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Effect of Korea Red Ginseng-Mixed Formula
on Tumor Growth and Metastasis

Taek Joon Yoon, Jae-Ho Do' and Sung-Hoon Kim

Department of Oncology, Graduate School of East-West Medical Science,
Kyunghee University, Seoul 130-201, Korea
IGinseng & Tobacco Research Institute, Taejon 305-345, Korea

The study was performed to evaluate the anticancer effect of Korea Red Gonseng
Mixed Formula (KRGF) consisting of Korean Red Ginseng, Ganoderma, Cinnamomi
Cortex, Glycyrrhizae Radix, Laminaria, Oldenlandiae diffusae Herba, Houttuyniae Herba
and Agrimoniae Herba as compared with positive control, Korean red Ginseng (KRG).
ICsos of cytotoxicity of KRGF and KRG against tumor cells such as A549, B16-BL6,
SK-OV and SK-MEL. were over 1 mg/ml. T/C% of KRG and KRGF in S-180 bearing
mice were 106.3% and 134.4% respectively. KRG and KRGF showed the proliferation
of spleen cells up to 141% and 264%, respectively by 3’[H]-thymidine uptake assay.
KRGF increased CD3", CD4" and CD8" cells in a dose dependent manner more than
KRG, suggesting its close relation with cellular immunology. KRGF inhibited the
adhesion of A549 to matrigel up to 82% at a concentration of 1 mg/ml. KRG and KRGF
disrupted chicken chorioallantoic membrane (CAM) up to 20% and 80%, repectively at
15 ug/ml. KRGF also extered 27% inhibition of the control in lung matastasis with
B16BL6 while KRG didn’t. These results suggest KRGF has the stronger antitumor and
antimetastatic effects than KRG.
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H oogqre] A¥aggel 318§ 34HKorean red Gin-
seng Radix; KRG)2 Ql4ted 2ol Fa9sk
o, 7h1) 31245 (Korean Red Ginseng Ra-
dix mixed formula; KRGF; $4+5duhS 527
zx ody|~2 ZAHKorean Red Ginseing) : ©FA]v}
(Laminaria) : 5 A|3)(Cinnamomi Cortex) : 7xZ(Glycy-
rrhizae Radix) : A\ (Ganoderma) : WW3}FAHA 2 (Olden-
landiae diffusae Herba) : A2 (Houttuyniae Herba) :
ol A Z(Agrimoniae Herba)®] v]&o] 57 :15:3:
16:4:3:1:19 vlg& 33t 24 A59
ZAE 7 kAl E Eafisle] eFdloll W, A
EFAIY 5ui7t Hle SRTE 9ol 2417 AE
3 A27A ARl v odFeksict o] oj s
ZHbsE7E Adsto] 1 55 ¥ A=
CollA] H3pslwd A 7hv) e 34wl 4
Hlgofl wat 34F 69 mg, thAv}k 18.9 mg, 5 A|¥]
39 mg, 2% 19.72 mg, FA| 4.3 mg, WAL X
345 mg, A%E 1225 mg, AJAE 1225 mgs
Phosphate buffered saline (PBS)oll £3l|X]71 & =+
Aol A g3l
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1%, B3 E class 5,000, Z% 150~300 Lux, 45
70 phone o]s}e] Z710] #Elxl 73|t FA]o3t
ekl FEAA Agsiglon AgwhE

é_!cd%% VPR, pelleted diets; A 5E)
9 E(ETE ATFE 5 AFA XA

el

3 MZEF A MZ

FFAE] FAAPE 9% 5180 AIEFS}
matrigel ¥EHA g0l AGH ASH HAAFE
g LS ol PUSL, AES
A AERA AR S5 913 As49 AU,
B16-BL6 —""i"—‘]—‘— . SK-OV-3 W}4¢+%, SK-MFL-
2 5% AchoM okrobet. $-1809] wi

e 7.5%-4 fetal bovine serum (FBS, Flow La-
boratories inc., Mclen, VA)E &-3-3}+= DMEM uj
Aol A, B16-BL6 S4F2] vl 7.5% FBSE &
frab= EMEM iAol 7]e} AlXF= 10%9]
FBSE 53 RPMI-1640 wjA] S A8-3}9l1,

= S 1G] T‘:’
37°C, 5% CO,9| Z7oi|A] wljekslsic)

4) In vitro NJESM AH

Zt Al goll et in vitro A|IEFA AL MIT
assay'§¥oll 9sto] sy &b, 0.5-2
*x10 /ml-/] 157} S| 55 zH3lo] 96 well plate
o] ZF wellell 1004 FF3Aa, o8] FEZ
245 2t A 8E H7bska 37°C, 5% COo9 =7
of| A 48417 vl ekalict. viekE R 4417 Aol di-
methylthiazol tetrazolium bromide (MTT) -&-8-& %
7Vslo] AESE A 2] mitocondriath succinate de-
hydrogenaseoll 23l A= formazans
tricyk W o2 F4 (450 nm)st3Act.

colorime-

5) HIZMIZ0|| CHEF proliferation assay”

Balbj/c WH$-2=9] H|A-A| Z(splenocytes; 1x10°)ol]
oA EEE 2% 4 ANEE Hrlsle] 4847
mjekslolet. wkEE 6417 Aol [H]-thymidine
(05 uCihE H7bslkar wiek AIEE 38k, cock-
tail SHICNAH 2 mlS 7}8F & B-counterE ©]
L3lo] WA FAS Z=A 9}
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6) FACSO|| 9|8t DioiM| X Hsl=H"

Balb/c v}-$-AE2HE] v]A-S A Z3)1 10% FBS
7} 3= RPMI-1640 A ZA] A|Ee] UWE7} 5
x10° cellsml7} EEE 3| Ast9dch vz gkt
HEellS- 6-well culture plateol] 3 ml¥ #3sl1 F
AufAol] EHAZ 2 A5 HFFET} 0, 50,

N

100, 500 pg/mle] = A =4 F 37°C, 5% CO0,9

Z71ol|A 24A17F wjoksldel. wiek 2kE ¥ u|At
AEE 3|53l 4°Ce) PBSE 33 A1H % Con-

sort 30 ZZ M-S o| &3} B cell B T cell?] H]
& A&t

7 MESE

7+ A 8of o|& AEXZ(cell adhesion) A A 2
P SaikiSe W o FAs] A
oh D okl wiokEl AS49 A|EE serum-free

R o]] single cell suspension®] HFElZE 1|3}
. Matrigel®] precoating! plate®] Z wellol] o3&
2 Fulg 7 A 59} 2x10YwellZ 2HH F
Y3 3087 wlekiick ek BT
ke ALE A7e f1stol PBSZ 3
AF AL trypsin-EDTAS] X2l &2 %
# sl hemocytometer2 7+ welloll
AE5E 2o

8) Chicken chorioallantoic membrane (CAM)
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CAM assay S 9138+ A4 EFAF)NA +
datgiek. A TS 37~38°C2] incubatoroll A 3~
49 wioksla, 439 albuming °F 2 ml AE
AAZ ok ohA] 197 migsligict. caMe] =
717} 2~5 mm X g As Bl ¥, As
52 =435 A 87} coating® Thermanox coverslip
(NuncAhHE CAMY ol E31 wlekA]7] 3, AFNA|
79|l intralipose(FA A AHE CAME] o}z H
ol FYste] e PAS Sk I F g

g2 2 el
9) In vivo S5 1}

1x10°mF$ 29 wWEZ =ZAE  sarcoma-180
(S-180) AL E 657 2] ICR nu}-52£2] &7} o]
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et

93 7+E (Increase in MST over control; ILS) =

(T-C)/C x 100 (%)
MST (mean survival time); 3 7 AAEL G, T; X X7+
2] MST, C; tH=72] MST

10) Experimental lung metastasis model"™

T2 5ukele] C57BL/6 wh--2=9] w]A ol 4x
10*9] B16-BL6S HEseh FUo HE 1, 4
7, 109 ol &4k 8 F4EE wheag 2
100 ¥ 50pge HAFoAsd. TFHE 14
Zo] uleAE AT HE Zs}e] Bouin’s
ZHof] Yol HpAsteict o Hold Foko]
T MEAn A& ol &sle] FAZs3ch
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o EA SO in vitro

47}A) oFA| EF(A549, B16-BL6, SK-OV-3, SK-
MEL-2)oll W3t AZSA APA7} A9l
KRGF7} a1 &A4ke]l KRGl vl in vitro A&

4 23t 5L Aoz dyeged, FAES
EDsoZb2 1 mg/ml o]4¢l Aoz JeldozA
7+ A 87) FokA|E] Helo] FH A o7 2L
o el AEEA ARE oS Fe AES

el ch(Table 1).

2) HIZFMZQ| proliferation assay

M ES B4 9 el g4k Byl
4374 GAS 24 fetel vhge] ulA
o

Fol| FARE H7FsLAL in vitrooll Al FA] vl okel]
gk vlAA 2] FA %A o] FEFEA =A)

gt E4F 50 ugmle] Aol A 140% o] A2
A E ZA 237 FEE oy o o4 &

o
o

LollA] Eelo] FraEo] FA AAAITE UARA
b 24 BT 50~100 pg/mle] FEollA o

Z7ol Hl3l] 205~264%F H|AAEL =224
<= Erdick(Table 2).
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Table 1. Cytotoxic effect of KRG (Korea Red Ginseng) and KRGF (Korea Red Ginseng-mixed formala)l) on various

tumor cells

% survival
Group Conc. (mg/ml)
A549 B16-BL6 SK-OV-3 SK-MEL-2
KRG control 100+4.14 100+2.07 100+3.19 100+1.08
0.2 599.1+2.46 102.5+3.11 100.9+2.94 104.13+2.09
0.5 96.3+2.61 94.4+1.37 100.1+£1.91 98.16£1.58
1.0 89.6+1.05 82.6+2.61 92.8+2.09 92.50+2.33
KRGF control 100+4.14 100+2.07 100+3.19 100+1.08
0.2 594.4+2.44 92.7+3.11 94.4+2.44 97.89+1.91
0.5 70.4£1.09 66.5+1.82 70.4+1.09 75.44+2.59
1.0 61.1£1.61 55.4+2.49 61.1+1.61 64.58+2.49

USee the materials and methods
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Table 2. The effect of KRG and KRGF on the pro-
liferation of splenocytes by [3H]—thymidine incorporation
assay

Group (ug/ml) % of control

Control 100

KRG 50 141.6
100 95.3
500 83.0

KRGF 50 264.0
100 204.9
500 132.0

Table 3. The effects of KRG and KRGF on the expression
of CD3, CD23, CD4, and CDS8 in splenocytes of BALB/C
Mice by FACS analysis

% of control

Group (ug/ml)

CD3 CD23 CDh4 CD8
Control 100 100 100 100
KRG 50 141.1 100.6 114.4 113.5
100 141.3 100.6 103.4 109.6
500 1460 698 1127 1188
KRGF 50 145.9 104.6 111.1 115.9
100 1509 705 1160 1309
500 188.0 84.6 146.0 156.7
folstAl 7k AE vehiegA B4 F2
AR FE TAIEY] 2438 fEse
Aoz AU F AR TAZ vX=
A4S sl H &7 $l3te] CD4'¢F CD8™ 9
WHAREE A2 A T4He B9 oF 10% WH
olo] FsaIE, AN 49100 ug/ml
o] He7tA= CD4'9] 73§ 10% o]+ CD8"9
B oF 131%° S7Hd AB}E HIddh 53
A 500 ug/ml Fode] 73-¢- CD4" 3l CD§’
=

T AEHY EF gzl vlsle] 2 146 W
157%9] vl&-< el rh(Table 3).
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Table 4. Effect of KRG and KRGF on survival in ICR
mice bearing S-180

Group  No. of animals MST" (day) T/C (%)
Control 10 13.7 100

KRG 10 14.6 106.3
KRGF 10 18.4 134.4

YMST: Mean Survival Time

of W& AEES ZAY vl HZTAE 45
0|4 8Y FHE FAZ AT IUIE HolH
FFol Al 14YAFE HAE AlE FEol4] 169
Aol 25 A|Astc o] ARE HiF AELSF
2 3R vl 279 MSTE 13.7¢0]9e
THZA Tl MSTE 14.6Y9EA T/C%E
1063% 3L, SAHEEHS MST+ 184U EA
T/IC%E 1344%% el 48] A 97t
M 58 23 Ve ch(Table 4).

2o SENE

24 well plateol] 4] A549 H-GoRol| |54l g
aHZTA Bhle] HEFEE 025, 059 1.0
mg/mle] = =5 zHsto] ZF welloll X elsla, 1
AIZE 3 AERR AEE 27 v a2siadck

I Az a# 34 FoIT 025~1.0 mg/ml %

oA AERAAA Th7h AL G ANE W
ek W, T EARGY FolFL 05 mgml

o] TRl of 35%2) AERA AA BAL, 10
mgmle] BEAAE oF 8299 LAAA ETE
Uehloz FE o2 AERLE Aol

9% A7HE Vehiek(Table )

6) In vivo chicken chorioallantoic membrane

assay
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Table 5. Inhibitory effect of KRG and KRGF on cell adhesion of A549 to complex extracellular matrix (matrigel)

Concentration (mg/ml)

Group

Control 0.25 0.5 1.0
KRG 100+3.7* 104.1£1.96 103.7+1.82 91.82+1.39
KRGF 100£3.7 95.43+2.30 64.59+2.06 17.64+2.94

* % of control value

Table 6. Antiangiogenic activity of KRG and KRGF in Table 7. Effect of KRG and KRGF on tumor metastasis

CAM assay produced by B16-BL6 melanoma cells
No. of CAM Dose No. of tumors .
Group Dose (ug/ege) (avascular/total) Group (ug/mouse) (meantSD) Inhibition %
Control 0 10/10 Control 0 113424 0
KRG 15 2/10 KRG 50 120+15 -
KRGF 15 8/10 KRGF 50 83£10 27

Control KRG
Fig. 1. Effect of KRG and KRGF on angiogenic CAM.

HA AL Eo] Y ARE HYT(Table 6) = Aol Y RS Ehgkeh(Table 7).
AAIE Fig, 10 Lheheh.
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AL F4k 9 Farel ole b g kAl S

4 BAEIPYe) GG Hksh T 2§ ﬂoﬂ

=1 :g_x]-ial—ﬁl—% 5!__":_ %_o]:,q];z‘oﬂ rﬂg‘:
EDsoZke] 1 mg/ml o]g<
2A w$ gL Aoz yehytt 2y ol & 7
A 85 vnh2o] HAGIAE] nIAAEe A
2lgt A3t 50~500 ug/mle] FEollA fEI u]
AAEZ 2] Z2](proliferation) Aol FEE
FE FACS HAAI} F A 8ol olsto] A _9,].%
B ANEE F2 T-AE A4S Ve &
3], TAEIEel 739 100~500 pg/mle] FEoll
A CD8" TAIZE FAoZ CD3AES} CD4”
AEZE F2 A3 APozr] ZFAE Z&
ol & ﬂmﬂ# 5o WAA el thale]
FaZ Wolds 5T 7HsAel des AH3l
A s e O ok Haro| A &850 Fako
2RES] GF7F IFN-y 9 IL2 59 TH-1 type
9] cytokineE& frEshe &40l drkar 3,
ol=4 7Ur” 2 AdellA 34 9 T4
o] & T-AE
Ak 53] T4+

Aol A 7IA= CD8' T-AllE(cytotoxic
lemphocyte CTL)9] FA3}E =%l glo]
<28 (synergistic effect)s Yo 7F5Alo]
v & 5 Ak o] AHS ZAR 3k F A
59 gFF Aol FEEEA A izt =AEA
S-1800] o]Al¥l w2l F A 8E HFFoIt
I AEES 2A 3 A3 A4S Fol
T2 tHZToll vlsle] 106.3%2 A Az Aol
ok, S4Ege A5 |

o] Q14H
2 chH(Table 5). &*LEPEA E°4 —t— FrewA o
L& thelzo] AjododzlFo] TALESMT]| 93]
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A FA RG] FGFAY 2 Aolo] HAE FY 13
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= o] SFAIE Hrbell o4 FEF BA] 45
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olo] Ho|HAHoA AoHL =3} AMFEL
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ZHA1 Al (tumor-induced angiogenesis)e] YHAIE 7+
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A7/t Aesirka AzR



14 oigktolalbs]x] @ A5 Al 1 5 2000

-
=)
2
lo
o
£
N
e
L)
32
dlo

1) Cooper GM. Classification and development of neo-
plasm. Elements of human cancer. Hoyt Publishing
Service 1992; 15-18.

2) Luebbe L, Schenk JA, Naundorf H, Karsten U,
Wunderlich V. Reverse transformation of human
mammary carcinoma cells. Anticancer Res 1999; 19:
5119-5125.

3) Chouaib S, Asselin-Paturel C, Mami-Chouaib F, Cai-
gnard A, Blay JY. The host-tumor immune conflict:
from immunosuppression to resistance and destruc-
tion. Immunol Today 1997; 18: 493-497.

4) Hugues M, Ingrid L, Robert K, Ghanem A. Mecha-
nism of tumor angiogenesis and therapeutic impli-
cation: angiogenesis inhibitors. Clinical & Experi-
mental Metastasis 1999; 17: 1-14.

5) Iz, A A4 1996; 1-3

6) A=, Aga)l. neid4ke] Al @ ey A7 3
21Q14keks] A 1996; 20: 431-471.

7) Kubo M, Tong CN, Matsuda H. Influence of the 70%

methanolic extract from red ginseng on the lysosome

of tumor cells and on the cytocidal effect of mito-

mycin C. Planta Med 1992; 58: 424-428.

Rubinstein, LV, Paull KD, Shoemaker RH, Simmon

RM, Skehan P, Boyd MR. Correlation of screening

data generated with a tetrazolium assay (MTT) versus

a protein assay (SRB) against a broad panel of human

tumor cell lines. Proceedings of the American

Association for Cancer Research 1989; 30: 2418.

van Hal PT, Wijkhuijs JM, Mulder PG, Hoogsteden

HC. Proliferation of mature and immature subpo-

pulations of bronchoalveolar monocytes/macrophages

and peripheral blood monocytes. Cell Prolif 1995; 28:

533-543.

10) Gandler W, Shapiro H. Logarithimic amplifiers. Cyzo-
metry 1990; 11: 447-450.

11) Saiki I, Ilida J, Murata J, Ogawa R, Nishi, Sugimura
K, Tokura S, Azuma, I. Inhibition of murine malig-
nant melanoma by synthetic polymeric peptides con-
taining core sequence of cell-adhesive molecules.
Cancer Research 1989; 49: 3815-3822.

12) Auerbach R, Kubai L, Knighton D, Forkman J. A
simple procedure for the long term cultivation of

8

z

9

Nt

chicken embrios. Devl Biol 1974; 41: 391-394.

13) Yoon TJ, Yoo YC, Kang TB, Back YJ, Huh CS, Song

SK, Lee KH, Azuma I, Kim JB. Prophylactic effect

of Korean mistletoe (Viscum album coloratum) extract

on tumor metastasis is mediated by enhancement of

NK cell activity. Int J Immunopharmacol 1998; 20:

163-167.

Shepherd DM, Kerkvliet NI. Disruption of CD154:

CD40 blocks generation of allograft immunity without

affecting APC activation. J Immunol 1999; 163: 2470-

24717.

15) Babcock GJ, Decker LL, Freeman RB, Thorley-Law-
son DA. Epstein-barr virus-infected resting memory B
cells, not proliferating lymphoblasts, accumulate in the
peripheral blood of immunosuppressed patients. J Exp
Med 1999; 190: 567-576.

16) Falkenburg JH, Wafelman AR, Joosten P, Smit WM,
van Bergen CA, Bongaerts R, Lurvink E, van der
Hoorn M, Kluck P, Landegent JE, Kluin-Nelemans
HC, Fibbe WE, Willemze R. Complete remission of
accelerated phase chronic myeloid leukemia by treat-
ment with leukemia-reactive cytotoxic T lympho-
cytes. Blood 1999; 15: 1201-1208.

17) Kim KH, Lee YS, Jung IS, Park SY, Chung HY, Lee
IR, Yun YS. Acidic polysaccharide from Panax gin-
seng, ginsan, induces Thl cell and macrophage cyto-
kines and generates LAK cells in synergy with rIL-2.
Planta Med 1998; 64: 110-115.

18) Yun YS, Lee YS, Jo SK, Jung IS. Inhibition of auto-
chthonous tumor by ethanol insoluble fraction from
Panax ginseng as an immunomodulator. Planta Med
1993; 59: 521-524.

19) Li Y, McGowan P, Hellstrom I, Hellstrom KE, Chen
L. Costimulation of tumor-reactive CD4" and CD8"
T lymphocytes by B7, a natural ligand for CD28, can
be used to treat established mouse melanoma. J
Immunol 1994; 153: 421-428.

20) A7, GA S Au| A g sle] APAA §TF
o] g Al B3 AT FAFERA 19925 63:
324-336.

20) RAE AL ERE PR gerA B 3

96; 8: 273-297.

14

=

O:

4 A7 RO S AR A |
22) g, 39, ol ol B FAH 3. B

Zed 78k 1997; 25: 193-205.

23) Saiki 1. Cell adhesion molecules and cancer metastasis.
Jpn J Pharmacol 1997; 75: 215-242.

24) Mochizuki M, Yoo YC, Matsuzawa K, Sato K, Saiki
I, Tono-oka S, Samukawa K, Azuma I. Inhibitory
effect of tumor metastasis in mice by saponins, gin-
senoside-Rb2, 20(R)- and 20(S)-ginsenoside-Rg3, of
red ginseng. Biol Pharm Bull 1995; 18: 1197-202.



