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Abstract

Hepatocellular carcinoma is the third cause of cancer-related mortality with the low 5-year
survival in which more than 50 percent of patients have recurrent cancer within 2 years of
treatment. The present study investigated the cytotoxicity and lethal dose of Ficus carica L.
(Figure) latex and phytochemical composition of effective fraction. Figure latex was collected in
summer and 4 fractions of Figure latex were prepared. The cytotoxic effect of each fraction was
studied and the most effective fraction was selected for apoptosis assay, acute toxicity study, and
phytochemical analysis using column chromatography. The isolated compounds were identified
by 'H-NMR, "*C-NMR, and mass spectroscopy. Chloroform fraction was the most effective
fraction with the IC, value 0 0.219 and 0.748 mg/mL for HepG2 and NIH cell lines, respectively.
Presence of cells in early apoptotic phase was documented by flow cytometry assay. Single dose
administration of 2g/kg of fraction did not cause any death. Phytochemical analyses confirmed
presence of lupeol acetate and lupeol palmitate in chloroform fraction. The present study revealed
that the chloroform fraction is not only 3.4 times more toxic in HepG2 cell line but also has low
in-vivo toxicity which could be considered as a good candidate for a chemo-preventive agent.
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Introduction

Hepatocellular carcinoma (HCC) is one of
the causes of cancer-related death worldwide
and is the fourth common cancer in men as
well as seventh in women. HCC is considered
as a global concern with 0.5 million new
cases each year which shows a trend of
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E-mail: omid@tums.ac.ir

dramatic increased (1, 2). HCC is the fastest
cause of cancer-related death in the USA
due to its low 5-year survival (3). Current
available treatments of HCC are not efficient
enough due to complicated pathogenesis and
molecular pathway of the cancer. Despite
various therapeutic options, 50 percent of the
patients have recurrent disease during two
years (4).

Medicinal plants and their compounds
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have gained therapeutic consideration as a
result of their multi-level and target interactive
beneficial effects (5). In between, Ficus carica
(Flg) is belong to Moraceae family which is a
delicious fruit as well as valuable medicinal
plant which grows up in Mediterranean area
(6). Various parts of the plant including fruit,
leaves, root, and latex have been traditionally
used in medicine (7). Anti-papillomatosis
(8), anti-inflammatory (9), anti-angiogenesis
(10, 11) and anthelmintic activity (12) were
reported for the Fig latex. Cytotoxic effect of
Fig latex polar fraction has been reported by
various studies (11, 13-18). Moreover, a study
by Tezcan et al. demonstrated no cytotoxicity
when the non-polar fractions of latex were
used (6). Fig latex is myriad of compounds and
its phytochemical study confirmed presence of
B-sitosterol, palmitoyl, linoleyl, stearyl, and
oleyl (19). Another study reported presence
of triterpenoid compounds such as a-amyrin,
B-amyrin, lupeol, B-sitosterol, and stigmasterol
in the latex (20) which have high molecular
weights and low water solubility (21). These
features may lead to poor solubility of these
compounds in culture media and low delivery
to cells, which resulted to no cytotoxicity.

Liposomal delivery is an appropriate
delivery system to overcome triterpenoids
solubility and delivery limitations. In this
content, Henry et al. used a liposomal delivery
system of terpenoid compounds for cosmetic
use (22). The use of phosphatidylcholine in
complex with hydrophilic and large molecular
weight compounds (called phytosome) has
been reported (23, 24) but there is no available
data regarding the solubility of hydrophobic
plant compounds in culture media.

The first aim of the present study was to
improve solubility of two non-polar fractions
of the Fig latex for cellular delivery using
the liposomal delivery system. The second
aim was to study cytotoxic effect of Fig latex
fractions on HepG2 and NIH cell lines to
choose the most effective fraction. The third
aim was phytochemical analysis, lethal dose
evaluation and apoptotic activity of the most
effective fraction.
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Experimental

Latex and extraction

F carica latex was collected drop by drop in
the north of Iran (Sari, Mazandaran Province)
through picking the green fruit in July 2015
and then the collected latex was stored at C -20.
Extraction of Fig latex was performed using 4
solvents including n-hexane, chloroform, ethyl
acetate, and methanol (Merck, Germany),
respectively (25). The experimental design
was summarized in Figure 1.

Extract preparation for cell culture media

The methanol and ethyl acetate fractions
were dissolved in cell culture media but
suitable solvent was not available for the non-
polar fractions. Therefore, the fractions were
prepared in the liposomal form using egg yolk
phosphatidylcholine (EPC) (Sigma, USA)
(26). The dry weight of each fraction was
mentioned in Table 1

Liposome preparation

Each fraction of n-hexane and chloroform
was dissolved in chloroform separately, EPC
was added to dissolve fraction in 1.5:1 ratio.
The mixture was then dried under vacuum at
room temperature till the lipid film is formed.
The hydration was performed by adding
PBS at 65 C for 2 h with vortexing every 5
min. after that time (27). All procedure was
performed in sterile condition.

Particle size

Particle size and polydispersity index
(PDI) were measured by Photon Correlation
Spectroscopy (PCS) using a Zetasizer nano zs
(Malvern Instruments Ltd, UK). The samples
were dissolved in PBS at Img/mL and filtered
through 0.22-pm syringe filters. Measurements
were carried out in triplicates.

Table 1. The dry weigh (g) of each fraction in 50 mL of Fig
latex.

Fraction ‘Weight in 50 mL of latex

n-Hexan 5.987
Chloroform 2277
Ethyl acetate 1.161
Methanol 291

Residue 2.277
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Table 2. Description of study groups, dose and type of

administration.

groups

Administration

a

b

EPC 1.5 g/kg, i.p
EPC 3 g/kg, i.p
EPC 4.5 g/kg, i.p
Fraction 1 g/kg. i.p, Fraction: EPC (1:1.5)
Fraction 2 g/kg. i.p, Fraction: EPC (1:1.5)

Fraction 3 g/kg. i.p, Fraction: EPC (1:1.5)

a, b, and c: control groups; d, e, and f: test groups.

Table 3. IC50 values of four fractions of Fig latex on HepG2 and NIH3T3 cell lines using MTT assay.

HepG2 NIH3T3
Time Time
24h 48 h 72h 24h 48 h 72h
Not toxic Not toxic Not toxic Not toxic Not toxic Not toxic
Ethyl-acetate 2.83+0.14 2.7+0.11 25+0.21 3.8+0.11 327+0.27 3.04 £0.31
Chloroform 0.219+0.01 0.21 £0.00 0.2+0.02 0.748 £ 0.07 0.606 +0.12 0.332 +£0.04
n-Hexane 2.51+0.10 2.65+0.13 2.67+0.13 Not toxic Not toxic Not toxic
Values are reported in mg/mLand as Mean + SEM.
[ Experimental design }

Most effective extract

—1 ApOPLOSis (Flow Cytometry) J

Safety assessment

Blood biochemical test

II

' Pathology study

Column
chromatography

Phytochemical study

Mass Spectroscopy

Figure 1. Experimental design of study.
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Figure 2. Cell apoptosis due to chloroform fraction of Fig latex on HepG2 and NIH3T3 cell lines.

Cell line and culture

The HepG2 and NIH3T3 cell lines were
provided by Pasture institute, Tehran, Iran.
The cells were cultured at 25 mL flask in RPMI
1640 medium (Biosera, USA) containing 10
% Fetal Bovine Serum (Gibco, USA) and 1%
pen/strep (PAA, Austria) in saturated humidity
and 5% CO, incubator.

Cytotoxicity assay

The cytotoxicity of 4 fractions of Fig
latex and isolated compounds from the most
effective fraction were measured by MTT at
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24,48, and 72 h. For MTT assay, the cells were
seeded in 96 well plate, 1x 10° cell per well.
The cells were treated 18 h after seeding with
various concentrations of fractions. At the end
of incubation periods, the RPMI 1640 medium
of each well was replaced with MTT (100 of
0.5 mg/mL MTT in RPMI 1640 without FBS)
and the plate was incubated for 4 h in saturated
humidity and 5% CO, incubator. 100 uL
DMSO was added to each well, gently shaken,
and the absorbance was read by ELISA at 570
nm (28).
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Figure 3. (a) EPC 1.5 g/kg, (b) EPC 3 g/kg, the arrow shows dilation of sinusoids. (¢c) EPC 4.5 g/kg, the arrows show dilation of
sinusoids. (d) fraction (1 g/kg), the arrows show bleeding (e) fraction (2 g/kg), the arrows show dilation of sinusoids and kupffer cells.
(f) fraction (3 g/kg), the arrows show fibroblast accumulation, kupffer cells and sinusoids dilation. (H & E staining, X400).

Table 4. The liver function test in animals treated with Chloroform fraction and its carrier EPC.

Group ALT (U/L) AST (U/L) ALP(U/L)

Fraction 1 g/kg 13.96 +2.46 26.33+9.87 76.27+£9.74
Fraction 2 g/kg 15.02+5.34 30.19+£4.93 78.45+13.89
Fraction 3 g/kg 17.71£0.82 37.84+4.93 95.26+19.17
EPC 1.5 g/kg 19.012 + 1.87 30.65+1.23 76.22 £24.40
EPC 3 g/kg 15.52+1.46 33.56+4.11 87.76 £22.74
EPC 4.5 g/kg 15.908 + 1.46 33.66+1.23 89.96 £ 26.96

Results were shown as mean = SD there is no statistically significant differences between groups.

Figure 4. Two isolated compounds from chloroform extract of Figure latex.

235



Jeivad F et al. / TIPR (2020), 19 (3): 231-240

Cell apoptosis assay

Cell apoptosis was assessed by flow
cytometry. The cells were seeded on 6 well
plates and treated with chloroform fraction
and EPC at selected concentrations. After
14 h, FITC-labeled Annexin V/PI staining
was added according to the manufacturer’s
protocol (BD Company, USA). Briefly, 1x10°
cells/well were suspended in buffer containing
FITC-conjugated Annexin V/PI. The samples
were analyzed by flow cytometry and data for
at least 10,000 cells were collected (28).

Lethal dose determination

Lethal dose was determined in female
Syrian mice (25-30 g) in six groups consisting
of 10 mice in each group. The animals were
fast 18 h before study with free access to
water. The chloroform liposome fraction was
prepared by EPC (1:1.5) and was administered
to the animal by intraperitoneal injection
(i.p). Control group received an equal dose
of EPC (Table 2). Signs of intoxication were
assessed for 4 h after administration with
30 min interval. Mortality was measured
every 24 h until 96 h and the animals were
monitored for 14 days. The animal experiment
was performed according to TUMS ethic
committee (IR. TUMS.REC.1394.1784) (29).

Biochemical, macroscopic and microscopic
evaluation

After 14 days, the animals were sacrificed
by spinal dislocation and abdominal organs
were observed. The blood samples were
collected for AST, ALT, and ALP analysis
in serum by Elisa kits (Teb Gostaran Hayan,
Iran). Liver sections were isolated, fixed in
10% formalin, and stained with Hematoxylin
and Eosin dye for histopathology examination.

Purification and identification

Chloroform fraction, as the most effective
fraction, was chromatographed on thin layer
chromatography (TLC) for spot numbered
of this fraction. On TLC, two spots were
found to be major components of chloroform
fraction and aimed to isolate by column
chromatography. 500mg of chloroform
fraction was dissolved in chloroform and
mixed with silica gel (230-400, mesh) to
produce a uniform mixture. The solvent was
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evaporated at room temperature. The mixture
was added to glass column (diam 1% height 60
cm) packed with silica gel (230-400, mesh)
and hexane as solvent. The fraction was eluted
with a gradient of hexane and chloroform
solvents. Following that, the fractions were
collected in numbered test tubes and each of
them was re-chromatographed on TLC with
hexane: chloroform (1:1) solvent system.
The fractions with a single spot on TLC were
selected for 'H, "*C, and Mass spectrometry
analysis (30).

Statistics

The data were analyzed by Graph Pad
Prism 5.04. One-way ANOVA and Tukey’s
post hoc were used for comparison between
the groups, the p-value less than 0.05 was
considered as significant (31).

Result
Particle Size
The liposome size was measured by DLS
and the distribution of the size by number was
97 % in 141 + 15 nm with PDL index of 0.419.

Cytotoxicity assay

Various concentrations (0.6, 1.25, 2.5, 5
and 10 mg/mL) of Fig-latex methanol fraction
showed a growth stimulation activity on HepG2
cell line. While ethyl acetate, chloroform, and
hexane fractions were cytotoxic on HepG2
cell line, chloroform fraction was the most
cytotoxic fraction with the lowest IC50. The
IC50 value at 24 h after treatment was 0.219
and 0.748 mg/mLfor HepG2 and NIH cell
lines, respectively, Table 3.

Cell apoptosis assay

Liposomal form of Chloroform fraction of
Fig latex induced apoptosis on both NIH3T3
and HepG2 cell lines. According to results
shown in Figure 2, the EPC did not increase
cell death in comparison to the control.

Lethal dose determination

Administration of liposomal form of
chloroform fraction caused 3 deaths in 3 g/kg
group, while no death was observed following
administration of 1 and 2 g/kg. Administration
of EPC in 3 dose levels of 1.5, 3, and 4.5 g/kg
caused no death in the treated groups.



Biochemical evaluations

The liver function tests of treated animals
with chloroform fraction of Fig latex and its
vehicle (EPC) were shown in Table 4.

Histopathological assessment

Administration of EPC (1.5 g/kg) did
not cause liver tissue damage with normal
hepatocytes and kupffer cells within the
sinusoids (Figure 3a). The histology of liver
in group b (3 g/kg EPC) was normal but the
number of kupffer cells increased compared to
group a, (Figure 3b). In group c, the number of
kupfter cells increased and the sinusoids were
relatively dilated (Figure 3c). The hepatocytes
and sinusoids were normal in the animals
receiving dose of 1 g/kg chloroform fraction,
but in some areas, the bleeding was observed
(Figure 3d), the liver histology in group 2g/
kg was normal but the kuppfer cells relatively
increased and sinusoids were relatively dilated
(Figure 3e). Administration of liposomal
fraction at dose of 3 g/kg highly increased
kupffer cells, fibroblast accumulation and
hepatocyte death, in addition, the sinusoids
are so dilated due to the treatment (Figure 3f).

Phytochemical analyses

Phytochemical analysis was performed
for chloroform fraction by TLC and column
chromatography. The numbers of spots in
this fraction were determined by TLC and
were separated by column chromatography.
Two major compounds were isolated from
the chloroform fraction and identified by
"H-NMR, *C-NMR, and mass spectroscopy
namely lupeol acetate and lupeol palmitate
(Figure 4).

Lupeol Acetate; EIMS for C32 H5202; m/z
(rel. Int.): 468[M+] (17.32%), 453 (18.89%),
393(16.53%), 408 (4.72%), 357(3.12%),
218(11.71%). 189 (55.11%), 109 (59.5%),
43(100%).

'"H-NMR (CDCI3, 500 MHz): § 4.69(1H,
bs, H29), 4.57 (1H, bs, H29), 4.47((1H, m,
H3), 2.04 (3H, s, H32), 1.68(3H, s, H30),
1.03(3H, s, H25), 0.94 (3H, s, H28), 0.85(3H,
s, H23), 0.84 (3H, s, H24), 0.83 (3H, s, H26),
0.79 (3H, s, H2).

BC-NMR (CDCI3 125 MHz): § 171.01
(C31), 117.59 (C20), 109.35 (C29), 80.98
(C3), 55.39 (C5), 50.35 (C9), 48.30 (C18),
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48.01(C19), 20.94 (C32).

Lupeol palmitate; EIMS for C46 H8002;
m/z (rel. Int): 664[M+] (21.87%), 649
(5.46%), 445 (3.12%), 408 (14.06%), 393
(12.5%), 218 (21.87%), 204 (34.37%), 189
(63.28%), 175 (15.62%), 121 (32.03 %), 43
(100%)

1H-NMR (CDCI3, 500 MHz): 6 4.68 (1H,
bs,H29),4.57 (1H, bs, H29),4.47 (1H, dd, J =
11.03, 6.04, H3), 2.04 (3H, s, H32), 1.68 (3H,
s, H30), 1.03(3H, s, H25), 0.94 (3H, s, H28),
0.85(3H, s, H23), 0.84 (6H, s, H24, H26), 0.79
(3H, s, H27), 0.88(3H, t, J = 6.05, H46).

BC-NMR (CDCI3 125 MHz): & 173.69
(C31),150.93 (C20), 109.36 (C29), 80.61(C3),
55.40 (C5), 50.35 (C9), 48.30 (C18), 48.01
(C19), 33.85(C32), 14.02 (C43).

Discussion

In the present study, we aimed to
investigate cytotoxicity of Fig latex, in this
content, the in-vitro and in-vivo study were
done, followed by column chromatography
that was employed for purification of
chloroform fraction. Afterwards, NMR and
mass spectrophotometry were applied for
compound identification. Interestingly, not
only methanol fraction showed no cytotoxicity
but also caused growth stimulation at 72 h. The
growth stimulation of methanol fraction of
Ficus family was reported previously by Kofi
Annan (2008) (32). They reported this property
could related to its antioxidant capacity (32).
Both effects of Fig latex methanol fraction
could be due to phenolic compounds that
were identified in water fraction of Fig latex,
despite phenolic compounds in water fraction.
Tezcan et al., (2016) showed that among four
fractions of Fig latex including n-hexane,
dichloromethane, ethanol, and water fraction
only water fraction was cytotoxic on U-87
MG GBM cell lines (6). The possible reason
for this difference can be the use of different
cell lines and different molecular pathway:.

This is the first report of cytotoxicity of
hydrophobic fractions. As we showed in the
present study both employed hydrophobic
fractions (including chloroform and n-hexane)
of Fig latex showed the cytotoxic effect. The
chloroform fraction was obviously more
cytotoxic.
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A study by Tezcan et al., (2016) reported
no cytotoxicity by hydrophobic fractions of
Fig latex (6). This discrepancy could be due
to the low solubility of hydrophobic fractions
in culture media and suitable solvents such
as DMSO which results in low delivery of
fractions to cells and lack of cytotoxicity.
Phytochemical analysis related to the
cytotoxic effect of Fig latex is limited to one
study performed by Mechoulam et al. (2002).
They reported the cytotoxic effect of Fig latex
is because of 6-o-acyl-beta-d-glucosyl-beta-
sitosterol, a responsible compound for Fig
latex cytotoxic activity (33).

According to our phytochemical analysis,
lupeol acetate and lupeol palmitate were
present in the chloroform fraction. Also, the
presence of lupeol acetate was previously
reported by Oliveira et al, (20) but the
isolation and identification of lupeol palmitae
from Fig latex is reported for the first time.
Oliveira et al. reported the presence of free
fatty acids including palmitate in Fig latex
but in our study, the fatty acid was not free
and it was esterified with lupeol (20). Both
compounds have triterpenoid structure with
low solubility in water, approximately 0.02
pg/mL (21,34), thus do not dissolve in cell
culture media. To improve solubility, we
employed safe egg yolk phosphatidylcholine
(EPC) to prepare liposome formulation and
enhance delivery of hydrophobic fractions to
cells. As we observed in our study, chloroform
fraction was more cytotoxic with IC50 value
0f 0.219 and 0.748 mg/mL on HepG2 as well
as NIH cell lines respectively. As mentioned
above, the lupeol derivates were the major
component in chloroform fraction; it seems
that the cytotoxic effect is related to them.
Several studies reported that lupeol causes
cell death in cancerous cell more specifically
(35) which was demonstrated in our study too,
because the IC50 value for HepG2 cell was 3
times lower than that for NIH cell line.

Moreover, chloroform fraction induces
apoptosis in both HepG2 and NIH cell lines
at IC50 concentration. The flow cytometry
with Annexin V/ Pl measurement, which
is a well-known way for elucidation of cell
death pathway, demonstrate presence of
cells in early apoptosis phase (36). Both
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isolated compounds are lupeol derivates, it
has been observed that lupeol interferes with
various signaling pathway and stimulate
apoptosis (37). It causes cell death in caspase
3 dependent pathway and inhibition of PI3K
pathway (38). Previously the cytotoxicity and
apoptosis induction of lupeol was observed in
several types of cancers (39), therefore lupeol
has already been considered as an anticancer
chemo-preventive agent (40). It seems that
the cytotoxicity and apoptosis induction of
chloroform fraction are related to lupeol
derivates which were isolated.

For safety assay, the liposomal form of
chloroform fraction and EPC were used.
Administration of EPC (4.5 g/kg) as a vehicle
of chloroform fraction caused no death or
obvious histopathological changes on the liver
which means the compound is completely
safe. Although the liposomal form of the
fraction was not lethal up to 2 g/kg, it caused
30% death at dose of 3 g/kg which classifies it
as a safe product. According to phytochemical
analysis and presence of lupeol derivates,
reported LD50 for lupeol is more than 2g/kg
(41) that is in line with our study.

Conclusion

In Conclusion, the pharmacological
activity of the chloroform fraction of Fig latex
can be summarized as the following points:
the chloroform fraction is considered as a
safe fraction with LD50 > 3g/kg in mice. It
has showed pro-apoptotic effect on cancerous
cell line and the HepG2 cell line was three
times more sensitive to apoptosis induction of
chloroform fraction. Lupeol acetate and lupeol
palmitate were the main compounds presented
in chloroform fraction of Fig latex, which
is related to cell cytotoxicity and apoptosis
induction. Presence of the lupeol palmitat in
Fig latex is reported for the first time. Further
investigation is needed for characterizing the
differences between the function of lupeol
and its ester form in cancer. In this study, the
liposome form of the fraction is used to solve
hydrophobic fractions. The other forms of drug
delivery such as PLA and PLGA nanoparticle
might be useful for improving solubility of the
hydrophobic fraction of Fig latex.
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