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Abstract

The aim of the current study was to evaluate the a-toco-
pherol content and to investigate the antioxidant capaci-
ties of the extracts prepared from the leaves of Ficus
carica L. (Moraceae). The antioxidant capacities of the
extracts were evaluated by the phosphomolibdenum
spectrophotometric method. a-Tocopherol content was
determined by using a high-performance liquid chroma-
tography (HPLC)-UV method. Total flavonoid content
was determined by using the aluminium chloride method.
Total phenol content was estimated by a modified colori-
metric method using Folin-Ciocalteau reagent. The
results clearly demonstrate that these extracts have
antioxidant capacity. Antioxidant capacity results are
consistent with total flavonoid and phenol contents.
The a-tocopherol content of the n-hexane extract was
found to be 3.2788%, whereas it was calculated as
0.0570% on the dry-weight basis of the leaves.

Keywords: Antioxidant capacity, a-tocopherol, Ficus
carica, flavonoid, phenol.

Introduction

The medicinal properties of Ficus carica L. (Moraceae)
have been known for centuries. The leaves and the fruits
of Ficus carica are traditionally used as laxative, stimu-
lant, against throat diseases, antitussive, emollient,
emmenagogue, and resolvent (Bellakhdar et al., 1991;
Guarrera et al., 2003). A decoction prepared from its
leaves is used for hemorroids, whereas an infusion of
its fruits can safely be used as a laxative for children.
The fresh leaves are dabbed on warts (Baytop, 1984).

There are several reports about the special effect of the
fig leaves (Ficus carica) on diabetes (Jouad et al., 2001;
Leoporatti & Ivancheva, 2003). The effect of a decoction
of fig leaves on the control of diabetes was studied, and it
was shown that short-term hypoglycemic action persisted
in humans (Serraclara et al., 1998). An aqueous extract
of Ficus carica leaves was found to induce a significant
hypoglycemic effect in rats, but the mechanism involved
in such an effect was not elucidated (Perez et al., 1996).

Despite several experimental studies on the activity of
Ficus carica, to our knowledge there are no reports in the
literature that determine the active constituents that
might be responsible. As protective effects of vitamin E
as an antioxidant in diabetes were studied extensively
(Baydas et al., 2002; Çelik et al., 2002); in this study we
wanted to evaluate the a-tocopherol, antioxidant
activity, total phenol and flavonoid contents of Ficus
carica.

Materials and Methods

Plant material and preparation of extracts

Ficus carica leaves were collected in May 2003 from
Icmeler, Urla, in Izmir. A voucher specimen (no. 1318)
of the sample was deposited in the Herbarium of the
Department of Pharmacognosy, Faculty of Pharmacy,
Ege University. The leaves of the plant were dried at
room temperature and then reduced to coarse powder.
In order to prepare the extracts, 20 g of the sample was
separately extracted with n-hexane, ethyl acetate, etha-
nol, and methanol, after stirring for 2 days, and then
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the extraction solvent was evaporated in vacuo at 40�C.
Water extracts of the leaves were prepared by a 2%
infusion.

Reagents and solvents

Sulfuric acid, sodium phosphate, ammonium molybdate,
ethyl acetate, aluminum chloride, and Folin-Ciocalteau
reagent were obtained from Merck. Gallic acid and
a-tocopherol (Sigma) were used as standards. The n-
hexane used for the extraction was purchased from
Riedel, whereas the methanol used as eluent in the
high-performance liquid chromatography (HPLC) sys-
tem was purchased from Lab-Scan. Other chemicals used
were of analytical grade.

a-Tocopherol identification

The presence of a-tocopherol in the n-hexane extract of
Ficus carica leaves was determined by thin-layer chroma-
tography (TLC). Silica plates (5715 Merck) were
prewashed in chloroform:methanol (1:1). After drying,
the plates were activated at 100�C for 10min. The extract
and the pure standard dissolved in methanol were
subjected to TLC using a mixture of cyclohexane:
diethyl ether (4:1) as mobile phase. The mobile phase
was allowed to run a distance of 100mm in the saturated
tank. The developed plate was left to dry at room tem-
perature, then oven-dried for 15min at 100�C. The plate
was sprayed with 10% CuSO4–phosphoric acid followed
by charring at 190�C for 10min. a-Tocopherol gave a
black spot, and was identified in the extract by compari-
son of the Rf (0.53) value with that of corresponding
pure standard.

HPLC-UV method for a-tocopherol

Standard and sample solutions

The standard solutions were prepared by dissolving a-
tocopherol in methanol to yield the concentrations of
0.5, 1, 2, 4, 5, 10, 15, 20, and 25 mg=20 ml. The standard
solutions were injected on the HPLC column. Concen-
trations were subjected to regression analyses to calculate
the calibration equation and correlation coefficient.
Then, the calibration curve was drawn (Fig. 1).

Sample solutions were prepared by dissolving the
n-hexane extracts of the leaves inmethanol (10mg=2.5ml).
Ten microliters of each aliquot was injected on the HPLC
column. Each analysis was carried out in triplicate.

The HPLC system consisted of a QuatPump (Hewlett
Packard Series 1100), an injector fitted with a 20-ml loop,
and a UV detector (HP 1100) set at 292 nm. A Hichrom
5C18 column (25 cm� 4.6mm i.d.) was eluted with meth-
anol at a flow rate of 2ml=min. The column temperature
was adjusted to 40�C.

Antioxidant capacity

The spectrophotometric assay for the quantitative deter-
mination of antioxidant capacity (TAC) was carried out
essentially as described by Prieto et al. (1999). The assay
is based on the reduction of Mo (VI) to Mo (V) by the
sample analyte and subsequent formation of a green
phosphate=Mo (V) complex at acidic pH. An aliquot
of 0.1ml of extracts (1mg=ml) was combined in an
Eppendorf tube with 1ml of reagent solution (0.6M sul-
furic acid, 28mM sodium phosphate, and 4mM
ammonium molybdate). The tubes were capped and
incubated in a thermal block at 95�C for 90min. After
the samples had cooled to room temperature, the absor-
bance of the aqueous solution was measured at 695 nm
against a blank. TAC was determined by comparison
with the a-tocopherol acetate standard calibration curve.
The amount of TAC was expressed for extract samples in
mM a-tocopherol acetate equivalent=g dry mass.

Flavonoid content determination

Total flavonoid contents were determined spectrophoto-
metrically in samples according to the German Pharma-
copoeia (Deutsches Arzneibuch, 1996) method,
measuring the flavonoids in AlCl3-complex form from
a purified ethyl acetate phase obtained after acid
hydrolysis. This is one of the most common analytical
procedures applied to flavonoid content determination.
The amount of flavonoid was expressed as percent of
extracts.

Phenol content determination

The method used for the determination of total phenols
using Folin-Ciocalteau reagent was adapted from Mc
Donald et al. (2001). Dried samples and standards were
prepared in distilled water. Test solutions (samples and
standards) of 0.5ml were added to 4.0ml of 1M
Na2CO3. Five milliliters of Folin-Ciocalteau reagent
(1:10, v=v) were added and the solutions allowed to stand

Figure 1. The calibration curve for the HPLC-UV determi-
nation of a-tocopherol.
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at 45�C for 15min. Absorbance was measured at 750 nm.
The blank consisted of all reagents and solvents without
test compounds or standard. The standard was gallic acid
prepared in concentrations of 50 to 200mg=L. This is
commonly used as a reference compound. The phenolic
concentrations were determined by comparison with the
standard calibration curve. Total phenol values were
expressed as gallic acid equivalents (mg g�1 dry mass).

Results and Discussion

a-Tocopherol content determined by HPLC-UV method

a-tocopherol in Ficus carica leaves was quantitatively
determined by a HPLC-UV method. The identification
and quantitative determination of a-tocopherol in the
extract were accomplished by a comparison of retention
times and areas with that of standard a-tocopherol and
also by spiking the known amount of standard in sample
solution. The calibration curve was used for the calcu-
lation. The linearity of the HPLC method was checked
by injecting nine concentrations of standard a-tocoph-
erol solutions. Good linearity was achieved in the range
0.5–25 mg=20 ml (r2 ¼ 0.9992). The a-tocopherol content
in the n-hexane extracts of the leaves of the plant was
calculated from the following regression equation of
the calibration curve:

y ¼ 198:13xþ 3:4285 r2 ¼ 0:9992

where y is the peak area and x is the a-tocopherol con-
centration (mg=20 ml). The results of the assay are shown
in Table 1.

The amount of a-tocopherol extracted for 100 g of
dried leaves of F. carica was 57mg. In comparison with
previous studies on the a-tocopherol content of plant
leaves, the amount of a-tocopherol in the dried leaves
of Q. ilex, Myrtus communis, Rhamnus alaternus, and
Phillyrea angustifolia were found to be 846, 627, 480,
and 442 ppm (Chevolleau et al., 1993). Ficus carica leaves
possess a much higher amount of a-tocopherol than
these plants.

The major industrial source of a-tocopherol is a resi-
due obtained from the distillation of soya bean oil. The
content of this compound in the soya bean is only
0.0051–0.0111% (Slover, 1983). Because this plant pro-
duces a large amount of leaves and their a-tocopherol
is up to 10-times higher than that of soya bean, this
plant could be considered as a potential new source of
a-tocopherol. In addition, the HPLC-UV method, found
to be suitable for the routine analysis because of its
simplicity and sensitivity, can be used for the analysis
of a-tocopherol in other plant extracts.

Antioxidant capacity and total content of phenol

and flavonoids

Table 2 shows the total phenol and flavonoid contents
and antioxidant capacities of plant extracts. Much atten-
tion has been focused on the protective biochemical func-
tion of naturally occurring antioxidants in biological
systems and on the mechanism of their action. The
TAC method, based on the reduction of Mo (VI) to
Mo (V) by sample analyte, was used to measure the
amount of antioxidant capacity. The spectrometric assay
for the quantitative determination of antioxidant
capacity was previously determined for Hypericum spe-
cies. The results expressed as nM a-tocopherol acetate=g
g dry mass were in the range 4.615–5.483 (Meral, 2003).
The antioxidant capacity for Ficus carica leaves ranged
from 14.0 to 23.5mM tocopherol equivalents=g dry mass
with the water extract having the highest activity. Thus,
it was found that the fig leaves possess substances having
high antioxidant activity. The results of this study show
that water extract also has the highest total phenol and
flavonoid content. There was a correlation between the

Table 1. HPLC-UV determination of the a-tocopherol content
of fig leaves.

Sample
a-Tocopherol

(% on dried weight)
a-Tocopherol

(% on the n-hexane extract)

Leaves 0.0570 3.279

HPLC, high-performance liquid chromatography.

Table 2. Total flavonoid and phenol contents and antioxidant capacities of the plant extracts.

Extracts
of figa

Total
flavonoid (%)

Total phenol
(mg g�1 dry mass)

Antioxidant capacity
(TAC) (mM a-tocopherol

acetate=g dry mass)

n-Hexane 0.702� 0.029 4.363� 0.072 14.040� 1.417
Ethyl alcohol 0.799� 0.023 4.545� 0.089 14.546� 1.760
Methyl alcohol 1.152� 0.021 4.727� 0.095 17.126� 1.542
Ethyl acetate 1.188� 0.034 5.090� 0.097 22.950� 1.731
Water 1.397� 0.038 6.909� 0.108 23.507� 1.154

aAll experiments given below were carried out five times. All data are expressed as mean� standard deviation.
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amount of total phenol and flavonoid contents and
the antioxidant capacity. Despite much interest in the
antioxidant activity of the leaves of figs, it is uncertain
which of the phenols and flavonoids exhibit the greatest
antioxidant effect. Further experiments will be conducted
to isolate and identify the antioxidant components both
qualitatively and quantitatively and assess the mechan-
isms of activity.
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