska, A. Wesolowska. Gdansk, Gdansk High School Publ., 2016, p. 265-286.

43. Tkachenko H, Buyun L, Terech-Majewska E, Osadowski Z. Antibacterial activity of
ethanolic leaf extracts obtained from various Ficus species (Moraceae) against the fish
pathogen. Citrobacter freundii. Baltic Coastal Zone — Journal of Ecology and Protection of
the Coastline, 2016;20:117-136.

44. Tkachenko H, Buyun L, Terech-Majewska E, Osadowski Z. In vitro antimicrobial activity
of ethanolic extracts obtained from Ficus spp. leaves against the fish pathogen Aeromonas
hydrophila. Arch. Pol. Fish., 2016;24:219-230. doi: 10.1515/aopf-2016-0019.

45. Tkachenko HM, Buyun LI, Osadowski Z, Honcharenko VI, Prokopiv Al. Antimicrobial
screening of the ethanolic leaves extract of Ficus carica L. (Moraceae) — an ancient fruit
plant. Plant Introduction, 2017;1(73):78-87.

46. Tropical Plant Database; Available: https://ntbg.org/database/plants/, December 17, 2022.

47.Usman H, Abdulrahman F, Usman A. Qualitative phytochemical screening and in vitro
antimicrobial effects of methanol stem bark extract of Ficus thonningii (Moraceae). Afr J
Tradit Complement Altern Med. 2009;6(3):289-295. doi:10.4314/ajtcam.v6i3.57178.

48. Xie Y, Yang W, Tang F, Chen X, Ren L. Antibacterial activities of flavonoids: structure-
activity relationship and mechanism. Curr Med Chem. 2015;22(1):132-149.
d0i:10.2174/0929867321666140916113443.

49. Yamaguchi T. Antibacterial effect of the combination of terpenoids. Arch Microbiol.
2022;204(8):520. d0i:10.1007/s00203-022-03142-y.

50.Zar JH. Biostatistical Analysis. 4™ ed., Prentice-Hall Inc., Englewood Cliffs, New
Jersey,1999.

Cmamms naoitiuna oo peoaxyii / The article was received 01.12.2022

50



