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Korean ginseng (Panax ginseng C.A. Meyer) has been extensively used as a functional food for
thousands of years. This study with the aim to evaluate the potential of P. ginseng flower
components as a functional food with medicinal properties resulted in the identification of three
new dammarane-type saponins, named floralginsenosides Ka—Kc (1—3), along with seventeen
known ones (4—20). Their structures were elucidated on the basis of chemical and spectroscopic
methods, and their antioxidant activities were evaluated by the intracellular ROS radical scavenging
DCF-DA assay. Among them, floralginsenoside Ka (1) displayed potent scavenging activity with the
inhibition value of 64% at 10 uM; and ginsenoside Rb; (13), floralginsenoside Kc (3), floralginseno-
side Kb (2), vinaginsenoside Rg (11), majoroside F; (12), ginsenoside | (17), and ginsenoside Il (18)
showed moderate scavenging capacity with the inhibition rate of 28, 33, 35, 35, 35, 38, and 38% at
10 uM, respectively. These results warrant further studies concerning the potential of saponin
extracts of P. ginseng flowers for functional foods.
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INTRODUCTION

Oxidative stress, generated by oxygen radicals, has been linked
to several cellular toxicity processes, including damage to pro-
teins, membrane lipid peroxidation, DNA alteration, and enzyme
inactivation (1, 2). These may be attributed to chemical carcino-
genesis, heart diseases, reperfusion injury, rheumatoid arthritis,
inflammation, and aging (3). It is well recognized that a dietary
intake of antioxidant-containing foods might lower the risk of
certain pathophysiologies associated with oxidative stress.

Korean ginseng (Panax ginseng C.A. Meyer) is an herbal root
that has been broadly used as a functional food in forms of boiled
extract, powder, tea, tablet, capsule, etc. for thousands of
years (4). These conventional ginseng products are reported to
have a wide range of pharmacological and physiological actions,
such as antiaging, antidiabetic, anticarcinogenic, analgesic, anti-
pyretic, antistress, antifatigue, and tranquilizing properties and
promotion of DNA, RNA, and protein synthesis (5 —10), which
have been closely linked to ginseng’s protective effects against free
radical attack (//—13). Biologically active constituents of ginseng
have been pursued extensively, and many dammarane-type
triterpene oligoglycosides, generally known as ginsenosides, have
been characterized as the principal ingredients (14, 15). Recently,
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chemical components of the leaves and flower buds of P. ginseng
have been reported including also various dammarane-type
saponins, even several new compounds (/6 —19). This suggested
that saponin extracts of leaves and flowers of P. ginseng could be a
supplementary source of ginseng saponins.

There have been reports on antioxidant effects of ginsenosides.
Ginsenoside Rb; was found to interact with "OH and protect
ischemic neurons (20), and ginsenoside Rd was reported to attenuate
oxidative damage related to aging in senescene-accelerated mice (27).
Ginsenosides Rb; and Rc showed a tendency to increase glutathione
peroxidase activity, and ginsenoside Re significantly decreased Cu,
Zn-superoxide dismutase activity. Also, ginsenoside Rh, remark-
ably increased catalase activity (22). Nevertheless, previous studies
have demonstrated that ginsenosides had no effect on direct radicals
scavenging activity (23 —25). Therefore, it is insufficient to use direct
radical scavenging assays for antioxidant evaluation of ginsenosides.

In this regard, the intracellular reactive oxygen species (ROS)
radical scavenging DCF-DA assay, an in vitro cell-based method
that can reproduce oxidative stress in various cell systems, could
more sensitively and efficiently evaluate the efficacy of antiox-
idants (26).

The aim of this study to evaluate the potential of P. ginseng
flower components as a functional food with medicinal properties
led to the isolation of three new dammarane-type saponins,
floralginsenosides Ka (1), Kb (2), and Kc (3), together with
seventeen known ones (4—20). Their antioxidative activities were
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Figure 1. Purification of ginsenosides 1—20.

particularly determined using the intracellular ROS radical
scavenging DCF-DA assay.

MATERIALS AND METHODS

General Procedures. Optical rotations were obtained on a DIP-360
digital polarimeter (Jasco, Easton, MD). IR spectra were measured on a
Perkin-Elmer 577 spectrometer (Perkin-Elmer, Waltham, MA) using KBr
pellets. Nuclear magnetic resonance (NMR) spectra were recorded on
Bruker DRX 400 and 500 NMR spectrometers (Bruker, Billerica, MA),
respectively, using Bruker’s standard pulse program, with tetramethylsi-
lane as the internal standard and chemical shift values were expressed in &
(ppm). Electrospray ionization (ESI) mass spectrometry (MS) spectra
were recorded on a model 1100 LC-MSD trap spectrometer (Agilent,
Santa Clara, CA). High-resolution electrospray ionization time-of-flight
MS (HRESITOFMS) measurements utilized a JEOL AccuTOF LC mass
spectrometer (Jeol, Tokyo, Japan), equipped with an electrospray ion
source. Gas chromatography (GC) (Shimadzu-2010, Tokyo, Japan),
equipped with a DB-05 capillary column (30 m x 0.5 mm i.d.) and a
flame ionization detector (FID) [column temperature, 210 °C; FID
detector temperature, 300 °C; injector temperature, 270 °C; He carrier-
gas flow rate, 30 mL/min (splitting ratio: 1/20)], was used for sugar
determination. Column chromatography (CC) was performed onssilica gel
(70—230 and 230—400 mesh, Merck), YMC RP-18 resins (30—50 um, Fuji
Silysia Chemical Ltd., Aichi, Japan), and Diaion HP-20 (Mitshubishi
Chemical, Tokyo, Japan). TLC was performed on Kieselgel 60 Fs4
(1.05715; Merck, Darmstadt, Germany) or RP-18 F,s4s (Merck) plates.
Spots were visualized by spraying with 10% aqueous H,SO, solution,
followed by heating.

Plant Material. The flower buds of P. ginseng were collected in
Gaeumsan province, Korea, in August 2008, and taxonomically identified
by one of us (Y.H.K.). The voucher specimens have been deposited at the
College of Pharmacy, Chungnam National University, Korea.

Extraction and Isolation. The air-dried flower buds of P. ginseng
(1.2 kg) were extracted in MeOH (3 L x 3, 50 °C), and the combined
extracts were concentrated in vacuo. The MeOH residue (204 g) was
suspended in H,O (2.5 L) and then partitioned with n-hexane and CH,Cl,
(each 2.5 L x 3), successively, to obtain n-hexane and CH,Cl,-soluble
fractions in the weights of 29.4 g, 15.2 g, and the water layer, which was
subjected to a Diaion HP-20 column eluted stepwise by the mixture of
MeOH and H,0 (25, 50, 75, and 100% MeOH; v/v) to give four fractions
(fr. 1.1—fr. 1.4). The detailed separation process is shown as Figure 1.

Floralginsenoside Ka (1): white amorphous powder; [a]y +6° (¢ 0.03,
MeOH); IR (KBr) vy 3456, 2915, 1648, 1252, and 1062 cm™'; 'H and '°C
NMR data, see Tables 1—3; ESI-MS (negative ion mode) m/z 653 [M —
OH] ™, 651 [M — H,O — H]~, 637 [M — OOH] ", 489 [M — H,0 — C¢H;¢-
Os— H] ; HRESITOFMS (negative ion mode) m1/z 651.4116 [(M — H,0) —
H]7 (calcd for C3(,H5901(), 6514108)

Floralginsenoside Kb (2): white amorphous powder; [a]f +12° (¢ 0.08,
MeOH); IR (KBr) vynax 3446, 2913, 1738, 1262, and 1064 cm™'; 'Hand 1°C
NMR data, see Tables 1—3; ESI-MS (negative ion mode) m/z 919 [M —
H], 757 [M — C¢H;,Os — H]~, 433 [M — 3C4H,00s — H]"; HRESI-
TOFMS (negative ion mode) m/z 919.4899 [M — H] (caled for
C45H75019, 919.4903).

Floralginsenoside Kc (3): white amorphous powder; [a]f +11° (¢ 0.10,
MeOH); IR (KBr) v,.x 3452, 2918, 1743, 1262, and 1058 em ' 'H and
3C NMR data, see Tables 1-3; ESI-MS (negative ion mode) m/z 917
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Table 1. "3C NMR Data for Compounds 1—3 in Pyridine-ds

position 12 2° 3

1 39.8 394 39.6
2 28.6 26.9 271
3 78.9 89.2 89.4
4 40.8 39.9 401
5 62.2 56.6 56.8
6 68.2 18.7 18.9
7 479 35.4 35.5
8 4.7 40.3 40.5
9 50.4 50.5 50.6
10 39.8 371 37.3
11 31.2 31.0 31.2
12 70.7 70.3 70.5
13 49.6 49.9 50.1
14 51.8 51.7 50.6
15 315 31.0 31.2
16 271 26.9 27.2
17 52.0 52.0 51.9
18 18.1 16.2 16.4
19 18.0 16.5 16.7
20 83.7 82.8 84.0
21 23.0 22.3 23.0
22 33.3 28.3 401
23 271 39.7 60.7
24 90.5 203.4 203.5
25 146.6

26 113.8

27 18.2

28 325 28.3 28.5
29 17.0 16.9 17.0
30 17.9 17.7 17.8
Gle-1/ 98.7 105.4 105.5
Gle-2' 75.6 83.8 83.0
Glc-3’ 78.7 78.4 784
Glc-4' 72.2 71.9 721
Glc-5' 79.7 78.2 78.8
Glc-6 63.4 63.1 63.3
Gle-1” 106.4 106.5
Glc-2” 77.4 77.6
Glc-3” 79.6 79.8
Glc-4" 71.9 721
Gle-5" 78.5 78.5
Glc-6" 62.9 63.2
Gle-1"" 98.4 98.5
Glc-2"" 75.3 75.4
Gle-3"" 78.2 78.4
Glc-4"" 71.9 721
Gle-5"" 78.6 78.6
Glc-6""" 63.1 63.2

@Recorded at 125 MHz. ?Recorded at 100 MHz.

[M — H,0 — H]", 755 [M — H,0 — C¢H 005 — H]"; HRESITOFMS
(negative ion mode) m/z 917.4734 [M — H,O) — H] (caled for
C4sH73019, 917.4746).

Acid Hydrolysis of Compounds 1—3 and Sugar Determination. A
solution of each (3.0 mg) in 1.0 M HCI (3.0 mL) was heated under reflux
for 2 h. Then, the reaction mixture was concentrated in vacuo to dryness.
The residue was extracted with EtOAc and H,O (5 mL x 3). Next, the
sugar residue, obtained by concentration of the water layer, was dissolved
in dry pyridine (0.1 mL). Then, L-cysteine methyl ester hydrochloride in
pyridine (0.06 M, 0.1 mL) was added to the solution. After heating the
reaction mixture at 60 °C for 2 h, 0.1 mL of trimethylsilylimidazole was
added. Heating at 60 °C was continued for a further 2 h, and the mixture
was evaporated to give a dried product, which was partitioned between
hexane and H,O. After that, the hexane layer was analyzed by the GC
procedure (General Procedures). The peak of the hydrolysate of the
sample was detected at rg 14.12 min for p-glucose. The retention times
for the authentic samples (Sigma), after being treated in the similar
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Table 2. "H NMR Data for the Aglycon Moieties of Compounds 1—3 in
Pyridine-ds

position 12 2b 3

1 1.03m 0.74m 0.75m
1.74m 1.50 m 1.51m

2 1.88m 1.82m 1.83m
1.97m 220m 221m

3 3.54 dd (4.5, 11.5) 3.26 dd (4.4, 11.6) 3.28 dd (4.5, 11.5)

4

5 1.22.d (10.0) 0.66 m 0.67m

6 442 m 1.36 m 1.36 m

1.50 m 1.50 m

7 1.88m 1.22m 121 m
1.98 m 1.45m 1.45m

8

9 1.58 m 1.36 m 1.36 m

10

11 1.36 m 1.41m 1.42m
2.12m 1.92m 1.92m

12 412m 414 m 415m

13 2.03m 1.98 m 2.00m

14

15 1.09 m 1.02m 1.02m
1.60 m 1.55m 1.56 m

16 1.36 m 1.84m 1.83m
1.82m 220m 220m

17 2.58m 2.62m 2.61m

18 111s 0.97s 0.96 s

19 1.03s 0.84s 0.84s

20

21 1.63s 153 s 1.53s

22 220m 1.95m 273 m
248 m 2.74m 2.96m

23 1.82m 2.65m 4.07 dd (7.0, 14.0)
221m 2.95m

24 473 m 9.81brs 9.81brs

25

26 5.04 brs
521brs

27 1.90s

28 2.01s 1.29s 1.30s

29 147 s 1.13s 1.13s

30 0.97s 0.96 s 0.95s

@Recorded at 500 MHz. ?Recorded at 400 MHz.

manner, were 14.12 min (p-glucose) and 14.25 min (r-glucose). Co-
injection of the hydrolysates of the sample with standard p-glucose gave
single peaks.

Antioxidant Assay. Chemicals and Sample Preparation. 2',7-di-
chlorofluorescin diacetate (DCF-DA), N-acetylcysteine (NAC), and glu-
cose were purchased from Sigma (St. Louis, MO). All other chemicals and
reagents were of analytical grade. The tested compounds (1—20), glucose,
and NAC were dissolved in DMSO.

Cell Culture. V79-4 Chinese hamster lung fibroblast cells were obtained
from the American Type Culture Collection (Rockville, MD). The cells
were maintained in Dulbecco’s modified Eagle’s medium supplemented
with streptomycin (100 ug/mL), penicillin (100 units/mL), and 10% heat-
inactivated fetal calf serum at 37 °C in humidified atmosphere of 5% CO,.

Intracellular ROS Measurement. The DCF-DA method was used to
detect intracellular ROS. Briefly, DCF-DA diffuses into cells, where it is
further hydrolyzed by intracellular esterase to polar 2’,7'-dichlorodihy-
drofluorescein. This nonfluorescent fluorescein analogue is trapped in cells
and can be oxidized to the highly fluorescent 2’,7'-dichlorofluorescein by
intracellular oxidants (26). Thus, the dichlorofluorescein is directly pro-
portional to the amount of intracellular radical generation. V79-4 cells
were seeded at a density of 1 x 10° cells/mL in 96 well plates. Sixteen hours
later, the V79-4 cells were treated with samples at the final concentration of
10 uM, followed by the addition of 1 mM H,0, 30 min later. The final
DMSO concentration was kept at 0.1% in order to not affect cell viability.
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Table 3. 'H NMR Data for the Sugar Moieties of Compounds 1—3 in
Pyridine-as

position 12 2 3
Gle-1' 5.20d (8.0) 4.94d (7.6) 4.94d (7.5)
Gle-2/ 4011 (85) 423m 424m
Glc-3’ 427m 424 m 425m
Glc-4' 420m 413 m 415m
Gle-5' 3.96 m 3.93m 3.94m
Glc-6' 430m 434 m 434 m
450 br d(11.5) 457 brd (12.0) 458 brd (11.0)
Glc-1" 5.38d(7.2) 5.39d (8.0)
Glc-2” 411 m 412m
Glc-3” 429 m 430m
Glc-4" 433 m 433 m
Gle-5" 3.94m 3.94m
Glc-6" 436 m 4.36 m
449 m 450m
Gle-1"" 5.15d (8.0) 5.16 d (8.0)
Glc-2'" 401 m 402 m
Glc-3"" 426m 427m
Glc-4"" 420 m 422 m
Gle-5"" 3.97m 3.97m
Glc-6"" 433 m 433 m
450 m 450 m

@Recorded at 500 MHz. ? Recorded at 400 MHz.

Next, cells were further incubated for 30 min at 37 °C. Finally, the
fluorescence of 2',7'-dichlorofluorescein was detected at an excitation
wavelength of 485 nm and an emission wavelength of 535 nm using a
Perkin-Elmer LS-5B spectrofluorometer. The ROS scavenging activity
was expressed as the inhibition rate (%), which was calculated from the
following formula:

ROS scavenging activity (%) = [(ODconirol “ODsample)/ODecontrol] X 100

Statistical Analysis. The data were presented as mean + standard error
(SE) of three different experiments in triplicate. The results were subjected
to an analysis of the variance (ANOVA) using the Tukey test to analyze
the difference. p < 0.05 were considered significantly.

RESULTS AND DISCUSSION

Isolation and Structure Elucidation of Compounds. The metha-
nolic extract of the flower buds of P. ginseng was suspended in
H»>0 and partitioned successively with n-hexane and CH,Cl,. The
H,0 layer was subjected to a Diaion HP-20 column, followed by
various silica gel and YMC reversed-phase columns to yield three
new dammarane-type saponins, floralginsenosides Ka—Kc (1—3)
(Figure 2), and seventeen known ones (4—20) (Figure S1 in the
Supporting Information).

The known saponins were identified as ginsenoside Mg
(4) (16), ginsenoside Rg; (5) (27), floralginsenoside J (6) (17),
ginsenoside Re (7) (27), ginsenoside Fs (8) (I8), vinaginsenoside
Ri5 (9) (18), vinaginsenoside R, (10) (28), vinaginsenoside Rg
(11) (28), majoroside F; (12) (28), ginsenoside Rb; (13) (18),
floralginsenoside La (14) (17), floralginsenoside Lb (15) (17),
floralginsenoside B (16) (18), ginsenoside I (17) (29), ginsenoside
11 (18) (29), floralginsenoside M (19) (19), and floralginsenoside
N (20) (19), respectively, on the basis of NMR, ESI-MS data, and
comparison with those reported in the literature. To the best of
our knowledge, ginsenoside M4 (4), vinaginsenoside R;s (9),
vinaginsenoside Rq (11), and majoroside F; (12) were isolated for
the first time from flower buds of P. ginseng.

Floralginsenoside Ka (1), an amorphous powder, has the molec-
ular formula C3sHgO4; deduced by a HRESITOFMS experiment
(found at m/z [(M — H,O) — H]™ 651.4116, calcd for C34Hs9O1¢
651.4108). It was proposed to have a hydroperoxy group due to
the positive response to N,N-dimethyl-p-phenylenediammonium
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Figure 2. The structures of new floralginsenosides 1—3.

dichloride reagent (30). In addition, the negative ESI-MS of 1
revealed the fragment ion peaks at m/z 653 [M — OH] ", m/z 651
[M —H,O —H],m/z637[M — OOH] ", and m/z 489 [M — H,O —
CgH0Os — H] ™, respectively. The IR spectrum of 1 showed
absorption bands at vy, 3456, 1648, and 1062 cm” ! due to hydroxy
groups, double bond, and glycosidic linkage. Acid hydrolysis of
1 liberated p-glucose confirmed by GC analysis. From the 'H and
3C NMR spectra (Tables 1—3), compound 1 was proposed to
be a f-p-glucopyranosyl unit and an aglycon with five oxygenated
carbons and one double bond. The configuration of the anomeric
position was determined to be 5 on the basis of the large coupling
constant (J = 8.0 Hz) of the anomeric proton at dy 5.20 in the
'H NMR spectrum of 1. In addition, the "H NMR spectrum of
1 showed signals assignable to the aglycon part [0y 0.97, 1.03, 1.11,
1.47, 1.63, 1.90, 2.01 (3H each, all s, H;-30,19,18,29,21,27,28);
3.54 (1H, dd, J = 4.5, 11.5 Hz, H-3), 4.12 (1H, m, H-12), 4.42
(1H, m, H-6), 4.73 (1H, m, H-24), 5.04 and 5.21 (1H each, all br s,
H-26)]. The '*C NMR spectrum of 1 disclosed thirty-six carbon
signals including the set of six signals (0c 98.7, 75.6, 78.7,72.2,79.7,
and 63.4) revealing to a 5-p-glucopyranosyl unit, and thirty remain-
ing ones of a sapogenol moiety were similar to those of floralginse-
noside C (/8). Furthermore, the structure of 1 was assigned by the
'"H-'H COSY, HMQC, and HMBC spectra, respectively. As
shown in Figure 3, the '"H—'H COSY experiment on 1 indicated
the presence of partial structures written in bold lines, and in the
HMBC spectrum, the long-range correlations were observed be-
tween the following protons and carbons: H-6 and C-8; H-12 and
C9,13,17; H-17 and C-20; H-18 and C-7,9,14; H-19 and C-1,5,9,10;
H-21 and C-17,22; H-22 and C-24; H-24 and C-27; H-26 and
C-2427; H-27 and C-24,26; H-1' and C-20. Consequently,
the structure of floralginsenoside Ka (1) was characterized as
3B,60,12(3,20p3-tetrahydroxy-24& -hydroperoxy-dammar-25(26)-
ene 20-0-f-p-glucopyranoside.
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Figure 3. Significant "H—'H COSY and HMBC correlations for new
floralginsenosides 1—3.

Floralginsenoside Kb (2), also an amorphous powder, has the
molecular formula C45H740,9 based on a HRESITOFMS ex-
periment (found at m/z [M — H]™ 919.4899, calcd for C45H75019
919.4903). In the negative ESI-MS of 2, a quasimolecular ion
peak atm/z 919 [M — H]™ and the fragment ion peaks at m1/z 757
[M - C6H1005 - H]7 and m/z 433 [M - 3C6H1005 - H]7 were
observed. The IR spectrum of 2 exhibited absorption bands at
Vinax 3446, 1738, and 1064 cm1~ ! due to hydroxy groups, carbonyl
function, and glycosidic linkage. The acid hydrolysis of 2 liber-
ated p-glucose identified by GC analysis. The "H NMR (pyridine-
ds) spectrum of 2 (Tables 2 and 3) showed six methyl singlets
[0y 0.84, 0.96, 0.97, 1.13, 1.29, 1.53 (3H each, all s, Hs-
19,30,18,29,28,21), two oxymethine protons [0y 3.26 (dd, J =
4.4, 11.6 Hz, H-3), 4.14 (m, H-12)], three anomeric signals [0y
494 (d,J = 7.6 Hz, H-1), 5.15 (d, J = 8.0 Hz, H-1"""), 5.38 (d,
J = 7.2 Hz, H-1"], and an aldehyde proton (0 9.81, br s, H-24).
The *C NMR spectrum of 2 (Table 1) disclosed 45 signals
including three oxygenated carbons [dc 70.3, 82.8, 89.2
(C-12,20,3)], three anomeric signals [0c 98.4, 105.4, 106.4
(C-1"",1,1"), and an aldehyde carbonyl carbon (d¢ 203.4, C-24).
In addition, the signal of C-5 at d¢ 56.6 in the '*C NMR spectrum
of 2 is a characteristic of a protopanaxadiol-type aglycon common
among dammarane-type saponins in P. ginseng with varia-
tions in its side chain. Furthermore, the 'H and '*C NMR data
of 2 were similar to those of ginsenoside Rd (37), except for the
signals belonging to the side-chain moiety (C-22 part) of the
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aglycon, which was composed of, notably, only two methylene
and one aldehyhyde carbons. The structure of 2, especially the
side chain, was assigned by the '"H—'H COSY, HMQC, and
HMBC spectra, respectively. As shown in Figure 3, the '"H—'H
COSY experiment on 2 indicated the presence of partial struc-
tures written in bold lines, and in the HMBC spectrum, the long-
range correlations were observed between the following protons
and carbons: H-3 and C-1’, H-12 and C-9,13,17; H-18 and
C-7,9,14; H-19 and C-1,59,10; H-21 and C-17,20,22; H-22 and
C-24; H-23 and C-20,24; H-30 and C-13,15; H-1' and C-3; H-2
and C-1"; H-1" and C-2’; H-1"" and C-20. Thus, the structure
of floralginsenoside Kb (2) was established as 3-O-[-p-gluco-
pyranosyl-(1—2)--p-glucopyranosyl]-20-O-$-p-glucopyranosyl-
3p,12(3,20f3-trihydroxy-25,26,27-trinordammar-24-al.

Floralginsenoside Kc (3), an amorphous powder, has the
molecular formula C4sH760,9 by a HRESITOFMS experiment
(found at m/z [(M — H,O) — H]™ 917.4734, calcd for C4sH73019
917.4746). Additionally, the negative ESI-MS of 3 exhibited the
fragment ion peaks at m/z 917 [M — H,O — H] and m/z 755 [M
— H,0 — C¢H,005 — H] ™, respectively. The IR spectrum of 3
displayed absorption bands at vy, 3452, 1743, and 1058 due to
hydroxy groups, carbonyl function, and glycosidic linkage. The
acid hydrolysis of 3 liberated p-glucose. The 'H and '*C NMR
data (Tables 1—3) of 3 resembled to those of floralginsenoside Kb
(2) as above, except for the signals of the side-chain moiety (C-
23,24,25) with the appearance of one oxygenated methine carbon
[0c 60.7and 611 4.07 (1H, dd, J = 7.0, 14.0 Hz)] in 3 instead of the
methylene carbon C-23 in 2. Furthermore, the structure of 3,
especially the side chain, was assigned by means of the '"H—'H
COSY, HMQC, and HMBC spectra, respectively. As shown in
Figure 3, the "H—"H COSY spectrum of 3 indicated the presence
of partial structures written in bold lines, and in the HMBC
experiment, the long-range correlations were observed between
the following protons and carbons: H-3 and C-1’, H-12 and
C-9,13,17; H-18 and C-7.8,9,14; H-19 and C-1,5,9,10; H-21 and
C-17,20,22; H-22 and C-24; H-23 and C-20,24; H-30 and C-13,15;
H-1" and C-3; H-2 and C-1""; H-1"” and C-2'; H-1""" and C-20.
Hence, floralginsenoside Kc (3) was identified as 3-O-[3-p-
glucopyranosyl-(1—2)--p-glucopyranosyl]-20-O-f-p-glucopyra-
nosyl-3,123,2003,23&-tetrahydroxy-25,26,27-trinordammar-24-al.

Antioxidant Evaluation of Compounds. The antioxidant activity
of the ginsenosides (1—20) was evaluated by the intracellular ROS
radical scavenging DCF-DA method. Oxidative stress was in-
duced in V79-4 Chinese hamster lung fibroblast cells by exposure
to H,O,, one of common ROS in physiological systems. The
reduction of oxidative stress was based on the intracellular ROS
scavenging capacity as described in Materials and Methods. In
order to confirm the antioxidant activity of tested compounds,
cell viability was simultaneously determined using the colori-
metric MTT [3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazo-
lium bromide] assay (32), and as a result, no cytotoxicity was
found (data not shown). Glucose was used as negative control,
which showed the intracellular ROS scavenging capacity of 2.6%.
Of the isolates, notably, floralginsenoside Ka (1) (10 uM)
displayed potent scavenging activity with the inhibition value of
64%, whereas ginsenoside Rb; (13), floralginsenoside K¢ (3),
floralginsenoside Kb (2), vinaginsenoside Rg (11), majoroside F;
(12), ginsenoside I (17), and ginsenoside II (18) showed moderate
scavenging capacity with inhibition rates of 28, 33, 35, 35, 35, 38,
and 38%, respectively. Besides, the others exhibited negligible
scavenging activities with inhibition values less than 10% as
compared with NAC, which was used as positive control (91%)
at the same concentration (Figure 4).

Structurally, ginsenosides 1—20 are classified into either
20S-protopanaxadiol (PPD) type, including floralginsenoside
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Figure 4. The scavenging effect of 1—3,11—13,17,and 18 at 10 uM on
intracellular ROS. The cells were treated with the samples at 10 uM. After
30 min, H,O, (1 mM) was added to the plate. After 30 min, DCF-DA was
added and the intracellular ROS generated were detected by spectro-
fluorometry. *Significantly different from control cells (p < 0.05) as
examined by Tukey test. NAC was used as positive control.

Ka (1), floralginsenoside Kb (2), floralginsenoside Kc (3), vina-
ginsenoside Rq (11), majoroside F; (12), ginsenoside Rb; (13),
ginsenoside I (17), and ginsenoside IT (18) or 20S-protopanaxatriol
(PPT) type, including ginsenoside M54 (4), ginsenoside Rg; (5),
floralginsenoside J (6), ginsenoside Re (7), ginsenoside Fs (8),
vinaginsenoside Ris (9), vinaginsenoside Ry (10), floralginseno-
side La (14), floralginsenoside Lb (15), floralginsenoside B (16),
floralginsenoside M (19), and floralginsenoside N (20) with
particular sugar moieties (/5). The obtained antioxidant data
suggested that the PPD-type ginsenosides were much more active
than that of PPT-type ginsenosides. Moreover, this finding was
consistent with the literature that there have been antioxidant
ginsenosides Rb;, Rd, Rc, and Rh,, which are all PPD-type
ginsenosides (20—22).

Particularly, floralginsenoside Ka (1), a PPT-type ginsenoside,
showed potent intracellular ROS scavenging activity suggesting
that the appearance of a hydroperoxyl group at C-24, which is
reactive and might neutralize ROS, is important for its antiox-
idant activity. This was further supported from the observation
that ginsenosides I and IT possessing a similar 24-hydroperoxyl
group also exhibited particular intracellular ROS scavenging
capacity.

Taken together, it was indicated that the absence of 6-hydroxy
group and the presence of 24-hydroperoxyl within ginsenoside
structures might be responsible for the intracellular ROS scaven-
ging activity of ginsenosides.

In conclusion, this study indicated that dammarane-type
saponins are the main components of the flower buds as well as
the roots of P. ginseng. Additionally, three new floralginseno-
sides Ka (1), Kb (2), and Kc (3), which showed significant
intracellular ROS scavenging activities, were investigated,
respectively. These results warrant further studies concerning
potential of saponin extracts of P. ginseng flowers for func-
tional foods.
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