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Stereospecificity in hydroxyl radical scavenging activities
of four ginsenosides produced by heat processing
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Abstract—The activity-guided fractionation of sun ginseng (SG, heat processed Panax ginseng C. A. Meyer at 120 �C) was carried
out to identify its main active hydroxyl radical (�OH) scavenging components. As a result, the n-BuOH fraction mainly consisting of
ginsenosides showed the strongest activity. Of several ginsenosides of SG, the �OH scavenging activities of relatively high contents of
20(S)-Rg3, 20(R)-Rg3, Rk1, and Rg5 were compared. Rg5 and 20(S)-Rg3 showed strong �OH scavenging IC50 values of 0.15 and
0.44 mM, respectively, and these activities were prominently higher than each of their respective isomers. Therefore, stereospecificity
exists in the �OH scavenging activities of ginsenosides produced by heat processing. Especially, the double bond at carbon-20(22) or
the OH group at carbon-20 geometrically close to OH at carbon-12 is thought to increase the �OH scavenging activity of
ginsenosides.
� 2006 Elsevier Ltd. All rights reserved.
Traditionally, the root of ginseng (Panax ginseng C. A.
Meyer, Araliaceae) has been processed to make white
ginseng (WG, roots air-dried after peeling) and red gin-
seng (RG, roots steamed at 98–100 �C without peeling)
to enhance its preservation and efficacy. RG is more
common as an herbal medicine than WG in Asian coun-
tries, because steaming induces changes in the chemical
constituents and enhances the biological activities of
ginseng.1–3 Recently, a method to increase the content
of RG specific ginsenosides such as Rg3, Rk1, and Rg5

by steaming WG at a higher temperature than RG
was developed. This novel heat processed ginseng is
termed sun ginseng (SG), and we have been investigating
its enhanced free radical scavenging activity compared to
conventional ginsengs and its active constituents.4–6

The hydroxyl radical (�OH) is an extremely reactive
and short-lived species that can attack biological mole-
cules such as DNA, proteins, and lipids. The reactivity
of �OH has been related to several human diseases such
as neurodegenerative disease and diabetes. Therefore,
its scavenging activity has received much attention.7–9

Especially, in our previous research, SG showed an im-
proved �OH scavenging activity compared to WG and
RG,5 and so we needed to clarify the main active
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�OH scavenging components of SG. Therefore, in the
present study, the activity-guided fractionation of SG
was carried out. To test the �OH scavenging activity,
an electron spin resonance (ESR) spectrometer was
used because it is widely employed for detecting �OH,
and even samples with a low solubility such as ginseno-
sides are suitable for ESR measurement.10 In addition,
(�)-epigallocatechin 3-O-gallate (EGCg) was used as
an �OH scavenging positive control.11

Ginseng extract is known to scavenge free radicals such
as 1,1-diphenyl-2-picrylhydrazyl, carbon-centered radi-
cal, superoxide, nitric oxide, peroxynitrite, and �OH. In
addition, these scavenging activities are improved by
heat processing.5,6,9,12 Especially, an extremely reactive
�OH radical was effectively scavenged by SG compared
to WG or RG in our previous research,5 and therefore
we needed to clarify the main active components of
SG. Thus, the activity-guided fractionation of SG ex-
tract was carried out. First, SG was separated into its
90% water-soluble fraction (mainly containing polysac-
charides) and residual 10% MeOH eluate (containing
ginsenosides, phenolic acids, etc.) by HP 20 resin.13 In
the �OH scavenging activity tests of SG and its two frac-
tions, SG inhibited �OH generation to 70%, and the low-
er content of MeOH eluate (inhibited to 55%) showed a
stronger activity than the water eluate (inhibited to 86%)
at the concentration of 1 mg/mL (Fig. 1). Therefore, the
MeOH eluate was thought to contain the active compo-
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Figure 1. The �OH scavenging activities of SG24 and its fractions25 at

1 mg/mL.
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nents and was further separated into three fractions of
ether, n-BuOH, and residual fractions by the reported
method.14 Of these, the n-BuOH fraction containing
mainly ginsenosides showed the strongest activity and
the next were in the order of ether and residual water
fractions (Fig. 1). The n-BuOH fraction was thought
to contain the main active components because it occu-
pied about 70% of the MeOH eluate and showed the
strongest inhibition of �OH generation to nearly 35%.
Therefore, the n-BuOH fraction was analyzed by HPLC
(Fig. 2) and relatively high contents of four ginseno-
sides, 20(S)-Rg3 32.8%, 20(R)-Rg3 7.3%, Rk1 15.7%,
and Rg5 18.6%, were detected, isolated, and these ginse-
nosides are known as the major ginsenoside constituents
of SG.4,15,16 Especially, 20(R)-Rg3 and 20(S)-Rg3 are
epimers of each other depending on the position of the
hydroxyl (OH) group on carbon-20 (Fig. 3), and this
epimerization is known to be produced by the selective
attack of the OH group after elimination of the glycosyl
residue at carbon-20 during the steaming process.17,18

Similarly, in the case of Rk1 and Rg5, these ginsenosides
are positional isomers of each other depending on
the position of the double bonds on carbon-20(21) or
-20(22), as shown in Figure 3, and this double bond is
known to be produced by the elimination of H2O at car-
bon-20 of Rg3 by high pressure and temperature.4
Figure 2. HPLC chromatogram of the n-BuOH fraction26: (1) 20(S)-Rg3; (2
For the four isolated ginsenosides, �OH scavenging
activity tests were carried out and they showed charac-
teristic activity and structure relationships (Fig. 4).
Rg5 showed the strongest activity and the next were in
the order of 20(S)-Rg3, Rk1, and 20(R)-Rg3 at a concen-
tration of 2 mM. Rg5 and 20(S)-Rg3 showed a stronger
activity than that of the positive control, EGCg, at the
same concentration (2 mM). In a comparison of the epi-
mers of Rg3, 20(S)-Rg3 strongly inhibited �OH genera-
tion to 20%, but 20(R)-Rg3 showed a lower value of
72%. Similarly, Rg5 (inhibited to 16%) showed a stron-
ger activity than Rk1 (inhibited to 68%). Therefore, ste-
reospecificity exists in the �OH scavenging activity of
ginsenosides. Especially, the double bond at carbon-
20(22) or the OH group at carbon-20 geometrically close
to OH at carbon-12 is thought to increase the �OH scav-
enging activity of ginsenoside (Figs. 3 and 4). In addi-
tion, stereospecificity in the medicinal efficacy of these
ginsenosides was reported by several researchers. The
OH group of 20(S)-Rg3 is better aligned with the OH
acceptor group in the ion channels than that of 20(R)-
Rg3, and is important for Na+ channel regulation.19,20

Moreover, 20(S)-Rg3 is reported to provide neuropro-
tection against cerebral ischemia-induced injury in the
rat brain through reducing lipid peroxides and scaveng-
ing free radicals.21 Similarly, Rg5, not Rk1, is known as
one of the anticarcinogenic compounds of RG.22

On the other hand, the strong �OH scavenging activities
of Rg5 and 20(S)-Rg3 were further compared at the con-
centrations of 0.2 and 1.0 mM for the calculation of
their IC50 values. These two ginsenosides strongly inhib-
ited DMPO-OH signal generations (Fig. 5), graphically
represented in Figure 6. The IC50 values of Rg5 and
20(S)-Rg3 were 0.15 and 0.44 mM, respectively. In addi-
tion, the IC50 value of EGCg, the �OH scavenging posi-
tive control, was 3.76 mM (data not shown). Therefore,
the �OH scavenging activity of SG is thought to be close-
ly related to these two ginsenosides produced by heat
processing. Although we clarified two strong �OH scav-
enging ginsenosides, it was difficult to assess whether
these ginsenosides were simply good metal chelators
) 20(R)-Rg3; (3) Rk1; (4) Rg5.



Figure 3. Structures of ginsenosides27: -Glc, DD-glucopyranosyl.

Figure 4. The �OH scavenging activities of four ginsenosides at 2 mM.

Figure 5. ESR spectra of DMPO-OH adducts formed by the Fenton

reaction28 with 20(S)-ginsenoside Rg3 and ginsenoside Rg5.

Figure 6. Comparison of the �OH scavenging activities of 20(S)-Rg3

(n) and Rg5 (h).
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on Fenton reaction or direct �OH scavengers. However,
many antioxidants are also metal chelators, and the di-
rect scavenging of �OH by dietary antioxidants in a bio-
logical system is known to be unrealistic because the
cellular concentration of dietary antioxidants is negligi-
ble compared with other biological molecules. Thus, the
�OH scavenging capacity is mainly due to their metal
chelating capability, and metal chelators may act as
antioxidants.23 On the other hand, four ginsenosides
used in this study showed no or weak free radical, nitric
oxide, scavenging activities in our previous study,6 and
there are few reports describing the direct free radical
scavenging activities of ginsenosides, even with the long
history of ginseng research. Therefore, we suggest that
the �OH scavenging activities of ginsenosides measured
by ESR are mainly due to their metal chelating capabil-
ity. As there are still unsolved issues about the �OH scav-
enging activities of minor ginsenosides of SG and the
need to investigate active components in other fractions,
we want to clarify these subjects in a future study.
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In summary, we first reported the �OH scavenging activ-
ities of ginsenoside-Rg5 and 20(S)-Rg3 by the use of
ESR. In addition, these two ginsenosides showed a
stronger activity than each of their respective isomers.
Therefore, there is stereospecificity in the �OH scaveng-
ing activities of ginsenosides produced by heat process-
ing. Especially, the double bond at carbon-20(22) or
the OH group at carbon-20 geometrically close to OH
at carbon-12 is thought to increase the �OH scavenging
activity of ginsenosides. These structural characteristics
of ginsenosides to scavenge �OH could be useful to
develop novel antioxidant.
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