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Comparative analysis on immune response of combination with Astragali Radix
and Cinnamomi Cortex

Da Young Jung, Hyekyung Ha, Ho—Young Lee, Nam—Hun Lee, Hyeunkyoo Shin”

Herbal Medicine EBM Research Center, Korea Institute of Oriental Medicine, Daejeon, 305—811, Korea

ABSTRACT

Objective : Astragali Radix (AR) and Cinnamomi Cortex (CC) are used to enhance immune response in Asian
traditional medicine, Immuno—potentiation of the combination of AR and CC were evaluated on the cellular and
humoral immune response using murine macrophage cell line (RAW 264.7) and OVA—immunized mice,

Methods : This study was designed to investigate the immuno—potentiative effects of AR, CC, and AR with CC
on nitric oxide synthesis in RAW 264.7 cells and proliferation and production levels of Intereukin—2 (IL—2) in
mouse splenocytes, In addition, we evaluated the plasma—specific antibody responses and splenocyte
proliferation on ovalbumin (OVA)—immunized mice treated with herbal extracts.

Results : Combination treatment with AR and CC increased nitric oxide synthesis in RAW 264.7 cells and IL—2
level in splenocytes (p<0.001). Combination of AR and CC significantly enhanced the Concanavalin A— (Con A ;
T cell mitogen) and lipopolysaccharide—(LPS ;B cell mitogen) induced splenocyte proliferation on the
OVA—-immunized mice, Combination of AR and CC also significantly enhanced plasma levels of OVA-—specific
IgG (p<0.01), IgG1 (p<0.05) and total IgM (p<0.01) compared with the OVA—immunized control group.
Conclusion : These results suggest that combination of AR and CC could be used as therapeutic profile on

activation of immune response,
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1) AUMF=S

37 (Astragalus membranaceus Bunge, Astragali
Radix, AR, 3d2T 84

(Cinnamomum cassia Blu, Cinnamomi Cortex, CC,
Vietnam)+= (F)HMAX (Jecheon, Korea)ollA Ftd3tAch,
Table 13 Zo] T ¢E 42 E= 53 HIE= uislst
I o5 ofAe]l 10uie] FHE 7t & 1007 CoflA 2413t
EoF ol 3kE 2ZW (Glas—Col®Combo Mantle, Terre
Haute, USA)E o]gste] F&E3 FT FZEARY
(PVTFD100R, Ishin, Korea)& ARE3lo] AR B A9l
o Aol ZEE= A F2 AXRMAYE VIELE AW
HEg AHME Aot fARE A 2o HEE A
X A Fog sty vl AEE FEE9)
80| 2A YeER RE AN FYFY ARG
of gt 4L HAS| Aty o]Fo mE A thgt A
4 8%& Table 13 Zo] £&& AL3KQH. 24 A=A
= 100 g g/mlY] B9 FE & wety 7)Y A4 +
EE5FE 17.3 p g/ml, $A+= 5.3 1 g/ml, 3719 S49
A B 14.2 ¢ g/mlol| SiET

Jeongseon,  Korea)

Table 1. Combinations of Crude Drugs in Herbal

Componented crude drugs (g)

Herbal medicine

AR’ cct AR+CCY
3}7] Astragali Radix 60 - 30
$7 Cinnamomi Cortex - 60 30
Total (g) 60 60 60
Yield (%) 17.27 5.28 14,22

*Astragali Radix extract
T Cinnamomi Cortex extract
*Astragali Radix and Cinnamomi Cortex mixture extract

2. 23 U4

1) CHAIMIZZO| EHdSt ZAH

(D) ANz e] FA5 AHAY

7] (AR), &4 (CC) ¥ widk 7] - &4 (AR+CC)7F o
AN EE] FAo uxle @¥dE H|wEYtt.  Murine
macrophage cell line?l RAW 264.7 A|3%X= American
Tissue Culture Collection (ATCC, Manassas, VA)olA
Aste] ARSI 5.5% (v/v) fetal bovine serum (FBS,
Gibco BRL, NY, U.S.A.), 100 U/mL penicillin, 100 z
g/mL streptomycin (Gibco BRL, NY, U.S.A.)E $&53t=
Dulbecco’ s modified Eagle’ s medium (DMEM, Gibco
BRL. NY, U.S.A)olA 5% (v/v) COy 37" CollA skt
At RAW 2647 AEZE 96—well plateo] 3x 10°
cells/well2 EF3}3 AR, CC, AR+CCY #&E& PBSO
Loste] FEHE HUbstEnh, AlZ54 amate] digh A
ZF2 2 lipopolysaccharide (LPS, Sigma—Aldrich Co,
MO, U.S.A)E ARSI 297 vijdst & tetrazolium
saltg]l Cell Counting Kit—8 (CCK—-8, Dojindo
Laboratories, Tokyo, Japan) solutiong Z7}ske] 4A|7F
g vkt th2 ELISA reader (Ceres UV 900C, Bio—tech
instrument, U.S.A)E ©]&3t9 450 nmolA FF=E &
Akt FA2EQ control well®] Fg=of ek ok
g welld] FFE9 HE %2 AL
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(2) Nitric oxide (NO) A% =4

RAW 264.7 A|ZE 48-well plated] 2.5x10°
cells/well2 B8 & 12A17F vfjofste] QHAst Al7]aL AR,
CC, AR+CCY FEESL E49] glv HY oA =g
(10-1000 wg/mL)E H3tATt, FAWZLLE LPSE &
=9 (20, 200 ng/mL)2 HEerF.om 18 A7k vjk Z AF
ZHE F-st NO AAFE &3ttt NO BAdH2
Griess reagent (Promega, WI, U.S.A)E ©]&3}9] nitrite
Fe EHste] ALt

2) 7| HIME B2l & SAls 2

(1) BPgAlZe] Ee] 9 ujok

6589 73 ICR AF (LdEHe|e, JHE F5E
Zoto] A% & BlE HEsigioh. &% vl vt
AxE 23 & RBC lysing buffer (Sigma Chemical
Co, MO, U.S.A)Z2 HEFE AAS 10% FBS & 1%
penicillin—streptomycin (Gibco BRL, NY, U.S.A.)S &
3= RPMI 1640 ¥jA] (Gibco BRL. NY, U.S.A.)ol H|&ZA|
25 BRAIA 5% COq, 37 CollAl weFstaict,

(2) HZAIZY] F4ls AM

AR, CC ¥ AR+CC F&E°| HFAZ F4]o uX= &
HE vlwshy] o] B3 vFAEE 96—well plated]
5x10° cells/well2 EF35t1 ol& F2E& PBSo| £33t
o FEEE Hrleigich. NZF2] ade] giE HuEdR
Z¥Zy T cell lymphocyte?}t B cell lymphocyteo] thst
mitogen?] Con A} LPSE 0.5 ¥ 1 wg/mLE A3}
o}, 297t wjoFst & CCK—8 kit solutiong A7Iske] 4x17H
o HjeFgr & 450 nmollA FFE=E ST FAXEU
control well®] EF=of gt oA A7 well?] TL=2] H]
£ %2 AAlstEdt

(3) Cytokine (IL—2, IL—4) &A

HIAA| Lo A Q] cytokine HH|ERES EA57] o
48—well plate®] 2x10° cells/well2 B33+ T 1247} Y
oFsto] ¢HY3L Al7]1 AR, CC, AR+CCY FEES EA40]
= 39 WolA 100 wg/mL ® 500 wg/mLE At
FAHETLORE Con AE At en 24 AZF wijF & A
ZHg AT IL-2, IL-4 levelZ Duoset mIL—2
mIL—4 ELISA kit (R&D systems, MN, U.S A )E o]&
o S48ttt

g

ol

].

3) OVA ZH5t MFI0IN it 2rjst 20

1) AE5E ¢ Jd=4 5

659 (17~19 g9 42 C57BL/6 AF (LAEHo]
2 AdE 134T £3A7 o2 AAE (naive group),
Ovalbumine (OVA, Thermo, IL, U.S.A.) /Aluminium
(Alum, Sigma—Aldrich Co, MO, U.S A.)/Saline FoJw¢1
g =F (control group) <, OVA/Alum % AR, CC,
AR+CCE (FEFHTLE EEste] AP ARttt &
EAEL AYSE AYTRE E5%t9en deetestd
A4 SEARSEAYIY  S90E ol sk
OVA/Alume gz A7 o uield OVA 100 uwg @
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Alum 200 wgg FTH83t= 100 4 Lo salined 1Y, 8Y,
159 57 Foste] A AHe f=stilen LS
FUY salined 27 Foldhdrh, 342H hxPe 37
42, RoZe 7 RolofRg AxoH dgwoz |
g/kg/day SFOZ 1U~21U7A] 2F ZEUE AREslo] 1
A 13] AFES kTt 22U AEW (pentobarbital, 3+
Ak, 891, 150 ug/mouse)S B Fojdt T ubF|sio
B st iAol A & uRrE FEstar WE
24 G, AEE N FZIAR KEDTAZE A&
BD Microtainer (Becton, Dickinson and Company, NJ,
USA)ol| B3t & 834 54 & dAEestd 832 £
Skal ohy AEAIZEA] —80° Cofl Hastqct.

(2) OVA 7= AR wgAEe S45 A4 (mitogen
effect)

&9 BgoA oMl Ze whoz HIANZEE He
sto] 96-well plated] 535t o FXHX E= OVA (10
ug/mL), LPS (2 ug/mL)® Con A (4 ug/mL)E Z+Z 37t
stgch 227F iR 3 OCK-8 kitS AREate] A|E 24
=5 AMSE wos AR, CC, AR+CC FEolo] oigt
mitogen effectE AN} T}

(3) % IA WY=F &4

A FA BEFE S8 st dRFdez AR
3 OVASl didt Eol7 (OVA-specific) E& H|E0|Z]
(total) WY IFEEHAY FE  SHst.  AFH
OVA-—specific IgG, OVA-specific IgGl, OVA-—specific
IgG2a, total IgM levelZ enzyme linked immunosorbent
assay (ELISA) kit (Bethyl Laboratory, Inc., Texas,
USA)E AMg3tel 243ttt OVA—specific IgG, 1gGl 2
IgG2a& AN 3le] microtiter plated] OVA (10 ug
/mL in carbonate buffer, pH 9.6) 8% 100 ul/wellX
g T 48 ColM 24N7F WHSAA OVAE RAAFT,
Total IgM& &%3}7] ¢8le] IgM capture antibody (Ab)
£ carbonate buffer (pH 9.6)°l 1: 10022 3|43t 100
w/well® 7¥t 5 4% ColA 24A1%F WSAA ADE A
Zeh. zZtzt wash buffer (50 mM Tris, 0.14 M NaCl,
0.05% Tween 20, pH 8.0)2 3¥ AAF F blocking
buffer (50 mM Tris, 0,14 M NaCl, 1% BSA, pH 8.0)&
200 ub/well® H7Fste] ARel A 3087 WA3te] BBl
ol AFRE Areldtt, Wash buffer®2 AHe & 3%
2 1:1000 (OVA-specific IgG, OVA-—specific IgGl),
1:5 (OVA-specific 1gG2a) Ex= 1: 10,000 (total IgM)
o2 543 & 100 wl/well® 7Fetal Ao 1A17F #A]
59t AR ¥ horseradish peroxidase (HRP)7} Z¥tE
goat anti—mouse IgG, IgGl, IgG2a = IgMS 1:
100,000 3|45t 100 wl/well® 7Fstal Ad2ellA 1417k
et & NFSHATE  3,3',5,5'-Tetramethyl—benzidine
(TMB)J&H& 100 wl/well2 7}t H& Apeksta A-2ofA
22 HEEAIZL F 2 M HeSOsE 100 wl/well2 7hsto] HE
2 TZA7]1L 450 nmollA FFE=E A5

ut

4) A2

2E =% A= mean+SEMOZ YeEhyon A 7+
L Student's t—test (Excel 2007 program)Ho.Z
FoHEaL, P<0.05018t04 BAF |foido] itk

2 3
1. ANZ B mNE 9%

A EZE (3] W Bt FPEDE AR+CC7} o
ANz F4] 9 sl mE IFE FAAEATE FA
gxFoZ AMS LPSE 0.5 2 1 ug/mLE H3tES o
Z+7+ YzEth 31.28+1.61% (p<0.001) = 2400+
0.70% (p<0.001)2] NZZ4] a3E Yepych ZZol oA
g Az dGFeRE Tt AEstge o 500 ug/mL
oAl AR 40.04+3.36%  (p<0.001), AR+CCE
52.53+4.15% (p<0.001)9] ZAa7E Yehiolt cce 2
2 FEoA MEFA 5aE dehA goktt (Fig. 1-A).
CCE 1000 ug/mLojlA FAZT} vlmwste] 10% olAke] M=
Z2E A3PF UEhtbA o]Fo] RAW 264.7 NEZE AN}
= AgoAE 3 A =5 500 ug/mLE AHSIT)

M ze] A3t X' NO WAFHE 233 27, F4
fz7Loa AR3 LPS (20-200 ng/mL)e HEoEzrgom
NOAIAE S7HA 200 ng/mLollA 31.34+0.54 uMo| A
AE9TE AR2 B& 9E&FoE NO A4S 83t 1000
ug/mLellA 21,19+0.11 uM (p<0.001)& Ad3tARt CC
£ NO AL F3HA o= 2o E Yehgth AR+CCOA
£ 5= 9gEFHOE NO AL fFEste 1000 wg/mLofA
22.63+1.20 uM (p<0.001)E eIt (Fig. 1-B).

(A)

- cace —— AR-CC

140 F_Ma’ra\“ 1“0

rates in RAW264.7 cell (% of controly

Proliferation
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o -
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Figure 1. The effects of AR, CC and AR+CC in RAW 264.7
murine macrophages.

(A ; Macrophage proliferation B ; NO stimulation) The units of
concentrations of LPS and AR, CC, AR+CC are ng/mL and
ug/mL, respectively. The values are presented as means=SEM.
**0(0.01 and ***p<0.001 compared with LPS O (control).
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2. MBAIZ SASl A= ¥

223 v A Zo] AR, CC, AR+CCE S=H2 sty
HIAA O] FA5-S HAG Ay}, ARS FRoEHoF b
A2 FAS FHAA 500 ug/mLollA 104,59+5.42%
(p<0.001)9] 1 FAAINE Yetyon o|Foe tidhe
A vgdch cC: 50 wg/mLelA  53.00+5.05%
(p<0.001)¢] i SHAIS Uerglon T ofF Fashe
AFS YERIL 1000 wg/mLoXE 94 e F2E
Rttt (p<0.05). AR+CCE 100 ug/mLolA 85.54+3.63%
(p<0.001)9] 1 FHaINE Uepion olF F4] Jzvt
Frashe Zo2 Ueidth (Fig. 2-A).

3. Cytokine AJAo] u|x]&= FgF

v AN 2o o5 EB]H cytokine (IL-2, 1L—4)2] Hu|F
< 243 Anh, IL-2 leveld FAX|FoIAM 18,88+1.73
pg/mL, AR 100, 500 wg/mL EZoA ZZ
38.00+2.55 (p<0.001), 19.05+0.50 pg/mLE 100 ug
/mL 37} A EARZT vwste] fojdoz Frlshe Ao
2 yehgth cCcY 100, 500 wg/mlL FEoA  ZZ
24.67+0.00 pg/mL(p<0.001), 13.86+1,72 pg/mL&E 100
ug/mL A7} A 22y} v|wste] fo¥og Z7ketE A
o2 yehyth E3 AR+CCY 100, 500 ug/mL FE=ojA
29.67+0.00 (p<0.001), 74.00+4.41 pg/mL (p<0.001)E
FYHor w2 IL-28 AXAST (Fig. 2-B). 53
AR+CC9] 500 ug/mL s=olA= AR E& CCY 22 5k
o} mlmste] &2 IL-2 E8E Yech (p<0.001). 2t
IL—4 level2 detection limito|sl2 A& 4~ g3t

A

Cond Lps(ng/mL)

1L-2 (pmL)

Control 100 500 100 300 100 300

AR (ng'ml) CC (ng/ml) AR+CC (ug'ml)

Figure 2. The effect of AR, CC and AR+CC in splenocyte. (A
Splenocyte proliferation B ; IL—2 level in splenocyte) The values
are presented as means*SEM. *p¢0.05 and ***p{0.001
compared with control. T 1(p{0.01) and ¥ (p{0.05) are significant
differences with AR group and CC group, respectively.

4. OVA 22" A vAAZ S5 1
e 9%

A yellA Eﬂ@lHP%ﬂ 2 FFE HAsH] st
AR, CC, AR+CCE kil HIZAN|EZE Eejste] YR
ARESE OVA, B cell mltogen?_] LPS9} T cell mitogen?l
Con A¢) T3t mitogen effectE AMsIGTH ZF FojoA
FAATE QRO 2 3to] ol gt NE F4ETE Fig.
3ol btk EAAZNA FU OVAY] disiAe BIFA]
T =2o0] gukE|z] k9T, Con A} LPS A& A zkzt
73.43+3.57%, 158,94+7 52%2] v|AA|E F21& 235+
ot OVAR 7FRRAZl fgizFoAes OVA  AHF A
31.34+2.71%, LPS A7 A] 89.26+4.35%, Con A AT
Al 218,06%3.68%% JAE ATt ARTES Z4Z
32.90+4.56%, 74.23+38.09%, 217.14+6.23%2 H|ANZ
9 Z4L guElgy ccEe 13.24+2.94%,
71.830+£4.26%, 205.46+3,45%% JEbd HHH AR+CCES
20.91+6.76%, 141.95+17.71%, 303.79+6.71%% VFepy
otttz ZF o) Boldd vud Zd ARTH CCut
OVA, LPS, Con A HIYA] thzZd} Zo|7} UehtA] ok
o1} AR+CCEL LPS 9 Con A HEA] 424 A HF
MNE AL $EA7l= A2 Yeigten (p<0.001), AR
e CCuIe HmoM= fogt F4adE et
(p<€0.001, Fig. 3).

OOVA-10 m@LPS-2  MConA-d

enocyte (% of control)
3

i
]

Control OVA/Alum AR cc AR+CC

Figure 3. The mitogen effect of AR, CC and AR+CC on
OVA—=immunized mice. Splenocytes were prepared from Naive,
control or AR, CC, and AR+CC—administrated mice on Day 22
and cultured with OVA, Con A or LPS for 48 h. Cellular
proliferation was shown as a percentage of the proliferation of
cells cultured without a mitogen (% of control). The values are
presented as means*SEM. Differences between naive and control
groups were evaluated in each group (**; p( 001) Significant
differences with control groups were designated as ” p€0.01 and
0,001, T T(0.01) and  #(p{0.05) are significant
differences with AR group and CC group, respectively.

5. BA WA IR WA= 9F

A WA o FE2Eo] AR EA43] v 4
2 AAEE] Yot AdE= @ HolA FUeE ALE-
3t OVAoﬂ jgt 53] A9 B A=E vusiat. %

o]g3le] OVA-—specific IgG, IgGl ¥ IgG2aE ELISA
How FAg ZAm AYFT vlmste]  gizTolA
OVA-—specific 1gG ¥ 1gG19] T3 =7} G294 A Z71=
o] (p<0.001) OVAe| ZH=ENSS Ueit &
OVA-specific IgG2ave FF=7l w$ Rol HEo] o8
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om FEEo ¥t UEhA ookt tizxaat vty
AR, CC ¥ AR+CCHIA OVA-specific IgG ¥ IgGl &
948 A STFsIR oY ZF o Fow7te] Rol= §l
Aoz yephgth (Fig.4—A). OVA—specific IgG2a= Z+
A FojFoA FFEY ZolE HERNA] ottt

z27] A9urgolA F7tste 8% total IgM= e 2
I AT diz2FolA A2 231.07+£22.96  wg/mLe}t
372.33+45.60 ug/mLeZ OVA ZZHA| ZF7lEE AR
e (p<0.05), ARTOIA 417.89+53.12 ug/mLOZ
=2 Zol7k giley CCHE2 526.64+31.62 ug/mL
(p€0.05)2.2 Z7}3}9a, AR+CCE2 703.34+75.27 ug
/mL (p<0.0DLE {4 YA F7HEUL, o] AR T
CCETe] HuIME {25t F7He Yerl (p<0.001) F
FYE et AedE8E st AL IS

(Fig. 4-B).
(A) OOVA-IsG WMOVA-I=Gl BOVA-IgG2la
14
12 - .
z 10 A
Z 08 -
2z
% 06 |
i o sxx
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02 -
00 e
Naive Control AFR cC AR+CC
(B) 900

200 4

400 4
300 4

200 A
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Naive Control AR cC AR+CC

F'otal IgM (pe/mlL)
A L=
(=] 2
=) s =2 2
!
5

Figure 4. The plasma levels of OVA—specific IgG, IgG1 and IgG2a
(A) and total IgM (B) on OVA—immunized mice. Data represent the
means+SEM (n=5~6). Differences between naive and control
groups were evaluated in each group (*; p¢0.05 and **;
p<.001). Signiﬁgant differe*qces with contggl groups  were
designated as p0.05, " ; p<0.01 and ; p¢.001. Tt
(p0.01) and % (p{0.05) are significant differences with AR group
and CC group, respectively.

I oF

W) BEIE slujdre AAYgRY, 3|A5F
5t Aol EFEo] g AAS Y, 7] (@R, A
(Rih) 59 %S = HFo R wol ARREL ofgjolr}?,
o e ATATE APEY, TAFET uE 229
aapyt Bugde’d gex 72 &Y, dYzd? g
3} gap5o] HuEYth {AE Tug AddEE o
Ab, Ashe 53 Zhe Aol ZgtEn, AdW, F2WSH
94, #28, 14 - 15 - Y, FFIE 5ol k Ae=

FeA Qok?, ole} Zol ®B7] (MF)ZES B9k = (B

) 282 SAE widstH dAREoR 2381 st oF
7] (HROE Zstsiy 89 (RS 5% (@H)de 8
Ueblio] 718, &3] (gE)< 7185=, aE S8l ol A
Lol AolH, o] F o7t A 2FE Ao 2= AHY
Bl Ao QAR s8HEE 5ol 1, oF TE
Fof o] T AE /I8t AANERLS =2 (EHE At
HRYSHs 7|89 (RIS X E3tte dA Yok,

A= A A2 AXAYEGA 7] - A9 d=F #H
Bo] wWE SFATE JPst HANERAE TEFS
7[2o g st 7|9t SAF 8 290 AS 7P S5 WY
243 5t yeiged, ZEgo] SA JA7E AEVF
7P e 24e yehlde gEsanY. agug AgdT
Ae 371 SA F7HA Aol disiAT v wskr] gka &
EYES 78R st9 7], SAY vl&dd & in vitro H
o ATE JYPse AR FT|et SAT A AREHE o
E Aol disliA= old Hile] E 27|, A9 HE&E
IE A-gstr|o] F27b Sl olo] & dAdtoA= F oF
A iRt A - & HY &AL vwsty] oty thalAz 9
HIZA|2e] &3 753t dF WYIE2EUY AIH €zt
S in vitro @ in vivo AZA WEzxdE a3 AMsiaL
F71¢ SAE 23hE o2 Aol oigt 8-S st 3
Aol T BAE EstLAl STt

tfANZE HERkge] 276kgat v Eold WHNkEE
gota, EAdstE Woukg AHEo] T cellE 438
Nz dgutgo] FEHERZ W] AN F2 o]§H
o AN B3 A E F9 stbel NOE cytokine©]
U u|Ee S o AN 2o A BEE R ELT
4] (Reactive nitrogen intermediates, RNI)ZA] nitric
oxide synthase (NOS)&} AtA 9} Aglsle] L-LAUS 4
A NOZF AAdd AAE NO= Az i T8 de
7= vAEe] A Hols € FAEZE Fo s WIS
Bojste Aoz 4#A 'Y NO7t "gold AAHH
A, sl g3 237 &4, sdwol, AFxE
9 &4 5 doA AW fEliE eSS Uels Ao
= A Y. o]E NOE: o]FF AAL sz
9lo] thAA|Ze] HEHLS RAALY Wo] o]&EHT QI
072 wheba oFEAE Al AEZEAL SR = BE
oA NO AL £X8H HWYsS S7H7I= A= &
e 5= 9l
7] B SAY HA B2 FRolA tidAze] F4
S7HNZIL eE (AZRAF 1000 ¢ g/mh)olXE &
Ade FARAE YA AT NEZEAE UELHA
Foith & A9 w2 TE AF FE fEo BE 5=
oA AN ES FAL F7HZIL &3] F7] Be SAVL
FAATNE YA = 1000 # g/mldAE 94 A=

1o e

o

FNERE ez Pt 849 o5 Aud £ o
A wWaske Aol tAMEY FAd mubHe Ao B
weth, B3 JANEY BHE AEA NO A A5
Fr)e FEAEHOE NO NS FAAZOUY $AL =
£ Aol NO Aol Gee mAA R@ v ¥
el Wig Al NO Aol F7he: Aoz eyt ¥

O 1: 12 wiFE ASE WiFEZE 1000 x g/mlo
A% 37 500 p g/ml + &A 500 y g/mlet vH|@ZE 5
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peH G sEoAY NO A4g=ke] w259 3%
7] NOAAY 549 1,779 sfigsts ol 7)o 9
st NO A4 5 5371 A9 wiges FEH AL
g a)=

HAE U2 durjges 2 T AZ, BAEZ 2 44
Z TOE FAE glom, R 3o Yl Wi T Al
Z, B AlZ 9 giNzs AEd A9e-gat Add wogk
g GEFIT?, wge] 37] @ A S Hukgo] ¥
Ag o] gloma? HAZsS WAEy| Y3 NER
Hrtdo, ol vEANE FAAINE HAZ A3 ] AT
Al 5 u g/mlolgolA FAXZL vlaste 50% ©)dY] f<
A Q= FAETE Uit SA4 AZAl 100 4 g/ml 9]
st A= 30% ol Al F4 a3E UEhdlou 1EE A
ZA] (1000 z g/mholle 238 AZ F42 JAIgk= Ao
2 eyt & A8 widRe de 7 Ee A4 25
APAY M2 FAEY 2 o= A2 FAZ F
st T kA9 wige R g AUA midtes YERER] @9
=2

HIZAZ F419 Thl ¥ Th2 NEZ F ol Alxd 7|
3 AAS P57 98] Thl AZojA Hug:
cytokine¢l IL—29} Th2 A|ZojA EHH|EE [L-4 levelS
2439tk IL-2= CD4 T cello] 9&] AAFEM, natural
killer (NK)cell, lymphokine activated killer (LAK) cell,
B celld] A& FAA7IE A2 43A 3, IL-4= B
cell AARAAZA T HEF, H|TAZ, TH7GAZANA A
A= B cell 24 9@ B3} T cell@Ao 2L 3t= Ao
2 A A7, BAAZA B Ao wWE IL-2
By % 535 A 23 37 B SAY AEE(100
ug/mL)AE] A BEAXFEG F7HE oY s (500 ug
/mL)oAE zol7t gl ASE Yyt WdH F HAE
igtst AR AE Al sEOEHQ L-2 EH] % 538
UeElRS e ohlet £ Y O HFA Bt 22 2]
2 5235 velf ol 371¢ SAY AUA anE gt
=™ Thl AZ2& @38t HY7|5S 43 st U3
oJmjgtt}t, IL—4+ ELISA o= ZHEo| HA ¢ol Th2 Al
3zof gt P I 4= ok

A YeollA HEuhgo] uX= S FRlstixt OVAE
9B Fhoz ARgste] FRAZ BV GBS T &
HIAA3EO] ZFAF T (mitogen effect)S A 23}, 37|
= SAY dE o TE FHeE ARSRE OVA, 74
T Az}t B A2 mitogen?l Con A} LPSel| i3] OVA
Z2re tiz2a vwste zpolzt gle AR Usey F
o] HiFgAE BEoFS LPS ¥ Con A th3] mitogen
effect® AsAl71= A2 Uit F A9 2oz st
o v T MxZe B AIZE wj7f2 sk Waks, & Al
24 "Y1 Ay HYS FTHR7IE AR wddH

ES A HollAd ANE Wgey 24 ads HAs
QA FAFE FAET 4T 2 FEFATAA OVA 737
221} Blmwsle] OVA-specific IgG 2 IgG1E 494 9l
A SR Y Z FEZHY Aole fle AoE UshhTh
Yt total IgM level 23} vlwsle] 37] FoffoA
ztol7h glieu S4 B= F A9 viF FotolA /9
A A FTHESa B8 & oA viReE IgM S

e J

32

o aIHoR ASA7le ASE Yeihth wEkA 3|9
SA 9 wiFdE IgM level F5Al7l= a8l A ¥
< FAIE, 3 F Fdol| gt ol FA whgolA Fa
5t BB S XX|sl= OVA-specific IgG L OVA-—specific
IgGl level AsaIE Ue & Eold HY WS &
At A7lE AoE HAhEL)

2 &
271, A, 2719k SAIY wig 5 A e dWots

o i3t in vitro X in vivo ¥|T AFE A3t Axl,

1. $Al= NO Al &= nAA Xy &7 == &
719 SA Wi FE=o] dAAE NO A FEad
£ UERHh

2. W), A, W% $A NGE BT APAE FAES
Ueh, 7 BEe mEmeld AZSAE uehc
5 oplle] Wigo s wg AEFA B SAEAE o

et

3. 3], A, Vit A HiYE 2T HFAEANA IL-2
o] BH|E ZVMAFeH E3| WigES A 7 %
IL-2 EY]5-& Uit

4, OVAR ZHzrE AN 27), SA, 3719 |4 wigE
Foq A vjRrE BoT v MlEZoA Con A ¥ LPS
of tiglt mitogen effectE Ar5AIFT}.

5. OVAR = AFolA 27], §4, F71¢ 54 vigrE
Eo] Al 8% OVA-specific IgG Z IgGl levelS =7}
AlFHL total IgM level:Z SA4 9 #iFE Fotol| ATt
Z71ER B3] wiEgdE Fowe] ° 93 total IgM
level®] $71& UERd

dedez @7 Bt 84 UEoRt 7 obel 540
et W vhES RS D43t AIF|ATE o] F R uiFt
2 A NO Aol dis 243t ads uvehdH,
OVAZ Z&E o Eo] A] Con A ¥ LPSe thaf v]%
AI3Z2] mitogen effectd ASAIFH LW, F OVA—specific
IgG, OVA-specific IgG1 2 total IgM level =% &7}
NZonE Weluhge] el wSolx Heuhgal Feiso|y
HY ¥hRE-E BFE SsAYE AeR wgEn weka g
7] EE 84 BE ALHTE F oS BERs 1 ¥
g 43t aaprt o itk AS A5

A 2

2 ATEe AFTOstAFAA APk TFE AT
Zhg-o] weksl ATt (#K09061) of <3 3oy, o]
A=Y YTt
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