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Bioassay guided fractionation of the different extracts of Cynara
sibthorpiana against L1210 mouse leukemia cell line, led to the
isolation of twelve phenolic compounds identified as caffeic acid
1, esculetin 2, apigenin 3, luteolin 4, quercetin 5, apigenin 7-O-glu-
coside 7, apigenin 7-O- rutinoside (isorhoifolin) 8, luteolin 7-O-glu-

“coside (cynaroside) 10, tuteolin 7-O- rutinoside (scolymosade) 1,
apigenin 7-O-thamnoside 6, scutellarein 7-O-thamnoside 9, and
~quercetin 7-O-glucoside 12. The last three flavonoid glycosides are
_reported in this species for the first time. Caffeic acid, quercetin
* and quercetin 7-O-glucoside ‘showed significant activity compared
- 1o the other isolated compounds showing the importance of the free
3-OH group for. the cytotoxic activity. .

" Key Words: J"’Cyha’ra sibthoipiai@iﬂl@ Cell line, Leukemia,
Quercetin, Caffeic acid.

INTRODUCTION

Cynarais a genus of seven annual species belonging to the family Asteraceae,
found mainly in the Mediterranean region' %, The genus has been used in therapy
for its strong choleretic activity causing substantial increase in the amount of bile
extract’, as well as for its diuretic, hypochloestrolemic and antilipidemic proper-
ties* 10,

Cynara sibthorpiana Boiss ed Helder is a wild plant endogenous to Egypt"
It is known for its medicinal value as antihepatotoxic and in the treatment of renal
diseases'?. Previous studies on the leaves of C. sibthorpiana reported the isolation
of a terpcnoid alcohol vomifoliol (blumenol A) and three cytotoxic guaianolide
sesquiterpene lactones: zaluzanin-C, solstitalin and sibthorphine'?. Four flavonoid
glycosides: apigenin 7-O-glucoside and rutinoside, as well as luteolin 7-O-gluco-
side and ruthinoside were also reported'®, in addition to the isolation of other
constituents: taraxasterol acetate, pseudotaraxasterol, lupeol acetate, taraxasterol,
stigmasterol, B-sitosterol, palmitic, stearic, linoleic and arachidic acids'®

In the current study, bioassay guided fractionation against the L1210 mouse
leukemia cell line led to the isolation and identification of twelve phenolic
compounds AH the isolated cornpounds were tested for their cytotoxicity, among
which caffeic acid, quercetm and quercetin 7-O-glucoside were found to be the
most active compounds as anti-leukemic agents.
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 EXPERIMENTAL .

Caffeic acid, esculetin, apigenin, luteolin and quercetin were obtained from
Sigma (St. Louise, MO, USA). 'H and 13C NMR spectra were recorded on a
Varian 500 spectrometer at 500 and 100 MHz, respectively, in acetone-dg. ESI
(both +ve and —ve modes) were recorded on a Micromass ZAB-SE spectrometer
(Waters Corporation, Beverly, MA, USA) in the Mass Spectrometry Laboratory
of the School of Chemical Sciences, University of Ittionis, Urbana-Champaign.
Vacuum liquid chromatography was done using silica gel for TLC (Merck-
Darmstadt, Germany). Column c’hromatography was performed either on silica
gel for column 70-230 mesh size (Merck-Darmstadt, Germany) or on Lipophilic
Sephadex LH-20 (Fluka, Switzerland) with various column dimensions, solvent
systems and flow rates. Thin layer Chmmatogiaphy was carried out on pre-coated
plates, silica gel 60 with Fas, fluorescent indicator {Sigma-Aldrich Corporation,
Germany) using benzene/ EtOAc 8 : 2 and CHCl5/MeOH 9 .1 as solvent systems
and the plates were visualized under UV and sprayed with 5% FeCls.

Cynara sibthorpiana Boiss ed Helder aerial parts were collected from the north
coast of Egypt in spring 2002. It was air dried and finely ground. A voucher
specimen was kindly identified by Dr. Sherif El-Khanagry, Lecturer of Plant Flora
Taxonomy Department, Egyptian Museum of Agriculture and kept in the
herbarium of the National Research Center, Cairo, Egypt.

Extraction and isolation

Cynara sibthorpiana Boiss ed Helder aerial parts (700 g) were extracted with
70% MeOH by percolation. The aqueous layer after evaporation of methanol
under vacuum was extracted successively with petroleum ether (yield 7.3 g).
CH,Cl, (yield 5.0 g) and EtOAc (7.4 g). A portion (4g) of the CH,Cl, concentrate
was applied (o a silica gel column (120 g, ¢ 2.0 cm x 75 cm), eluting with hexane
and increasing proportions of CH,Cl; and MeOH (1-5%), collecting 20 fractions
250 mL each. Similar fractions were pooled together according to TLC profiles
to give four main fractions. Fraction A (0.15 g) was fatty matter, fraction B
(0.75 g) was a mixture of sterols. Fraction C (0.12 g) was further fractionated on
preparative TLC to give compounds 1 (20 mg) and 2 (15 mg). Fraction D (0.18 g)
was further separated on Sephadex column (15.0 g, ¢ 1.5 cm % 60 cm) using EtOH
to give compounds 3 (20 mg). 4 (28 mg) and § (35 mg). An outline of the
separation procedure is shown in Fig. 1. EtOAc concentrate (4 g) was chromato-
graphed on Whatman paper No. 3 using butanol : acetic acid : water (BAW)
(4:1:5) and 15% acetic acid'® as eluting systems. The separated bands were
extracted with methanol and puriﬁed on Sephadex columns using EtOH as eluting
solvent. Paper chromatograms were visualized under UV before and after
exposure to ammonia vapour and sprayed with FeCl; and Naturstoff reagent'’.
Seven flavonoid glycosides could be isolated: 6 (35 mg), 7 (40 mg), 8 (33 mg).
9 (45 mg), 10 (30 mg), 11 (25 mg) and 12 (40 mg). All the isolated compounds
were tested for their cytotoxic activity against L1210 mouse leukemia cell line.
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Fig. 1. Flow scheme of the bxoassayed fractionation of Cynara seblhorpmna extracts and the

chemical structures of the isolated phenolic compounds

1.1210 Bioassay

A modified method'®=** was used, where experimental samples were made up
in MeOH (lab grade) solution and the measured amounts were dried in 18 wells
of 24-well plate, the other six wells being reserved as negative controls. Sufficient
amounts to make final concentrations of 50, 25, 10, 5, 2.5 and 1.0 pg/mL of each
sample were added to the experimental wells. After the solvent had evaporated,
one thousand L1210 cells, taken from a flask in exponential growth, were added



426 Xhawaberal - i Asian J. Chem.

to each well in 1 mL of MEMI10C (minimum essential medium with 10% calf
serum). The plates were incubated for about 72 h until there were 8000 cells in
the control wells, at which time the numbers of cells in the experimental wells
was estimated by visual observation under an inverted optics phase-contrast
microscope and inhibition, the difference between 8000 and the numbers present
in the experimental wells, was expressed as a per cent of 8000.

RESULTS AND DISCUSSION

The aerial parts of Cynara were extracted with 70% MeOH and the concen-
trated aqueous alcoholic extract was partitioned successively with petroleum
ether, CH,Cl, and finally with EtOAc. The obtained extracts were bioassayed for
their cytotoxic activity against L1210 mouse leukemia cell line. The EtOAc
extract was found to be the most active showing 100% inhibition at 25 pg/mlL.
Also the CH,Cl, extract showed moderate activ’ity‘givmg 100% inhibition at
50 pg/mL. The CH,Cl, extract was“fuftﬁer fractionated by column chromato-
graphy on silica gel. Fraction A (fatty matter) showed no cytotoxic activity at the
highest tested concentration (50 pg/mL), thus it was neglected. Fraction B was
identified as a mixture of stigmasterol, f-sitosterol and amyrin (compared with
authentic samples), also showed no cytotoxic activity at the highest tested
concentration (50 pg/mL). Fractions C and D showed cytotoxic activity (100%
inhibition at 50 pg/mL), thus they were purified by preparative TLC to give
compounds 1-5. The five compounds were identified by their UV spectral data,
MS data and also by comparison with authentic samples as: the phenolic caffeic
acid 1 (R;S;=0.79, S,=0.26, UV and UV/NH; blue, Ay, 243, 326 nm,
M*' =181 and M =179); a coumarin aglycone esculetin 2 (R;S;=0.78,
S, = 0.28, UV blue, Ay 230, 260, 303, 351 nm, M*' = 179 and M~ =177); and
three flavonoid aglycones: apigenin 3 (RS, =0.87, S;=0.11, UV deep purple
and UV/NH; yellowish green, A, 267, 296 sh, 336 nm, M*' =271 and
M~ =269); luteolin 4 (R;S;=0.77, Sz=ﬂ.08, UV deep purple and UV/NH,4
yellow, A, 242 sh, 253, 267, 291 sh, 349 nm, M"' =287 and M™' = 285); and
quercetin § (R¢S; =0.57, S, =0.03, UV and UV/NH; yellow, Domax 255, 269 sh,
301 sh, 370 nm, M*' =303 and M~ = 301).

When the isolated five compounds were tested against L1210, caffeic acid 1
and quercetin § showed significant activity which gave 100% inhibition at 10
pg/mL, luteolin 4 and apigenin 3 showed lower activity (100% inhibition at 25
pg/mL and 50 pg/mL, respectively), while esculetin 2 showed no activity.

The EtOAc extract showing cytotoxic activity (100% inhibition at 25 pg/mL),
was separated by preparative paper chromatography to give seven flavonoid
glycosides 6-12 which were further purified on sephadex columns. The purified
flavonoid glycosides were identified as apigenin-7-O-rhamnoside 6, apigenin-7-
O-glucoside 7, apigenin-7-O-rutenoside 8, scutellarin-7-O-rhamnoside 9, luteolin
7-O-glucoside 10, luteolin 7-O-rutinoside 11 and quercetin 7-O-glucoside 12. The
purified flavonoid glycosides (6~12) were identified by their spectral data; UV
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(using different shift. reagems” ‘Table-1), 'H NMR (Table-2); 13C NMR (Table-3)
‘and MS -where -+ve and ~ve ESI-MS data showed that.the:M of 6 =416, 7 and
9 =432, 10 = 448, 12 = 464, 8 = 578 and 11 =594, confirmed by the appearance
of corresponding free aglycone peaks when the compounds lose rhamnose units
(M-146), glucose urits (M-162) or both (M-308). Also flavonoid glycosides were
identified chemically by -acid hydrolysnsm, where the aglycones detected in the
organic fractions were apigenin in compounds 6,7 and 8, luteolin in 10 and 11,
scutellarin in 9 and quercetin in 12. While:rhamnose sugar was detected in the
aqueous fractions of compounds:6 and 9,iglucose was detected in compounds
7,10 and 12 and both were detected in. compounds 8 and i1. Also thc obtained
data was compared with those teported” 78 : Fpm e

" TABLES

3¢ NMR SPECTRAL DATA OF ISOLATED FLAVONOID GLYCOSIDES 6-12
(5. DMSO-d¢) ISOLATED FROM ‘CYNARA SIBTHORPIANA BOISS ED HELDER

e : +, Chemical shift S(ppm) ~:onove aprlinn o
Assignments : e L

) e g rrwiing g g ¥
C-2 164.0 164.0 164.4 164.1 1645 1630 1479
C-3 102.8 1028 1033 1024 103.2 1035 1359
C-4 181.0 181.6 181.8 182.2 181.6 182.0 175.9
C-5 161.0 161.0 161.2 1470 161.1 161.0 160.3
C-6 99.7 99.7 99.6 131.0 99.7 99.8 989
C-7 162.7 162.7 162.6 150.7 162.9 164.7 162.7
C-8 94.6 94.6 94.8 94.5 94.9 95.2 94.5
C-9 156.6 156.6 157.0 149.0 156.9 157.1 155.7
C-10 105.1 105.1 105.6 105.7 105.5 105.6 104.7
C-1’ 120.7 1207 1212 1213 121.6 121.5 121.9
C-2 128.3 128.3 128.4 128.4 113.7 113.6 115.5
C-3 115.7 115.7 116.1 116.0 145.7 145.7 1450
Cc-4' 160.8 160.8 161.2 161.1 149.7 150.0 1478
C-§ 115.7 115.7 116.1 116.0 116.6 1162 1154
C-6' 128.3 1283 128.4 128.4 119.0 119.5 120.1
C-1” 99.3 99.3 101.1 99.3 1000 1011 1003
Cc-2” 70.1 73.0 732 701 73.2 73.2 732
C-3" 69.9 770 76.5 699 76.5 765 - 756
C-4" 71.8 69.4 69.7 718 69.7 69.7 69.9
C-5" 69.9 763 757 69.9 772 0157 77.2
C-6" 17.8 60.5 66.2 17.8 608 662 609
c-1” 1006 ) 1006
c-2” 70.5 o 705
c-3 - 709 109
C4™ 2 | 722
C-5" 68.5 “ 68.5

C-6™ 18.0 o180
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When the isolated seven flavonoid glycosides (6~12) were tested for their
cytotoxic ‘activity against 11210 cell line, the flavonol quercetin-7-O-glucoside
(12); which is' isolated  for the first time from this species,' showed ' significant
activity ‘giving 100% activity at 10 pg/mL.'Luteolin and its 7-O-glucoside and
rutinoside showed lower activity (100% inhibition at 25 pg/mL), while the other
flavone compounds were less active showing 100% activity at 50 pg/mL. It can
be said that in this case‘the free 3-OH group is essential for the cytotoxic activity
of flavonoids, which accords with reported data of structural activity relationship
of flavonoids®. Also the presence of the 3’<OH may enhance the cytotoxic activity
when comparing luteolin to apxgenm glycosides, though they both show similar
proliferative and cytotoxic effect on leukemic cell line (K562, DG75, BBS8, B9S)

and blasts of patients with actute lymphoblastic leukemia™.
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