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| ABSTRACT

Effect of Kamibojoongikkitang on Immune Response in C57BL/6 Mice

Song Jong-Sek, Shin Sun-Mi, Kim Soo-Min,
Kim Eui-Il, Lee Jung-Eun, Yoo Dong-Youl
Dept. of Ob & Gyn, College of Oriental Medicine, Daejeon University

Purpose : The purpose of this research was to investigate the effects of
Kamibojoongikkitang (KBT) on the immune cells in C57BL/6 mice.

Methods : KBT (500mg/kg) was administerd p.o. once a day for 7 days.

Results : KBT decreased the cell viability of thymocytes in vivo and in vitro
system and decreased the cell viability of splenocytes in vivo. but increased the
viability of splenocytes in vitro system. In addition, KBT did not affect the
population of helper T (Th) cells and cytotoxic T (Tc) cells in thymocytes and
decreased the population of T- and B-lymphocytes and the population of Th and
Tc cells in splenocytes. Furthermore, KBT did not affect the production of v
-interferon and interleukin-4 in splenocytes. KBT increased the production of
nitric oxide in vivo but decreased the production of nitric oxide in vitro system.
KBT enhanced the phagocytic activity of peritoneal macrophages in vivo, but
decreased the phagocytic activity in vitro.

Conclusion : KBT has an inhibitory action on the specific immune response
via decrease of the cell viability of thymocytes and splenocytes and has a potent
action on the non-specific immunity via increase of phagocytic activity of
peritoneal macrophages.
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1. # #

) &)

A HEA F#HAT AAE § HE
C57BL/64 7 -& KRETEHIFMIA
Asted, BE 20 £ 2°C, #E 50 =
5%, dark/light 12 A1z &1 T ol
A1 88 LE BEEC #EHEAL
% MHAd e, ERERY E&
A2 A HRIFEE 3.

2) R

Bl AT HEE
modified Eagle’s medium (DME), penicillin,

Dulbecco’s

streptomycin, Dulbecco’s phosphate
buffered saline (DPBS-A). concanavalin
A (Con A), lipopolysaccharide (LPS),
v-interferon (v-IFN). lucigenin, MTT,
zymosan, N-naphthylethylenediamine -
2HCl, HEPES, sulfanilamidex Sigma
Co., RPMI 1640, fetal bovine serum
(FBS), trypsine= Gibco Co. mouse ¥
-interferon (v-IFN) immunoassay Kkit,
mouse interleukin-4 immunoassay kit+
R&D Co., PE-conjugated anti-CD4,
FITC-conjugated anti-CD8 antibody,
PE-conjugated anti-B220, FITC-conjugated
anti-Thyl mAbst Dainippon seiyaku
Co., FITC-conjugated E. coli particle=
Molecular Probes Co. #& fffs}d o
o, 7]e} RS cell culturel % 1#%
RS HAA .

2. % &
)t
K TRl (UNT BWHES KEKL
t WG BRI WA gl

o ERANL 1 A WES FEE o
S35 e},

£ IR A 5 (KamiBojoongikkiTang:
KBT)9] t&mk

(4 £ O % BEE(g)
G Astragali Radix 15

HE(R) Glycyrrhizae Radix 5
A % Ginseng Radix Alba 10
# ¥ Angelicae gigantis Radix 10
i
pinl Cimicifugae Rhizoma 3
% Bupleuri Radix 3

Bt Atractylodis Rhizoma Alba 10
Phitt¥%E Rehmanniae Radix Vapratum 10
BAR Cervi Cornus Colla 10

Total 82

EH 3B RS Z&EK 2,000 mlE 2
3 mEh st 1%, E#ste RIS
rotary evaporator® {B#ist o, freeze
dryer2 LIRS 1K 728 ¢ (25
& 296%)& AoI(LIT KBT=F #3).
TR Broll = AT AKX ERAA
CHERITAc S
2) Thymocytes, splenocytes ™ macrophages
47
A2l thymocytes @ splenocytes 7
B Wysocki™ 2 Mizel® %9 Fikg
FAstAE AF 5 #EE 12z 3§
o KBT 500 mg/kge 1 € 1 314 7
A7t AFEAS o} 8 UdA AFES
MERRE3ted  ERCES. fdEt Mok o
Jiis-S DPBS-AE -2 petri dishol A %
A fwrsty WIEE stainless mesh® I
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Bt fHiRElEES 92> ¥ DPBS-A
2 2 3] RS oh2(1.500 rpmell A 10 ¥
Zv SEL5EE). thymocytes 3 splenocytes
oz shgdoh

Macrophage®] 4B KBT 500
mg/kgs 1 4 1 34 7 47 HOEM
shedch ¥ %8 4 A mouse A
3% thioglycollate 2 ml& FA3IZ, 8 o
A BEMEREF Sl BAAAIA oh. B
cold PBS 10 ml& ¥ MBisfizg Ik
Eahdoh e MRS 4°CellA 1300
rpme 2 10 £7F FHLoEEsT RPMI
M= 23] BEEE 1%, B 120 mm petri
dishell 43#k3led CO. incubatorell A 1%
BAZIA 2 A7 el HFEA &2
s BEs oL, &S macrophaged
cell scraperZ 4rhEste] A A
% thymocytes, splenocytes ™ macrophage
= RPMI 1640 55 fEH3IG oA, 55
Hioll = 10% FBS$} penicillin-streptomycin
(100 units/ml, 100 we/ml)& FiM3le
fH A3k ok

3) Thymocytes 2 splenocytes®] IEJH

g AIE

57BESE thymocytes ™ splenocytes®]
\igel vlX= KBTY S MTTiE
o2 HEsAc A& T HFAT

MTTi#EL  Mosmann™ o] B g3} od
Kotnik 4"l  #EAIZ  Hikez,
96-well plate®] &  welle] EESE

thymocytes %  splenocytes® 74zt
RPMI 1640 #&#ti= 1 x 107 cells/ml i
2 HMifEsted 96-well plateo] 100 w4
¥k3 o2 thymocytes: concanavalin
A (Con A) 5 w/mlE. splenocytest
Con A 5 ws/ml =+ lipopolysaccharide
(LPS) 10 we/mlE &gt %, 37CH

COq. incubatorell A} 48 A7+ EE3d o
R ¥ T ARRM AUl MTT RS M
stk B B TR 0.IN-HCl &E##EA
71 10% SDS 100 ul & & wellel Hhsk
3 GERAREECA 18 AlZE o] HEEE &
B % well®] BotEE microplate-reader
2 570 nmol M BIZESke] HERTES] RE
frol A& WEHY RREES BHEE
#r sl FHE3IAS. In vitro HENA
+ 4 BESE thymocytes ¥ splenocytes 1
x 10" cells/mle]l KBT 1, 10 % 100 ue
/mlE 72 sk 48 AIzF EEEsE 1%
Fl—3 HiEoZ fMip4frss HEA
o}

4) Thymocytes % splenocytes$] subpopulation

Al%E

s BESt thymocytes X splenocytes®
Z+Zy RPMI 1640 5= 3 3] ikifEstad
ok T cell® population® PE-conjugated
anti-CD4 % FITC-conjugated anti-CD8
monoclonal antibody®, T % B cell?]
subpopulation= PE-conjugated anti-B220
9l FITC-conjugated anti-Thyl monoclonal
antibody® " EJ:fmsle] 4°CellA 30 &
Z+ REAZD %, flow
[excitation: 488 nm, emission: 525 nm
(FITC), 575 nm (PE)]& subpopulation
< WESA Y.

5) Mif* macrophage®%-E] nitric oxide

A W

5y8E8E macrophage® 2 x 10° cells/ml
2 PEIste] 24-well platedl 1 ml¥ &
the % macrophage2%¥ AR E
nitric oxide (NO)2 &< Griessit™® o
2 fEsStEY. 4 wellel LPS 1 we/ml
2} y-IFN 25 units/mlE #HMste] 24 A
b KRS 3 EEERW 100 w ) Griess

cytometer
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R# (1 % sulfanilamide + 0.1 %
N-naphthylenediamine 2HClI + 25 %
HisPOy) 100 wE EAST  96-well
moduledl 23, 37°CellA 10 £+ K&
g #. 570 nmolA microplate-reader®
WOtES WEStY "= {EME NaNO:
o] tmEfel 9 NO,/9 BEE BE
slod ot

6) BEF macrophageZ ¥l lucigenin

chemiluminescence I

5BEZ macrophageZ 2 x 10° cells/ml
7} 5l=% DME (without phenol red,
0.34 g/L NaHCOs 2.6 g/L HEPES,
pH 7.2)o ##AA FEEio HAIG
Lucigenin {&ike] #A®E 10 mlY
DPBS-Ael #MESH 1%, E# REs
-20°Cell A fRESIHA] A 31l o (stock
solution). Lucigenin stock solution< f{if
A3t7] &riel DME #&iiol 1/10%
Bt s

Chemiluminescence #IE-2 luminometer
S FIMste] 37°CelAl R shA .

BI:EF 96-well plate (white)e] =t
welll #¥]® macrophage Fi#Ei 50
ul 8} lucigenin & 50 ul % zymosan
wik 30 WE sl f# volumeo]
200 w7t H=5F 3 3 37°CelAM 15
7 FiERESE % 5 ¥ MEe=z 30%

%9t lucigenin chemiluminescence &%

&€ 3 A o

In vitro EEgell A= 77BESE macrophages
of KBT 1. 10 ¥ 100 w/mlE Z2 mistz
[fl—& H/i%Eo=2 lucigenin chemiluminescence
=& WEs .

7) FEFE macrophage® BAEM 2

gt engulfment #IE
FITC-conjugated E. coli particles

HBSSol 1 mg/ml BEEZ g AHA
sonificationd ¥ fER3IA 2™, trypan
bluet citrate buffer (pH 4.4)¢ll 250 wg
/ml REZ EREste ARSI ok
gt macrophage® RPMI 1640 #5ith=z 1 x
10° cells/ml S=F =3 14, 100 uE
96-well plateell 77#k3}3L E. coli BiEiE 25
uZ fndled 1 A3 FoF K& oL i
HiE FRFESET extracellular fluorescence
£ #0Is7] $8l trypan blue 100 Wl &
mnsked inverted fluoromicroscope®. E1%Es}
ﬁu}_@).

8) WEtIEH

ZE EE HHEEL mean + SEE
BP9l T #EMEHE S student’s t-testZ
EhEsted p0.058 Aoz HEN H
LE FlEs A

III. Ehy kst

1. tnerfhERE (KBT) el thymocytes
2 splenocytes?] ffEe] vl X &= FHE

#HARTES] thymocytesel T-lymphocyte
mitogen?! concanavalin A (Con A)S &
etz okoks e HlATEES 100%
2 39& 9, Con AS EEsIG L 99
TR AETEER S 1108 = 1.2% 2 #@inslgd e
=, KBTS %83t 783 thymocytes
o] Con AE EHM3IA] sk 9o ik
HFELS 941 £ 0.7%2., Con AS &M
StAE o MlRAETFERS 1010 ¢ 1.9%=
HEATEC] wla) st (Table 1-1).

#1874 splenocytesel B-lymphocyte
mitogen<l lipopoly- saccharide (LPS)Z
pIEA] odskE W] MRS
100%2 std< W, LPSE EmMsldS

(3]
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o HlETFR-S 1465 + 2.8%2 st
on, KBTS {%#35}3 5B splenocytes
of LPSE sl 4at& wo sk
753$'9" 83.6 = 11%=, LPSE EMsly
+ W) AT RS 1205 £ 1.4% 3 R
Broll w8l A3t et (Table 1-2).
¥ARBES]  splenocytesel concanavalin
A (Con A)E EHA] ¢oks W9 i
RAEFES 100462 3192 =, Con AS
RIS W] MilnAETES 1714 =
21% 2 Emsld e, KBTS ik#msly
7 BESt splenocytese]l Con AE EFESS]
< o fflRdfEEdL 1613 £ 1.8% 2 #E
ol wis]  EAslde (Table 1-3).

Table 1-1. Effect of the administration
of Kamibojoongikkitang water extract
(KBT) on the cell viability of
concanavalin A treated-thymocytes in
C57BL/6 mice

Cell Viability (%)

Samples  Nop-treated of Treated of

Concanavalin A Concanavalin A

100.0 = 1.2 110.8 + 1.2
101.0 + 19

Control
KBT 941 + 0.7

Table 1-2. Effect of the administration
of KBT on the cell viability of
lipopolysaccharide treated-splenocytes in
C57BL/6 mice

Cell Viability (%)

Samples  Non-treated of Treated of
- lipopolysaccharide lipopolysaccharide

Control 1000 * 1.5 1465 + 2.8
KBT 836 + 1.1 1295 + 1.4

Table 1-3. Effect of the administration
of KBT on the cell viability of
concanavalin A treated-splenocytes in
C57BL/6 mice

Samples Cell Viability (%)
Control 100.0 = 1.8
Con A 1714 = 2.1
KBT 161.3 + 1.8

KBT (500 mg/kg) was administered p.o.
once a day for 7 days. and the separated
thymocytes(Table 1-1). splenocytes(Table
1-2. 1-3) (1 x 107 cells/ml) were cultured
for 48 h in RPMI1640 media mixed with an
activating mitogen of concanavalin A.(Table
1-1. 1-3). lipopolysaccharide(Table 1-2).
The dgta represents the mean + SE of §
mice. : Significantly different from control
group {p<0.001(Table 1-1, 1-2).p<0.05(Table
1-3)).

In vitro BBl ¥ERRES] thymocytes
of Con AE I3 dsks we #Hie
EFEE 100%2 39S =, KBT L 10
9 100 pg/mlE 742 EEsdE 9y
Mg Tras-2 98,6 + 1.1%. 974 * 0.7%
2 926 + 0.4%3 10 pg/ml LI ko) BE
ol A ERE] vl HHMETESR o) RD
Hadek Con AS Xstd S o HHARE
o] HHMAETFRS 1145 £ 0.9%2 &t
dem, KBT 1. 10 ¥ 100 pg/mlE &
7t RS Wl MiuEFAS 1123
t 1.4%, 1109 + 0.8% 2 1022 + 1.1%
2 10 pg/ml LI kS BEANA IR
vl HladfFERe] WA E AT (Table
2-1).

¥ HERTES] splenocytesel LPSE @
a2 ks W MmAEFEE 1004
89S o, KBT 1. 10 ¥ 100 pg/mlE
Zzt EEEEE WY WleErEe
102.0 + 1.6%. 1063 £ 1.5% @ 1115 *
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1.4%2 10 pg/ml Ll ko] BEAAM HER AS Wl MARAEFES 1596 + 1.3%,
BEol  wle)  fEAEAEFEZRe]l g 166.5 + 1.4% 2 1725 £ 16%% 10 n
LPSE kst S o HERRES MMk g/ml LI L] REelA MR vl
75 1587 = 15%2 #@hstdon, futEfrgse] {mMEA K (Table 2-2).
KBT 1. 10 % 100 yg/mlE 27 pEest

Table 2-1. Effect of KBT on the cell viability of concanavalin A
treated-thymocytes in vitro

Cell viability (%)

Samples (uzgfﬁl) Non-treated of Treated of
Concanavalin A Concanavalin A

Control - 100.0 £ 0.7 - 1145 £ 09

KBT 1 98.6 = 1.1 1123 + 1.4

KBT 10 97.4 = 0.7 1109 + 0.8

KBT 100 92.6 + 0.4 1022 = 117

Table 2-2. Effect of KBT on the cell viability of lipopolysaccharide treated-
splenocytes in vitro

Cell viability (%)

Dose
Samples (ug/ml) Non-treated of Treated of
lipopolysaccharide lipopolysaccharide
Control - 100.0 = 0.8 158.7 £ 15
KBT 1 102.0 £ 1.6 159.6 + 1.3
KBT 10 106.3 = 1.5 1665 + 1.4°
KBT 100 1115 + 14" 1725 + 1.6°

The separated thymocytes(Tabel 2-1).splenocytes(Table 2-2)(1 x 10 cells/ml) were cultured
for 48 h in RPMI1640 media mix:ad with KBT (1, 10 and 100 pg/ml). The data represents tﬁl_}e
mean * SE of 3 experiments. : Significantly different from control group ( : p<0.01, :

p<0.001).

29 = 0.3%°13 . KBTE $Z#3lx 5Bk

2] subpopulationel "X]& ZE g A7 thymocytes®] CD4" #iilz: 11.6
¥HBRES] thymocytes ' CD4 single + 0.3%=, CD8" flifie: 3.2 = 0.2%=2 %

positive(CD4") #i: 11.7 = 0.3% °1<d BERE} 8 2871 9doddk (Table 3).

oo, CD8 single positive(CD8") fHla:

2. KBT7} thymocytes ¥ splenocytes
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Table 3. Effect of KBT on the

subpopulation of murine thymocytes

Cell Subpopulation (%)

Samples
CD4" CDh§”
Control  11.7 £ 0.3 2.9 £ 0.3
KBT 11.6 = 0.3 3202

KBT (500 mg/kg) was administered p.o.
once a day for 7 days. and the separated
thymocytes were stained with PE-conjugated
anti-CD4 and FITC-conjugated anti-CD8
monoclonal antibody for 30 minutes at 4°C.
The subpopulation was determined with a

¥ ERRES] splenocytes F B220 positive
A E(B220M) = 323 = 1.0% °lgled,
Thyl positive (Thyl™) #ifig: 239 =+
0.6% °1ivt. KBTS #h#Esty 5EEst
A% splenocytes H B220" #Hin: 24.4
+ 1.5%2, Thyl® #ifgE 16.0 + 1.6%%
HHEARES  wle REiAsledel. Splenic
T-lymphocytes # ¥ HAEES] CD4" ke
+ 148 £ 15%, CD8" #Hila:x 75 =
0.2% °lglew, KBTE #H&stz 5
g AF  splenic T-lymphocytes
CD4" #iEE 129 = 0.7%= HHAREs}
¥ 28271 gl CD8' Hig: 6.2 +

flow cytometer. The data represents the 03%2 HEH w&  Eostdd
mean + SE of 5 mice. ’
(Table 4).
Table 4. Effect of KBT on the subpopulation of murine splenocytes
Cell Subpopulation (%)
Samples N
B220 Thyl” CD4" CD§"
Control 323 +1.0 239 + 0.6 148 = 1.5 75 = 0.2
KBT 244 + 15" 160 + 1.6 129 + 0.7 6.2 + 0.3

KBT (500 mg/kg) was administered p.o. once a day for 7 days. and the separated
splenocytes were stained with PE-conjugated anti-B220 2 FITC-conjugated anti-Thyl
monoclonal antibody or PE-conjugated anti-CD4 and FITC-conjugated anti-CD8 monoclonal
antibody for 30 minutes at 4°C. The subpopulation was determined with a flow cytometer.
The data represents the mean = SE of 5 mice. : Significantly different from control group

(: pC0.05. T : p<0.01. T p<0.001).

3. KBT”’} BEE macrophage® ¥
nitric oxide® &Kol WA= HFE

¥ AREES]  macrophagee] LPS¢F v
-IFNS ExEA] o4skE o nitric
oxide(NQO) M ES 24 A1 7F Foll 14 +
0.3 uM °]glem, LPS¢ v-IFNE& EH
sl NO AR ES 123 + 0.6 pM=E 18

matdel. KBTS #k#3ly  5EEs
macrophagesll LPS¢t v-IFN& EH3}
Z) okor& W NO AMEZ 15+ 021
ME B s 8 87T dde
v}, LPS¢ v-IFNS &3-S o NO
ERES 166 £ 0.8 pME HiBEEo] v
& s&hnstsdet (Table 5).
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Table 5. The production of nitric oxide from peritoneal macrophages in
KBT-administered mice.

Nitric oxide(uM)

Samples Non-treated of Treated of
LPS and v-IFN LPS and v-IFN

Control 1.4 £ 0.3 123 + 0.6

KBT 15 0.2 16.6 = 0.8

KBT (500mg/kg) was administered p.o. once a day for 7 days, and then 3% thioglycollate
was injected Lp. at the 4th day. Peritoneal macrophages obtained after 2 hrs. adherence
period were cultured in RPMI 1640 media in the presence LPS and v-interferon. Slgmflcantly
different from control group (p<0.05).

In vitro EE1A KBT 1, 10 2 100 v-IFNS E¥3IAS 4 NO £RES
ng/mlE 27 EEsty LPSe v-IFNS 11.4 £ 0.4, 98 £ 0.3 % 9.2 + 05 pM=Z
EHEEA] okoke W NO £ARES 1.7 + 10 pg/ml LIRS BEANAM R W)
02,18 £ 03 ¥ 19 + 0.2 pMZ, LPS¢} 3 A3l (Table 6).

Table 6. Effect of KBT on the production of nitric oxide from peritoneal
macrophages in vitro

Nitric oxide (uM)

Samples (ug(/)rsrfl) Non-treated of Treated of
: LPS and v-IFN LPS and v-IFN
Control - 14 =+ 0.3 12.3 = 0.6
KBT 1 1.7 + 0.2 114 £ 04
KBT 10 18 £ 0.3 98 + 0.3
KBT 100 1.9 + 0.2 9.2 + 05

The separated splenocytes (1 x 107 cells/ml) were cultured for 48 h in RPMI 1640 media
mxxed with KBT (1. 10 and 100 pg/ml). The data represents the mean*SE of 3 experiments.
: Significantly different from control group (*: p<0.05, ~: p<0.01).

4. KBT7F K  macrophage?) KBTE %33 \%E*P macrophagesoll

phagocytic activityel = X+& %5 A EREE CL 22 7.0 x 10° RLUZ
Chemiluminescence (CL)- phagocytosis Ehnsta ot (Fig. 1).

7} OETEHE 5Y¢ AmEE oxygen =3  FITC-conjugated E. coli

radicalell 2Js #E4= ™, lucigenindl] 2 particle®] HAE HWMEEd »& @me
3 EEs Aoz oA AP < BEsGE (Fig. 2). °l& KBT7}
M9 macrophages2RE HRH= macrophage®] phagocytic activityS I8
CL &2 58 x 10° RLU olgien, MAZIE o8& Fgshe Aot
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Fig. 1. Effect of the administration

of KBT on lucigenin chemiluminescence
in murine peritoneal macrophages.
KBT (500 mg/kg) was administered
p.o. once a day for 7 days and the
separated peritoneal macrophages (2 x
10° cells/ml) were cultured in DME
media (without phenol red) mixed with
opsonized zymosan. The chemiluminescence
was measured for 30 ‘min with
luminometer. Each bar _represents the
mean * SE of 5 mice. Significantly
Qifferent from control group ( : p<0.01,
1 p<0.001).

Fig. 2.
engulfment of fluorescein conjugated E.
coli particles in peritoneal macrophages

Photomicrographs of

obtained from KBT-administered mice.
Inverted fluoromicroscope photomicrographs
(100x) showing uptake of fluorescein
conjugated E. coli particles in control
(A). and peritoneal macrophages
obtained from KBT-administered mice
(B).

In vitro  EEE)A ¥ ERRES
macrophagesZ2 X8 &£lEE CL 82
1.32 x 10' RLU ¢lgle™ KBTE 1. 10
2 100 pg/mlE A7 EHEIGE o
macrophagesell Al  Z£R=EE CL &2
1.07 x 107, 1.05 x 10" = 1.00 x 107
RLUZ 1 pg/ml BLES A #ER
Btoll wE AT (Fig. 3).

10000
—e— Control
—O0— KBT1 ygimt

8000 —v— KBT 10 pg/mi
~7— KBT 100 ng/ml

8000 *

4000 *

Relative Chemilunescence Unit

2000

[ 5 10 15 20 25 30 35
Time(min.)

Fig. 3. Effect of KBT on lucigenin

chemiluminescence in murine peritoneal
macrophages in vitro.
The cells (2 x 10° cells/ml) were
cultured in DME media (without
phenol red) mixed with opsonized
zymosan 2h after was cultured with
KBT (1, 10 and 100 pg/ml). The
chemiluminescence was measured for 30
min with luminometer. Each bar
represents thg mean = SE of 3
experiments. Significantly different
from control group (p<0.001).
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IV. % %

WORRSES AD.12324 Tft =Ve
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