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ABSTRACT

Methanolic, hexanoic, chloroformic and ethyl acetate extracts of Ficus carica latex were investigated for their
in vitro antimicrobial proprieties against five bacteria species and seven strains of fungi. The green fruit latex
was collected from Chott Mariam Souse, Middle East coast of Tunisia. 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 inhibition effect on the multiplication of five bacteria species (Enterococcus fecalis, Citobacter freundei,
Pseudomonas aeruginosa, Echerchia coli and Proteus mirabilis). For the opportunist pathogenic yeasts, ethyl
acetate and chlorophormic fractions showed a very strong inhibition (100%); methanolic fraction had a total
inhibition against Candida albicans (100%) at a concentration of 500pg/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 750pug/ml. Hexanoic extract showed medium results.
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INTRODUCTION

The fig tree (Ficus carica L.) is a typical Mediterranean
species and probably the first intentionally grown plant
during the Neolithic revolution. Its domestication
preceded that of cereals by about a thousand years (Kislev
et al. 2006). Fig trees have thrived in the Middle East and
mainly around the Mediterranean basin (Sadder et al.,
20006), their syconias have provided valuable food for
people and animals (Bandelj et al., 2007). Since ancient
times, figs have been used for human consumption and
recently, their nutritive and pharmacological values have
been investigated. The consumption of figs helps prevent
vein blockage (Wang et al., 2003) and its high content in
fibers has laxative effects (Zouaoui, 1992). The previous
studies reported the hypoglycemic action of fig leaves
decoction in type — diabetic I patients (Martins Teixeira et
al., 2006), more recently in 2000, Lanal wusied a
chloroform extract, obtained also from a decoction of F.
carica leaves, to decrease the cholesterol levels of
diabetic rats (Martins Teixeira et al., 2006).

The pharmacological properties are probably in part due

to the high content of phenolic compounds in these plant
extracts. Some phenolic compounds with reported
pharmacological proprieties have already been isolated
from fig leaves, namely funarocoumarins like psoralen
and bergapten (Martins Teixeira et al., 2006), flavonoids
like rutin, phenolic acids like feirulic acids, and also
phytosterols like taraxasterol (Martins Teixeira et al.,
2006). Vitamin B, and B, are also found in figs (Omar et
al., 2004). D- glucans have been found as common
polymers of the fungal cell wall, they consist of a mixture
of linear (1 — 6 ) — B — D — glucan with various (1—6) —
branched oligosaccharides chains, the length of these
chains being modulated by culture conditions (Omar et
al., 2004).

Despite the fact that other parts of fig tree, like latex, have
also been reported to have little known pharmacological
properties; it inhibits the growth of carcinoma cells
(Martins Teixeira et al., 2006) and in traditional medicine
it has been used to treat eyesore (Mars, 2003).

Our interest in Ficus carica species arose from the
contrasting biological activities of its latex components.
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In this paper, we present the results of our study on the
antimicrobial properties of fractions using different
organic solvents.

MATERIALS AND METHODS

Plant material

F. carica latex was collected from fig unripe fruit
growing in the botanical garden of Horticulture high
school of Chott Mariem Sousse Tunisia. This fig fruit was
cut open from its top then slightly squeezed to collect a
few drops of latex in a sterile tube then stored at (-30°C)
until further use.

Extraction and isolation

Latex of F. carica was lyophilized and 100g of powdered
latex was repeatedly macerated in methanol 100%
(Merck, Germany) during 3 days (Sarang et al., 2005) and
the yellow methanolic solution was subsequently filtered
and evaporated under reduced pressure to collect the
remaining brown gummy residue (18g) Product1(Py).

The concentrated residue was portioned between hexane
and aqueous methanol, the hexane soluble were
evaporated and the residue was subjected to silica gel
chromatography eluting with hexane (Merck, Germany),
product 2 (P;), through hexane-ethyl acetate (50: 50) to
ethyl acetate (Merck, Germany), product 3 (P3), each
fraction was monitorated by TLC, the compounds
migrated as a single band (Ry 0,7) on thin-layer
chromatography (Shai, R. et al. 2001) three crude
fractions were obtained and evaporated under reduced
pressure to give product 2 (P;) and 3 (P3). Product 2
(2,30g) was white and product 3 (2,40g) was yellow. The
remaining aqueous methanolic layer was decanted with
chloroform, to get chloroformic fraction which was also
evaporated in a Rotavapor to get a green product 4
(1,70g) (P4), the ethyl acetate fraction was found to
contain two major spots by .T.LC (mobile phase; 5%
ethyl acetate, 95% hexane, pulverized with sulfuric acid
H,SO,) on silica gel 60 F,s4 plates (Merck, Germany).
Plates were visualized and detected under UV light
(254mn) (Mellou et al.,, 2005), HPLC purity was
determined by HPLC tests.

Microbial strains

The four products (P, P,, P; and P,) of lyophilized F.
carica latex were tested against seven strains of fungi
comprising three dermatophytes (Trichophyton rubrum,
Trichophyton soudanense, Microsporum canis), two
hyphamycets (Aspergillus fumigatus, Scopulariopsis
brevicaulis) and two opportunists pathogenic yeasts
(Candida albicans and Cryptococcus neoformans).

The microorganisms had two origins, Institute Pasteur,
Paris and the laboratory of microbiology, faculté de
medicine, Besangon, France.

Of these six tested bacteria three were gram-positive
bacteria,  Staphylococcus  aureus  (ATCC25923),
Enterococcus fecalis (ATCC29212) and Citobacter
freunder (Clinical isolated) and three gram-negative
bacteria, Pseudomonas aeruginosa (ATCC27853),
Proteus mirabilis (Clinical isolated) and Echerchia coli
(ATCC25922). Bacteria were obtained from culture
collection in the laboratory of transmissible diseases,
Faculté de Pharmacie, Monastir, Tunisia.

Antifungal testing

The antifungal activities of fractions were assayed with
the method of agar incorporation “dilution in a solid
medium” (Eloff, 1998) including negative control as
previously described (Bel Hadj Salah et al., 2007).

The fractions were aseptically mixed with 100ml of
Saboroglucose Agar (SGA) giving a final concentrations
of 500pg/ml, 750pug/ml.

All fractions were dissolved in ethanol 99% and this
solvent was used as a negative control (Zgoda et al.,
2001). After cooling and solidification of (SGA) in sterile
Petri dishes (33mm diameter), the medium was inoculated
with a small amount (Smm diameter) of a seven-day-old
mycelium culture of tested dermatophytes and
hyphamycets, and a three-day-yeast culture suspended in
sterile distilled water and adjusted to 10° spores/ml of
opportunist pathogenic yeasts (C. albicans and C.
neoformans) (Giordani et al., 2001). The Petri dishes
were then incubated at 24°C for seven days for
dermatophytes and scopulariopsis (hyphamycete), 24
hours at 37°C for Candida and A. fumegatus and 48 hours
at 37°C for C. neoformans. Three replicate for each
concentration and microorganisms were carried out.

The antifungal activity of the extracts was evaluated using
the method by calculating the inhibition percentage (1%)
from the colony diameter values in the control plate (dC)
and the colonies in the plate added to the assayed extracts
(dE),I% = (dC —dE) / dC, according to single et al method
(Singh et al., 1993).

Antibacterial activity

Paper disk diffusion assay

Each sample was dissolved at 10mg/ml with ethanol 10%
(Mellou et al., 2005). Simultaneously, chlorophormic
extract was dissolved in acetone 10% and hexanoic
extract was dissolved in dimethyl sulfoxide 10% (DMSO;
Merck, Germany), methanolic extract was dissolved in
DMSO 10% and distilled water at 10mg/ml for each
samples (Luilma, A.G. et al. 2005). A negative control
disc was impregnated with 10ul of different solvents used
in each experiment. The antibacterial activity was
evaluated against three gram-positive bacteria:
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S. aureus (ATCC25923) E. fecalis (ATCC29212) and C.
freunder (clinical isolated), then three gram-negative
bacteria: P. aeruginosa (ATCC27853), P. mirabilis
(clinical isolated), E. coli (ATCC25922).

Organisms were maintained on Muller-Hinton agar (MH-
RAD) (Tanaka, 1992).

The inoculums were prepared overnight (24h at 37° C)
cultures in Muller Hinton broth medium (MHB). Petri
dishes were inoculated with suspensions of 10° germs/ ml
(Rio et al., 1988).

Absorbent disks (Watman n° 3.5mm of diameter) were
impregnated with 10ul of solution then placed on the
surface of inoculated plates (90mm). Positive control
discs of Gentamicine 10pul/ml were included in each
essay. Diameters of growth inhibition zone were
measured after incubation at 37° C for 24h (Barry et al.,
1979). All experiments were performed in triplicate.

Other tests were made on the same germs in which we
dissolved chloroformic extract in acetone 10%, hexanoic
extract in dimethyl sulfoxide (DMSO) 10%, methanolic
extract in DMSO 10% and distilled water at 10mg/ml for
each samples (Luilma, A.G. et al. 2005). A negative
control disc was impregnated with 10pul of different
solvents used in each experiment

Micro-Well dilution essay

Minimum inhibitory concentrations (MIC) were
performed by a serial dilution technique using 96 Well
microliter plates (Mitscher et al., 1972). Bacterial species
were cultured from 12-hour broth cultures and
suspensions were adjusted to 0.5 McF arland standard
turbidity (Bassole et al., 2003). All tests were performed
in Muller Hinton broth (MHB). The fractions were first
diluted in ethanol 10% to the highest concentration
10mg/ml. Serial two-fold dilutions were made in the eight
consecutive wells in a concentration ranging from
500pg/ml to 40pg. 45ul of MHB and 5ul of the
inoculums were then added in each well containing 501
of compound. The last well containing 95ul of MHB
without compound and 5pul of the inoculums on each strip
was used as negative control. The final volume in each
well was 100ul. Plates were incubated for 24 hours at
37°C then examined by a binocular microscope. The MIC
was defined as the lowest concentration of the compounds
to inhibit the growth of micro-organisms (Karaman et al.,
2003). Ethanol (10%) was used as a negative control and
Gentamicine (MEGENTAL) was used as positive control
(Bel Hadj Salah et al., 2005). Minimum inhibitory
concentrations of Gentamicine were also determined in
parallel experiments at concentration range of 1mg to 7-
8ug/ml. The tested extract in this study was screened in
three replicates against each organism.
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RESULTS

Antifungal activity

The antifungal activity of these four fractions was
presented in table 1 and their inhibition varied from 0 to
100%.

For the opportunist pathogenic yeasts, ethyl acetate and
chlorophormic fractions showed a total inhibition of
(100%). The methanolic fraction had a total effect against
C. albicans (100%) and no effect on C. neoformans (0%).

M. canis was strongly inhibited with methanolic and
hexanoic extracts (75%; 76%) and totally with ethyl
acetate fraction (100%).

A. fumigatus was totally inhibited with ethyl acetate
fraction (100%) while the hexanoic fraction had a parcel
inhibition against tested germs.

T. rubrum, T. soudanense and S. brevicans were the most
resistant germs against these four fractions.

Antibacterial activity
The antibacterial activity of latex extracts are presented in
table 2

The antibacterial activity of extracts dissolved in different
solvents as shown in table 2 was examined by the
presence or absence of inhibition zone diameters. These
results showed that the ethyl acetate extract had inhibition
effect on the growth of five bacterial species:

E. fecalis, C. freundei, P. aeruginosa, E. coli and P.
mirabilis. The inhibition values on these microorganisms
sensitive to the ethyl acetate extract were in the range of
10 tol3mm, while hexanoic and chloroformic extracts
were active against these six tested bacteria with a
sensitive range of 7 tollmm and 6 tol2mm respectively.
Methanolic extract had no effect against the previous
bacteria except for P. mirabilis with a diameter inhibition
of 12mm.

The antibacterial activity of extracts with Micro-well
dilution assay was present in table 3. All extracts
exhibited an antibacterial activity against selected
microorganisms at different levels. P. mirabilis was the
most sensitive germ with a range of 0.33mg/ml to
0.08mg/ml. The hexanioc extract was the only fraction
active against P. aeruginosa which was the most resistant
germ with MIC of S5mg/ml. These extracts exhibited the
most important activity against P. mirabilis and S. auerus.
E. coli was also inhibited with all tested fractions at
concentrations of 5Smg/ml to 1.25mg/ml.
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DISCUSSION

In this study, we demonstrate that ethyl acetate latex
extract contains substances which have antifungal,
antibacterial and anticandidal effects, in other studies
Sarang et al. in 2005, demonstrated that ethyl acetate
fraction of the latex of Euphorbia royleana had
immunosuppressive properties (Sarang et al., 2005).
Chloroformic  fraction had also results
compared to the other fractions.

important

These results confirmed the evidence that ethyl acetate
and chloroform were the best solvents for many
constituent extraction of latex antimicrobial substances
compared to other solvents such as water, hexane,
methanol etc.

Water and methanol are the most polar solvents that elute
polar substances, hexane is a polar solvent that elutes non
polar substances, but ethyl acetate and chloroform have a
medium polarity, so the substances that have the most
important biological activities were the medium polar
ones.

Ahmad et al. (2001) demonstrated that only glycosides
and saponin extracted from F. carica leaves using alcohol
as solvent had biological effects but they had no effects
on C. albicans, S. aureus and E. col (Ahmad et al., 2001),
compared to our study latex extracts are more active than
leaf extracts on human pathogenic yeasts and bacteria.

Our data showed that there was no uniform response
between bacterial and fungal strains, in terms of
susceptibility to antimicrobial compounds in different
extracts (tables 1, 2, 3). These kinds of differences in
susceptibility among microorganisms against anti-
microbial substances in F. carica latex extracts may be
explained by the differences in cell well composition and
or inheritance genes on plasmids that can be easily
transferred among bacterial strains.

These results may suggest that ethyl acetate and
chloroformic extracts of F. carica latex possess
compounds with antibacterial and anticandidal properties
which can be used as antimicrobial agents in new drugs
for therapy of infections diseases. Thus, these compounds
may find effective application for the treatment of

Table 1: Antifungal activity of the four F. carica latex extracts: Percentage of inhibition

Pl P2 P3 P4

Microorganisms 1,% 1,% 1% 1,% 1,% 1,% 1% 1,%
Aspergellus fumigatus (B) 20 20 30 - 80 100 50 50
Trichophyton rubrum (B) 10 10 16 20 10 60 10 30
Trichophyton soudanense (B) 10 10 10 10 10 30 00 10
Microsporum canis (IP) 57 75 57 76 86 100 28 42
Scopulariopsis brevicaulis (B) 10 10 00 00 00 50 00 20
Candida albicans (B) 100 100 25 25 100 100 96 96
Cryptococcus neoformans (B) 00 00 25 25 100 100 100 100

I;: percentage inhibition of microorganisms in the presences of 500 pg/ml) of extract;

L,: percentage inhibition of microorganisms in the presences of (750 pg/ml) of extract;

B: Microbiological laboratory, besangon France; IP: Institut Pasteur, Paris;

P;: methanolic fraction; P,: hexanoic fraction; P;: ethyl acetate fraction;

P4: chloroformic fraction.

Table 2: In vitro antibacterial activity of F. carica latex extracts in agar diffusion assay

Growth inhibition zone diameter * (mm)
Products P, P, P; P, Gentamicine
EtoH | DMSO | EtoH | EtoH | Acetone | EtoH (10pg/ml)

Bacteria
Staphylococcus aureus ATCC - 9-11 7-8 8-9 6 13-25
Enterococcus Fecalis ATCC 11 7-9 10-12 - 7 20-25
Citobacter freundei 8 - 7 12 - 12 -
Pseudomonas aeruginosa ATCC 6 7-9 7-10 11-12 - 6-7 15-17
Proteus mirabilis 12 - 11 13 - 12 6
Echerchia coli ATCC 7 9 9 11 - 9-10 12-18

Inhibition zones including the diameter of the paper disc (Smm); (-) no activity.
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Table 3: The minimum inhibitory concentration (MIC) of F. carica latex extracts

The MIC values of latex extracts against tested bacteria
Minimum inhibitory concentration (mg/ml)
) . Products o
Microorganisms Gentamicine
P, P, P; P,
Staphylococcus aerusATCC 0.66 0.66 2.50 5.00 0.33
Euterococcus felicaliSATCC 2.50 1.25 2.50 2.50 0.33
Citobacterfreundei 1.25 2.50 0.66 0.66 0.33
Pseudomonas aeruginosaATCC - 5.00 - - 0.33
Proteus mirabilis 0.33 0.33 0.08 0.08 1.25
Echerchia coliATCC 1.25 1.25 5.00 1.25 0.66

MIC: minimum inhibitory concentration (mg/ml); (-): no activity.

superficial fungal and bacterial infections, particularly in
cutaneous mycosis. In fact, the present finding justifies
the use of F. carica latex in traditional medicine for the
treatment of various disease conditions whose symptoms
might involve fungal infections and points to the
importance of ethno botanical approach as useful measure
for the discovery of new bioactive compounds (Boukef,
1986). However, further research is needed to identify the
active agents responsible for the anticandidal,
antidermatophytic, and antibacterial activities of F. carica
latex.

The next work will be carried out on ethyl acetate fraction

(LCMS, antiviral, cytotoxic and anti-inflammatory
reactions).
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