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Abstract: A new acylated flavonol glycoside, namely gomphrenol-3-O-(5""-O-E-feruloyl)-f-D-apiofuranosyl-
(1-2)[4-D-glucopyranosyl-(1—6)]-f-D-glucopyranoside (1) was isolated from the aerial parts of Chenopodium
foliosum Asch. The structure of 1 was determined by means of spectroscopic methods (1D and 2D NMR, UV,
IR, and HRESIMS). Radical scavenging and antioxidant activities of 1 were established using DPPH and ABTS
radicals, FRAP assay and inhibition of lipid peroxidation (LP) in linoleic acid system by the ferric thiocyanate
method. Compound 1 showed low activity (DPPH and ABTS) or lack of activity (FRAP and LP). In
combination with CCly, 1 reduced the damage caused by the hepatotoxic agent and preserved cell viability and
GSH level, decreased LDH leakage and reduced lipid damage. Effects were concentration dependent, most
visible at the highest concentration (100 ug/mL), and similar to those of silymarin.

Keywords: Flavonol triglycoside feruloyl ester; Chenopodium; gomphrenol; antioxidant and antihepatotoxic
activity. © 2014 ACG Publications. All rights reserved.

1. Plant Source

Chenopodium foliosum Asch. is an annual herb growing in Europe, North Africa, Central and
South-West Asia, as well as occasionally naturalized in other regions [1]. This plant has also been
known in Bulgarian folk medicine as “garliche” or “svinski yagodi” (swine's berries). The decoction
of its aerial parts has been used for treatment of cancer and as an immunostimulant and antioxidant
and the plant has been recognized by Bulgarian legislation as a medicinal plant [2,3]. We report on the
structure elucidation of the new acylated flavonol triglycoside namely gomphrenol-3-O-(5"-O-E-
feruloyl)-f-D-apiofuranosyl-(1—2)[-D-glucopyranosyl-(1—6)]--D-glucopyranoside (1) (Figure 1).

Aerial parts of Chenopodium foliosum Asch. were collected from Beglika, Western Rhodopes,
Bulgaria from June to September 2007, at an altitude of 1600 m. The plant was identified by one of us
(S. Nikolov) and a voucher specimen (No. SOM-Co-1207) was deposited at the National Herbarium,
Institute of Biodiversity and Ecosystems Research, Bulgarian Academy of Sciences, Sofia, Bulgaria.
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2. Previous Studies

Glycosides of the flavonoids 6-methoxykaempferol, patuletin, spinacetin, gomphrenol [2] and
of the oleanane triterpene 30-normedicagenic acid [3] have been isolated from the aerial parts of C.
foliosum. In addition, the presence of terpenes in the essential oil of this plant has been detected, as
well [4].

3. Present Study

The defatted aerial parts of C. foliosum were extracted with MeOH and MeOH-water (70%
and 50%) mixtures at room temperature for 48 h and then filtered. The filtrate was concentrated under
vacuum to ca 200 mL and was then subjected to column chromatography (Diaion HP20,
water—water-MeOH—MeOH, in order of increasing polarity) yielding 23 pooled fractions. Fraction
XVI was further subjected to CC on MClI-gel, RP-18 (water-MeOH) and final semi-preparative HPLC
purification yielded compound 1 (64.5 mg).

Gomphrenol-3-O-(5""-O-E-feruloyl)-p-D-apiofuranosyl-(1—2)[ f-D-glucopyranosyl-(1—06)]-f-D-
glucopyranoside (1): Pale yellow amorphous powder; [OL]D24 = — 64.43° (¢ = 1.0, DMSO); UV (MeOH): A,,..
(log €): 219 (4.27), 286 (4.05), 336 (4.25); (+AlCl3) 223, 245sh, 304, 377; (+AICl/HCl) 303, 222, 365;
(+NaOAc) 285, 339; (+NaOAc/H;BO,) 286, 337; IR v,,.. (KBr): = 3400, 1680, 1625, 1560, 1480, 1350, 1265,
1020 cm™; 'H NMR see Table 1; °C NMR see Table 1; HRESIMS: m/z 947.2458 [M+H]" (calcd. 947.2452 for
Cu43H47024).

Antioxidant tests: Compound 1 was tested for antioxidant activity using the following methods: DPPH
and ABTS radical scavenging activity, ferric reducing/antioxidant power (FRAP) and determination of
antioxidant activity in linoleic acid system by the FTC method [5].

Effects on isolated hepatocytes: Compound 1 was tested alone as well as in combination with CCl, on
isolated hepatocytes. Rat hepatocytes were isolated and incubated according to Fau et al. [6] with
some modifications [7]. Hepatocytes were incubated with 10 and 100 ug/mL of 1 and silymarin [8] as
well as with 86 uM carbon tetrachloride [9]. Lactate dehydrogenase release (LDH) [10], glutathione
(GSH) depletion and malondialdehyde (MDA) production [6] in isolated rat hepatocytes were
measured.

A conventional purification procedure of the hydro-methanolic extract of C. foliosum resulted

in the isolation of one new feruloylated gomphrenol 3-O-triglycoside (1) (Figure 1).
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Figure 1. Structure of compound 1 isolated from C. foliosum.
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Table 1. 'H and "°C NMR data for compound 1 ('H at 600 MHz, "°C at 150 MHz in DMSO-d,, 298 K,
Jdin ppm, J in Hz).

Position Oc, mult. oy Position Jc, mult. oy

aglycone 3-glucose

2 156.4,C 1" 98.4, CH 553 (1H,d, J=17.7)

3 132.8,C 2" 75.6, CH 350 (1H, dd, J=8.8,7.7),

4 177.6, C 3" 76.8, CH 342 (1H, dd, J=9.3, 8.8)

5 140.5,C 12.48 (10H, br. s) 4" 70.2, CH 3.11 (1H, dd, J =9.3, 8.8)

6 129.1,C 5" 76.5%, CH 3.28 (1H, m)

7 153.6,C 6" 67.7, CH, 3.81 (1H, d, J = 11.6);

8 89.3,CH  6.57 (1H, s) 3.39 (1H, m),

9 151.6, C 2"-apiose

10 107.1,C 1" 107.8, CH 5.38 (1H, br. s)

I 120.8, C 2" 76.3, CH 371 (1H, d, J=2.0)

2'and 6' 130.8, CH, 8.00(2H, d,J=38.8) 3" 77.6,C

3"and 5' 115.1,CH 6.86 (2H, d, J=8.8) 4" 73.7, CH, 4.03 (1H, d, J=9.3);

4 160.0, C 3.58 (1H, d, J =9.3),

0O-CH,-O 102.6, CH, 6.02 (1H, br. s); 5" 68.0, CH, 428 (1H,d, J=11.3);
6.11 (1H, br. s) 421 (1H, d,J =11.3)

5"-feruloyl 6"-glucose

1 166.4, C m 103.0, CH 396 (1H,d, J=17.7)

2f 1139,CH 6.16 (1H,d, J=15.7) A 73.3, CH 2.76 (1H, dd, J = 9.3, 7.7)

3f 144.6,CH 7.22(1H,d,J=15.7) 3m 76.5%, CH 2.84 (1H, dd, J=9.3, 8.8)

4 125.4,C 4m 69.7, CH 2.94 (1H, dd, J =9.3, 8.8)

5t 110.8,CH 7.08 (1H,d,J=2.2) 5" 76.4, CH 2.69 (1H, ddd, J=9.3, 5.5, 2.2)

6 147.8,C 6" 60.7, CH, 3.46 (1H, m);

7t 149.2, C 3.30 (1H, dd, J = 11.8, 5.5)

8" 1153,CH 6.75(1H,d, J=8.2)

1229,CH 6.88(1H, dd,J=8.2,2.2)

ferOMe 55.6,CH; 3.78 (3H, s)

*Signal overlapping

Compound 1 was isolated as optically active pale-yellow amorphous powder. Its molecular
formula was established as C43H450,4 by means of HRESIMS showing a [M+H]" at m/z 947.2458. The
IR spectrum showed absorption bands for hydroxyl groups (3403 cm™), esterified carbonyl (1680
cm™'), unsaturated carbonyl (1625 cm™') and conjugated double bonds (1560, 1480 cm™). The UV
spectrum (MeOH) of 1 was typical for 3-OH substituted flavonols. The bathochromic shift of the
maximum at 336 nm after addition of AICIl; (A = 41 nm) and AICI;/HCI (A = 29 nm) indicated the
presence of a free hydroxyl group on the 5" position, while the lack of any significant shift with
addition NaOAc pointed out a missing or blocked OH on position 7 of the aglycone [11]. Compound 1
was successfully hydrolysed with 2N HCI-MeOH (1:1) then filtered over Diaion HP-20SS. The eluate
was neutralized with Amberlite IRC-86 resin, evaporated to dryness and treated subsequently with L-
cycteine methyl ester and o-tolylisothiocyanate. The resulted sugar tolylthiocarbamoyl-thiazolidine
derivatives were analysed by RP-18 HPLC and the presence of D-glucose (#z = 18.7 min) and D-
apiose (fg = 32.2 min) was established [3,12]. The portion of hydrolysate that was absorbed on Diaion
HP-20SS after recovery gave gomphrenol and ferulic acid. The signals in the 'H and "C spectra
(Table 1) of 1 were unambiguously assigned using 2D NMR techniques, i.e., COSY, HSQC, HMBC
and ROESY. Multiplicities were determined using 'H and HSQC spectra. The 'H NMR spectrum of 1
showed a typical flavonoid pattern with a para-substituted ring B characterized by two doublets (J =
8.8 Hz), each integrating for two protons, at dy 8.00 and Jy 6.86 ppm. A broad singlet centered at dy
12.48 ppm belongs to the 5-OH group, involved in a hydrogen bond with the C-4 keto group (Jc
177.6). A trisubstituted ring A carrying a methylenedioxy group was indicated by a singlet signal at dy
6.57 for the single aromatic proton and two broad singlets at dy 6.11 and 6.02 for the methylenedioxy
protons. In the HSQC spectrum the latter protons showed a cross-peak with the carbon signal at d¢
102.6. The HMBC experiment (Figure 1) revealed a correlation between methylenedioxy protons and
the carbons at 6 (¢ 129.1) and 7 (dc 153.6) position. The 'H and C NMR data of 1 were in good
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agreement with literature data for 3-O-glycosidated gomphrenol [2]. In addition, two doublets at dy
5.53 (J=7.7 Hz) and 3.96 (J = 7.7 Hz) belonging to the anomeric glucosyl protons as well as a broad
singlet at dy 5.38 of anomeric apiose proton pointing out a - configuration of glycosyl linkages. The
former signal gave cross-peak in the HMBC experiment with C-3 (J¢ 132.8). This evidence confirmed
that the sugar moiety was attached at position 3. The gentiobiose-type (at C-6") linkage between two
glucose units was deduced by HMBC which is showing cross peaks between the anomeric proton (H-
1"") of terminal glucose (dy 3.96) correlated with methylene carbon (C-6") of inner sugar (dc 67.7).
Similarly, the anomeric proton of apiose at dy 5.38 gave HMBC correlation with the signal at dc 75.6
belonging to the second carbon of inner glucose (C-2"). The branched trisaccharide f-D-
apiofuranosyl-(1—2)[f-D-glucopyranosyl-(1—6)]-4-D-glucopyranoside has been previously found as
a glycosyl moiety in some flavonoids from Spinacia oleracea [13,14]. Furthermore, the doublets at Jy
6.16 (J = 15.7 Hz) and 7.22 (J = 15.7 Hz), along with those at dy 7.08 (J = 2.2 Hz) and 6.75 (J = 8.2
Hz) as well as the double doublet at 6.88 oy (J= 2.2, 8.2 Hz), and a singlet (3H) at dy 3.78, suggested
the presence of a feruloyl unit. The HMBC spectrum also showed a correlation of doublets at Jy 4.28
and 4.21 (H-5," and H-5,"") to the carbonyl signal at dc 166.4, indicating the position C-5"" of
apiofuranose as an esterification point [15]. Thus, according to the above evidence, compound 1 was
identified as  gomphrenol-3-0-(5""-O-E-feruloyl)-f-D-apiofuranosyl-(1—2)[f-D-glucopyranosyl-
(1—-6)]--D-glucopyranoside (Figure 1). Structure elucidation of 1 from natural source is reported for
the first time herein.

HMBC: 'H—————="3C
ROESY: 'H<———>"H

Figure 2. Key HMBC and ROESY correlations of 1.

Compound 1 showed a weak radical-scavenging activity on ABTS (IC50 141.03 uM), and
almost no radical-scavenging activity on DPPH (ICs, 690.48 uM) while no activity on FRAP and on
linoleic acid systems.

Compound 1, administered alone, revealed toxic effect as statistically significant decreased cell
viability and GSH level, increased LDH leakage and MDA level in isolated hepatocytes, compared to
the control (Table 2). Effects were concentration dependent, most prominent at concentration 100
pg/ml, and similar to those of silymarin. Hepatocytes incubation with CCly (86 uM) resulted in
statistically significant reduction of cell viability, increased LDH leakage, depletion of cell GSH as
well as increased MDA level, compared to the control (Table 3). In combination with CCl,, 1
significantly reduced the damage caused by the hepatotoxic agent and preserved cell viability and
GSH level, decreased LDH leakage and reduced lipid damage, compared to CCl, (Table 3). Effects
were concentration dependent, most visible at the highest concentration (100 pM), and similar to those
of silymarin.
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Table 2. Effect of compound 1 and silymarin (S), administered alone, on cell viability, LDH leakage,
GSH level and lipid peroxidation in isolated rat hepatocytes

Group Cell viability LDH GSH MDA
(%) Effect vs (umol/min/mill ~ Effect vs (nmol/mill Effectvs  (nmol/mill Effect vs
control cells) control cells) control cells) control
(%) (%) (%) (%)
Control 84 £8.1 0.228 +0.04 24 +3.0 0,078 £ 0,05
10pug/mlL.1 81+£6.7 |4 0.295 +0.02" 129 21 £1.8 113 0,144 +0,002° 185

100 ug/mL 1 64 6.8 |24 0.352+0.01°" 154 18+1.47 |25 0,146 +0,003" 187

10ug/mLS 61+1.17" |27 0.190 + 0.03 117 15+1.17° |38 0,127 +0,002° 163

100 ug/mL S 44 + 1.6 |48 0.210 +0.01 18 10+£0.5" |58 0,136 +0,003" 174
*p<0,05 **p<0,01; *** p < 0,001 vs control

Table 3. Effect of compound 1 and silymarin (S), in CCls-induced model of cytotoxicity, on cell
viability, LDH leakage, GSH level and lipid peroxidation in isolated rat hepatocytes

Group Cell viability LDH GSH MDA
(%) Effect (umol/min/mill Effect (nmol/mill Effect (nmol/mill cells) Effect
Vs cells) Vs cells) Vs Vs
CCly, CCly CCly, CCly
(%) (%) (%) (%)
Control 84 +8.1 0.228 £ 0.04 24 +£3.0 0.078 £ 0.05
86 uM CCl, 2446277 100 0.611+0.0377100 305" 100 0.235+0.07" 100

86 UM CCl, + 10 ug/mL 1 36 22" 150 0.431£0.02"" |29 814" 1167 0.146x0.002" |38

86 uM CCl, + 100 ug/mL 167 £ 5.0 1179 0.382+0.01"7" |37 14 £1.4"" 1367 0.141£0.01" |40

86 UM CCl, + 10 ug/mL S 61 £3.87" 1154 0.558 £0.01" |9 909" 1200 0.071 £0.01™" |70

86 uM CCl, + 100 ug/mL S71 £5.57" 1196 0.467 £0.027" |24 12+1.9™" 1300 0.044 £0.002" |81
" p < 0,001 vs control;* p < 0,05; ™ p <0,01; * p < 0,001 vs CCl,
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