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Abstract The in vitro hepatoprotective effect of the
methanolic extract from Ficus gnaphalocarpa (Miq.)
Steud. ex A. Rich (Moraceae) on the CCly-induced liver
cell damage as well as the possible antioxidant mechanisms
involved in this protective effect, were investigated. The
phytochemical investigation of this methanolic extract led
to the isolation of six compounds identified as: betulinic
acid (1); 3-methoxyquercetin (2); catechin (3); epicatechin
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(4); quercetin (5); and quercitrin (6). The hepatoprotective
activity of these compounds was tested in vitro against
CCly-induced damage in rat hepatoma cells. In addition,
radical-scavenging activity, f-carotene-linoleic acid model
system, ferric-reducing antioxidant parameter and micro-
somal lipid peroxidation assays were used to measure
antioxidant activity of crude extract and isolated com-
pounds. Silymarin and trolox were used as standard
references and, respectively, exhibited significant hepato-
protective and antioxidant activities. (5), (6) and (2)
showed significant antioxidant and hepatoprotective activ-
ities as indicated by their ability to prevent liver cell death
and lactate dehydrogenase leakage during CCl, intoxica-
tion. These results suggest that the protective effects of
crude extract of F. gnaphalocarpa against the CCly-
induced hepatotoxicity possibly involve the antioxidant
effect of these compounds.
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Introduction

Increasing evidence suggests that oxidative stress-induced
biochemical changes are crucial etiological factors in sev-
eral chronic human diseases such as hepatitis, diabetes
mellitus, cancer, atherosclerosis, arthritis, neurodegenera-
tive diseases and also in aging process (Hogg 1998; Guyton
et al. 1997). Based on growing interest in free radical
biology and lack of effective therapies for most chronic
diseases, the usefulness of antioxidants in protection against
these diseases is warranted (Rubinstein 1962; Jacob and
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Sotoudeh 2002; Avijeet et al. 2008; Yi-Hang et al. 2009;
Huang et al. 2010).

Ficus gnaphalocarpa (Miq.) Steud. ex A. Rich (Mora-
ceae) is a sub species of Ficus sycomorus, which takes the
form of tree or shrub reach 10-30 m high. It has often
stocky, up to 3 m in diameter, straight, cylindrical and
slightly wide at the base. The crown is wide open, with
spreading branches (Maydell 1983). The fruits are figs
solitary or in pairs in the axils of leaves. They are 2—6 cm
in diameter, more or less hairy, yellow or reddish when
ripe. Fruiting takes place early in the dry season and rainy
season (Cusset 1985). The bark of the trunk is smooth and
scaly in places. It abounds in white or yellow latex
(Maydell 1983).

Ethnopharmacological  investigations  show  that
F. gnaphalocarpa is widely used in treatment of many
diseases such as hepatitis, jaundice (Maydell 1983), sickle-
cell disease (Nongonierma et al. 2005), malaria (Asase
et al. 2005) dysenteria, cholera, hemorrhagic diarrhea,
gingivitis (Kerharo and Adam 1974), cough, throat
inflammation, tuberculosis and some urogenital infections
(Adjanohoun et al. 1989). This plant is also used as a tonic,
stimulant, diuretic and in cases of difficult childbirth
(Adjanohoun et al. 1989). In the present study, the effects
of the crude extract of F. gnaphalocarpa and some isolated
metabolites were examined for their in vitro hepatopro-
tective and antioxidant properties.

Materials and methods
Plant material

The stem bark of F. gnaphalocarpa was collected in
January 2006 in Touloum (North region of Cameroon). The
botanical identification of the plant was carried out at the
Cameroon National Herbarium, where the voucher specimen
was conserved under the reference number 28054/HNC.

Extraction and isolation of compounds

Air-dried and powdered stem bark samples of F. gnap-
halocarpa (2 kg) were macerated in methanol (5 L) for
48 h at room temperature. The macerate was then passed
through Whatman no. 1 filter paper. The filtrate was con-
centrated under vacuum into a paste to give a crude extract
(300 g). This extract was subjected to a differential solu-
bility on ethyl acetate to yield 60 g of ethyl acetate extract
(FGEA). This extract was subjected to silica gel 60
(0.063-0200 mm) column chromatography using hexane/
ethyl acetate and ethyl acetate/methanol gradients as elu-
ents at a flow rate of 2 mL/min. Fractions (150 mL each)
were collected as follows: pure hexane (fractions 1-5),
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hexane/ethyl acetate 95/5 (fractions 6-12), hexane/ethyl
acetate 90/10 (fractions 13-25), hexane/ethyl acetate 85/15
(fractions 26-33), hexane/ethyl acetate 80/20 (fractions
34-41), hexane/ethyl acetate 70/30 (fractions 42-56),
hexane/ethyl acetate 60/40 (fractions 57-70), hexane/ethyl
acetate 50/50 (fractions 71-90), hexane/ethyl acetate 75/25
(fractions 91-102), ethyl acetate (fractions 103—-115), ethyl
acetate/methanol 90/10 (fractions 116-125) and methanol
(fractions 126—132). These fractions were pooled on the
basis of the thin layer chromatography analysis on five sub-
fractions namely F; (fractions 1-5), F, (fractions 6-35), F3
(fractions 36-69), F4 (fractions 70-118) and Fs (fractions
119-132) in the quantities of 7, 18, 11, 9 and 13 g,
respectively. Two sub-fractions (F, and F3) were separately
subjected to silica gel 60 (0.063—0200 mm) column chro-
matography and preparative TLC using hexane/ethyl
acetate gradients as eluent while dichloromethane/metha-
nol gradients eluent were used to purify sub-fractions F,
and Fs. Fractions of 50 mL each were collected. Purifica-
tion of sub-fraction F5 yields two compounds:

Betulinic acid (C30H4303) [compound (1); in hexane/
ethyl acetate 80/20; white powder; 153 mg; m.p.
316-318°C; Rf: 0.5 (in hexane/ethyl acetate 85/15)] Exact
Mass (HR EIMS) m/z 456.1 [M]"; '"H NMR (300 MHz,
CDCl;) d (ppm): 4.66 and 4,53 (2H, d, J = 19.8 Hz, H-29),
3.09 (m), 2.17 (q), 1.62 (s, 3H, H-30), 0.68-91 (s, other CHy);
3C NMR: (75 MHz, CDCl3) d (ppm) (C-1-C-30): 38.9, 27.1,
78.9,38.4,55.5, 18.4,34.5, 40.8, 50.7, 36.9, 20.9, 25.7, 38.4,
42.6,29.8,32.4,55.5,49.4,49.3, 150.3,30.7,37.2,27.9, 154,
16.1, 15.9, 14.7, 179.1, 109.5, 19.3.

3-Methoxyquercetin (C;¢H,0;) [compound (2); in
dichloromethane/methanol 95/5; light yellow powder;
26 mg; m.p. 340-341°C; Rf: 0.6 (in dichloromethane/
methanol 90/10)]; Exact Mass (HR ESIMS) m/z 317.1
[M+H]™; 'H-NMR (CD¢O, 600 MHz) d: 7.70 (1H, d,
J = 1.8 Hz, H-2'), 7.58 (1H, dd, J = 1.8 and 8.4 Hz, H-
6'), 7.00 (1H, d, J = 8.4 Hz, H-5), 6.50 (1H, d, J = 1.8,
H-8),6.26 (1H, d,J = 1.8 Hz, H-6),3.87 (3H, s, OCH;); *C-
NMR (CDgO, 150 MHz) 6: 178.6 (C-4), 164.0 (C-7), 162.3
(C-5), 156.9 (C-9), 148.3 (C-4'), 155.9(C-2), 145.0 (C-3),
138.3 (C-3), 122.1 (C-1"), 121.2 (C-6"), 115.4 (C-5), 115.3
(C-2"), 104.9 (C-10), 98.5 (C-6), 93.5 (C-8), 59.2 (3-OCH3).

Purification of sub-fraction F, afforded three compounds

Catechin (C;5H;40¢) [compound (3); in dichlorometh-
ane/methanol 85/15; pale yellow powder; 52 mg; m.p.
240-242°C; Exact Mass (HR EIMS) m/z 290.0 [M]"; Rf:
0.5 (in dichloromethane/methanol 80/20)]; '"H-NMR (ace-
tone-dg, 300 MHz): 6 2.54 (1H, dd, J = 8.1, 16.1 Hz,
H-4), 2.98 (1H, dd, J = 5.4, 16.1 Hz, H-4), 4.01 (1H, m,
H-3), 458 (1H, d, J=7.4Hz, H-2), 595 (1H, d,
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J = 2.1 Hz, H-6), 5.88 (1H, d, J = 2.1 Hz, H-8), 6.76 (1H,
dd, J = 1.8, 8.1 Hz, H-6), 6.81 (1H, d, J = 8.1 Hz, H-5),
691 (1H, d, J = 1.8 Hz, H-2"). '3*C-NMR (acetone-dq,
150 MHz): 6 28.3 (C-4), 67.9 (C-3), 82.2 (C-2), 95.0 (C-8),
95.7 (C-6), 100.2 (C-10), 114.8 (C-2'), 115.3 (C-5'), 119.6
(C-6), 131.7 (C-1), 145.2 (C-3'),145.1 (C-4), 156.4 (C-9),
156.1 (C-5), 157.2 (C-7).

Epicatechin  (C;sH;4O¢) [compound (4); in dichloro-
methane/methanol 85/15; yellow powder; 15 mg; m.p.
195°C; Exact Mass (HR EIMS) m/z 290.0 [M]"; Rf: 0.5 (in
dichloromethane/methanol 85/15)] 'H-NMR (acetone-d,
300 MHz): 6 2.54 (1H, dd, J = 3.5, 16.7 Hz, H-4), 2.96
(1H, dd, J = 4.6, 16.7 Hz, H-4), 4.01 (1H, m, H-3), 4.82
(1H, s, H-2), 5.95 (1H, d, J = 2.3 Hz, H-6), 5.88 (1H, d,
J = 2.1 Hz, H-8), 6.76 (1H, dd, J = 1.8, 8.1 Hz, H-6'),
6.81 (1H, d, J = 8.1 Hz, H-5"), 6.91 (IH, d, J = 1.8 Hz,
H-2'). 3C-NMR (acetone-dg, 150 MHz): d 28.3 (C-4), 67.9
(C-3), 82.2 (C-2), 95.0 (C-8), 95.7 (C-6), 100.2 (C-10),
114.8 (C-2"), 115.3 (C-5"), 119.6 (C-6"), 131.7 (C-1"), 145.2
(C-3"),145.1 (C-4"), 156.4 (C-9), 156.1 (C-5), 157.2 (C-7).

Quercetin  (C;5H;yO7) [compound (5); in dichlorometh-
ane/methanol 90/10; yellow powder; 22 mg; m.p. 316°C;
Myy: 302; Rf: 0.5 (in dichloromethane/methanol 85/15)]; 'H-
NMR (CD¢O, 600 MHz) o: 7.84 (1H, d, 2.1, H-2'), 7.70 (1H,
dd,J = 2.1and 8.5 Hz, H-6'),7.00 (1H,d,J = 8.5 Hz, H-5'),
6.53(1H,d,J = 1.9 Hz,H-8),6.27 (1H,d,J = 1.9 Hz, H-6);
3C.NMR (CD¢O, 150 MHz) &: 176.7 (C-4), 165.2 (C-7),
157.7 (C-5),165.2 (C-9), 147.4 (C-4"), 148.5 (C-2), 146.0 (C-
31,136.8 (C-3),123.6 (C-1"),121.4(C-6"),116.1 (C-5"),115.7
(C-2)), 104.1 (C-10), 99.0 (C-6), 94.4 (C-8).

Purification of sub-fraction Fs5 afforded one compound

Quercitrin  (C,;;H;90O1;) [compound (6); in dichlorometh-
ane/methanol 80/20; yellow crystal; 11 mg; m.p. 184-185°C;
Exact Mass (HR ESIMS) m/z 471.0 [M+Na]* Rf: 0.4 (in
dichloromethane/methanol  80/20)]; 'H-NMR: (CD;0D,
600 MHz) ¢: 7.35 (1H, d, J = 2.1 Hz, H-2'), 7.32 (1H, dd,
J = 83,2.1 Hz, H-6'), 6.92 (1H, d, J = 8.3, H-5), 6.38 (d,
J =22 Hz, H-8), 6.22 (1H, J = 2.2, d, H-6), 5.37 (d,
J = 1.7 Hz, H-1"), 423 (1H, dd, J = 3.4 Hz, H-2"), 3.78
(1H, dd, J = 9.3 Hz, H-3"), 3.42 (IH, dq, J = 9.6 Hz,
J = 6.0 Hz, H-5"), 3.38 (1H, dd, H-4"), 1.26 (3H, d, H 6").
3C-NMR (CD;0D, 150 MHz), J: 157.9 (C2), 134.8 (C3),
178.3 (C4), 157.1 (C5), 93.3 (C6), 164.4 (C7), 98.4 (C8),
163.3(C9),104.5(C10), 121.6 (C1"),114.9(C2'), 148.3 (C3"),
145.0(C4"),115.5(C5"),122.7(C6'), 102.1 (C1"),71.9 (C2"),
70.7 (C3"), 70.6 (C4"), 70.5 (C5"), 17.7 (C6").

For the screening of hepatoprotective and antioxidant
activities, each of these isolated compounds was tested at
the final concentrations of 12.5, 25, 50, 100 and 200 pg/mL,

respectively, equivalent to 0.027, 0.054, 0.109, 0.219 and
0.438 mM for compound (1); 0.039, 0.079, 0.158, 0.316
and 0.632 mM for compound (2); 0.043, 0.083, 0.172,
0.344 and 0.689 mM for compounds (3) and (4); 0.039, 0.082,
0.165, 0.331 and 0.662 mM for compound (5); 0.027, 0.055,
0.111, 0.223 and 0.446 mM for compound (6).

Experimental design
Chemicals

All reagents used in the study were obtained from SIGMA
Chemicals Co. (Dorset, UK) and Prolabo (Paris, France).

Screening for hepatoprotective activity using hepatoma
cells

Hepatoma cell culture The effect of isolated compounds
and crude extract from F. gnaphalocarpa on cell viability
was assessed in a cell culture system using cells from the
rat Morris hepatoma cell line BS TCL 41. The antihepa-
totoxic effects of the methanolic extract and isolated
compounds were assayed on CCly-treated cells. The CCly
concentration used for cell culture treatment was previ-
ously determined and chosen because of its ability of
induce up to 75% cell culture mortality (Chen et al. 1996;
Rodeiro et al. 2008; Donfack et al. 2010). The methanolic
extract and isolated compounds from F. gnaphalocarpa
were not completely soluble in aqueous medium and had to
be emulsified in dimethyl sulfoxide (DMSO) prior to their
addition to the cell culture medium. A 3% solution of
DMSO was used in cell culture medium. The cells were
grown in Ham’s F. 10/F10 medium supplemented with
20% (V/V) inactivated fetal calf serum, 2 mM L-glutamine
and 1% penicillin/streptomycin 100x solution to prevent
microbial contamination. Cells were maintained in a
humidified atmosphere with 5% CO, at 37°C. The cell
medium was changed twice a week. At 70-80% conflu-
ence, cells were trypsinized and seeded on 96-well plates at
a cell density of 30,000 cells/well in serum-free culture
medium. Twenty-four hours after cell seeding, cells were
simultaneously exposed to 12.5, 25, 50, 100 and 200 pg/
mL of the plant extracts and isolated compounds and
2.5 mM CCly in fresh serum-free medium. The positive
control was a set of cells maintained in a 2.5 mM CCly test
compounds free culture medium; while the negative con-
trol was a set of cells maintained in DMSO culture
medium.

MTT assay Twenty-four hours after cell seeding, cells
were treated with CCly, (2.5 mM) and incubated for 24 h at
37°C in the presence of 12.5, 25, 50, 100 and 200 pg/mL of
crude extract or isolated compounds. Following removal of
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the supernatants from each well, cells were washed with
phosphate-buffered saline solution and incubated with 0.05%
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) in culture medium for 4 h. These supernatants were
used to determine the lactate dehydrogenase (LDH) leakage.
Subsequently, the medium was removed, and the cells washed
with phosphate-buffered saline solution were incubated for
15 min in acidic isopropanol to dissolve the formazan crys-
tals. The absorbance of the MTT formazan was determined at
570 nm using a multiwell plate reader. Viability was defined
as the ratio (expressed as a percentage) of the absorbance of
treated cells to that of untreated cells.

Lactate dehydrogenase assay For the LDH assay, 30,000
cells were seeded per well of 96 well plates in serum-free
culture medium. Then, 24 h after cell seeding, cells were
exposed to 2.5 mM CCl, and 12.5,25, 50 100 or 200 pg/mL of
the plant extract or isolated compounds. After 24 h of incu-
bation, the supernatant was collected from each well. The LDH
activity was measured in each supernatant using a cytotoxicity
assay kit (Colorimetric Assay for Cytotoxicity Product NO.
LK100 Oxford Biomedical Research), in accordance with the
manufacturer’s instructions. In this test, the intensity of the
color obtained from reaction is proportional to the LDH
activity. The absorbance was determined at 490 nm using a
plate reader. The percentage of LDH released from the cells
was determined as the ratio (expressed as a percentage) of the
absorbance of treated cells to that of untreated cells.

Screening for antioxidant activity

Four model systems: 2,4-dinitrophenyl-1-picryl hydrazyl
(DPPH) radical-scavenging activity, f-carotene-linoleic
acid model system (f-CLAMS), ferric-reducing antioxi-
dant power (FRAP) assay, and microsomal lipid
peroxidation (IPL) were used to measure the antioxidant
activities of the methanolic extract and isolated compounds
from F. gnaphalocarpa. In each assay, the methanolic
extract and isolated compounds were tested at doses of
12.5, 25, 50, 100 or 200 pg/mL. Trolox was used as a
standard antioxidant. The EC5q values were then calculated
for the crude extract and each individual compound.

Free radical-scavenging activity The free radical-scav-
enging activity of the methanolic extract and isolated
compounds was evaluated by assessing the decrease in
absorbance of 3,4-DPPH at 517 nm according to Brand-
Williams et al. (1995). The decrease in absorbance was
monitored at 517 nm, exactly 30 s after addition of the
appropriate volume of the extract or methanol to the blank.

p-Carotene-linoleic acid model system assay The p-
CLAMS method is based on the discoloration of f-carotene
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by the peroxides generated during the oxidation of linoleic
acid (a free radical chain reaction) at high temperature
(Miller 1971). In brief, 1 mL f-carotene (0.02% w/v) dis-
solved in CHCI; was introduced in a 250 mL round-bottom
flask. Linoleic acid (20 puL) and 200 mg Tween 20 were
added to the mixture and the CHCI; was removed using a
rotary evaporator. The 50 mL of distilled water was added
and the flask was shaken vigorously until all the material
dissolved. This test mixture was prepared fresh and used
immediately. Three milliliters of test mixture plus 10 pL of
compound solution or water (used as a blank) were added
to each spectrophotometric cuvette. The spectrophotomet-
ric cuvettes were incubated at 50°C for 5 min and readings
were carried out at 470 nm immediately after and then
every 10 min for 3 h.

Ferric-reducing antioxidant power “FRAP” The FRAP
assay measures the potential of antioxidants to reduce the
Fe*/2,4,6-tripyridyl-s-triazine (TPTZ) complex present in
stoichiometric excess to the blue colored Fe** form which
increases the absorption at 593 nm. This method was car-
ried out as described by Benzie and Strain (1996).

Lipid peroxidation assay Inhibition of lipid peroxidation
was investigated using rat liver microsomes isolated by
the calcium aggregation procedure as described by Garle
and Fry (1989). Lipid peroxidation was non-enzymati-
cally initiated using ascorbate as described by Ulf et al.
(1989) and assayed for thiobarbituric acid-reactive
substances (TBA-RS) were assayed according to Wills
(1987).

Calculations and statistical analyses

Results are presented as mean = SD. The total variation
present in a set of data was analyzed by one-way analysis
of variance (ANOVA) using the Graph Pad Prism software.
A value of P < 0.05 was taken as statistically significant
(*P < 0.05, **P < 0.01).

The ECsy values, taken as the concentrations of the
sample required to scavenge 50% DPPH or to inhibit 50%
of another oxidant mechanism, were estimated using Graph
Pad Prism 3.0 software.

Results

Structures of compounds isolated from the methanolic
extract

The structures of the isolated compounds and silymarin
(used as an antihepatotoxic reference compound in this
study) are shown in Fig. 1.
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Fig. 1 Chemical structures of
isolated compounds and
silymarin (which is a mixing of
silybine, silydianine and
silychristine)
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In vitro hepatoprotective activities of methanolic
extract and isolated compounds

Metabolic activity can be evaluated by measuring the
activity of the mitochondrial enzyme succinate dehydro-
genase using the MTT test. MTT was designed for the
quantification of both cell proliferation and cell viability in
a cell population using a 96-well plate format. This test is
widely used for the in vitro evaluation of bioactivity of
plant extracts. In addition, membrane integrity can be
evaluated by measuring LDH activity. LDH, an enzyme
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located in the cytoplasm, catalyses the interconversion of
lactate and pyruvate. The presence of LDH in a medium
can either be interpreted as a result of cell death or cell
leakage. When cells are disrupted, LDH activity is
increased. In the present study MTT and LDH assays were
carried out to evaluate the in vitro hepatoprotective activity
of the methanolic extract and isolated compounds. The
results of these tests are summarized in Figs. 2 and 3.
These results showed that until the dose of 100 pg/mL, cell
viability increased with increasing amounts of the metha-
nolic extract and isolated compounds. Quercetin (5),
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Fig. 2 MTT assay in rat hepatoma cells after a 24 h incubation with
12.5, 25, 50, 100 and 200 pg/mL extract and isolated compounds
from Ficus gnaphalocarpa. The absorbance of the MTT formazan
was determined at 570 nm in an ELISA/plate reader. Cell viability
was defined as the ratio (expressed as a percentage) of the absorbance
of treated cells to untreated cells. Reported values are the mean £+ SD

quercitrin (6) and 3-methoxyquercetin (2) exhibited the
lowest percentage of LDH leakage. These compounds
display an important hepatoprotective activity, which is
characterized by their ability to preserve cell viability
during CCly, intoxication.

Antioxidant activity of crude extract and isolated
compounds

In order to determine the antioxidant effects of the
methanolic extract and isolated compounds in terms of the
mechanism of their hepatoprotective effects, the anti-lipid
peroxidation in rat liver microsomes, the bleaching inhi-
bition (measured by peroxidation of f-carotene), reducing
power and scavenging activities were investigated.
The results are shown in Fig. 4. These results showed that
the most important antioxidant activities were obtained
with quercetin (5), quercitrin (6) and 3-methoxyquercetin

).

Discussion

There is increasing evidence that free radicals and reactive
oxygen species (ROS) are generated by different kinds of
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(standard deviation) of three independent experiments carried out in
triplicate. (1)—(6): isolated compounds from Ficus gnaphalocarpa.
**Significant, compared with reference compound P < 0.01. *Sig-
nificant, compared with reference compound P < 0.05. ™Not
significant, compared with reference compound (P > 0.05)

chemicals such as food additives, industrial chemicals,
pesticides and other undesirable contaminants in the air,
food, water and soil to which humans are continuously
exposed to. ROS and free radicals in general, play an
important role in the etiology and pathogenesis of various
diseases such as hepatitis, AIDS, hypertension and car-
diovascular disorders. In recent years, many studies have
been conducted on traditional medicines, in an attempt to
develop new drugs for hepatitis (Liu 1989; Nandita et al.
2008; Ismail et al. 2009).

The toxicity induced by CCly in vivo and in cultured
hepatocytes, involves the stimulation of lipid peroxidation.
CCl, treatment caused a significant decrease in cell via-
bility. In addition, the toxin treatment initiated lipid
peroxidation, caused leakage of enzymes like alanine
transaminase and LDH levels (Gowri et al. 2008; Nandita
et al. 2008; Rajesh et al. 2009). The most extensively
studied aspect of free radical-induced liver injury is lipid
peroxidation. CCly is a well-known hepatotoxic agent and
the preventive action of drugs on liver damage by CCl, has
been widely used as an indicator of their liver protective
activity. Changes associated with CCly-induced liver
damage are similar to that of acute viral hepatitis (Rubin-
stein 1962; Avijeet et al. 2008; Yi-Hang et al. 2009; Huang
et al. 2010). Study of any herbal drug becomes more
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Fig. 3 LDH leakage from rat hepatoma cells after a 24 h incubation
with 12.5, 25, 50, 100 and 200 pg/mL extract and isolated compounds
from Ficus gnaphalocarpa. LDH activity was measured in the
supernatants. Reported values are the mean + SD (standard deviation)
of three independent experiments carried out in triplicate. (1)—(6):

isolated compounds from Ficus gnaphalocarpa. **Significant, com-
pared with reference compound P < 0.01. *Significant, compared
with reference compound P < 0.05. "*Not significant, compared with
reference compound (P > 0.05)
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Fig. 4 Antioxidant activities of crude extract and isolated compounds
from Ficus gnaphalocarpa. Values are ECsy &= SD of tree experiments
in triplicate. DPPH radical-scavenging activity, /PL lipid peroxidation
assay, FRAP ferric-reducing antioxidant power. f~-CLAMS: inhibition
of degradative oxidation of f-carotene. (1)—(6) are isolated compounds
from Ficus gnaphalocarpa. ME: crude extract. Trolox: reference

significant when it ameliorates some diseases conditions
(Anshu et al. 2008). The current research on plant-based
medications focuses on isolation of biologically active
substances from potent plants, their characterization and
commercialization. Research in this direction has been

antioxidant compound. For each antioxidant mechanism, compounds
were tested at five concentrations: 12.5, 25, 50, 100 and 200 pg/mL.
**Significant, compared with reference compound P < 0.01. *Signif-
icant, compared with reference compound P < 0.05. "*Not significant,
compared with reference compound (P > 0.05). Compound (1) shown
no DPPH and IPL activities at the tested doses

greatly facilitated by modern physico-chemical techniques
of isolation and structural elucidation (Suresh and Vandana
2008; Rajesh et al. 2009).

In the present study, we applied the MTT and LDH tests
to evaluate the in vitro hepatoprotective activity of the
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methanolic extract of F. gnaphalocarpa and isolated
compounds in rat hepatoma cell cultures. The tetrazolium
dye, MTT, is widely used to assess the viability and/or the
metabolic state of cells. In addition, the presence in the cell
culture medium of the exclusively cytosolic enzyme LDH
is indicative of cell membrane damage (Saad et al. 2003;
Rajesh et al. 2009). We established that simultaneous
treatment of hepatoma cells with the methanolic extract
and isolated compounds from F. gnaphalocarpa prevented
the toxic effects of CCl, as judged by cell viability and
LDH leakage. The hepatoprotection, showed by the apti-
tude of these molecules to preserve cellular viability and to
inhibit the leakage of LDH in extracellular medium was
particularly pronounced with three isolated compound
namely, quercetin (5), quercitrin (6) and 3-methoxyqu-
ercetin (2). Silymarin, which is an active constituent of the
fruit of the milk thistle (Silybum marianum, Compositae)
was used as standard reference and exhibited the best
hepatoprotective activity against CCly-induced hepatotox-
icity in rat Morris hepatoma cell.

Protective mechanisms relevant to the liver are of par-
ticular interest because free radicals and ROS play a central
role in liver diseases pathology and progression. Dietary
antioxidants have been proposed as therapeutic agents to
counteract liver damage (Hensley et al. 2000; Higuchi and
Gores 2003). Natural antioxidants may exert modulatory
effects in cells through actions in antioxidant, drug
metabolizing and repairing enzymes as well as working as
signaling molecules in important cascades for cell survival
(Nandita et al. 2008; Ning et al. 2008). Flavonoids are
important phytochemicals that cannot be synthesized by
humans. Quercetin is one of the ubiquitous flavonol-type
flavonoids predominant in edible vegetables and fruits. As
a member of the flavonol family, quercetin exhibited
multiple biological effects on human health. It has been
shown to prevent cardiovascular disease (Sesso et al.
2003), inhibit platelet aggregation and prevent atheroscle-
rosis and thrombosis (Formica and Regelson 1995), have
anticancer, anti-inflammatory responses, as well as antiul-
cer, antiallergic, and antiviral activities (Brown 1980;
Middleton and Kandaswami 1992). Most of the pharma-
cological effects of quercetin are ascribed in part to its
antioxidant activity. The antioxidant properties of querce-
tin might be due to its ability to chelate transition metal
ions. Moreover, quercetin inhibited divalent cation-medi-
ated lipid peroxidation, such as Fe** and Cu®" (da Silva
et al. 1998). Quercetin could reduce oxidative damage of
macromolecules such as lipids and DNA (Negre-Salvayre
and Salvayre 1992).

The fact that antioxidant agents inhibit carbon tetra-
chloride-induced liver damage (Muriel and Murelle 1990;
Hussain et al. 2009; Naseem et al. 2009; Yi-Hang et al.
2009) prompted us to study the antioxidant effect of the

@ Springer

isolated compounds. The DPPH radical-scavenging activ-
ity, S-CLAMS, FRAP assays, and microsomal lipid
peroxidation are frequently used by researchers for a rapid
evaluation of antioxidant activity (Benzie and Strain 1996;
Gil et al. 2002). These systems were used in our study as
well, with trolox as standard antioxidant compound. As
shown by the results, all compounds tested in the present
study exhibiting antioxidant activities. However, quercetin
(5), quercitrin (6) and 3-methoxyquercetin (2) seemed to
possess the highest antioxidant activities as indicated by
their low EC5, values.

Conclusion

Taken together, our findings provide evidence that the
methanolic extract and some isolated compounds from F.
gnaphalocarpa exhibit hepatoprotective and antioxidant
activities. This crude extract and isolated compounds might
be useful for the prevention of toxic-induced and free
radical-mediated liver diseases since it has been suggested
that antioxidant compounds may be used as prophylactic
agent.

Acknowledgments This research was supported by the University
Centre for International Cooperation and Development (CICOPS) and
by the Institute for Right to University Studies (ISU University of
Pavia, Italy). Partial financial support from PRIN funds (MIUR, Italy)
is acknowledged.

References

Adjanohoun EJ, Adjakidje V, Ahyi MRA et al (1989) Contribution aux
études ethnobotaniques et floristiques en République Populaire du
Bénin. Collection “Médecine traditionnelle et pharmacopée”.
Agence de Coopération Culturelle et Technique 111:339-405

Anshu R, Arvind S, Annie S et al (2008) Hepatoprotective potential
of Fumaria indica Pugsley whole plant extracts, fractions and an
isolated alkaloid protopine. Phytomedicine 15:470-477

Asase A, Oteng-Yeboah AA, Odamtten GT et al (2005) Ethnobotanical
study of some Ghanaian anti-malarial plants. J Ethnopharmacol
99:273-279

Avijeet J, Manish S, Lokesh D et al (2008) Antioxidant and
hepatoprotective activity of ethanolic and aqueous extracts of
Momordica dioica Roxb. leaves. J Ethnopharmacol 115:61-66

Benzie I, Strain JJ (1996) The ferric reducing ability of plasma
(FRAP) as a measure of “antioxidant power”. The FRAP assay.
Anal Biochem 239:70-76

Brand-Williams W, Cuvelier ME, Berset C (1995) Use of free radical
method to evaluate antioxidant activity. Lebensm Wiss Technol
28:25-30

Brown JP (1980) A review of the genetic effects of naturally
occurring flavonoids, anthraquinones and related compounds.
Mutat Res 75:243-277

Chen S, Morimoto S, Tamatani M et al (1996) Calcitonin prevents
CCly-induced hydroperoxide generation and cytotoxicity possi-
bly through C1b receptor in rat hepatocytes. Biochem Biophys
Res Commun 26:865-871



In vitro hepatoprotective and antioxidant activities of crude extract

43

Cusset C (1985) Flore du Cameroun: Muséum National d’Histoire
Naturelle 18:108-132

da Silva EL, Piskula MK, Yamamoto N et al (1998) Quercetin
metabolites inhibit copper ion-induced lipid peroxidation in rat
plasma. FEBS Lett 430:405-408

Donfack JH, Wabo FG, Ngameni B et al (2010) In vitro hepatoprotective
and antioxidant activities of the crude extract and isolated
compounds from /rvingia gabonensis. Asian J Tradit Med 5:79-88

Formica JV, Regelson W (1995) Review of the biology of quercetin
and related bioflavonoids. Food Chem Toxicol 33:1061-1080

Garle MJ, Fry JR (1989) Detection of reactive metabolites in vitro.
Toxicology 154:101-110

Gil MI, Thomas-Barberan FA, Heiss-Pierce B et al (2002) Antiox-
idant capacities, phenolic compounds, carotenoids and vitamin C
contents of nectarine, peach and plums cultivars from California.
J Agric Food Chem 50:4976-4982

Gowri SNL, Manavalan R, Venkappayya D et al (2008) Hepatopro-
tective and antioxidant effects of Commiphora berryi (Arn) Engl
bark extract against CCly-induced oxidative damage in rats.
Food Chem Toxicol 46:3182-3185

Guyton KZ, Gorospe M, Holbrook NJ (1997) Oxidative stress and the
molecular biology of antioxidant defenses. Cold Spring Harbor
Laboratory Press, New York

Hensley K, Robinson K, Gabbita SP et al (2000) Reactive oxygen
species, cell signaling, and cell injury. Free Radic Biol Med 28:1456

Higuchi H, Gores GJ (2003) Mechanisms of liver injury: an overview.
Curr Mol Med 3:483

Hogg N (1998) Free radicals in disease. Semin Reprod Endocrinol
16:241-288

Huang B, Xiaoquan B, Jingsheng H et al (2010) Hepatoprotective and
antioxidant activity of ethanolic extracts of edible lotus
(Nelumbo nucifera Gaertn.) leaves. Food Chem 120:873-878

Hussain Z, Amresha G, Satyawan S et al (2009) Hepatoprotective and
antioxidant activity of Amaranthus spinosus against CCly
induced toxicity. J Ethnopharmacol 125:364-366

Ismail C, Atilla T, Ismail I (2009) Hepatoprotective role and
antioxidant capacity of pomegranate (Punica granatum) flowers
infusion against trichloroacetic acid-exposed in rats. Food Chem
Toxicol 47:145-149

Jacob RA, Sotoudeh G (2002) Vitamin C function and status in
chronic disease. Nutr Clin Care 5:66-74

Kerharo J, Adam JG (1974) La pharmacopée sénégalaise traditionn-
elle. Plantes médicinales et toxiques. Editions Vigot Fréres, Paris

Liu GT (1989) Pharmacological actions and clinical use of Fructus
shizandrae. J Chin Med 102:740-749

Maydell HIV (1983) Arbres et arbustes du sahel, leurs caractéris-
tiques et leurs utilisations, GTZ, Eschborn 147:250-251

Middleton EJ, Kandaswami C (1992) Effects of flavonoids on
immune and inflammatory cell functions. Biochem Pharmacol
43:1167-1179

Miller HE (1971) A simplified method for the evaluation of anti-
oxidant. ] Am Oil Chem Soc 48:91-97

Muriel P, Murelle M (1990) Prevention by silymarin of membrane
alterations in acute CCly liver damage. J Appl Toxicol
10:275-279

Nandita S, Vasudeva K, Narasimhamurthy K et al (2008) Protective
effect of potato peel extracts against carbon tetrachloride-
induced liver injury in rats. Environ Toxicol Pharmacol
26:241-246

Naseem NQ, Bhanudansh SK, Nadeem AL et al (2009) Antioxidant
and hepatoprotective activity of Cordia macleodii leaves. Saudi
Pharm J 17:299-302

Negre-Salvayre A, Salvayre R (1992) Quercetin prevents the
cytotoxicity of oxidized LDL on lymphoid cell lines. Free Radic
Biol Med 12:101-106

Ning W, Peibo L, Yonggang W et al (2008) Hepatoprotective effect
of Hypericum japonicum extract and its fractions. J Ethnophar-
macol 116:1-6

Nongonierma RB, Ndiaye L, Thiam D et al (2005) Activité
antidrépanocytaire de la fraction F3 de I’extrait acétonique des
écorces des tiges de Ficus gnaphalocarpa (Mig) steud (Mora-
ceae). Pharmacien d’Afrique 187:3-6

Rajesh K, Ramasamy M, Ramtej J et al (2009) Isolation, character-
ization and antioxidative effect of phyllanthin against CCly-
induced toxicity in HepG2 cell line. Chem Biol Interact
181:351-358

Rodeiro I, Donato MT, Martinez I et al (2008) Potential hepatopro-
tective effects of new Cuban natural products in rat hepatocytes
culture. Toxicol In Vitro 22:1242-1249

Rubinstein D (1962) Epinephrine release and liver glycogen levels
after carbon tetrachloride administration. Am J Physiol
203:1033-1037

Saad B, Abu-Hijleh G, Suter UW (2003) Polymer biocompatibility
assessment by cell culture techniques. In: Arshady R (ed) The
PMB series: introduction polymeric biomaterials, vol 1. The
Citus Books

Sesso HD, Gaziano JM, Liu S et al (2003) Flavonoid intake and the
risk of cardiovascular disease in women. Am J Clin Nutr
77:1400-1408

Suresh RN, Vandana SP (2008) Hepatoprotective effect of Ginkgo-
select Phytosome® in rifampicin induced liver injury in rats:
evidence of antioxidant activity. Fitoterapia 79:439-445

Ulf AN, Lars-Inge O, Gunnar C et al (1989) Inhibition of lipid
peroxidation by spin labels. J Biol Chem 264:11131-11135

Wills EO (1987) Evaluation of lipid peroxidation and biological
membranes. In: Snell K, Mullock B (eds) Biochemical toxicol-
ogy. A practical approach. IRL Press, Oxford

Yi-Hang W, Xiao-Meng Z, Ming-Hui H et al (2009) Effect of
Laggera alata on hepatocyte damage induced by carbon
tetrachloride in vitro and in vivo. J Ethnopharmacol 126:50-56

@ Springer



	In vitro hepatoprotective and antioxidant activities of crude extract and isolated compounds from Ficus gnaphalocarpa
	Abstract
	Introduction
	Materials and methods
	Plant material
	Extraction and isolation of compounds
	Purification of sub-fraction F4 afforded three compounds
	Purification of sub-fraction F5 afforded one compound

	Experimental design
	Chemicals
	Screening for hepatoprotective activity using hepatoma cells
	Hepatoma cell culture
	MTT assay
	Lactate dehydrogenase assay

	Screening for antioxidant activity
	Free radical-scavenging activity
	 beta -Carotene-linoleic acid model system assay
	Ferric-reducing antioxidant power ‘‘FRAP’’
	Lipid peroxidation assay


	Calculations and statistical analyses

	Results
	Structures of compounds isolated from the methanolic extract
	In vitro hepatoprotective activities of methanolic extract and isolated compounds
	Antioxidant activity of crude extract and isolated compounds

	Discussion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


