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Abstract: Investigation of the aerial parts of Cephalaria elazigensis var. purpurea afforded one new oleanane-type
saponin, namely cephoside A (1), and five known natural compounds (2-6). Compound 2, named anemoclemoside A,
which is an unusual triterpene glycoside, was identified in the family Dipsacaceae for the first time. Chemical structures
of all compounds were determined on the basis of the HRESIMS and 1D and 2D NMR data. Cephoside A (1) and
anemoclemoside A (2) were assessed for their cytotoxic activities against HeLa cells, having IC5¢ values of 495 and 135

wg/mL, respectively.
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1. Introduction

Saponins are a diverse group of compounds widely distributed in the plant kingdom, and are characterized by
their structure containing a triterpene or steroid aglycone and one or more sugar chains. This class of compounds
has been accepted as the most important and characteristic chemical constituents in Cephalaria species. Great
interest has been shown in their investigations, resulting in the discovery of triterpene saponins,!~" iridoids, 58

flavonoids, %19 alkaloids,!! lignans, and their glycosidic derivatives,!?

and many of these compounds exhibit
a wide range of pharmacological and biological properties.'3'4 For that reason, we decided to investigate
Cephalaria elazigensis Gokturk & Sumbul var. purpurea Gokturk & Sumbul in detail. It is a perennial
medicinal herb belonging to the family Dipsacaceae, widely distributed in southwestern Anatolia.!® Previous
pharmaceutical studies on the genus Cephalaria showed appealing pharmacological activities, e.g., anticancer,
antibacterial, molluscicidal,'® antidiabetic, and antioxidative'” properties.

As a part of continuous biochemical studies on the genus Cephalaria, our attention has been focused
on C. elazigensis var. purpurea. A new triterpene saponin named cephoside A (Figure 1) and five known
compounds were isolated from C. elazigensis var. purpurea and cytotoxic activity of compounds 1 and 2
against the HeLa cell line was exhibited by MTT assay for the first time. The chemical structure of the new
compound was identified as 3-O-[a-L-2- O-methylarabinofuranosyl-(1 — 2)- a-L-arabinopyranosyl] hederagenin

(1). Additionally, compound 2 (anemoclemoside A),® which is an unusual triterpene glycoside, was identified in

*Correspondence: suheyla.kirmizigul@ege.edu.tr
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the family Dipsacaceae for the first time. The structures of the other four known compounds were determined as
hederagenin (3),1% cyclopentalc|pyran-4-carboxylic acid, octahydro-3,6-dihydroxy-7-methyl-methyl ester (4),2°
loganin (5),2! and sweroside (6)22 (Figure 1). Their structures were elucidated using chemical and spectroscopic

methods, including 1D, 2D NMR, and HRESIMS techniques.
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Figure 1. The structures of cephoside A (1) and compounds 2-6.

2. Results and discussion

The n-butanol extract (51.3 g) of the aerial parts of C. elazigensis var. purpurea (1.5 kg) was subjected to
reversed-phase (RP) C18 VLC apparatus, silica gel and RP open column chromatography applications, and
MPLC experiments to afford one new (1) and five known compounds (2-6).

Cephoside A (1) was isolated as a white amorphous powder. The positive-ion HRESIMS of 1 exhibited an
ion peak at m/z 773.3865 [M + Na| T (caled. 773.3871) compatible with the molecular formula C41 HgO12.
The FTIR spectrum of 1 exhibited the characteristic absorptions for hydroxy (3386 cm~!), carbonyl (1694
em 1), olefin (1594 cm ~1), and aliphatic C-H (2942 cm ~!) functionalities. The *C NMR spectrum gave 41

signals, of which 11 were assigned to the sugar moieties and 30 signals to a triterpene moiety, including six
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tertiary methyl groups at é¢ 13.4 (C-24), 16.0 (C-25), 17.4 (C-26), 26.1 (C-27), 33.4 (C-29), and 23.9 (C-30);
a hydroxyl methyl carbon at dc 63.2 (C-23); an oxygen-bearing methine carbon at d¢ 80.4 (C-3); an olefinic
carbon at d¢ 122.3 (C-12) and 144.3 (C-13); and a carboxylic acid carbonyl carbon at dc 180.0 (C-28). The
dvalues of C-3 and C-28 suggested that compound 1 is a mono-desmosidic glycoside with saccharide units
attached at the C-3 position. The 'H NMR spectrum of 1 showed six singlets assignable to the aglycone
methyls between dy 0.56 and 1.07, an olefinic proton signal at éy 5.09 (1H, brs), and methine protons at dp
3.07 and 3.40 (2H, m). These analyses, together with the literature data,?? clearly indicate that compound 1 is
a hederagenin-type triterpene saponin. Additionally, the signals of two anomeric protons were observed at g
4.18 (1H, brs) and 4.52 (1H, d, J = 2.0 Hz) in the *H NMR spectrum, which gave correlations in the HSQC
spectrum with two anomeric carbons at dc 105.0 and 110.0, respectively, suggesting the presence of two sugar
units (Table). The chemical shifts of the signal multiplicities, the absolute values of the coupling constants,
and their magnitude in the ' H NMR spectrum, as well as the '3C NMR data, indicated that both sugar units
have an alpha configuration. This was also confirmed by the COSY, NOESY, and HSQC spectra. The linkage
sites and the sequences of the two saccharides to each other and to the aglycone were deduced from an HMBC
experiment by specific correlations between H-1/ of Arap(dy 4.18, brs) and C-3 (0. 80.4) of the aglycone and
between H-1" of Araf (§z 4.52,d, J = 2.0 Hz) and C-2/ of Arap (8. 73.0).2* In addition, there is one methoxy
signal that resonated at §. 55.0 in 1*C NMR and at 6z 3.22 (3H, s) in the 'H NMR spectra, which gave the
exact correlation with arabinofuranose in the HMBC spectrum. The exact location of the methoxy group
was identified by HMBC spectrum including the correlations between H-1” of Araf (dg 4.52) and methoxy
carbon (. 55.0), and C-1" of Ara f(dc 110.0) and methoxy protons (g 3.22) (Figure 2). Thus, the structure
of 1 was elucidated as 3-O-[a-L-2-O-methylarabinofuranosyl-(1— 2)- a-L-arabinopyranosyl] hederagenin (1),
namely cephoside A.

The cytotoxicity of 1 and 2 was tested against HeLa human cervical carcinoma cells by MTT assay. The
results revealed that 1 (cephoside A) and 2 (anemoclemoside A) could inhibit the viability of HeLa cells in a
concentration-dependent manner (Figure 3) by IC5q of 495 and 135 pg/mL, respectively. These concentrations
correspond to 660 pM for cephoside A and 220 M for anemoclemoside A. Thus, it seems both compounds are
inactive, at least for HeLa cells.

While having the same aglycone as cephoside A, kalopanaxsaponin A, which has an O-linked arabinose
attached to C-3 and a terminal rhamnose isolated from Anemone taipaiensis, exhibited cytotoxic activity against
HeLa cells with an IC5y value of 18.16 M.2%26 Furthermore, this compound was found to be more active
against lung carcinoma (A549), glioblastoma (U87MG), promyleocytic leukemia (HL-60), and hepatocellular
liver carcinoma (HepG2) cells (IC 50 values of 15.49, 10.25, 8.68, and 6.42 uM, respectively).?6 The IC5q values
of many saponins, isolated from Pulsatilla chinensis having similar aglycone as cephoside A, have been found
as 7.1, >10, 7.8, and 3.8 pug/mL, against HL-60 human promyelocytic leukemia cells.?” Thus, the occurrence
of rhamnose on the sugar chain, especially in the terminal position, in active monodesmosidic oleanane-type
saponins indicates that rhamnose is an effective sugar for cytotoxicity. 28

On the other hand, the hydroxyl group at C-23 has been suggested to have a negative effect on cytotoxic
activity, probably due to the electron donating effect of two unbound outer shell electrons of the —OH group
toward C-3 of the aglycone.?®2? Yokosuka et al. also concluded that the hydroxyl group at C-23 diminished
the cytotoxicity, as prosapogenin CP6 from Anemone hypehensis var. japonica exhibited cytotoxic activity but

lower than its derivative prosapogenin CP4, which lacks ~OH at C-23.3°
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Table. *C NMR and 'H NMR data of compounds 1 and 2%7¢.

1 2

Position | *C NMR | TH NMR BCNMR | TH NMR

1 38.4 0.84, 1.48, m | 38.6 1.00, 1.54, m
2 25.6 1.52, 1.68, m | 23.5 1.41, 1.56, m
3 80.4 3.46, s 85.0 3.21, m

4 42.8 - 36.7 -

5 46.6 1.16, m 50.9 0.80, m

6 17.7 1.18,1.40, m | 17.7 1.12, 1.32, m
7 32.4 1.16, 1.42, m | 32.4 1.20, 1.36, m
8 42.1 - 45.9 -

9 47.6 1.49, m 474 1.52, m

10 36.7 - 37.2 -

11 23.4 1.46, 1.80, m | 23.3 1.44, 1.77, m
12 122.3 5.09, brs 121.1 5.10, brs

13 144.3 - 145.1 -

14 41.8 - 41.8 -

15 27.7 0.94, 1.66, m | 27.8 0.91, 1.71, m
16 23.2 1.42, 1.84, m | 23.2 1.56, 1.80, m
17 45.9 - 47.3 -

18 414 nd 41.5 2.76, m

19 46.3 1.02, 1.58, m | 46.6 1.00, 1.56, m
20 30.9 - 30.9 -

21 33.9 1.10, 1.28, m | 34.1 1.10, 1.28, m
22 32.7 1.16, 1.42, m | 32.8 1.38, 1.58, m
23 63.2 3.07,3.40, m | 77.5 3.18, 3.70, m
24 13.4 0.56, s 13.5 0.95, s

25 16.0 0.87, s 16.6 0.88, s

26 17.4 0.70, s 17.4 0.70, s

27 26.1 1.07, s 26.2 1.08, s

28 180.0 - 179.9 -

29 33.4 0.86, s 334 0.88, s

30 23.9 0.86, s 23.9 0.85, s
Sugars

Arap

17 105.0 4.18, brs 102.7 4.50, d, (6.4)
21 73.0 3.30, m 70.0 3.43, m

3/ 71.5 3.30, m 70.1 3.59, m

41 68.3 3.59, m 71.2 341, m

51 65.0 3.30, 3.64 64.0 3.34, 3.55, m
Araf

17 110.0 4.52, d, (2.0)

2" 81.8 3.74, m

3" 77.2 3.62, m

4" 84.0 3.67, m

5" 61.8 3.40, 3.54, m

-OMe 55.0 3.22, s

“13C NMR data (§) were measured in DMSO-ds at 100 MHz.

®TH NMR data () were measured in DMSO-ds at 400 MHz.

°Coupling constants (J) in Hz are given in parentheses.

IThe assignments are based on COSY, HSQC, and HMBC experiments.
°nd: not determined
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Figure 2. The 'H-'H COSY and HMBC correlations of compound 1.
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Figure 3. (a) The effect of cephoside A (1) (P < 0.0001, R? = 0.980); (b)Anemoclemoside A (2) (P < 0.0001, R* =
0.983) on HeLa cell proliferation.

Cephoside A lacks a rhamnose unit and carries a hydroxyl group at C-23. Thus it is to be expected that
cephoside A has no activity. Although the cytotoxic activity of anemoclemoside A (IC59 = 135 pg/mL or 220
uM) was higher than that of cephoside A (IC50 = 495 pg/mL or 660 pM), probably due to free hydroxyl

groups of acyclic sugar moiety, this compound was also regarded as inactive on HeLa cells.

3. Conclusion

One new and five known natural compounds have been isolated from C. elazigensis var. purpurea. While the
aglycones of two triterpenic glycosides were hederagenin, the other two glycosides include iridoidal aglycones.
The last two compounds are detected as hederagenin and iridoid aglycones.
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The cytotoxicity of cephoside A (1) (Figure 3a) and anemoclemoside A (2) (Figure 3b) was examined
by MTT assay for the first time. The cytotoxic activities of both compounds were outside the range for them
to be assumed as active compounds (IC5o values were <250 pg/mL for 1 and <100 pg/mL for 2). However,
further studies are needed to check their effects in combination with each other and/or current anticancer agents
as it is well known that natural compounds may enhance cytotoxic activity synergistically.3! Moreover, their
efficiency and selectivity on different cancer cell lines and normal cells might be tested to understand selectivity,

25-27,29,30,32,33

as the cell-specific action of saponins is observed in some cases, and the treatment period might

be extended to 72 h for exhibiting whether it increases activity or not.

4. Experimental

4.1. General

Optical rotations of pure compounds were measured at 23 °C using a Rudolph Research Analytical Autopol
I automatic polarimeter fitted with a sodium lamp with 1 mL of cells. IR spectra were obtained on ATI
Mattson 1000 Genesis Series FTIR instrument using KBr discs. 1D and 2D NMR measurements were obtained
on a Varian AS 400 MHz in DMSO-dg. All chemical shifts () were given in ppm units with reference
to tetramethylsilane (TMS) as an internal standard, and the coupling constants (J) were recorded in Hz.
HRESIMS analyses were carried out using a Bruker LC micro-Q-TOF mass spectrometer. Medium pressure
liquid chromatography (MPLC) applications were run using a Buchi system (Buchi C-605 pumps, coupled
to a UV detector) with a Buchi glass column (26/920). Lichroprep RP-18 (25-40 pm; Merck) and silica
gel 60 (0.063-0.200 mm; Merck) were used both for column chromatography and MPLC studies. Thin-layer
chromatography (TLC) was performed on F254 (Merck) and RP-18 F254s (Merck) precoated aluminum sheets.
Spots were visualized under UV light and/or by spraying with Ho SO 4:H2O (1:5, v/v) followed by heating at
120 °C. L-Arabinose, L-rhamnose, D-xylose, D-mannose, D-galactose, and D-glucose were used as standard

sugar moieties for the sugar analysis of compound 1.

4.2. Plant material

C. elazigensis Gokturk & Sumbul var. purpurea Gokturk & Sumbul was collected from Kirikkale-Kirgehir, at
about 1255 m altitude, in July 2007. This species was identified by Prof Dr H Sumbul and Prof Dr RS Goktiirk
(Department of Biology, Faculty of Arts and Science, Akdeniz University). A voucher specimen (R. S. Gokturk
6090) was deposited at the Herbarium Research and Application Center of Akdeniz University.

4.3. Extraction and isolation

The dried and ground aerial parts (1.5 kg) of C. elazigensis var. purpurea were extracted with MeOH at room
temperature (4 x 3 L). Evaporation of the solvent in a vacuum provided a dark residue (51.3 g). This residue
was suspended in n-BuOH:H, O water mixture (1:1) (350 mL x 3) and n-BuOH and water fractions were
obtained. Then, for removing apolar and oily parts, the n-BuOH fraction was extracted with n-hexane (9
x 50 mL). The n-BuOH residue (51.3 g) of C. elazigensis var. purpurea was subjected to a VLC apparatus
using Lichroprep RP-18 as an adsorbent by MeOH:H,O solvent system with a gradient from 0% to 100%
MeOH to give 7 fractions. The combined fractions 6 and 7 (8.7 g) of RP-VLC were exposed to MPLC over
silica gel using a suitable column (Buchi, 26 mm x 920 mm) and program (max. pressure: 40 bar, flow rate:
23 mL/min, CHCl5:MeOH:H2 O solvent system, 90:10:0.5-61:32:7). Twelve subfractions were derived after
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MPLC application. Compounds 1 (30.5 mg), 2 (45.2 mg), and 3 (80.5 mg) were purified by an open silica gel
column chromatography with the solvent systems CHCl3:MeOH:HO (90:10:1-61:32:7) from subfraction 8 of
MPLC. Fraction 1 of RP-VLC was exposed to MPLC over silica gel using a suitable column (Buchi, 26 mm
x 920 mm) and program (max. pressure: 40 bar, flow rate: 30 mL/min, CHCl3:MeOH:H5 O solvent systems,
90:10:1; 80:20:2; 70:30:3; 61:32:7) and 17 subfractions were derived. Compound 4 (53.7 mg) was purified by
open RP column chromatography with the solvent system MeOH:H5O (1:4) from the 3rd subfraction of this
last MPLC application. Finally, compounds 5 (49.0 mg) and 6 (32.2 mg) were purified by the same methods
from subfractions 12 and 14 of the MPLC application, respectively.

4.4. Cephoside A (1)

Cephoside A handled as a white amorphous solid (30.5 mg); [«] 2D3 —4.81 (¢0.5, MeOH); IR (KBr) rmax 3386,

2042, 1694, 1594, 1458, 1055 cm~'; 'H NMR (DMSO-ds, 400 MHz) and C NMR (DMSO-ds, 100 MHz)
see Table; Positive-ion ESIMS m /z(rel. %): 773 ([M + Na]™, 6), 741 ([M + Na]*—OCHj3, 5), 705 (M —
CO,|*, 100), 627 ([M + Na]*— Araf, 46), 547 (63), 491 (17), 478 (20), 463 (28), 439 (36), 431 (15), 417 (10);
positive-ion HRESIMS m /2 773.3865, [M + Na] ™ (caled. for C41 HggO12Na, 773.3871).

4.5. Sugar analysis of pure compound

The sugar analysis of compound 1 was performed using microhydrolysis on a TLC plate. Pure compound was ap-
plied on a TLC layer (silica gel HF 254) and treated with concentrated HCI vapor in a closed vessel saturated with
the acidic vapor for 40 min at 60 ° C. After the vessel was cooled and the excess HCl was removed from the plate,
the sugar references were applied on a TLC layer. TLC was eluted using a CHCl3:MeOH:H5 O:gAcOH/16:9:2:2
solvent system. For detecting the compounds, it was sprayed with a-naphthol-H5 SO, solution and then heated
at 120 °C for 5 min. Hexoses, 6-deoxy sugars and pentoses gave purple, orange, and blue spots on the TLC

plate, respectively.34

4.6. Cytotoxic activity test

The MTT assay3® was used to test the cytotoxic activities of compounds 1 and 2 with a minor modifi-
cation as reported earlier.3® The assay is based on the reduction of MTT [3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide] to a colored formazan product by mitochondrial dehydrogenase, which is active
only in living cells. Human HeLa cervical carcinoma cells were cultured in Eagle’s minimum essential medium
(MEM) supplemented with 10% (v/v) heat-inactivated fetal bovine serum, and antibiotic—antimycotic mixture
[penicillin (100 U/mL), streptomycin (100 pg/mL), and amphotericin B (0.25 pg/mL)]. The cells were main-
tained in 96-well plates and each well contained 200-uL cell suspensions at a density of 1 x 10° cells/mL.
After reaching confluence (1 day later), the cells were treated with increasing concentrations (1 pg/mL-1000
pg/mL) of the samples diluted with MEM. Cells treated with MEM instead of sample were considered as the
control group. After growth of the cells for 48 h at 37 °C in a humidified 5% CO5 atmosphere, the adherent
cells were washed with phosphate buffered saline (PBS); then 10 puL of MTT stock solution (5 mg/mL) and
90 uL of PBS buffer were added to each well and the plates were further incubated at 37 °C for 4 h. At
the end of this period, supernatants were discarded and DMSO (150 pL) was added to each well to solubilize

the water-insoluble purple formazan crystals. The absorbance was measured at 570 nm in a microplate reader
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(pQuant, Bio-Tek Instruments, Inc., Winooski, VT, USA). The cell viability was calculated using the following

equation:

Cell viability (%) = (Asample/Acontrol) X 100

The half maximal inhibitory concentration (ICs5q) of the extracts on HeLa cells was calculated from a
graph of cell viability versus the sample concentrations.
Statistical comparisons were conducted using the one-way analysis of variance (ANOVA) module of

GraphPad Prism 5. Differences in mean values were considered significant when P < 0.05.
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