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Phytochemical Analysis and Cytotoxic Activity of Ferulago carduchorum
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Abstract: Ferulago carduchorum Boiss and Hausskn (Apiaceae) is an endemic plant in West of Iran and it are
used mn dairy and o1l ghee as a natural preservative. The aerial parts of F. carduchorum were extracted by
percolation method with MeOH/H,O (80/20) and the fractions were provided respectively with hexane, ethyl
acetate, methanol, methanol/H,O (50/50). The fractions have been investigated their phytochemical
screening and the cytotoxic activity against the colon carcinoma (HT29), the breast ducal carcinoma
(T47D), the hepatocellular carcinoma (HepGZ2) and Swiss mouse embryo fibroblast (INIH 3T3) cell lines by MTT
(3-(4, 5-di methyl thiazol-2-y1)-2, 5-diphenyltetrazolium bromide) assay. Phytochemical screening revealed the
presence of phytosteroids, flavonoids, coumaring and saponins. The cytotoxicity of ethyl acetate and hexane
fractions showed more efficacy than the other fractions on T47D and HepG2 cell lines (TC5,<100 pg mL.™") could
be attributed to their content of coumarins and phytosteroids. The hexane fraction was selected for
phytochemical study and suberosin (a coumarin) isolated from hexane fraction as an active compound. The
Selective Index (ST) value of ethyl acetate fraction was lower in HepG2, T47D and HT29 cell lines than hexane

fraction that indicated the selective effect of ethyl acetate fraction on this cell lines.
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INTRODUCTION

Ferulago genus which commonly known as chavil in
folk medicine, belongs to the Apiaceae family and
includes about 40 species in the world that eight of
them exist in Iran (Rechinger and Hedge, 1987,
Mozaffarian, 2007). Ferulage carduchorum Boiss and
Hausskn 1s khnown as an endemic plant m West of
Tran, grows in altitude of 1900-3200 m above the sea
level. F. carduchorum is a perennial shrub with yellow
color flowers and the height of about 60-150 cm
(Mozaffanian, 2007). In West of Iran, aerial parts of chavil
are used in meat, dairy and oil ghee as a natural
preservative. Furthermore, different Ferulago species
are used traditionally for wulcer, snake bit and
headache (Demetzos et al, 2000). Literature reviews

have been reported coumarins from F. bernardii
(Khalighi-Sigaroodi et al., 2006), F. meoides (Ognyanov
and Bocheva, 1969), F. turcomanica (Andrianova et al.,
1975; Serkerov et al., 1976), F. sylvatica (Sklyar ef af.,
1982), F. granatensis (De Pascual et al., 1979), F. aucheri
(Doganca et al., 1991), F. asparagifolia (Doganca et al.,
1992), F. nodosa (Ruberto et al., 1994), F. capillaris and
F. brachyloba (Iimenez et al., 2000). In one study, it was
found that F. angulata had a mild stimulating activity on
human Peripheral Blood Lymphosytes (PBLs) at low
concentration (<1 pg mL ™) (Amirghofran ef al., 2009). In
addition, cytotoxic effects of the 1solated coumarins from
F. campestris have been investigated (Basile et al., 2009).
Chemical composition of F. carduchorum essential oil
has been studied, the major constituents were
identified as (z)-B-ocimene (21.2%), terpinolene (13.1%)
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and a-phellandrene (12.7%) (Samiee et al, 2006). The
preservative effect of F. carduchoruwm in oil ghee in
folk uses possibly due to antioxidant activity and it
suggested that this plant may be have anticancer effect.
Cancer is one of the most life threatening diseases
now-a-days. Currently there is considerable scientific
and commercial interest m discovering of new
anticancer agent from natural products because of their
compatibility to human body and less adverse effects in
comparison with synthetic chemotherapeutic agents
(Ralmmifard er al., 2009).

The goal of the survey 13 to evaluate the cytotoxic
activity of F. carduchorum toward four cell lines by MTT
(3-(4, 5-di methyl thiazol-2-y1}-2, 5-di phenyltetrazolium
bromide) assay and to carry out phytochemical
investigation for first time.

MATERIALS AND METHODS

Instruments: The 'H and “C-NMR spectra were recorded
on a Brucker Avance TM 500 DRX (500 MHz for 'H and
125 MHz for "C) spectrometer with tetramethylsilane,
as an mternal standard and chemical shifts were given in
d (ppm) and the coupling constants (J) are in Hz. The UV
spectra were obtained usmg a Shimadzu 160A
spectrophotometer. The silica gel 60F,, precoated
plates (Merck TM) were used for thin layer
chromatography (TLC). The spots were detected under
UV (254 and 365 nm) and by spraying amsaldehyde-H,SO,
reagent followed by heating. Silica gel for column
chromatography (Mesh 70-230) was purchased from
Merck Company (Germany).

Plant material: The aerial parts of Ferulago
carduchorum were collected from mountains of Tlam
Province at June, 2011. The plants have been identified
and a voucher specimen 1s deposited in Herbarium
Institute of Medicinal Plants (ACECR).

Extraction and isolation: Plant material (1500 g) was dried
for even days at room temperature (17-22°C) and was cut
mto small pieces. The air-dried and ground aerial parts of
F. carduchorum were extracted by percolation method
with MeOH/H,O (80/20) 3 times at room temperature and
the fractions were provided, respectively with hexane,
ethyl acetate (AcOEt), methanol, methanol/H,O (50/50).
The extract and fractions were evaporated by rotary
evaporator and freeze-dried. The extract and fractions
were stored m refrigerator to investigate the
phytochemical screening and cytotoxic activity. The
hexane fraction (15.24 g) was selected for phytochemical
studies. Then, it was subjected to silica gel (mesh 230-400)
Column Chromatography (CC)withhexane: AcOEt(19:1-0:
20) and MeOH as eluent, to give several fractions (A-U).
The fraction K was the pure compound (500 mg).
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Pure compound: Suberosin, White crystal, UV Amax nm:
220, 240, 275, 330, 'H-NMR (500 Hz, CDCL): & ppm:
7.63(d,1H,T=96Hz H-4),7.19 (s, 1H, H-5), 6.78 (s, 1H,
H-8),6.24(d, 1H, I = 9.6 Hz H-3), 5.29(,1H, ;= 7.2, H-2x),
391 (s, 3H, OCH,), 331 (d, 2H, T = 7.2, H-1x), 1.71,
1.78 (s, each 3H, H-4x, H-5x). “C-NMR (CDCL):
1615 (C-2), 1606 (C-7), 1545 (C-9), 1436 (C-4),
133.6 (C-3%), 1275 (C-6), 1274 (C-5), 121.3 (C-2x),
1127 (C-3), 111.9 (C-10), 98.5 (C8), 558 (OCH,),
278 (C-1x),258(C4x), 17.74 (C-5%) (De Melo Cazal et al.,
2009).

Phytochemical screening: Phytochemical screening were
performed on the crude extract and fractions for the
presence of alkaloids, phytosteroids, flavonoids,
anthocyanins, coumarins, tannins and saponins by using
prescribed standard methods (Sharifzadeh et al., 2006;
Saeidma and Gohari, 2012).

Cell culture: The colon carcinoma (HT29) and the breast
ducal carcinoma (T47D) were cultured in RPMI 1640
medium (Gibco, USA) that supplemented with 10% fetal
bovine serum (FBS, Gibco, UJSA). The hepatocellular
carcinoma (HepG?2) were cultured in Dulbecco’s modified
Eagle’s medium (DMEM; PAA, Germany) supplemented
with 10% FBS. Also, the Swiss mouse embryo fibroblast
(NTH 3T3) cell line used as a normal cell line and it
were maintamed in DMEM medium supplemented with
5% FBS. About 100TU mL ™" penicillin and 100 pg mL.™
streptomycin (Gibeo, USA) were added to the media and
all cell lines were kept at 37°C in an air/carbon dioxide
(95:5) atmosphere (Mosmann, 1983).

Determination of cell viability by MTT assay: All cell
lines were plated at 1x10" cell/well of a 96-well tissue
culture plate (Nunc, Denmark) for 24 h, then media was
replaced with fresh media containing different
concentration of extract and fractions (10-1000 ug mL™")
with 4-well repeat of each concentration and a
control group with no extract in media. After 48 h
incubation for HT29, HepG2 and NIH 3T3 and 96 h
for T47D cells the media was aspirated off and 20 ul
of 3-(4, 5-dimethylthiazol-2-v1)-2, 5-diphenylte-tetrazolium
bromide (MTT, Sigma, UUSA) that was dissolved in
Phosphate Buffered Saline (PBS) at a concentration of
5mg mL ™" was added to each well. Plates were incubated
for 4 h to allow the viable cells reduce the yellow MTT
into blue formazan crystals. In the next step 100 pL
dimethysulfoxide (DMSO, Sigma, USA) was added to
each well and agitated to dissolve formazan crystals
completely. Absorbance was read at wavelenghts of
570 nm by a microplate reader (Anthos, Austria).
Cytotoxicity was expressed as the concentration of
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extract inhibiting cell growth with 50% (IC,£5D). All tests
and analysis were run in triplicate (Mosmann, 1983;
Khanavi et al., 2010).

Statistical analysis: IC; (the median growth mhibitory
concentration) values were calculated from the IC,, of
dose-response curve in the sigma plot 11 software. Data
representative of three independent experiments with
similar results were presented as meantSD. The
Selectivity Index (SI) (the ratio of IC,; of cancer cell to the
1C,, of normal cell) was reported.

RESULTS AND DISCUSSION

The obtained results from the phytochemical
screening of F. carduchorum crude extract and fractions
are reported mn Table 1. It reveals the presence of
phytosteroids, flavonoids, coumarms and sapomns in
crude extract and polar fractions. The high amounts of
phytosteroids and coumaring were present in hexane and
ethyl acetate fractions. The effects of F. carduchorum
crude extract and fractions on the proliferative response
of the HT-29, HepG2 and T47D cell lines have been
investigated by treating the with  different
concentrations of the extracts and significant decrease in

cells

cell lines proliferation were observed. IC;#SD are
reported in Table 2. The Selectivity Index (SI) of each
fraction on three cancerous cell lines is shown in
Table 3.

The cytotoxicity of nompolar (ethyl acetate and
hexane) fractions showed more efficacy than the
polar fractions and crude extract. So, hexane fraction
was selected for isolation and characterization of
compounds and subjected gel
columnchromatography, resulting in isolation of a

active to silica
major compound. Tsolated compound was identified
as suberosin (Fig. 1) by comparison of its NMR and
UV spectral data with those reported m literature
(De Melo Cazal et ol , 2009). A number of studies showed

cytotoxicity activity of suberosin to various tumor

Table 1: Phytochemical screening of Ferulago carduchorum crude extract
and fractions

Samples
Active Crude  Hexane Ethylacetate Methanol Hydroalcohol
cormpounds extract fraction  fraction  fraction  fraction
Alkaloids - - - - -
Phytosteroids ++ H++ + + +
Flavonoids +++ - + - ++
Anthocy anins - - - - -
Coumarins +++ -+ -+ +++ ++
Tannins - - - - -
Saponins + - + + ++

+++ = High amount; ++ = Moderate amount; + = Low amount; - = Absent
of active compound
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cells lines with I1C.>»100 uM (Lin et al, 2003) and
anti-inflammatory activity of this compound (Chen et al.,
2007). The results showed that cytotoxic activity of
hexane and ethyl acetate fractions on HepG2 and
T47D cell lines were much stronger than that of HT-29
{IC,;<100 pg mL.™"). The hexane fraction showed highest
anti-proliferative effect on all cell lines and it showed
good cytotoxicity on T47D, HT-29 (IC;<50 ug mL ™).

N N

H,CO

0 0
Fig. I: Molecular structure of isolated coumarin
(suberosin) from  hexane fraction  of
Ferulago carduchorum
Table 2: Cytotoxic activity of crude extract and  fractions of
Ferulago carduchorum toward HT-29, T47D, HepG2 and
NIH3T3 cell lines
Cell lines® (MTT assay)
Samples HepG2 T47D HT29 NIH/3T3
Crude extract  469.91+35.8 181.85+9.090 382.64+8.02 422.96+3.14
Hexane 87.84+3.48 48.32+1.080 43.46+7.36 20.3+2.11
fraction
Ethyl acetate  66.06+0.98 63.51+1.090 136.88+0.05 65.6+1.93
fraction
Methanol 463.58+£8.06 332.85+4.670 586.78+£0.09  348.01+0.09
fraction
Hydroalcohol  =>1000 588.77+111.2  =1000 =1000
fraction
Methotrexate - 0.16+0.090  0.23+£0.02 0.24+0.013
Doxorubicin ~ 1.0440.07 - - 0.2140.03
Crude extract - 195.78+17.96  412.09+43.55 =900
of Vincarosea

“Results are expressed as ICs, values (ug mL™"); Key to cell lines employed:
HT-29 Colon  Adenocarcinoma, T47D Breast carcinoma;
Hep G2 = Hepatocellular carcinoma; NTH3T3 = Swiss embry o fibroblast

Table 3: Selectivity Index (SI) of crude extract and fractions of
Ferulago carduc horum
Cell lines®

Samples HepG2 T47D HT2%
Crude extract 1.111 0.429 0.904
Hexane fraction 4.327 2.380 2.140
Ethyl acetate fraction 1.007 0.968 2.086
Methanol fraction 0.815 0.607 1.070
Hydroalcohol fraction - - =().588
Methotrexate - 0.666 0.958
Doxoribicin 4.950 - -
Crude extract of Firca rosea - =0.216 =0.457

“Results are expressed as Selectivity Index: ST wvalues = The Selectivity
Tndex is the ratio of TC50 of cancer cell to the TC50 of nommal cell; Key to
cell lines employed: HT-29 = Colon Adenocarcinoma; T47D = Breast
carcinoma;, HepG2 = Hepatocellular carcinoma
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Hydroalcoholic fraction had no noticeable effect on cell
lines. In comparison with crude extract of Vinca rosea as
a positive control that comprises anticancer compounds
(vinblastine and vincristing), crude extract, hexane and
ethyl acetate fractions of F. carduchorum was active on
T47D and HT-29 cell lines but the ST value of Vinca rosea
was lower than the Methotrexate, crude extract and
fractions of F. carduchorum that mdicated the selective
effect of Vinca rosea on this cell lines and less effect on
normal cells (Table 2 and 3) (Sadati et al., 2012).

The hexane fraction had equal 1C;, to the ethyl
acetate fraction on HepG2 cell line but it has high
Selectivity Index (SI). On the other hand, there is no
significant difference between the SI value of hexane
fraction in HepG2 cells line and Doxorubicin (the positive
control). The SI value of ethyl acetate fraction was lower
in HepG?2 cells line than Doxorubicin that indicated the
selective effect of ethyl acetate fraction on this cell line
and less effect on normal cells. The IC;; value of crude
extract and polar fractions in all cell lines was higher than
nonpolar fractios but the SI value of them was low
therefore, the crude extract and methanol fraction had the
selective effect on this cell lines and less effect on normal
cells that it may be due to content of flavenoids. The SI
value of crude extract was lower in T47D and HT29 cell
lines than the Methotrexate (the positive control) and
might effect than synthetic
chemotherapeutic drugs on normal cells. Based on the
National Cancer Tnstitute (NCT) guideline, an extract that
inhibited cell proliferation with TCs <20 ug ml. is indicated
as an active anticancer extract and extracts with 20<IC50

have less adverse

<100 and IC, =100 are mentioned as moderately and
inactive compounds (Tanamatayarat et al, 2003;
Mutee et al., 2012), respectively. According to the results
of this study, the hexane fraction is moderately effective
on all three tested cancerous cell lines but based on
Table 2 results, it has no selective activity on cancer cell
lines. The IC;; value of ethyl acetate fraction was shown
moderately active on T47D and HepG2 cell lines according
to the NCI guidline. The IC,, values indicated that the
growth and proliferation of HT-29, HepG?2 and T47D cell
lines were most affected by hexane and ethyl acetate
fractions could be attributed to their content of coumarins
and phytosteroids. Literature from previous studies
confirms the presence of phytosteroids, coumarins and
flavonoids in Ferulage genus (Doganca et al., 1991;
De Pascual et al., 1979). The activity of the plant fractions
15 confirmed to be due to secondary metabolites
coumaring, phytosteroids and flavonoids. ITn previous
study, the isolated coumarins from F. campestris
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showed cytotoxic effect (Basile et al., 2009). There
was a report about the cytotoxic activity of steroids
(1C;=50 pM) (Kim et al., 2012). The cytotoxic activity of
F. carduchorum may be due to the high content of
coumarins and phytosteroids.

CONCLUSION

In this study, hexane and ethyl acetate fractions of F.
carduchorum have been exhibited cytotoxic activity
toward cell lines due to coumarins and phytosteroids.
Suberosin (a coumarin) isolated from hexane fraction
as an active compound. Knowing the cytotoxic activity of
pure compounds may help to improve new synthetic
compounds for treatment of cancers.
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