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ABSTRACT
A new processed ginseng with fortified activity is developed. The process comprise with the heat

treatment of fresh or white ginseng at higher temperature and pressure than those used for the prepa-
ration of red ginseng. This new processed ginseng showed 7 times higher antioxidant activity and
more than 30 times stronger vasodilating activitiy than those shown in raw ginseng. Other activities
found in the new processed ginseng include cancer chemoprevention, antinephrotoxic, and antineu-
rotoxic activities. Less polar ginsenosides isolated from processed ginseng exhibited anti-platelet
aggregation activity and anti-cancer activity. Many ginsenosides were isolated from this new
processed ginseng, namely 20(S)-Rg;, 20(R)-Rgs;, Rg5, Rg, F,, Rhy, 20(S)-Rs;, 20(R)-Rs; and Rhy.
In addition to these known compounds, seven new ginsenosides, named as gisenoside Rk, Rk,, Rk;,
Rs,, Rss, Rsg, and Rs; were isolated. The major constituents of new processed ginseng were 20(S)-
Rg;, 20(R)-Rg;, Rk, and Rgg which are minors in red ginseng. Since the chemical constituents and
biological activities of this new processed ginseng are quite different from those of white or red gin-

seng, we designated it as ‘sun ginseng ( fil|£5).”
Introduction

Obviously, herbal drug contains many kinds of chemical constituents, some of which are biologi-
cally active, while others are inactive or toxic. In past, science was not developed enough to remove
inactive or toxic components, or to purify the active constituent, consequently patients have to take
not only active principles but also inactive or toxic components.

Traditionally many kinds of herbal drugs have been used as medicine after process. Chemical con-
stituents in the herbal drug might be modified by the process, which results change in activity or tox-
icity. The aim of process of herbal drug might be to increase biological activity or to decrease the
side effect. Most frequently used processing method in oriental medicine are roasting and steaming.
Many of chemical constituents would be modified during the process, which may cause the change
in biological activity. Therefore, the compound which is modified through the process is closely
related to the biological activity of herbal drug. However, the chemical and biological change during
the process of herbal drug are not well known.
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Ginseng is one of herbal drug which is used after processing[1]. Generally ginseng is used in the
form of a white ginseng which is prepared by drying the fresh ginseng at a room temperature or of a
red ginseng which is processed by steaming the fresh ginseng at a temperature of 98 to 100 C.

Recently, many scientific studies on ginseng have been revealed biological activities of ginseng.
Some reported activities are prevention of aging, anti-arteriosclerosis, treatment of hyperlipidemia,
treatment of hepatic insufficiency, protection from radiation injury, anti-thrombic, anti-stress, anti-
diabetic, anti-tumor, anti-hypertensive effects, etc.

It is interesting that the red ginseng shows stronger activity than white ginseng in most cases, and
the red ginseng has been recognized as a valuable medicine[2-4]. We can easily assume that the dif-
ferences in biological activity of white ginseng and red ginseng come from the difference in their
chemical constituents. Recently many minor compounds are reported from red ginseng. Ginsenoside
Rg;, Rgs, Rgg, Rhy, Rhsy, Rhy and Rs; are some examples[5-13]. These compounds are absent or, if
any, present in a trace amount in white ginseng.

In this study we investigated on a new processed ginseng which is prepared by heat treatment of
raw ginseng at a higher temperature than the temperature used for the preparation of red ginseng. As
a result, we found that the trace components of a red ginseng are significantly increased as well as
novel components are produced in a new processed ginseng, and some biological activities are great-
ly enhanced.

Materials and Methods

Isolation of ginsenosides from processed ginseng

Processed ginseng was prepared by heat treatment of the white ginseng (30kg) at 120 for 3
hours. The methanol extract of processed ginseng was partitioned between water and CH,C,. The
aqueous phase was partitioned again between water and n-BuOH. The n-BuOH phase was taken and
evaporated under vacuum to yield the n-BuOH fraction. The n-BuOH fraction was chromatographed
on a silica gel column eluting with EtOAc : MeOH : H,O (40:1:1 — 10:1:1) to afford 5 fractions.
The ginsenosides were isolated by repeated silica gel column chromatography and/or reverse phase
HPLC and /or AgNO;-impregnated prep-TLC[14]. The structure of ginsenosides was determined by
various spectroscopic methods.

Analysis of ginsenosides by HPLC/ELSD
The processed ginseng was refluxed with methanol for 3h. Solvent was evaporated in vacuo and
the residue was partitioned between diethyl ether and water. The water layer was further extracted

with water-saturated n-butanol. The n-butanol fraction was dried in vacuo and the residue was dis-
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solved in methanol, which was subjected to HPLC analysis[15].

Vasodilation activity of processed ginseng

Male Sprague-Dawley rats were sacrificed and their thoracic aortae were removed and placed in a
modified Krebs-Ringer bicarbonate solution. The aortic rings were suspended horizontally between
two stainless steel stirrups in organ chambers filled with 25ml of control solution(37C, pH 7.4) and
bubbled with 95% O, and 5% CO,.

One of the stirrups was anchored to the organ chamber and one was connected to a transducer
coupler (Narco bio-system) for the recording of isometric tension. The aortic rings were stretched
progressively to the optimal tension (2g) betfore the addition of phenylephrine(10°M). Once the
plateau of the contraction to phenylephrine was obtained, the aortic rings were rinsed three times
with warm (37C) control solution. After a resting period (30min), the aortic rings were exposed
again to phenylephrine(10°M), When the contraction had stabilized, acetylcholine(10°M) was added
to test the presence or the absence of the endothelium. The organ chambers were rinsed three times
with warm(37 °C) control solution before the addition of indomethacin(10°M) to prevent the produc-
tion of endogenous vasoactive prostanoids. A cumulative concentration-response curves to ginseng

extracts were obtained following the contraction of aortic rings with phenylephrine(10°M)

Results and Discussion

Chemical constituents of processed ginseng

Since the major constituents of ginseng is ginsenosides, we focused our first effort to the separa-
tion and identification of ginsenosides in a processed ginseng. Generally the content of less polar
ginsenosides was greatly increased in the processed ginseng. Many saponins were purified and iden-
tified from processed ginseng. Previously reported ginsenosides as a minor constituents of red gin-
seng were isolated, which includes 20(S)-Rg;, 20(R)-Rgs, Rgs, Rgg, Fy, Rh), Rh,, Rhy, 20(5)-Rs;
and 20(R)-Rs;. In addition to these known ginsenosides, seven new ginsenosides were isolated,
which were named as ginsenoside Rk, Rk;, Rk;, Rs,, Rs5, Rsg and Rs,.

Ginsenoside Rk, was a dehydrated compound of ginsenoside Rgy at C-20 position. Unlike gin-
senoside Rgs, new double bond formed by dehydration was produced between C-20 and C-21 car-
bons. Ginsenoside Rk, and Rk; were the mono-deglycosylated products of ginsenoside Rkl and
Rg6, respectively.

Ginsenoside Rss was the mono-O-acetylated compound of Rk, at 6”-O position. Ginsenoside Rsy,
and Rs; were the mono-O-acetylated compound of Rh, and Rk, respectively, at 6" -O position.

Ginsenoside Rg,, Rk, Rk,, Rk, Rss, and Rsy are the 4**"'*-diene -dammarane compounds,
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whose C-20, 21 and 22 carbons were appeared at ca. 155.5, 108.2 and 33.9 ppm, respectively, in the
“C NMR. In their 4*>*-diene isomers, namely F,, Rgs, Rh;, Rh,, Rs; and Rs,, C-20, 21 and 22
carbons were appeared at ca. 140.1, 13.1 and 123.2 ppm, respectively.

These sets of isomers were not separated in silica column. AgNOs-impregnated silica was used to
separate the isomers. Figure 1 and 2 show the structure of isolated ginsenosides. "C-NMR spectral
data of isolated ginsenosides are summarized in Table I and III. '"H-NMR spectral data of isolated
ginsenosides are summarized in Table II and I'V. All peaks were identified by the reference of report-
ed data and DEPT, C-H COSY, C-H long range COSY, and decoupling experiments. Note that the

reported "C-NMR data for the ginsenoside Rh, are modified by extensive reexamination.
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Fig.1l. Conversion of protopanaxadiol saponins by heat treatment
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Fig.2. Conversion of protopanaxatriol saponins by heat treatment
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Table 1. 3C-NMR data of protopanaxadiol saponins

. oS VR . . .
CNo. 'R o pe B 'Rk Rh; Rk Rs;  *Rss "Rss
! 3912 3907 3913 3917 3930 3922 3944 3899 3029 3929
2 2705 2666 2672 200 275 210 2692 2678 2679 2679
3 AR78 8889 HBOL W82 MRS ART2 A5 8O 8920 #9210
4
3

3966 3964 3970 40.14 39.72 40.22 39.86 3994 30.75 39.71
3635 5630 56.36 36.29 56.43 56.35 36.57 034 5646 2017

6 1843 1837 1344 18.33 18.45 18.41 1863 18.40 18.48 18.48
7 3513 B0 3BT 35.24 35.36 3629 35.50 30.81 3637 35.37
® 10.00 3993 4000 39.60 40.21 39.65 40.3% 36.87 40.29 40.22
9 S0.38 0031 H0.37 50.66 18.23 00.72 o102 5033 50.79 30.88

10 3694 3685 3691 36.91 37.03 37.02 3723 3967 3707 37106
11 Y3202 Y3195 ¥3215 32,10 32,60 32,19 3288 3197 3220 3260
12 7096 7095 7088 72.49 72.47 7251 7259 7094 7261 7248
13 4054 4850 4921 50.33 52,49 50.41 3263 4850 5104 5248
14 5169 5164 576 5091 5121 30.98 5138 5164 5090 5121
15 Y3132 ¥R 311 3254 3267 3259 3278 3127 3263 3266
16 9670 2678 2663 26.61 30.77 26.70 3095 2671 2883 3076
17 377 371 5062 30.80 50.86 50.86 4844 5475 A0 A8
18 "677 "654 1659 1635 16.45 16.42 1597 1694 1584 1582
19 Y561 M55 Y1582 16.19 15.80 1675 16.64 1630 1645 1643
%) 7204 7293 7297 14006 15655 14012 15571 72890 14019 15550
9 HA3 2700 2260 1307 10815 1313 10828 2701 1316 10815
2 3588 3581 4325 12321 3380 12378 3510 12351 3387
73 207 W03 2276 27.35 7,08 2741 9795 2708
24 12630 12624 12605 12354 12533 12453 : : 1238 12533
95 13073 13071 13077 13116 13121 13122 13138 13069 13126 13120
96 Pasa Ma577 PuR6? 25,60 95,74 25.66 0592 BT 2567 2B
o7 1766 1763 1770 1766 17.74 17.68 1791 1762 1771 1774
98 OR14 2805 2811 2873 211 28,80 MIY 2795 2801 ROl
29 Y1634 P69 Y1637 15.72 16.58 15.78 1695 1577 1645 1643
0 1765 Y1695 Y1730 1692 16.98 17.00 17.16 1639 1703 1698

1 106,92 10503 10512 105.00 105.09 106.93 10716 104.34 1049 10489
2 7576 8327 8345 ¥3.31 8345 .75 7598 84.24 81.29 84.26
3’ Y72 2T Y1825 78.13 78.19 872 7895 78.07 78.07 7R.06
4 7165 7104 7162 7150 71.65 71.83 7207 7130 7102 71.02
o' T7834 Y7703 Y7714 7182 7796 78.34 TRST 7187 7792 77192
6’ 6305 6276 6264 62.58 62.76 63.04 6327 6270 06284 6284

1 10592 10605 10591 106.01 106.13 10617 10614

2 7189 7795 77.00 71.08 7668 7673 76.71
3" 7821 77833 7821 78.34 7849 7852 852
1" 7159 7164 7153 71.72 70.94 71.42 7142
5" 7803 7811 7798 78.06 7029 7536 1935
6" 62.65 6269 62.73 62.87 64.70 6474 64.74
cO 17096 17097 17096
CH3CO 2085 200 2088

a), b) and ¢) assignments may be interchangeable within the same vertical column.
* Data of Rhs, Rga, Rgs, Rhs, and Rs; are from ref. [5], [6], [7], [4], and (8], respectively.
3 Spectra were recorded in pyridine-ds at 125 MHz.
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Table II. '"H-NMR data of protopanaxadiol saponins

H No. *Rhs *Rg; ‘Rgs *Rhs SRsy

3 392 dd-like 326 m 3.26 dd(4.0. 116) 327 dd(11.743)  3.28 dd(11.64.3)
5 064 dd(11.02.0) 0.73 d(12.0)

12 335 ddd-like 380 m 390 br.s 3.81 ddd-like 392 m

17 280 m 267 ddd-like 280 m

18 0976 s 100 s 1.09 s 091 s 1.18 s

19 L005Y s 0.95 s 101 s 090 s 105 s

21 1384 s 163 s 181 s 172 s 182 s

2 531 t(68) 549 hr.t(6.0) 521 1(69) 512 tq(7.1,1.2) 5.23 169

% 1.034% s 158 s 162 s 1.54 163 s

27 1.289% s 151 s 158 s 150 s 159 s

28 1646% s 212 s 127 s 121 s 134 s

29 1.689% s 1.80 s 081 s 071 s 085 s

30 0.816* s 099 s 095 s 085 s 097 s

1K 493 d(76) 489 d(7.4) 490 d(7.4) 482 d (11.9) 489 d(7.3)

1” 5.32 d(6.8) 5.33 d(7.6) 531 d(7.7)

CH;CO 205

H No. "Rss fRK, Rk $Rss
3 327 dd(45.116)  3.23 dd(11.76.4.37) 3.40 dd(11.54.5) 3.24 dd(11.58.4.43)
5 0.62 d(11.86) 0.77 d(10.5) 0.67 d(11.86)
12 394 m 389 m 393 m 390 m
17 277 m 285 m 279 m
18 095 s 095 s L04 s 099 s
19 112 s 072 s 082 s 077 s
21 142 s 486, 5.13 494, 5.19 4.88. 514
4 5.23 d(6.68) 531 t(69) 524 d(7.75)
;;6 1.64 s 161 s 168 s 162 s
;7 161 s 149 s 162 s 157 s
28 134 s 131 s 133 s 126 s
}’9 081 s 102 s 102 s 105 s
30 0.9 s 091 s 099 s 093 s
v 492 d(7.6) 483 d(753) 495 d(7.82) 484 d(7.36)
1 5.33 d(7.7) 5.33 d(7.71) 5.24 d(7.75)

CHsCO 202

a) assignments may be interchangeable within the same vertical column.

The values in parenthesis are coupling constants in Hz.

* Data of Rha, Rgs, Rhs, and Rss are from ref. [5], [7], (4], and [8], respectively.

§ Spectra were recorded in pyridine-ds at 500 MHz.



Table HI. ®C-NMR data of protopanaxatriol saponins
20(R)  20(S) .

CNo. o mm Re P+ Res  'Rh 'Rk *Rss *Rs;
1 39.6 39.4 39.4 39.5 39.6 39.44 3950 39.48 39.58
2 27.8 27.9 230 978 978 27.80 27.92 27.89 2794
3 TRS 786 78.3 78.1 733 7852 7856 78.51 7861
4 102 10.3 10.2 101 10.0 10.27 10.37 1029 10.32
5 61.3 61.4 60.7 60.9 60.9 61.36 61.44 61.40 61.49
6 779 78.0 746 74.4 745 79.97 #0.05 7960 79.72
7 1450 15.2 457 46.2 16.2 4522 45.31 4560 15.66
3 1.0 411 11.0 114 41.4 1125 11.26 11.42 11.16
9 501 50.2 30.1 0.1 A8.2 .50 30.64 3055 .70
10 396 396 39.4 10.0 39.7 39.66 39.71 39.75 39.82
1 300 U320 306 322 327 3218 3273 3231 32.80
12 70.8 710 70.3 70.3 723 7251 72.42 72,49 7249
13 AB.7 182 18.5 50.7 522 50.59 3207 3069 521
11 516 516 513 50.9 51.2 30.77 51.13 50.89 51.27
15 U316 “311 30.6 326 326 3247 32.50 3269 3271
16 26.6 272 6.5 27.1 27.1 9174 30.71 IR77 30.76
17 50.4 517 51.8 52.0 50.3 50.32 827 50.39 4822
18 M73 0 M174 17.4 17.7 17.8 17.31 17.33 17.36 1741
19 P76 M176 174 178 177 17.67 17.73 17.72 17.78
20 730 73.0 732 M0l 1535 14001 15542 14002 15547
91 26 6.8 m5 2775 1081 1307 10811 1316 10821
2 13.1 35.8 /R 1285 338 12342 3370 12317 33.99
23 26 23.0 933 30.0 30.7 97.38 2702 2743 27.12
RX| 1959 1263 1257 1254 1254 12378 12533 19383 195457
95 1307 1306 1309 1313 1313 13118 13118 13122 13125
9% 958 25.8 5.7 5.8 5.8 25,64 25.71 95,68 25.97
27 176 17.6 176 176 17.6 17.67 17.33 17.70 17.78
o8 316 3.7 320 326 320 3163 31.70 3151 31.39
% 63 Y164 17.1 17.0 169 16.27 16.31 16.50 16.51
30 ™70 Y168 17.1 17.2 17.2 16.73 16.73 16.96 17.00
1 1057 1059 1016 1018 1019 10587 10600 10390 10592
o 75.3 75.4 79.1 795 794 75.31 .45 75.34 751
3 800 80,0 780 784 7.4 79.50 79.63 79.20 79.22
1 7.7 718 7.1 726 77 71.71 71.82 71.37 7147
5 9795 9795 780 78.1 73.7 7798 78.12 7508 75.17
&' 629 63.1 62,9 63.2 £3.2 62.06 63.06 63.12 63.17
1 1020 1020 1019
2" 721 723 724
3 721 724 2.4
1 73.3 742 712
5" 69.3 69.5 69.5
6" 186 188 18.7

Cco 17088 170.86

CHCO 20.93 20,93

a), b) and ¢) assignments may be interchangeable within the same vertical column.
" Data of Rhi, Rgs, Fi and Rge are from ref. [9], [10], [10], and [11], respectively.
§ Spectra were recorded in pyridine-d; at 125 MFHz.
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Table IV. 'II-NMR data of protopanaxatriol saponins

H No. *Rh, Fy

YRse

Rgs Rk

"Rsy

3 351 dd(11.54.6)

6 441 m
7 250 dd(12.6.2.8)
12 391 m
17 270 m
13 121 s
19 102 s 0.98 s
21 108 s 131 s
24 520 (7.1} 5.25 br.t(6.0)
26 161 s 1647 s
27 160 s 159% s
98 205 s 127 s
29 156 s 214 s
30 0.80 s 131 s
N 500 d(7.8) 598 d(7.5)
1 181 di2.4)
CHACO

3.50 dd(11.54.5)
441 m
249 d(10.0)
401 m
2977 m
129 s
105 s
183 s
5.21 t(6.8)
1.61 s
156 s
205 s
1.55 s

095 s

505 d(7.7)

355 m 356 dd(11.5.4.5)

476 m 145 m
253 dd(12.83.3)
397 m 308 m
277 m
1.30 s
1.05 s
495, 5.17 1.97, 5.23
5.35 6.5 5.34 1(6.8)
1.7 s
1.67 s
200 s
160 s
093 s
0.33 d6.7) 501 d(7.8)
b.ob s

3.51 d(11.4)
443 m

2561 dd(12.53.0)

363 m
282 m
131 s
108 s
192, 5.16
5.29 m
167 s
161 s
202 s
155 s
098 s

5.0 d(7.7)

a) assignments may be interchangeable within the same vertical column.

The values in parenthesis are coupling constants in Hz.
" Data of Fj and Rgs are from ref. [10] and [11]. respectively.
§ Spectra were recorded in pyridine-d; at 500 MHz.

Analvsis of ginsenosides by HPLC/ELSD

HPLC mcthods reported so far for the analysis of ginsenosides were not sufficient o scparate the

saponins in a new processed ginseng since it contains less polar saponins as a4 major constituents.

Amino column with evaporative light scattering detection (ELSD) method was very successtul to

separate relatively polar ginscnosides. however the method was not adcquate to separate less polar

saponins. Furthermore amino column cannot separate 20(8)-ginsenosides from corresponding 20(R)-

isomers. and 4" ginsenosides from corresponding 4 ***** isomers. Reverse phase HPLC using

octadesylsilyl (ODS) column with gradient elution was successful to separate major saponins in

processed ginseng. Fig. 3 is a chromatogram of standard mixture of ginscnosides. 20(S)-ginseno-

sides and 4 *"-ginsenosides are eluated carlicr than corresponding 20(R)- and 4™ .isomers,

respectively.
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Lo L L s
Fig. 3. Chromatogram of standard mixture of ginscnosides
Column - 1 -Bondapak Cis(10zm, 39aw @ x 300m), Detection - evaporative light scattering detector
Mobil phase © A- CHLCN/06% HAc = 2375, B CHICN
100% A — 90% A (10% B) linear gradient for 30 min
%0 % A ~ 0% A (100%B) linear gradient for 40 min

11 Rgi+Re, 20 RY, 30 20(5)-Rhy+Rgz, 40 20(R)-Rgo, 5 20(R)-Rhy, 6 Rby, 7: ko, 8 Re, 9 bz 10 R 11 Rge, 121,
13: Rhy, 14: 20(S)-Rgy, 15 20(R)-Rgs, 16 20(S)-Rsy, 177 20(R) Rsy, 18- Rk, 197 Rgs 20: 20(51-Rhz, 21 s, 22 Ry

Change of ginsenosides by heat treatment

Fig. 4 shows the change of ginsenosides on heat processing. Chromatogram (a) is from raw gin-
seng (fine root ginseng) without processing. Ginsenoside Rg|, Re, Rb|, Rec, Rb,, and Rd were the
predominant saponins. Steamed ginseng at 100 C for 3 hours, which is similar to red ginseng prepa-
ration condition, showed less polar saponins of Rg¢, F,, Rhy, 20(S)-Rgs;, 20(R)-Rg, Rk, and Rgs as
minor constituents as in chromatogram (b) of Fig. 4. The contents of these less polar saponins were
increased in steamed ginseng at 110 °C for 3 hrs, and eventually they became major constituents in
processed ginseng at 120 C.

What happen to the polar ginsenosides on heat treatment arel) loss of glycosyl moiety at C-20
position (formation of Rg;, Rg,),2) loss of H,O at C-20 position, which results two isomers of 4
22023 and 4. djene-dammaranes (formation of Rgs, Rk, F4, Rg),3) loss of one sugar moiety at
C-3 or C-6 position. (formation of Rh,, Rh;, Rk,, Rh;, Rh,, Rk3), 4) 6" -O-acetylation of sugar (for-
mation of Rs;, Rsy, Rss, Rsg, Rsy). Consequently, the content of polar ginsenosides are decreased
while that of less polar ginsenosides are increased.

Fig. 5 summarize the effect of processing temperature on the content of ginsenosides.
Ginsenosides can be classified as three groups. First, polar ginsenosides whose contents were
increased until 105 C and decreased thereafter, eventually almost disappeared at 130 C.

Ginsenoside Rb;, Rb,, Rc, Rd, Re, and Rgl belong to first group. Second, medium polar ginseno-
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sides whose contents were increased until 125 °C and decreased thereafter. Ginsenoside Rg,, Rhy,
and Rf are belong to second group. Third, less polar ginsenosides whose contents were gradually
increased until 130 C. Ginsenoside Rgs, Rgs, Rgg, RK|, Rk, Rk3, Rhs, Rhy, Fy, Rs;, and Rs, belong
to third group. The content of ginsenosides in the third group was decreased over 140 C (data not

shown).

Fig. 4 Chromatograms of (a) non processed finc root ginseng, (b)
heat processed fine root ginseng at 100TC, ()110T, (d)120T by
ODS ‘HPLC/ELSD

Analytieal condution and peak identify are same as i Fig3

Biological activity of processed ginseng

Fig. 6 shows the antioxidant activity (radical scavenging activity) of processed ginseng analyzed
by DPPH (diphenylpicrylhydrazyl) method[15]. Processed ginseng at 120 C showed decidedly
higher activity than that shown in fresh ginseng or in processed ginseng at 100 C.

Fig. 7 shows the vasodilation effect of the processed ginseng. As it can be seen from the results,
although all ginseng extract exhibited dose-dependent relaxation in aortae, processed ginseng at 120

¢ definitely showed stronger activity even at a lower dose than raw ginseng or processed ginseng at
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Fig. 5 Lffect of processing temperature on the contents of ginseng
saponins.
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lower temperature. The vasodilation effect of the processed ginseng was not observed in blood vessel
from which endothelial cell is removed. Accordingly, it shows that the vasodilation activity of the
processed ginseng in aortae is endothelium-dependent. Further study revealed that ginsenoside Rgs,

Rgs and Rk are the active principles. These ginsenosides released NO from endothelium cell.
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In addition, new processed ginseng exhibited cancer chemoprevention activity in vifro and in vivo
model studies. The new processed ginseng greatly reduced nephrotoxicity induced by an anticancer
agent, cisplatin. The processed ginseng reduced neurotoxicity induced by glutamate in primary cul-
tures of rat cortical cells. These activities are more potent in processed ginseng than in raw ginseng.
(data not shown)

Less polar ginsenosides isolated from processed ginseng reduced platelet aggregation induced by
collagen, and inhibited tumor cell growth analyzed by radioactive thymidine incorporation study and

MTT assay. Less polar ginsenosides induced apoptosis in tumor cell. (data not shown)
Conclusion

Steaming of ginseng at 120~ 130 C for 2~3 hrs yielded a new processed ginseng having
increased biological activities. The trace components of a red ginseng are significantly increased as
well as novel components are produced. Biological activities tested so far are greatly increased com-
pared to raw ginseng which is not processed.

The results demonstrate the applicability of the processed ginseng as preventing or treating agent
in diseases such as cancer, hypertension, sexual dysfunction due to circulatory disorder, etc.

Since the chemical constituents and biological activities of the new processed ginseng are quite different
from those of white ginseng or red ginseng, we designated it as ‘“sun ginseng (fi/%%)". Further studies on

the chemical constituents and biological activities of ‘sun ginseng "~ are under progress.
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