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ABSTRACT
Objective: Cancer represents the second leading cause of death after stroke and heart diseases. Plant extracts have long been used in traditional
medicine for the prevention and treatment of many illnesses, including some types of cancer. The aim of this study was to evaluate the
antiproliferative effects of ethyl acetate fractions of two Lebanese herbs: Inula viscosa (I. vis) and Inula vulgaris (I. vul).
Methods: Plants were extracted with ethanol followed by ethyl acetate, then dried and tested on three cell lines including CaCO2, HepG2, and MCF7,
to check for their viability and antiproliferative activity, using trypan blue exclusion and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assays. Proton (1H) and carbon (13C) nuclear magnetic resonance spectrometry (NMR) were used to identify the compounds that
have been isolated from both Inula species.
Results: The current findings were consistent for both trypan blue and MTT assays. The results showed that the most potent effect for I. vul was
HepG2 (IC50 20 µg/ml, 27 µg/ml), and for I. vis on MCF7 (9 µg/ml, 15 µg/ml) and CaCO2 (12 µg/ml, 22 µg/ml) in the two mentioned assays
respectively. However, insignificant differences were observed among the studied plants for each of the evaluated cells indicating comparable
potencies. Quercetin, quercetin glycoside, and epicatechin derivatives were isolated by fractionation on column chromatography and identified
using NMR spectroscopy.
Conclusion: The antiproliferative activities of the two plants could be related to their content that is significant for high levels of secondary
metabolites. The identification of those compounds is necessary to establish a relationship between their chemical structures and their activities.
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INTRODUCTION
The genus Inula (I.) comprises more than one hundred species
widespread in temperate regions of Europe and Asia [1]. In Lebanon,
7 species have been identified and are widely spread. Those include
I. helenium, I. graveolens, I. crithmoides, I. salicina, I. viscosa (I. vis)
and I. vulgaris (I. vul). In addition to those, there is I. heterolepis
species, which has vanished and has been reported to be extinct [2].
Previous studies have reported the wide use of I. vis in the treatment
of various conditions due to its anti-inflammatory [3], anticancer [4],
antimicrobial [5], anti-stressor [6], antioxidant [7], anti-hepatotoxic,
cardioprotective [8], and anesthetic effects [9]. It is noteworthy that
I. vul is locally grown in Lebanon in many areas but has not been
studied before.
The characteristic compounds of the genus, including sesquiterpene
lactones, flavonoids and other phenolic compounds, are involved in
a network of biological effects; in consequence, the majority of the
experimental studies are focused on the effects of these secondary
metabolites [1].
This study aims at investigating the in vitro antiproliferative effects of the
Lebanese I. vul against three cancer cell lines, in comparison to the
Lebanese I. vis. The antiproliferative activity will be correlated to some
isolated compounds, in particular, flavonoids and phenolic compounds.
Cancer is one of the leading causes of death worldwide which has
been attributed to many factors that have influenced the increase in
the number of cases. Some of the direct factors include the growth of
the population, ageing, adoption of life style behaviours that are
known to cause cancer [10]. The incidence rates of cancer are
expected to approach 296.0 and 339.5 cases per 100,000 for males
and females, respectively [11]. Lung and colon cancers are among

the most common expected types [11]. Plants have had a long history
of use in the treatment of cancer [12], and are still considered as effective
sources of biologically active compounds [13]. Many prescribed
products in the world have originated from natural plants and their
derivatives [13]. I. vul has not been previously studied or tested for its
phytochemical or pharmacological applications; this is the first analysis
on this grown species worldwide.
MATERIALS AND METHODS
Chemicals
Petroleum ether (PE) 40-60 °C, dichloromethane (DCM), ethyl
acetate (EtAc) and methanol (MeOH) solvents were used for
extraction and fractionation. All solvents were purchased from
Sigma-Aldrich Company with a high degree of purity (HPLC grade
except PE). Silica gel 60 (60-100 mesh) was used in column
chromatography and was purchased from the same company too.
Anisaldehyde solution was used as a spraying reagent for TLC plates.
It was prepared according to the specifications of USP, by dissolving
0.5 ml anisaldehyde in glacial acetic acid/conc. H2SO4 (50 ml: 1 ml),
then the solution was transferred into a spraying bottle [14].
Cell culture reagents
Dulbecco’s modified Eagle’s medium (DMEM), 10% fetal bovine serum
(FBS), L-glutamine containing 100 units/ml of penicillin G sodium and
100 units/ml of streptomycin sulfate, were all purchased from SigmaAldrich Company. Cell proliferation kits containing MTT (3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) and the
solubilizing agent were bought from Roche Life Science Company.
Equipment
Extracts were concentrated by a Rotavapor-R30 at 40 °C.

Assi et al.
Int J Pharm Pharm Sci, Vol 9, Issue 8, 75-83
Preliminary thin layer chromatography (TLC) plates were purchased
from Unitech at local companies. These plates were made up of silica
gel on aluminium sheets. UV lamp (Vilber Lourmat VL) and its
chamber were used for the identification of TLC spots after spraying
with the proper reagents. Spectroscopic studies involved NMR and
Mass Spectra (MS). The 1H and 13C NMR spectra were performed on
a Bruker Avance III NMR operating at 500 MHZ. Mass spectrometric
measurements were performed using Agilent Trap XCP Mass
Spectrometer. All spectroscopic techniques were performed in the
Kamal A. Shair Central Research Science Laboratory (KAS CRSL) at
the American University of Beirut.
Plants material
The aerial parts of I. vis and I. vul species (Asteraceae) were collected
in July 2013 from South Lebanon and Mount Lebanon while they
were flowering. The two species were identified taxonomically by
Prof. George Tohme, the previous president of the National Council
for Scientific Research (CNRS) [2]. Dried voucher specimens were
deposited at the Faculty Herbarium Museum (specimen no. 2015P030 I. vis and 2015-P031 I. vul). The aerial parts of the plants were
cleaned to remove any residual soil, air-dried at room temperature
in the shade, ground to a fine powder using a laboratory mill, stored
in a dark place, and kept at room temperature (22–23 °C) ready for
extraction.
Structure elucidation of some compounds using NMR, MS and
UV [15, 16]
Different spectroscopic techniques were applied for characterization
and further identification of isolated compounds. The 1H, the 13C, and
the DEPT 135 NMR measurements were performed on a BRUKER
Avance III HD NMR Spectrometer operating at 500 MHZ. Samples
were dissolved in deuterated chloroform (CDCl3) or Methanol
(CH3OD) and the chemical shifts were reported in ppm values
relative to the internal standard tetramethylsilane (TMS). Spectra
were recorded and scanned using the residual non-deuterated
solvent peaks as internal standards.

UV spectra were used to determine the type of sugar associated with
the glycoside that has been isolated from the plant species. The
sample was re-extracted from KBr pellets in order to determine the
sugar using JASCO, V-570 UV/VIS/NIR spectrophotometer with
VWTS-581 color analysis software.
Cell lines
Three different human cell lines have been used in this study; they
included hepatocellular carcinoma (Hep-G2), human breast
adenocarcinoma (MCF7) and colorectal adenocarcinoma (Caco2)
cells. The cell lines were purchased from the American Type Culture
Collection (ATCC), VA in the United States of America (USA). Cells
were cultured in DMEM at 37 °C in a humidified 5% CO2 incubator.
Media were supplemented with 10% fetal bovine serum (FBS), 2
mmol L-glutamine, containing 100 units/ml of penicillin G sodium,
and 100 units/ml of streptomycin sulfate (PEN-STREP). Monolayer
cells were harvested by trypsin/EDTA treatment.
Methods
Preparation of crude plant extracts
I. vul: Aerial parts of I. vul (0.8 kg) were dried, grinded, and extracted
in the dark at room temperature with 1.5 liters of 80% ethanol, with
occasional shaking for 48 h. The extract was filtered then evaporated
to dryness under vacuum at 40 °C using an automated Rotavapor
yielding 45.2 g of residue. After that, 15 g of the extract was purified
with petroleum ether (40-60 °C). Then the remaining purified
extract was partitioned in a 1-liter separatory funnel using EtAc.
Another sample of the crude extract weighing 18.60 g was applied
on a 100 cm height, 3 cm diameter silica gel wet packed column.
Fractions were eluted using increasing polarity of PE: EtAc solvents.
Collected fractions (total of 62) were dried, then applied on TLC
plates, and resolved in 70:30 PE-EhAc and 80:20 DCM: MeOH mobile
phase system consecutively. The TLC plates were visualized under
UV, and then sprayed with anisaldehyde reagent followed by heating
in the oven at 105 °C for 10 min (fig. 1).

Fig. 1: Schematic representation of the I. vul extracts preparation and fractionation
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Statistical analysis

I. vis: Aerial parts of I. vis (5 kg) were dried, grinded, and extracted in
the dark at room temperature with 4 litres of 80% ethanol, with
occasional shaking for 48 h. Similarly, the extract was filtered then
evaporated to dryness at 40 °C yielding a residue of 160 g.
afterwards, 30 g of the extract was purified with PE (40-60 °C) and
then partitioned in a 1-liter separatory funnel using EtAc.

All values were presented as the means±SEM Statistical analysis was
determined by using the “SPSS” (Statistical Package for the Social
Sciences) computer program. A difference in the means with a pvalue<0.05 was regarded to be statistically significant.

Treatment of cell lines

RESULTS AND DISCUSSION

The effect of I. vis and I. vul extracts on cell viability was examined.
Three different cell lines were used in this study: hepatocellular
carcinoma (HepG2), human breast adenocarcinoma (MCF7) and
colorectal adenocarcinoma (Caco2) cells. Briefly, for the MTT test, the
cells were inoculated into 96-well plates at plating densities of 10,000
cells/well, and four wells were used for each treatment. For Trypan
blue test, the cells were inoculated into 24-well plates at plating
densities of 500,000 cells/well, and three wells were used for each
treatment. All the processes were carried out in a vertical laminar flow
chamber previously washed with 70% ethanol [14]. The EtAc extracts
of I. vis and I. vul were dissolved in dimethyl sulfoxide (DMSO, 99.9%,
HPLC grade), and then diluted 1000-folds with the already prepared
media. Four concentrations (10 µg/ml, 30 μg/ml, 50 μg/ml, and 70
μg/ml) of the extracts were added directly into the wells containing
the cancer cells. Three independent experiments were performed and
the data was presented as means±SD [17].

Comparative antiproliferative activity of I. vul versus I. vis using
trypan blue viability test
The study evaluated the antiproliferative potential of different
concentrations of extracts of two Lebanese plants. In order to compare
the activities of the two plants on different cell lines and for the purpose
of comparing the IC50s, different concentrations were used, and the plots
of the percentage cell viability of cell lines against concentrations of
extracts were carried. Fig. 2a, b, and c show the % viability curves of the
cell lines after treatment with four different concentrations of EtAc
fractions using the trypan blue dye exclusion technique.

Viability assays
Trypan blue exclusion assay
The effect of extracts on the viability of cells was determined using
trypan blue exclusion assay. Cells were seeded at a density of
500,000 cells/well using 24-well plates, treated with variable
concentrations of extracts and then incubated in CO2/O2 for 24 h at
37 °C. Cells were then trypsinized (harvested by trypsin/EDTA
0.25% in PBS). A 50 μl sample of the cell suspension was taken and
mixed with an equal volume of trypan blue, transferred to a
hemocytometer, overlaid with a coverslip, and counted. Both clear
live cells and blue dead cells were counted. The number of cells per
ml was calculated and compared to the total number of cells. The
percent viability was determined by using the formula [18]:

Fig. 2a: % cell viability and characterization of MCF7 using
trypan blue exclusion test on ethyl acetate fractions of two
Inula species. Experiments were run in triplicates. Data are
expressed in mean±SEM P-value<0.05 was considered
statistically significant as compared to the control

% Viability= (Live Cell Count∖Total Cell Count) ×100
Cytotoxicity activity using MTT assay
The effect of the different extracts was further investigated using the
MTT assay according to the method of Alley et al.[19]. The assay
briefly detects the reduction of MTT by mitochondrial
dehydrogenase to a blue formazan product, which reflects the
normal function of the mitochondria and cell viability. HepG2, MCF7,
and Caco2 cells were seeded at 10,000 cells/well for cell lines in 96
well microplates. After 24 h of incubation at 37 °C in a 5% CO2
incubator, the culture media were replaced by a medium containing
the extracts (100μl) then incubated for 24 h. The media were
aspirated and the MTT solution (10μl) was added to each well. Blue
crystals were formed after 4 h. The stop solution (100μl) was added
and incubated further overnight. The reduced MTT was assayed at
550 nm using an ELISA microplate reader (Multiscan Co) [20, 21].
The percentage growth inhibition was calculated using the following
formula:

Fig. 2b: % cell viability and characterization of HepG2 using
trypan blue exclusion test on ethyl acetate fractions of two
Inula species. Experiments were run in triplicates. Data are
expressed in mean±SEM P-value<0.05 was considered
statistically significant as compared to the control

% Cell Viability = [(At-Ab) ∖ (Ac-Ab) ] × 100
At = Absorbance value of test
Ab = Absorbance value of blank
Ac = Absorbance value of control
In the present study, due to the fact that we had colored extracts,
blank wells were made for every extract concentration used without
cells. The cells received the same amount of DMSO (0.1%) and were
used as a negative control. IC50 values were calculated to show the
concentrations at which there was a 50% inhibition of proliferation
on any tested cell line. Stock solutions of the extracts were dissolved
in DMSO then diluted with the medium and filtered using 0.2 μm
membrane filters. IC50 values were reported to indicate the average
of the three replicates.

Fig. 2c: % cell viability and characterization of CacO2 Using
trypan blue exclusion test on ethyl acetate fractions of two
Inula species. Experiments were run in triplicates. Data are
expressed in mean±SEM P-value<0.05 was considered
statistically significant as compared to the control
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Comparative antiproliferative activity of I. vul versus I. vis using
MTT assay
MTT assay was used to determine the anti-proliferative effect of the
ethyl acetate fractions on the three previously mentioned cell lines.
Fig. 3a, b, and c show the % viability curves of the cell lines after
treatment with four different concentrations of EtAc fractions using
MTT.

the used tests: trypan blue and MTT assay. Our findings show that I.
vul exerts a more potent effect on HepG2 while I. vis was more
potent on MCF7. The IC50 was graphically determined, whereby the
values were 20µg/ml and 27µg/ml in the Trypan blue assay and
MTT test respectively. For I. vis, the potency on MCF7 was shown in
terms of IC50 at 9 µg/ml and 15 µg/ml in Trypan blue assay and MTT
test respectively. On CaCo2, the IC50 of I. vis was 12µg/ml in the
Trypan blue assay and 22µg/ml by the MTT test, indicating high
potency. Since the IC50 of the extracts were less than 30µg/ml, this
coincides with the American National Cancer Institute, which
specified definite criteria for cytotoxic activity of plant extracts at
IC50 less than 30 µg/ml [22]. Insignificant differences were observed
among the two studied plants for each of the cells that were
evaluated, which indicates comparable potencies.
Identification of three compounds isolated from EtAC fraction
of I. vul

Fig. 3a: % Cell viability and characterization of MCF7 Using MTT
assay on ethyl acetate fractions of two Inula species.
Experiments were run in triplicates. Data are expressed in
mean±SEM P-value<0.05 was considered statistically significant
as compared to the control

Fractions 7, 8, 9 and 10 were collected together, and then the
mixture was re-fractionated using DCM: MeOH system with an order
of increasing polarity. Compounds I and II were eluted using 92:8
and 70:30 DCM: MeOH solvent systems respectively. Fractions 13
and 14 were added together then fractionated using petroleum
ether: ethyl acetate. Compound III was isolated at 78% of the solvent
system. The compounds were kept to dry and crystallize from the
eluting solvent.
Compound I
In order to elucidate the structure of compound I, different
spectroscopic techniques were used. The obtained data were
compared to published literature.
Compound I: 1H NMR (CD3OD))δH: 2.828 (m, H-4), 2.969 (m, H-4),
5.024 (s, H-3), 5.518 (s,H-2), 5.954 (d, H-6, H-8), 6.684 (d, 8 Hz, H6`), 6.795 (dd, J=1.5, 8 Hz, H-5`), 6.923 (d, 1Hz, H-2`), 6.925 (s, H2``,H-6``). Fig. 4a shows multi-signals that arise due to the splitting
of hydrogen into close groupings of two or more resonances. This is
a common feature in the spectra of compounds having different sets
of hydrogen atoms bonded to adjacent carbon atoms. The signal
splitting in proton spectra is usually small and is designated as J
(referred to as the coupling constant).

Fig. 3b: % cell viability and characterization of hepG2 Using
MTT assay on EtAC fractions of two Inula species. Experiments
were run in triplicates. Data are expressed in mean±SEM Pvalue<0.05 was considered statistically significant as compared
to the control

According to the previous spectra, 13C NMR (fig. 4b) analysis of
compound I at 500 MHZ, using deuterated methanol (CD3OD) shows
the following results:
13C (CD3OD) δC: 25.48 (C-4), 68.57 (C-3), 77.23 (C-2), 94.47 (C-8),
95.11(C-6), 97.97(C-10), 113.70(C-2`),114.59 (C5`), 117.97 (C-6`),
130.04(C-1`), 144.55(C-4`), 144.57(C-3`),155.88(C-5), 156.46(C-7),
156.46(C-9). The values (108.78, 120.00, 138.44, 144.92, and 166.21
ppm) were related to the gallic acid.

Fig. 4c represents the DEPT-135 spectrum used to differentiate the
primary, secondary and tertiary carbon signals, but not the
quaternary and carbonyl carbons. The appearance of 8 carbon
signals (hydrogen containing carbons) at δ C value 117.97, 114.59,
113.69, 108.78, 95.11, 94.46, 77.23, and 68.57 ppm is interpreted as
primary, secondary and tertiary carbons.

Fig. 3c: % cell viability and characterization of Caco2 Using MTT
assay on EtAC fractions of Two Inula species. Experiments were
run in triplicates. Data are expressed in mean±SEM Pvalue<0.05 was considered statistically significant as compared
to the control

The activities of the two plants on the three cell lines were
compared using the IC50. In the cellular experiments, results were
compared with DMSO treated cells. Our findings were consistent for

Based on the previous data, the 1H NMR spectrum has shown 1,3,4substituted aromatic protons at 6.923, 6.795 and 6.684. These
protons were related to H-2`, H-5`, and H-6` respectively. Signals of
wo meta coupling protons were shown at δH 5.954 and were related
to H-6 and H-8. A methylene group was also identified at δH 2.828
and 2.969 for H-4. Finally, two methine protons were identified at:
5.024 and 5.518 for H-3 and H-2 respectively. The 13C NMR detected
15 carbon signals including twelve aromatic carbons, one
oxygenated aliphatic carbon and two aliphatic carbons. In fact, the
aromatic CH signals were observed at 117.97, 114.59, 113.69, 95.11,
and 94.46 ppm. The 1H and 13C NMR spectra were similar to catechin
except for the presence of a gallic acid moiety at δH 6.925 (s, H-2``,H6``) and δC (108.78 (C-2``,C-6``), 120.00 (C-1``), 138.44 (C-4``),
144.92 (C-3``,5``), and 166.21 (-COO) ppm)
By direct comparison of the 1H,13C, DEPT-135 NMR spectral data
with those of an authentic reference, compound I was identified as
epicatechin-3O-gallate [23].
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Fig. 4a: Characterization of compound I isolated from I. vul using 1H NMR

Fig. 4b: Characterization of compound I isolated from I. vul using 13C NMR

Fig. 4c: Characterization of compound I isolated from I. vulgaris using DEPT-135

Compound II
Fig. 5a represents

1HNMR

spectra of compound II.

1H

NMR (CD3OD)) δH: 6.176 (d, 2.0Hz, H-6), 6.383 (d, 2.0 Hz, H-8), 6.874
(d, 4.0 Hz H-5`), 7.618 (dd,J=2.5, 8.5 Hz,H-6`), 7.730 (d, 2.1 Hz, H-2`).

Fig. 5b shows 13C NMR analysis of compound II, using deuterated
methanol (MeOD):13C (CD3OD) δC: 93.01 (C-8), 97.83(C-6), 103.10(C10), 114.58(C-2`,C),114.82 (C5`), 120.27(C-6`), 122.72 (C-1`), 135.83

(C-3), 144.81(C-3`), 146.58(C-2),147.36(C-4`), 156.79(C-9), 161.79
(C-5), 164.16 (C-7), 175.92 (C-4).
The appearance of 5 carbon signals in fig. 5c at δC value 120.27,
114.82, 114.57, 97.83, and 93.01 ppm is interpreted as primary,
secondary and tertiary carbons. In fact, the signals observed at
120.27, 114.82, 114.57, 97.83, and 93.01 ppm were related to
aromatic CH. The previous spectra have revealed a lot of aromatic
protons. The two doublet peaks at 6.176 and 6.383 ppm were
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related to two aromatic protons at C6 and C8. The signals at (7.73
ppm) and (7.61 ppm) were related to C2’ and C6’of the catechol ring.
By direct comparison of the 1H,13C, DEPT-135 NMR spectral data

with those of an authentic sample, compound II was identified with
a formula of C15H10 O7; 2-(3,4-Dihydroxyphenyl)-3, 5, 7-trihydroxy4H-1-benzopyran-4-one, which is the flavonoid quercetin [24].

Fig. 5a: Characterization of compound II isolated from I. vul using 1H NMR

Fig. 5b: Characterization of compound II isolated from I. vulgaris using 13C NMR

Fig. 5c: Characterization of compound II isolated from I. vul using 13C DEPT135
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Compound III
The 1H NMR and 13C spectroscopy of compound III were determined
using deuterated methanol and represented in fig. 6a and fig. 6b
respectively.
Compound III: 1H NMR (CD3OD)) δH: 0.901 (s, H-6```), 1.112 (m, H-6```),
1.298 (s, H-6```), 3.150 (s, H-4```), 3.265 (m, H-2``), 3.2281 (d,3 Hz, H3``), 3.303 (s,H-4``), 3.306 (m, H-5``), 3.345 (m, H-6``), 3.426 (m, H-5```),
3.469 (d, 1Hz, H-3```). 3.629 (s,H-2```), 3.810 (d,2.5 Hz, Hb-6``), 4.517
(d, 8.5 Hz, H-1```), 5.110 (d, 5Hz, H-1``), 6.203 (d, 2.0Hz, H-6), 6.394(d,
2.0 Hz, H-8), 6.859 (d, 5.0 Hz H-5`), 7.663 (m,H-6`), 7.701 (s, H-2`).
13C

(CD3OD) δC: 17.91 (C-6```), 68.56 (C-6``),69.74 (C-5```), 71.40 (C4``),72.12 (C2```),72.23 (C-3```),73.94 (C-4```),75.73 (C-2``),77.23 (C3``),78.19 (C-5``),94.97 (C-8),99.80 (C-6),100.12 (C-1```),,102.45 (C1``), 104.76 (C-10), 116.08 (C-2`),117.67 (C5`), 123.11(C-6`), 123.56
(C-1`), 135.61 (C-3), 145.89(C-3`), 149.89(C-4`),158.58(C-2),
159.50(C-9), 163.50(C-5), 166.50 (C-7), 180.34 (C-4).

The DEPT-135 spectrum (fig. 6c) has revealed the appearance of 17
hydrogen containing carbon signals. These carbons appear at δ C
value 16.49, 67.13, 68.31, 69.97, 70.69, 70.80, 72.51, 74.31, 75.80,
76.76, 93.54, 98.68, 101.02, 103.33, 114.65, 116.24, and 122.13 ppm.
Mass spectral studies have revealed two sharp peaks with m/z value
of 637.5 and 611.1. These results were compared to previous
literature. Based on the spectral data, the compound is a glycoside
that is formed up of two sugars. The two types of sugars could be
identified using UV spectra analysis. The UV spectrum of compound

III has shown two major absorption bands at 405 nm and 257 nm,
which indicated the presence of flavonol structure. Five aromatic
protons signals appeared in the 1H NMR, which support the assigned
chemical structure of the isolated compound as previously deduced
from UV spectral analysis. The 1H NMR spectrum also supported the
presence of rhamnose proton H-1signal at δH 4.51 ppm and glucose
H-1 signal at δH 5.11 ppm. The protons of the methyl group of
rhamnose have appeared as three signals at 0.901 (s), 1.112 (m),
1.298 (s). The remaining protons of the sugar moiety were
resonated between 3.15 and 3.81 ppm. The 13C NMR spectrum
showed 27 carbon signals, 15 carbons of which were signals of the
flavonol skeleton. The DEPT signals were interpreted as primary,
secondary and tertiary carbons. In fact, the aromatic CH signals were
observed at 122, 116.24, 114.65, 98.68, and 93.54 ppm. Compound
III gave yellow colour with concentrated ammonia, which indicates
its nature being either a flavonoid or a flavonoid glycoside. The FTIR
analysis of the compound III gave a broad band peak at 3386.24 cm1, 3600 to 3000 cm-1 which may be due to OH stretching. Bands at
2968, 2926, 2865, 2740, cm-1 can be attributed to H-C-H
asymmetrical stretching. While bands at 1654.78, 1604.03 and 1560
cm-1 may be due to C=O stretching. The bands at 1520, 1480,
1450.39, 1359.41, 1301.12, 1270, 1250 cm-1 may indicate-C-Cstretching. The bands at 1202.49 and 1160 cm-1 could be related toC-C-stretching, while bands at 1062, 920, 610 cm-1 may representC=C-mono substituents. By direct comparison of the 1H,13C, DEPT135 NMR, FTIR, MS, and UV spectral data with those of an authentic
sample, compound III was identified as quercetin 3-O-rutinoside or
Rutin [25].

Fig. 6a: Characterization of compound III isolated from I. vul using 1H NMR

Fig. 6b: Characterization of compound III isolated from I. vul using 13C NMR
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Fig. 6c: Characterization of compound III isolated from I. vulgaris using 13C DEPT135

The obtained anti-cancer results are not an exception where many
anti-cancer studies done on plant species have shown anticancer
effects. It is widely accepted that the antiproliferative activity could
be related to the active principles of the various fractions, especially
flavonoids, flavonoid glycosides, and sesquiterpenes, which are
major components of I. species [26.27]. The association between
flavonoids from one side and cancer types from another has been
reported. The role of dietary flavonoids in cancer prevention
indicates that flavonoids have important effects on cancer
chemoprevention and chemotherapy. Many mechanisms of action
have been identified, including carcinogen inactivation,
antiproliferation, cell cycle arrest, induction of apoptosis,
differentiation and inhibition of angiogenesis [28]. In this field, it
seems that the antiproliferative activity of I. vul extracts is mainly
due to its flavonoidal content, including the 3 isolated compounds. It
was found that epicatechin gallate and catechin gallate have great
anti-proliferative effects. In addition, they have superior effects as
compared to the well-known anti-proliferative "epigallocatechin
gallate" in growth suppression in pancreatic tumor cells[29]. Such
studies provide evidence that catechins show an antiproliferative
potential that could possibly increase the efficacy of classical
anticancer therapies. Similarly, for quercetin and rutin, many studies
have suggested the potential effects of those two substances in
cancer therapy. Numerous in vitro and in vivo experiments have
shown various mechanisms of action that could suppress multiple
oncogenic signalling pathways [30]. These compounds were
previously isolated from I. vis and have shown great antiproliferative
effects, which emphasizes their involvement in the anticancer effects
of I. vul. Updating the database related to these dietary flavonoids
will deliver significant information for future epidemiological
studies. The importance of this part of our study is the investigation
of the anticancer effects of these Lebanese plant species that have
never been previously studied. Furthermore, studies done on I. vul
species are considered as novel ones; this is the first
pharmacological study on this species in the whole world.
CONCLUSION
This is the first study to be performed on the plant species I. vul. Our
research has shown that this herb has anti-cancer effects which
were concentrated in its aerial parts and were effective against the
three aforementioned cell lines. Two glycosides and one flavonoid
were isolated and identified, however, such species needs further
investigation, to isolate more active compounds. This study
complements the worldwide ethnomedicine activities that are still
ongoing to develop new and improved pharmaceutical agents to
treat many diseases.
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