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The Effect of Gamisamryungbaekchul-san(kZE% AMRA) on the
Tumor and Immune Response in Mouse B16 Melanoma Tumor Model

Cheol-Hong Iem, Jong-Chul Keum, Sang-Jae Lee, Kwang-Ho Kim
Dept. of Preventive Medicine, College of Oriental Medicine, Kyung-Hee University.

Background : Gamisamryungbaekchul-san(fi8&Z 45 E1f#0) is a herbal medicine which has been used for
the traditional therapeutic agent of augmentation of the spleen and reinforcement of the Qi.

Objective : This study was performed to investigate the effect of Gamisamryungbaekchul-san on the
tumor and immune response in the mouse B16 melanoma tumor model.

Materials and Methods : The wmor was induced by subcutanecus inoculation of BI6BL6 melanoma
cells in the shaved dorsal region of mice. Mice were orally administered with Gamisamryungbaekchul-san
extract(26.3mg/mouse) for 14days after inoculation. For making examination of antitumor effect, the Increase of
life span, Tumor growth inhibition rate, change of body weight were measured and evaluated For the
immune response increasing effect, the percentage of T lymphocyte and B Lymphocyte in the peripheral
blood, the percentage of CD4+ T-cell, CD8+ T-cell and CD4+/CD8+ ratio in the peripheral blood and spleen,
interleukin-2 productivity were measured and evaluated.

Results : Gamisamryungbaekchul-san  showed 16.59% increase of life span, 31.64% tumor growth
inhibition rate and increase of body weight.

Gamisamryungbaekchul-san  increased the percentage of T lymphocyte in the peripheral blood, CD4+ T cell
percentage of peripheral blood and spleen, and Interlenkin-2 productivity as compared with the Control group.
Whereas Gamisamryungbaekchul-san had no effect on the percentage of B lymphocyte in the peripheral
blood, the percentage of CD8+ T cell, CD4+/CD8+ T-cell ratio in both of peripheral blood and spleen as
compared with the Control group.

Conclusion : This study shows that Gamisamryungbaekchul-san has anti-tumor effects and
immunoregulatory effects on the B16 melanoma tumor model. It is suggested that Gamisamryungbaekchul-san
could be a useful immunomodulator and anti-tumor agent.

Key words: Immuhe response, antitumor effect, Immune response, herbal medicine, CD4+, CD8+, IL-2.
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DxyPolo] BAELT THESE, Lxyely u
ZoAe] CD4+ TAIES, CD8+ TAXSE, Ux
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Herbs Scientific Name Latin Name Dosage
BfEE  Cynanchum wilfordii HEMSELY Cynanchi Radix 6g
A #  Panax ginseng C.A. MEY. Ginseng Radix 6g
=] M Aractlodes macrocdphala KOIDZ. Atractylodis Macrocephlae Rhizoma 6g
B &K ¥  Poria cocos(SCHW.) WOLF Poria 6g
i #  Dioscorea japonica THUNB Dioscoreae Radix 6g
H ¥ Glycyrrhiza uralensis FISCH. Clycyrhizae Radix 6g

e Coix lachryma-jobi var. ..
BE € rayuen(ROMAN) STAPF Colcis Semen 3%
¥ W Nelumbo nucifera GAERTN. Nelumbo Semen 3g
= II-)’l(z:ztycodon grandiflorum(JACQ.) A. Platycodi Radix 3g
B 1= A xanthioides WALL. Amomi Semen 3g
B8 ®m ¥  Dolichos lablab L. Dolichi Semen 3g

FE3 #He3EAM REBE BEEAA 28 LE
HEA T F Apgsrgth

(2) Az

Co7TBL/6A AF ] EMF& {277 9%
AAEFE AEUsz U FFAZF LA
F4e¢e BI6BL6 AIEF(KCLB No.80006)ZA
ol ANEAIA A&t

(3) BH

REO AHSY #HE HES § AN
W, BHE (BHER) o E83 ESaMkd
BAEES 71ME Aee RARNES 18 4B
< g7 2d.

2. BEA X

(1) el =]

t EEEd mekBEEME 108 EFS 5000m
o] T Ed2ad 3000me EF5 A ¥
< 9§ ¥ArE 2Esa Az §9 AEst
o AH¥Z o3 o4& Rotary Vacumn
Evaporator(EYELA, Japan)elA 75t 2314
t}, o] F%AL -80C Deep Freezer(SANYO,

Japan)olA  FAIZE WA F Freezer

Dryer(EYELA, Japan)® 24X+ ¢ TZ3A=Z
sto] 79g9] A7IAE Ao AMRA A ¥R
& T2 THTFN 59 ARSI

(2) wi=A1e} +4

1) 71 8u=]

RPMI 1640(GibcoBRL, USA)dl
Fungizone(GibcoBRL, USA) 4ml, 10,000units/ml
9 Penicillin  G(GibcoBRL, USA) 0.Iml,
100mg/ml®] Streptomycin(Sigma, USA) 1mlZ
SR 931 1000mME FAIJE pHE 728
22 1S 0.2mm disposable sterile bottle top
filter(Corning, USA)E o 3] AREstd.

2) EguA

FBS(GibcoBRL, USA)E 56TColA 3087 H]
8438 A F J1EAAY 10%9 7= &
2 Ao Alg3lgon o= ¢AXel s
Ayt AR&EH AT}

(3) GAX vk

C57BL/6 A EA4F-E A7 9% &
AEFE FFAEFLYNA 2F 22 BioAH
¥XFEA, FEANHE Y gop E AN
4TCe Eo wW=24A ¥ RPMI 1640

=0l
B -
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(GibcoBRL, USA) Z]&ui=o] 23] A& ich
I ¥ RPMI 1640 &3huixie} & Al ¥Evjdg
&2} A(Falcon, USA)e] ¥o] 5% CO2 wWi7]
(Johnsam corp., Korea)e] ¥o vig3igch A A
=2 F4d AHEE 05% Trypsin (Gibeo,
USA)e2 A 319 DARYHE FA3
RPMI 1640 7|8} 2 23] A& Fo] AMZL Al
¥ogE Eg2ad EFAA agsid. ofq
10% FBS7} #7148 RPMI 1640 EFHAE o]
|39 299N 394 HF o8 ZolFSit)

(1) BEBRs ol

Normal group(%/3), Control group(thZ&),
SRB group(d @738 TE3A, & #o] 61t
U4 EESAY. Normal groupe ZNFE &
BA7|A] 2o Foz EFEERS) EvHE L
3] #8313, Control groupe Normal group
I -3 BEEdA BI6ZMFTE LA,
SRB group®] §ojsts Fda e %o Ag
A4S 1447 3754 34t SRB group
Control group® [A—3 Hko= BI6EAFH S
FEAT T, KB FEREKS 1497 ATF
3ttt

(5) C57BL/6 AFANA T4 f=

Ershler” o] A3 Wi-S $23to A4
3ttt SRB group¥ Control groupe] C57BL/6
A AFY T RS 45 HEE o]£3d
FTHAXE F9 3FF Ao €& AAstn Eud
o7 BolFdt) B16BL6 AEs
hemocytometer® cell counting3te] 1x10°71/0.1
me H&E2 A3} dFE 1ol syringeE ol
|3t Hsle] FstAth F9 F 74BFH
FTY9 fgo] §etxoz AFAHA.

(6) FABe] Fof

FEE oA TS olEA HE ERH bk
BXaME vl AF g (20g7]9)
26.3mg & FFTE 348 SRB group?] &
Heol 19 13 1497 old %5 241 He] AT
2934t Control groupd EF9 g2
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AT F93dth

(D BEYF9] 54

CCCC57BL/6 A#HE Control group, SRB
group(BskBS Atk KEHoE 47 1091
A Ui Bl6 EAF AE AL @ vEw
01ln¢ (10 x 10%H/mouse)d o] ¥ 24413t
¥58 Control groupe A4 494E, SRB
group2 MRBRAMEKES 19 13 d&o02 7
7 Fo3EAN $9HE BAST AFEHEK
(Increase of life span: ILS)S T3t}

T - C
C

T: mean survival days of the SRB group
C: mean survival days of the Control group

ILS(%)= x 100

8 Az s 54

C57BL/6 X7 & Control group, SRB group
(kB HEfid #EHE Z47 1074 Y
i Bl6 EM4F MY BES ¢ vEld 0.1
(1.0 x 10°7/l/mouse)® 4% ¥ 2447+ T3
1497t Control group2 A2 44+E, SRB
groupS IBRBEEMEHS 1Y 13 d&oz 7
T 531 Bl6 ZA4F AX o4 F 154A
A #HFEAND F F9E FE39 UL A9
g AHAY AFE SN

9 T4 A% 94 24

C57BL/6 AFE Control group, SRB group
(mRBFEME REFSZE Z2 107184 Y
i BlI6 EMF AY BAKE @ g3 01me
(1.0 x 10°0/mouse)d o] § 5 24A17F F2E]
1447t Control groupe A#E494E, SRB
group< IRBFAMHS 19 13 %o 7
T Foj& 1 B16 EA4F AX o] F 15UA
AE FIEAZ F FTFE HEdA o FFE

ZAsln EEBEMHIZR (tumor growth
inhibition rate : TIR %)< AAketach
C - T
TIR (%) = c X 100
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T: mean tumor weight of the SRB group
C: mean survival days of the Control group

(10) A&

FEHTESF 14U HAE FTRAY AFHE
1547 == g chloroform®.2 w3t A3
HAste] AL Ethylene Diamine Tetraacetic
Acid Dipotassium Salt(EDTA)7}F Eolgl= ¥
Yol & Mol $u& ¥AR H AU

(11) ¥ZAEe] FH|

AHE  chloroformo.2 wHA7|2 BRES
0% 422 443 =X F FaHeE "I
£ A& o, vF T 2FEE 22
A AA3 4T RPMI 1640 iR 2 23] A& 3}
5, RPMI 1640°] &°{$+& petri dishollA] 22
HF7HE vAE FA A=23 FFE wHY
2 ZH2HA 249 HFAXE FHAHT
o] BHds 2HAH2 AW (mesh No. 100: 3
AZEAL, @) a3t AW 9 fFEHA
2 AXYoizglE AAs RPMI 164022 1
3], HBSS(Hanks Balanced Salt Solution, Cat.
No. 21250089, GibcoBRL, USA)E 23] A¥3}
4. 1 3 378 FHFSE hypotonic shockE
doA HIEFE Ld3 LA H, 10X
HBSSE 23] A3 &1 RPMI 1640 ¥ & & W
9 AHG oS 10% FBS7F A7t EFai=] o
HAAEE AEFFATh

(12) 22 Ao BAX ST THAES 53

EDTAE A3t Sgx|3t EAs Agsd
of 100 ¥t o7ld] FITC Anti-Rat CD3
Monoclonal Antibody (Cedarlane, Ontario,
Canada)g 01u 718lm thA] PE Anti-Rat
CD45R/B220 Monoclonal Antibody (Cedarlane,
Ontario, Canada)E 05 ug 7}t Vortex
mixer® F 1 Yol 30¥E BXF &
lysing solution(FACS, Becton Dickinson, USA)
2eE Zstal & 4o thAl 1583 gl A
st st AAEE 7oA

lysis&

1000rpm, 5%t YR} 5 45 4E vz
2m¢9] PBSE 7F¢ ¥ thA] 1000rpm, 587 ¢
Aie gk AE39E 8Exn 500xe PBSE
7}t B 44L& F flow cytometer(Becton
Dickinson, USA)Z #4 3¢t

(13) x¥ A7} vj3ue] CD4+ THESS W
gH-4

AAAE S EDTA AT 47 10% FBS7H
HA7td EuR BR3 HIAEE 47 12
x 75 Aldo| 100 ¥}t FITC Anti-Rat
CD3 Monoclonal AntibodyE 0.1 7Fst thA
PE Anti-Rat CD4 Monoclonal Antibody & 05
1€ 7F3tal Vortex mixer2 & d3 Ao 308
7t A F lysing solution 2méS 7hetm @
dol dAl 1587 gaol AU lysisE &
gz FAE 74 1000pm, 583 FAE
3 = A2de v 2w PBSE 71 F
Al 1000rpm, 587 AAEE o AEde
B 500 PBSE 718ty & 4L F flow
cytometer=. 4 3t}

(14) T gz u]e] CD8+ THXE &S ©
&4

AZAEF EDTA AT A3 10% FBS7}
A7td EAA FR3 wFAEE 47 A
ddo 1008 ¥ith of7]o] FITC Anti-Rat
CD3 Monoclonal AntibodyE 0.1x¢ 2+2z} 7}stn
Al PE Anti-Rat CD8 Monoclonal Antibody S
05 pg 7kt 2 A1 gao] 3080 ¥R F
lysing solution 2m¢E 7}t & 4of oAl 158
7t 2o BFAP lysisE FAdtn AE
7] A 1000rpm, 5E AR H 459
< W21 2mie] PBSE 713 & WAl 1000rpm,
SE AAEE It AFAL ¥Ea 500u09]
PBSE 7lete] & & F flow cytometer® ¥
A4 3o

(15) Interleukin-2 A3+ =4
Zdld HAA¥E FBS7F 10% A7+ RPMI
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1640 EgA S 1x10%el/mle] BES AFH
81, o 74 100ug/mls =9}
Concanavalin-A(Sigma, USA)E 713 ¥ 37T,
5% COz incubatorol Al 24X ZHE<t Fs § A
298 FAsY Interleukin-2(°13 IL-28 I
ghel  ANFE SAHAUTY Intertest-2X
kit(Endogen, USA)= 1384 HYist FAYES
o]£3 Mouse IL-2 FAHE ELISA Kit2A
450nme] FFeA FFEE FA%d FFIA
o2RE HAWY L-2%E 43 + = @
Holt}. 96 well plate Z} welldl Al8& 100
A BEaa gAE 9 F 36TA 4083
st vlgo] Bd F welle] HNbgLoR-g
AA#L AHE buffer2 44 AFFFE plated]
A paper towel® 718 AAS}T Z welld
biotinylated polyclonal antimouse IL-2& 100x¢
A B3 Q2 @&F 37CHAA 4087 o)
Fsdct oAl welle] W-498E AA}T Al
AL buffer2 49 A3 F plateo]A paper
towel2 718  AASdz T welld
streptoavidin-peroxidase® 100438 ¥ 33 ¥
Q2 9e F 37T A 2687 gt o
Al welle] WHg-82AE AARL AHE buffer:
49 A& F plate towel® §715 AAst2 &
welld] substrate mixE 100pt¥ 3o i
2 Qe F A20A 1087 #iFdAd. g
Zt welldl AALAE 10008 EFF F
ELISA®57]2 3% 450nmoH F3FEE &34
31 standard curve ol SAHE FFx 3
B3t IL-29] #2& Y3irh

3. SHEN

NEEASH Ee Fo) 2 JgolAel 24
Fe FHEtEZoAdz gosigon, WA
ANOVA "o &3 F dAL 3o #r9 2
ol7} YeAE FUsm (p<O05), HAolE Hol
A9 AFHALE Duncan YL ARG3
F95FE 95 %(2=005)914 tF v 2ot
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a4y

1. BI6EMZ
et R

Bl6 A®& CSTBLAAFA o3t ALY
g FAT A9 AHAETE 598 Control
groupd] FHAFAME 221071199 %3,
RBEAMEKE Fo% SRB groupe FH4E
FAEE 258011699 olRow AFEmEK
(increase of life span: ILS %)l 1659%= el
Bt

7ol 4#ME ERO

2. BI6EMZE 4o EEmRID&HO B
ot ZHR

Y3 AF AAEE FHIHU H8d
BI6AIX 2 BAAZ COBLOAFZREH FU9E
&3 FFE 54T 27 Control group2
3351040, mMBRFEZ LML Fo3F H(SRB
group)2 229%0.16gS el 3164%2 E
B EMEIR (tumor growth inhibition rate: TIR
%)g Jehgith

3. BleEMZ
R

FF7Y 1594 BRS mHs ¥ BES B
A AFNA FEFY 194 AFS @ BE
BMLES A4y 2 Zi Normal groupd 466+
0.37g, Control group< 069+0.26g, MEEBEH
#S BB BF(SRB group)2 1.70+0.18g2.
2 e 0 BESMLEL FAHCE FEI A
o]7} doem(F=54162, p=0.0001), ™35 HI®
(Duncan’s method)& 3t zZ Jzk Folg]
HEMS 443 43 Control groupd HBERL
£% Normal groupel H[3le] f23 ZFEE =2
43, SRB group& Control groupd] Hl3te] &
AHCE FEA =30k

4o mEWMbol ot
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Table 1.

Effect of Gamisamryungbaekchul-san on the Percentage of B lymphocyte & T

lymphocyte in C57BL/6 Mice Peripheral Blood

Group No. of animals

B lymphocyte in peripheral blood T lymphocyte in peripheral blood

(%) (%)
Normal 6 4207+2.64° A” 40.38+0.72° AP
Control 6 51.79+2.23 B 32.21+1.86 B
SRB 6 4856+2.24 B 36.77+1.20 A

a) Meant+Standard Error. b) Means

multiple comparisons(Duncan’s method) test. Control :
. treated with Gamisamryunghaekchul-san extract (26.3mg/mouse) for

melanoma cells transplantation. SRB
14 days after B16 melanoma cells transplantation.

with different Letter(A, B) are

statistically different by
treated with normal saline far 14 days after Bl6

Table 2. Effect of Gamisamryungbaekchul-san on the Percentage of CD4+ T- Cell, CD8+ T- Cell
and CD4+/CD8+ Ratio in C57BL/6 Mice Peripheral Blood

Group No. of animals CD4+(%I)‘—cell CDS‘E%T)‘—CCH CD4+A %2?; T-cell
Normal 6 2841+1.18Y A" 13.86+0.86 1742017 A
Control 6 1638+139 B 16.13£1.26 1.06+015 B
SRB 6 2054108 A 1555+1.30 1.36+011 B
a) Mean*Standard Error. b) Means with different Letter(A, B) are statistically different by

multiple comparisons(Duncan’s method) test. Control :
. treated with Gamisamryungbaekchul-san extract (26.3mg/mouse) for

melanoma cells transplantation. SRB
14 days after B16 melanoma cells transplantation.

4. UxgAeol B MEE olxles ¥
£

TEFY 1597 dx¥Ae B AXEE AY
¥ 23 Normal group< 42.07+264%, Control
group< 51.791223%, MSRBEEMEE RET
B¥(SRB group)& 4856+22402 I 7+ HE
BB BAdoz AES A7t dveH
(F=4.333, p=0.033, ANOVA test), ©= H|
(Duncan’s method)E& %3t Z v Aol
AEMS AAT 23 Control groupd BAIX S
Normal groupdl HI3le]l Fol& 718 B
, SRB group2 Control groupl Histo A
e AFE EYod BAHozE #9311
24 tHTable 1).

oot

K rlo

treated with normal saline for 14 days after B16

LEEAY T MELEo ojxls &

o,

F4TY 1597 xEAe T ALEE 4
. A3 Normal groupe 40.38%0.72%, Control
group< 32.2111.82%, MBS EfiES RET
F(SRB group)2 3677+120%2.2 Ag 7+ T
AL EL FAHCE FED Aozl dsioy
(F=9.557, p=0.002, ANOVA test), t¥ Hl=
(Duncan’s method)& B34 2z} Iz F ol
HEMS JA% 2 Control groupd T AX
42 Normal groupd] |3l #3 A48 1w
%3, SRB group2 Control groupd] HI3te] §
o3t A Z 713l cH(Table 1).
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. abxgollel CD4+ TMZEEol| olx|
of &

F9FY 15954 2x¥Ao CD4+ THAZES
A¥E ZA3 Normal groupd 2341%1.18%,
Control groupe 16.3811.39%, sk itk
S HEY FHSRB group)d 20541 1.08% 0%,
Ad 7 CD4+ T AXEEL BAHCE HET
Zol7b AR om(F=8355, p=0004, ANOVA
test), % H]#(Duncan's method)& 3t &
Aa Aol FEMES AT 2 Control
group®] CD4+ THX &L Normal groupd] B3}
o fo% A4S B4, SRB groupe Control
groupel HI3te] feig F7H8 E{tHTable 2).

fir o

7. arxgolfio] CD8+ THIZS0 ofx|

ZF3FY 1595 T2 CDBr TAEES
AwE Z3 Nomal groupS 13.8610.86%,
Control group& 1613+1.26%, mERBEEME
S #EF B(SRB group)Y 155511.30%2.2,
AY 2+ CD8+ TAX &L SAALE HED A
o7} g F=1.038 p=0378,  ANOVA
test)(Table 2).

8. Wxgolfel CD4+/CD8+ dlEdl o]
= g

Zgxq 1595 w2 CD4+/CD+H| &
£ Au¥ A3 Nomal groupe 1741017,
Control groupe 1.06+0.15, MkBHFAMBS
Y B(SRB group)S 136710112, &
CD4+/CD8+ H|&& EAAoZ HFEIF Aozt
9l gl o M(F=5527, p=0016, ANOVA ftest), %
4] (Duncan’s method)E %34 Z It 2
ole] HEMSL AAT 23 Control group®
CD4+/CD8+ H|& Normal group®] Hl3te] -9
F 2AZ 293, SRB group2 Control group
o w3ty Frlele AFE BHIo FAFL
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2E #93A E3HTable 2).

9. H|Zy e} CD4+ THIZEO| o|Al= &
&

Z43¢ 1594 €Y CD4+ THESS
AME ZAF Normal groupe 28.1811.43%,
Control group& 23.17+0.66%, MEREE Bit#k
& HETF B(SRB group)e 26%6+1.25%=, I
@ 7t CD4+ THESE LS BAFSE FET Aol
7} Ao w(F=5062, p=0.021, ANOVA test), T}
% ©]®(Duncan's method)& %3t Z et
Atole] HEMS A Z Control group
CD4+ THI¥&E Normal groupel H&d 9
3 A4S B3, SRB group2 Control group
off Hj3le] {93 F71E EHKTable 3).

10. H{Z{el CDg+ TMEEZol
oa

F4FY 1594 vFe] CD3+ TAZES 4
HE ZAx Normal groupe 17.27%£1.16%,
Control groupS 2213+1.13%, INKBLH AR
& $%EJ #(SRB group)S 1966+086%=%, 3
@ 7+ CD8+ THES L SAF02 FEST Hol
7F A o8(F=5257, p=0.019, ANOVA test), T+
% H)Z(Duncan's method)S E3lo 2z} vzt
aole] HEMES #AAF A7 Control groupd
CD8+ THI¥&<& Normal groupsl H39 9
& Z712 B3, SRB groupe Control group
o ®sty ZAxdE AFE HASY FAAHL
2 Fo3lx FdtHTable 3).

olx[&

1
o
2433 1594 8lARel CD4+/CD8+H| &S
A¥ B A3 Normal group 1652010, Controt
groupe 1062006, MkBEOMERS RRT ¥
(SRB  group)e  139+0098, AG

)& o] CD4+/CD8+ H| &0 ojx|=
3 .

%
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Table 3. Effect of Gamisamryungbaekchul-san on the Percentage of CD4+ T~ Cell, CD8+ T- Cell
and CD4+/CD8+ Ratio in C57BL/6 Mice Spleen

Group No. of animals CD4\E%’I)‘-ce11 CDB;%’)I;-ceH CD4+/%IZ§;) T-cell
Normal 6 28.13+143° A" 17.27+1.16” 1650107 AY
Control 6 23.17+066 B 22.13+1.13 106005 B
SRB 6 2695+125 A 19.66+0.86 1391009 A

a) MeantStandard Error. b) Means with different Letter(A, B) are statistically different by

multiple comparisons(Duncan’s method) test. Control
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