
Study on the Nitric Oxide Scavenging Effects of Ginseng and
Its Compounds

KI SUNG KANG,† TAKAKO YOKOZAWA,*,† HYUN YOUNG KIM,‡ AND

JEONG HILL PARK‡

Institute of Natural Medicine, Toyama Medical and Pharmaceutical University, 2630 Sugitani,
Toyama 930-0194, Japan, and College of Pharmacy, Seoul National University, San 56-1,

Shillim-Dong, Kwanak-gu, Seoul 151-742, Korea

In this study, an in vitro nitric oxide (•NO)-generating system was used to investigate the
•NO-scavenging effects of methanolic extracts of white ginseng (Panax ginseng C.A. Meyer), red
ginseng, and sun ginseng and several ginsenosides and phenolic compounds. Sun ginseng extract
showed the strongest activity among the three ginseng extracts. None of the ginsenosides used in
this experiment showed •NO-scavenging activity, but the phenolic compounds, such as p-coumaric
and vanillic acids, and maltol inhibited •NO production in a concentration-dependent manner. Moreover,
maltol levels markedly increased by heat processing. Therefore, the enhanced •NO-scavenging activity
of ginseng by heat processing was closely related to phenolic acids and the increased content of
maltol.
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INTRODUCTION

Korean or white ginseng (WG) (Panax ginsengC.A. Meyer)
is a herbal root that has been extensively used as a functional
food for more than 2000 years, being mainly cultivated in Korea
and Northeast China. Of the two kinds of ginseng, WG is air-
dried ginseng, and red ginseng (RG) is produced by steaming
raw ginseng at 98-100 °C for 2-3 h. Each type of ginseng is
consumed as a boiled extract, powder, tea, tablet, capsule, etc.
(1).

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 (2-11). These
medicinal properties of ginseng have been closely linked to
ginseng’s protective effects against free radical attack (12-14).
When ginseng extract was administrated to rats, myocardial
ischemia-reperfusion damage induced by hyperbaric oxygen
was prevented (14), and ginseng extract was reported to have a
hepatoprotective effect against oxidative stress induced by
exhaustive exercise (15). Furthermore, ginseng extract was
reported to scavenge hydroxyl (•OH) and 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radicals (16, 17). Although there have
been many reports about the protective effects of ginseng against
free radical attack, ginseng has been found to have no nitric
oxide (•NO)-scavenging activity (18).

Ginseng saponins, referred to as ginsenosides, are believed
to play a pharmacologically important role. Several investigators
have reported new ginsenosides from RG that are not usually
found in WG. Recently, a method that can enhance the yield of
these RG specific ginsenosides by steaming WG at 120°C was
developed, because RG is more pharmacologically active than
WG (19,20). This heat-processed ginseng, termed sun ginseng
(SG), has been reported to have more potent pharmacological
activities, such as vasorelaxation, antioxidant, and antitumor
activities, than conventional WG or RG (21, 22). Moreover,
SG showed stronger•NO-scavenging activity than conventional
WG and RG in our preliminary study (data not shown).

•NO, which exhibits an enormous range of beneficial func-
tions in organisms, including regulation of vascular tone,
ventilation, hormone secretion, inflammation, and immunity, as
well as neurotransmission, is also suspected to be cytotoxic or
cytostatic to host cells and to act as a toxic radical (23-25). In
addition, recent experiments have revealed that the toxicity and
damage caused by•NO in tissues and cells are markedly
increased if it reacts with O2•- to yield peroxynitrite (ONOO-),
an extremely reactive radical (26). Therefore, in this study, we
investigated the•NO-scavenging activities of WG, RG, SG, and
their main active components such as ginsenosides, phenolic
compounds, and maltol.

MATERIALS AND METHODS

Materials. p-Coumaric acid, salicylic acid, vanillic acid, and maltol
were purchased from Wako Pure Chemical Industries, Ltd. (Osaka,
Japan). Sodium nitroprusside was purchased from the Sigma Chemical
Co. (St. Louis, MO). The other chemicals and reagents were of high
quality and were obtained from commercial sources.
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Ginsengs.Four year old fresh ginseng was purchased from a local
ginseng market in Seoul. Ginsenosides-Re, -Rb1, -Rg1, -Rg3 (S), -Rg3

(R), -Rg5, and -Rk1 were isolated fromP. ginsengC.A. Meyer, as
reported previously (27-30). WG was produced by drying 100 g of
fresh ginseng at 50°C for 3 days. RG was made by steaming WG at
100°C and drying at 50°C for 3 days. SG was made by steaming WG
at 120°C and drying at 50°C for 3 days.

Preparation of WG, RG, and SG Extracts. Each dried ginseng
product (50 g) was ground to pass an 80 mesh sieve and extracted
under reflux with MeOH three times at 70°C for 2 h, and then, the
solvent was evaporated in vacuo to give a MeOH extract with a yield
of about 20%, by weight, of the original ginseng powder.

Analysis of Ginsenosides in Ginseng Extracts.The ginsenosides
of each ginseng extract were determined by analytical high-performance
liquid chromatography (HPLC) using a Hitachi L-7100 liquid chro-
matograph fitted with a YMC-Pak Pro C18, reverse-phase column (250
mm × 4.60 mm i.d., 5µm, YMC, Kyoto, Japan), according to the
method of Kwon et al. (20). The mobile phase consisted of water
(solvent A) and acetonitrile (solvent B). The gradient elution was used
as follows: 0 min, 15% B; 10 min, 34.5% B; 25 min, 47.5% B; 40
min, 80% B; 50 min, 100% B. The flow rate was 1 mL/min, and the
detector was a SEDEX 55 evaporative light scattering detector (Sedere,
Alfortville, France).

Analysis of Phenolic Compounds and Maltol in Ginseng Extracts.
The contents of maltol, salicylic acid, vanillic acid, andp-coumaric
acid in each ginseng extract were analyzed using gas chromatography-
mass spectroscopy (GC-MS). Free type phenolic compounds were
extracted and fractionated by the reported method (31). The trimeth-
ylsilated derivatives of the phenolic compounds in ginsengs were
separated and analyzed on a Hewlett-Packard HP6890 (Agilent
Technologies, Palo Alto, CA) GC coupled to a JEOL JMS-GC mate II
(JEOL Ltd., Tokyo, Japan). A known amount of internal standard (n-
eicosane) was added for the quantitative analysis. The GC was equipped
with an autosampler, and mass spectra were measured in electron impact
ionization mode (70 eV). A medium polarity column, BPX-50 capillary
column (30 m× 0.25 mm, 0.20µm, SGE, Ringwood, Australia), was
employed, and the head pressure of the carrier gas (helium) was 8 psig.
The injection port temperature was 260°C, and the oven was
programmed to raise the temperature from 80 to 260°C at the rate of
4 °C per min and hold at 260°C for 5 min.

Measurement of •NO Production from Sodium Nitroprusside.
•NO production from sodium nitroprusside was measured according to
the method of Sreejayan and Rao (32). Briefly, sodium nitroprusside
(5 mM) in phosphate-buffered saline (pH 7.4) was mixed with test
samples at different concentrations and incubated at 25°C for 150 min.
The amount of •NO produced was assayed by measuring nitrite
accumulation using a microplate assay method based on the Griess
reaction (33).

Statistical Analysis.Data are presented as means( standard errors
of five determinations. Differences among groups were analyzed by
Dunnett’s test, and those atp < 0.05 were considered significant.

RESULTS

The HPLC profile of each prepared extract is illustrated in
Figure 1. WG shows that typical ginsenoside consists of Re,
Rg1, Rb1, Rc, and Rb2. In the case of RG, the contents of polar
ginsenosides (peaks 1 and 2) are slightly decreased and less
polar ginsenosides (peaks 5-8) are increased. Moreover, major
polar ginsenosides (peaks 1-4) in WG greatly decreased and
less polar ginsenosides (peaks 5-10) became major constituents
in SG.

When each ginseng extract was analyzed with GC-MS, four
compounds were detected in the order of increasing retention
time: maltol, salicylic acid, vanillic acid, andp-coumaric acid
(Figure 2). Results are average values (mg in 100 g of extract)
of duplicate analyses. Contents of maltol in RG and SG were
about four and 36 times higher, respectively, than in WG. Maltol
was the most increased compound after heat processing than
the other phenolic compounds (Table 1).

As shown inFigure 3, the three ginseng extracts exhibited
distinctive •NO-scavenging activities, which increased in the
order of WG, RG, and SG. When 5 mM sodium nitroprusside

Figure 1. HPLC-ELSD chromatogram of the total ginsenoside fractions
of WG extract (a), RG extract (b), and SG extract (c). Peaks: 1, Re plus
Rg1; 2, Rb1; 3, Rc; 4, Rb2; 5, Rg2 plus Rh1; 6, Rd; 7, Rg3(S); 8, Rg3(R);
9, Rk1; and 10, Rg5.

Figure 2. GC-MS chromatograms of the phenolic fractions of WG extract
(a), RG extract (b), and SG extract (c). Peaks: 1, maltol; 2, salicylic
acid; 3, vanillic acid; and 4, p-coumaric acid.
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solution was added to each ginseng extract, at concentrations
ranging from 12.5 to 250µg/mL, •NO production was reduced
to 83.8, 74.5, and 67.0% of the control value by WG, RG, and
SG extracts, respectively.

Table 2shows the•NO-scavenging activities of ginsenoside-
Re, -Rg1, -Rb1, -Rg3 (S), -Rg3 (R), -Rk1, and -Rg5, the major
saponins of WG, RG, and SG. However, no ginsenosides
showed•NO-scavenging activity. However, maltol, vanillic acid,
andp-coumaric acid inhibited•NO generation in a concentration-
dependent manner, as shown inFigure 4. In addition, the IC50

values of p-coumaric and vanillic acids in•NO-scavenging
activity were 11.6 and 19.7µg/mL, respectively. On the other
hand, the IC10 value of maltol was 33.7µg/mL.

DISCUSSION

It has become clear in recent years that•NO acts as a part of
the host defense mechanism.•NO is generated in greatly
increased amounts during infection and inflammation through
immunological stimulation and shows cytotoxic or cytostatic
activity against viruses and invasive organisms (23). However,
such an increase in•NO may also have adverse effects on host

cells, thus causing tissue injury (24). For example, excess•NO
produced during ischemia-reperfusion is considered to act as
a toxic radical and to cause renal dysfunction, as does O2

•- (25,
34). Also, antiinfective and antiinflammatory actions can be
achieved through inhibition of the formation of proinflammatory
mediators, such as prostaglandins, reactive oxygen species, and
•NO (35). Therefore, the production of•NO must be tightly
regulated.

As shown by the above results, WG had low•NO-scavenging
activity, but this activity was increased by heat processing to
produce RG and SG. This increased effect is thought to be due
to chemical transformation by heat (36), and chemical trans-
formation of the ginsenosides can be confirmed by the HPLC
profiles of ginseng extracts (Figure 1). In view of this, SG was
made by steaming at a higher temperature than that used to
produce conventional RG, as mentioned above. In addition,
because the severe processing conditions give rise to severe
chemical reactions, such as hydrolysis of glycosidic bonds and
dehydroxylation, changes in the chemical constituents of SG
are more marked than those of RG. The HPLC chart inFigure
1 shows that, as compared with WG, the amounts of polar
ginsenosides such as Re, Rg1, and Rb1 were decreased but those
of relatively less polar ginsenosides such as Rg3, Rk1, and Rg5
increased, or these ginsenosides were newly formed in SG.

On the other hand, GC-MS with the internal standard method
was employed for the quantification of three phenolic com-
pounds and maltol in WG, RG, and SG. Maltol was found to
be the most increased compound as compared to the three

Figure 3. Effects of WG extract (b), RG extract (9), and SG extract (2)
on •NO.

Figure 4. Effects of salicylic acid (2), maltol (9), vanillic acid (4), and
p-coumaric acid (0) on •NO.

Table 1. Quantities of Maltol and Phenolic Acids in WG, RG, and SG
(mg/100 g)

WG RG SG

maltol 2.6 10.7 94.0
salicylic acid 0.1 1.6 0.4
vanillic acid 0.4 1.0 0.6
p-coumaric acid 0.5 0.6 0.4

Table 2. Effects of Ginsenosides on •NO Productiona

material
concentration

(µg/mL)

•NO
(µM)

production
(%)

Re 12.5 13.6 ± 0.1 101.9
25 13.5 ± 0.3 101.3
50 13.6 ± 0.3 102.4

125 14.6 ± 0.2d 109.9
250 15.1 ± 0.1d 113.5

Rg1 12.5 13.7 ± 0.2c 103.1
25 13.9 ± 0.2d 104.6
50 14.9 ± 0.1d 111.9

125 15.5 ± 0.1d 116.8
250 16.7 ± 0.1d 125.8

Rb1 12.5 13.1 ± 0.1 98.5
25 13.6 ± 0.1 102.2
50 14.0 ± 0.1d 105.1

125 15.3 ± 0.2d 115.2
250 16.6 ± 0.1d 124.7

Rg3 (S) 12.5 12.5 ± 0.2d 94.0
25 13.1 ± 0.1 98.8
50 13.7 ± 0.3 102.9

125 14.4 ± 0.1d 108.4
250 15.0 ± 0.1d 112.5

Rg3 (R) 12.5 12.9 ± 0.2 96.7
25 13.0 ± 0.1 97.5
50 14.1 ± 0.1d 106.4

125 14.7 ± 0.1d 110.4
250 15.5 ± 0.2d 116.9

Rk1 12.5 14.4 ± 0.2d 108.2
25 14.1 ± 0.2d 105.8
50 14.3 ± 0.4d 107.7

125 14.2 ± 0.3d 106.4
250 13.9 ± 0.4b 104.2

Rg5 12.5 13.7 ± 0.1b 102.8
25 13.0 ± 0.3 97.9
50 13.0 ± 0.1 97.8

125 13.5 ± 0.1 101.5
250 14.4 ± 0.1d 108.1

control 13.3 ± 0.3 100.0

a Significance: p < 0.05,b p < 0.01,c p < 0.001d vs control values.
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phenolic acids by heat processing. In the case of phenolic acids,
the contents were increased in RG as compared with those in
WG (Table 1). Thep-coumaric and vanillic acid contents of
RG are known to be higher than those of WG (31). However,
the contents of these compounds were not continuously in-
creased in SG. The decrease of some phenolic contents in SG
was thought to be caused by thermal decomposition or structural
changes of phenolic compounds under high pressure and
temperature. Especially, salicylic acid is easy to thermally
decompose and has a propensity to hydroxylation (37,38), and
it was reported that the level of total phenolic compounds
decreased with heat treatment in malt (39). Although there were
changes in the contents of salicylic, vanillic, andp-coumaric
acids in WG, RG, and SG, these were considerably less than
that of maltol (Table 1).

There have been several reports that SG has some antioxidant
activities, such as DPPH radical-scavenging activity and inhibi-
tory activity against lipid peroxidation, and anticancer activities,
all of which are enhanced as compared with those of the other
existing ginseng products and are due to newly formed or
increased levels of ginsenosides (21, 27). Therefore, we
examined representative ginsenosides of each ginseng extract
to determine the active components that contribute to the•NO-
scavenging activity of SG. However, no ginsenoside showed
•NO-scavenging activity, as reported previously (18), and we
reconfirmed that ginsenosides do not scavenge•NO. Therefore,
there are no correlations between the structural changes of
ginsenosides and the increase of•NO-scavenging activity by
heat processing.

In general, the main pharmacologically active constituents
of ginseng are believed to be ginsenosides, but researchers have
paid attention to the phenolic compounds as bioactive constitu-
ents of ginseng (40, 41). In addition, many phenolic compounds
are known to have antioxidant activities (38, 42). Therefore,
we tested several phenolic compounds and maltol contained in
ginseng that are known to have antioxidant properties.p-
Coumaric and vanillic acids and maltol showed•NO-scavenging
activity, suggesting that these compounds may play more
important roles as•NO scavengers than ginsenosides. The
activity of maltol was not stronger thanp-coumaric and vanillic
acids, but its significant increase in content by heat processing
led to considerable activity despite its low activity per se.

However, it is insufficient that the•NO-scavenging activity
of SG is explained with only phenolic acids and maltol. The
most plausible proposal involves Maillard reaction products
(MRPs), thought to be major sources correlated with enhancing
activity by heat treatment in various crude drugs or foods. MRPs
in ginseng were reported to increase by heat processing; these
compounds are Arg-Fru-Glc, Arg-Fru, maltol, maltol-3-O-â-D-
glucoside, etc. (43,44). The effects of MRPs on•NO scavenging
activity were not considered in this study, but maltol is a typical
marker of the Maillard reaction (45). Detailed information on
MRPs in SG remains sparse, but they are thought to be important
in enhancing the free radical-scavenging activity of ginseng by
heat processing.

In summary, SG, heat-processed ginseng, showed enhanced
•NO-scavenging activity, suggesting that SG may be an effective
functional food for protecting against pathological conditions
related to excessive•NO generation. Moreover, the enhanced
•NO-scavenging activity of ginseng by heat processing was
closely related to phenolic acids and the increased content of
maltol rather than ginsenosides. However, there is a need to
clarify other•NO-scavenging constituents such as MRPs in our
future study.
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