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Stimulation of the Immune Response by Yin-Tonifying Formula

Dayoung Jung, Hyekyung Ha, Ho Young Lee, Jin-Ah Lee, Jun-Kyoung Lee,
Dae-Sun Huang, Hyeun Kyoo Shin

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

Objectives: Three yin-tonifying formulae (Ssanghwa-tang, Yukmijihwang-tang and Jaeumganghwa-tang) were applied
to investigate their immunological activities on antigen (Ag)-specific or Ag-non-specific immune responses in the
murine macrophage cell line (RAW 264.7) and in ovalbumin (OVA)-immunized mice.

Methods: This study was carried out in nitricoxide (NO) synthesis in RAW 264.7 cells and cellular proliferation in
mouse splenocytes in association with three herbal formulas. C57BL/6 mice were immunized intraperitoneally with
OVA/aluminum (100 pg/ 200 pg/mouse) on days 1, 8, and 15. Three herbal formulas were administrated to mice
orally for 3 weeks from day 1. On day 22, OVA-, lipopolysaccharide (LPS)-, and concanavalin A (Con A)-stimulated
splenocyte proliferation and antibodies (OVA-specific antibodies of the IgG, IgGl1, and total IgM classes) in plasma
were measured.

Results: All three yin-tonifying formulas significantly enhanced cellular proliferation by LPS and Con A in
splenocytes from OVA-immunized mice (p<0.001). Also, these herbal formulas allsignificantly enhanced plasma
OVA-specific IgG, 1gGl, and total IgM levels compared with the OVA/Alum group.

Conclusion: These results suggested that the three yin-tonifying formulae could be used as stimulators of immune
response.

Key Words  Ssanghwa—tang (shuanghe—tang), Yukmijihwang—tang (liuweidiuang—tang), Jaeumganghwa—tang
(Ziyinjiangluo—tang), immune response
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5 3% EA il
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g A2 733tee] AHk R4 2k
B (Y eongcheon Korea)®} (FIHMAX
(Jecheon, Korea)Oﬂ/ﬂ 27y sk 4] A
o W& FAHIE Table 13 Zt} o]& AW 74
SFAE v getar 10819 &5 7FsE $ 100°Cel A 2
AIZE B o B FEH (FETL 731\11:1]1‘461
COSMOS660)S  ©]83le FZE3F9th

(2 F2H=7 PVTFDlOOR)% A}ﬁs}ﬂ sk

FEE BZS 4o 582 Table 13 2t

s A
(1 EH"W] o] S5 A
iz 2 AEo] thAMEF FAo HX&
aHE #ZA387] 93t murine macrophage cell

line?] RAW 264.7H|EE 96-well plateo] 3%10°

cellywellZ2 #5331 FA] FZES phosphate
buffered saline (PBS, pH 7.4, Gibco BRL. NY,

US.A)Y &alste w22 Hrbstdch oFAl9

A EZ2 a7l i3k vl wEZ 2 lipopolysacharide

100 ng/mL (LPS, Sigma Chemical Co, MO, U.S.A.)

=2 AREETh 297 vjkE 3 tetrazolium salt®]

CCK-8 kit (Cell Counting Kit-8, Dojindo Laboratories,

B7Kato] 428 o ok

o2 Benchmark-Plus microplate spectrophotometer

(Bio-Rad Laboratories, Hercules, CA) & ©]&3}<]

450 nmollA FAEE Z435Th Control well®

34 EH75l FEHTE well®] FREY] HIE %=

ARSIHIL (NZET 100% 715), 93 welle] Hit
a2 e

Tokyo, Japan) solution-S-

(2) Nitric oxide (NO) A H =4

RAW 264.7 A ZE 48-well plate®] 2.5x10° cells
well2 278 § 12417 wjdate] HAst 2711
ol AW FEES 540 gle Y WA =

T (2200 pgmL)E st Az oR
LPSE =49 (0, 1, 10, 1000 ng/mL)Z ] 2] 51932
™ 18 Al Wi & ASdES 8t NO A
S 489tk NO A3 Griess reagent (Promega,
WI, US.A)Z ©]-§3}4] nitrite ¥ A3l AA
Elied

2) B MAAE 29 L 345 74

(1) vl Alxe] 28 2 ajet
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Sigma—Aldrlch Co, MO, US.A)Z M&3}aL —Z|—/\}7]
£ o]&stdd HFAANEE EEd & RBC lysing
buffer (Sigma Chemical Co, MO, U.S.A)Z A3
=2 AASITE 10% FBS (Fetal Bovine Serum,
Gibco BRL. NY, U.S.A.)¢} 100 U/mL penicillin 2}
100 png/mL streptomycin(Gibco BRL. NY, U.S.A))
S ¥3l= RPMI 1640 BJA] (Gibco BRL. NY,

Table 1. Combinations of Crude Drugs in Herbal Medicine

US.A)d HIFFAZE FAIA 5% CO,, 37°CollA

Hj skt

) B AN F ] =25 A

fililz 27 Aol W &
A7) 98] w8 wjekst v AIEE 96-well
plate®] 5x10° cells/well & v‘:_"—yf‘ﬁi ‘ZFZH —T—%%%
PBSO] &3fste] TR
=24 g3 Uigk HuEAZ T cell lymphocyteoﬂ
o3+ mitogen] Concanavalin A (Con A, 0.5 % 1

Compounded rude drugs (g)
Crude drugs
Ssangwha-tang Yukmijiwhang-tang Jacumganghwa-tang

“}¢F Paeoniae Radix 9.38 4.88
J 7 Angelicae Gigantis Radix 3.75 4.5
%4] 3} Rehmanniae Radix Preparata 3.75 10 3.75
%138 Asparagi Radix 3.75
W2 Atractylodis Rhizoma 3.75
W5 Liriopis Tuber 3.75
A7) 3} Rehmanniae Radix 3
Z13] Citri Unshius Pericarpium 2.63
Z] 5. Anemarrhenae Rhizoma 1.88
31 Phellodendri Cortex 1.88

7% Glycyrrhizae Radix 2.81 1.88
A7} Zingiberis Rhizoma 3.75 3.75
th 3= Zizyphi Fructus 3.75 3.75
2H=f Corni Fructus 5
2tk Dioscoreae Radix 5
9] Moutan Radicis Cortex 375
-7 Poria Sclerotium 3.75
ENA} Alimatis Rhizoma 3.75
3}7] Astragali Radix 3.75
914 Ginseng Radix
v} Cimicifugae Rhizoma
A & Bupleuri Radix
A Cnidii Rhizoma 3.75
9] Cinnamon Bark 2.81

Total (2) 375 3125 43.15
TE (%) 25.5 27.0 13.1
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pg/mL)E AHESIGATE 297 woke & CCK-8 kit
solutionS H7}aled 4417+ o Hioksl o8 450 nm
oM FFEE =43}t Control well®] S350
gk FEHF welld] FFE HIE %2 AL
i, oY well®] Hghs AR

(3) Cytokine (IL-2, IL-4) &4

HI A LA M 2] cytokine EHIHS ZH5}7]
&te] 48-well platedl] 2x10° cells/well 2 ¥t
12A1ZF vl eksle] Qbg3} A7) 3% AW FEE
=4o] gle W9l HolA =9 (100, 500 rg/mL)
2 AYeYtt. FAANETCE Con AZ X33
om 24 AZE uig - A5 HS ] IL-2, IL-4
level S Duoset mIL-2 2 mIL-4 ELISA kit (R&D
systems, MN, U.S.A)E ©]&3slo] =3}t

tlo o Ho

3) OVA ZHat Aol e 243t A4

() 23eE % Fd=2 Fo

78 (17~21 g9 3 C57BL/6 AFH (LA
Enlele, A¥HE ulZF, Ovalbumine (Thermo,
IL, U.S.A.)/Aluminium (Sigma-Aldrich Co, MO,
U.S.A)/Saline (OVA/Alum) T, OVA/Alum
2z A FEE Fow (W FoD)oE 2o
ste] 157U3 w3421 v Al ARSI &
PO Z OVA/AlumS AF T 100 £g/200 1g/100 1
L 835 19, 8¢, 15Y0 458t A4

fEsdon Yare T FAE 4

(mitogen effect)S AA3}HATH

() 8% A LT 274

AW A BAEFS S837] At A
o2 AREgH OVAC tigh 5o]% (OVA-specific)
Ex HI50)F (total) B 22 EHY F& A3}
Aot A3 OVA-specific 1gG, OVA-specific 1gGl1,
OVA-specific IgG2a, total IgM level> ELISA kit
(Bethyl Laboratory, Inc., Texas, USA)E A}&-3}4
ZA3t9 k. OVA-specific IgG, IgGl 2 IgGas
7A23}7] 918} microtiter plate®] OVA (10 pg/mL
in carbonate buffer, pH 9.6) £42 100 pl/well?
7k - 4°Col|l A 24A17F HEEAIA OVAS H3HA|
Zth Total IgMe ZA3}7] A3t IgM capture
antibody (Ab)E carbonate buffer (pH 9.6)°l 1:100
o2 3439 100 u/well® 7}3F 3 4°Col| A 244
7t BESAIA ABE FFAAY. 27t wash buffer
(50 mM Tris, 0.14 M NaCl, 0.05% Tween 20, pH
8.0)Z 3 A H3 & blocking buffer (50 mM Tris,
0.14 M NaCl, 1% BSA, pH 8.0)Z 200 ul/well?
Brhslel ol 3083 BAse] HSelze 2
RS AASIA T Wash bufferZ Al &3 & &
g 1:1000 (OVA-specific IgG, OVA-specific
IgGl), 1:5 (OVA-specific IgG2a) T+ 1:10,000
(total IgM) 2.2 3]st & 100 pb/well®) 7}8lal 23
2ol 1AIZF WASIY. AlE & horseradish
peroxidase (HRP)7} ZA3H goat anti-mouse IgG,
IgGl, 1gG2a Ev IgM< 1:100,0002.2 &3}
100 pb/well® 7FskaL el A 1A1ZF B 3 4]
AstH). 3,3°,5,5 -Tetramethyl-benzidine (TMB)-$-
HE 100 pliwell 2 7}ake] WS xpehabar ALof A
SEZ HREAIZL F 2 M HaSOsE 100 pb/well2 7}
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180 Wi
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Ssanghwa—tang Yukmijihwang—tang Jaeumganghwa—tang

Fig. 1. The proliferation of RAW 264.7 cells treated with Yin—tonifying formula.

Cells (3x10° cells/well) were seeded into 96-well plates and treated with Yin-tonifying formulas for 48 hr. The unit of concentrations
of Yin-tonifying formula is pg/mL. The values are presented as means*SEM. Differences between control and herbal
formula—treated groups were evaluated in each group. *++; p<0.001.

ato] HF3-S FAA| 7)1 450 nmolA] EREE =3 2 3}
st
1. AAEZ EAdstel mA]= F3F
4) EAAE

RE =24 A= meantSEMOE e om A
HFE 749 Xfo]= Student’s t-test (Excel 2007
program) 0.2 Fo S HF3HATh

30
25 | B2
20 ek
=
= 15
o
=
10
5
- W om oW . m & & e oo
0 1101000 2 10 20100200 2 10 20 100200 2 10 20 100200
LPS Ssanghwa—tang  Yukmijihwang—tang Jaeumganghwa—tang

Fig. 2. The stimulation of NO production in RAW 264.7 cells treated with Yin-tonifying formula.

Cells (2.5x10° cells/well) were seeded into 48-well plates and treated with herbal formulas for 18 hr. LPS was used as positive
control. The units of concentrations of LPS and herbal formulas are ng/mL and pg/mL, respectively.

The values are presented as means+SEM. Differences between LPS 0 (control) and herbal formula—treated groups were
evaluated in each group. *+p<0.001.
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qohg 9l 691 : tRAR fikz 2] WY BAE Wi AT - SUASE, ASS, B - (789)

UElN OB 2 (data not shown) ©]52] RAW 264.7
AEE o] &3 &% AMlA 200 pg/mL o3¢ &
=5 ARESRAITE B8RS 2, 20, 200 pg/mLolA
277 vlawste] 53.08+1.37, 66.78+2.95, 35.97
£1.84% (Z p<0.001)9] AN E FAHEHE e}
o, SPAFFE 2Ty zpolzt gllen, zb
7432 2, 20, 200 pg/mLolA ETF} vt
12.03+0.70, 23.24+1.27, 18.01+2.56% (Z} p<0.001)
=4 95 YR thFig. 1).
A Ee] &3 Z|EQl NO BAHFS =
An, FAT Mz WA i No9 &

o & de z;

LPS (o 001-1 ;,/,g/mL)L 1 ﬂg/mLoﬂH 23.78+1.34
uMi 279 36H) ©]FoE NO S Fds
£ ASZ YET (p<0.001). ¥ 352) An B5F
NO A4S kA e Ao= YehdthFig. 2).

-

2. B WIGAE S5l WA G

Belg 47w E 2 2
MAAES] B4%5S AN 23, PR
Z

AFEE Con AE 0.5 EE 1 pgmL HEA 42

‘]60 - W%
140 -
120 - A o
100

80

% of control

60
40
20

0 -
3] P o0 o
: © v

NN \%A%\{L@ NN

TN

53.22+1.92, 44.7£3.07%E 40% o|3<] HIAAE =
AEHE JEIT (p<0.001). 232 625, 125,
250 pg/mLolA 11.14+4.79% (p<0.05), 14.33+3.00%
(p<0.01), 13.62+4.12% (p<0.05)2] BIZAE 25
S YUel oy, Su A8 dx2a 3 atol7t gle
Aoz Jeigth A3 125 pgmLolA
112.50£3.21% (p<0.05)2] BIGAE F25S YE
WrkFig. 3).

| AF A WA S5l

Al vR= 3

Fog AF <

AN EE B s} %‘ﬂ_i AHE-3E OVA, B cell
]

mitogen$! LPS$} T cell mitogen®l Con Aol T3t
U]EHI Eﬂr% Akt Zb FodToll A mitogen
[e]

A
%o FAYTS HE2TFORE Fho] o]
KHUP AE Z2Ea3E Fig. 4°ﬂ YER Ttz
A A9 OVAdl gk RS YEREA] Sk
LPS9 Con AAHZAl Z+7} 59.09+6.19%, 52.25+
3.53%9] HIZAE F4S L3 OVA/Alum

o 0 do I N SN
P~ P \b?> %\(_7, & N @

ConA Ssanghwa—tang

Yukmijihwang—tang

Jaeumganghwa—tang

Fig. 3. The proliferation of mouse splenocytes treated with Yin—tonifying formula.

Isolated mouse splenocytes (5x10° cells/well) were seeded into 96-well plates and treated with Yin—tonifying formula for 48 hr.
The unit of concentrations of Con A and Yin-tonifying formula is pg/mL. Differences between control and herbal formula-treated
groups were evaluated in each group. * p<0.05, *+p<0.01, *+p<0.001
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o OVA-10
B LPS-2
250 1 m ConA—4
200
°
5 150 1
5}
5 100
R
50
0
Control OVA/Alum Ssanghwa—tang
A

% of control

o OVA-10
450 m|PS-2
400 = ConA—4
350
300 -
250
200

150 -

100
50
0

Control OVA/Alum Yukmijihwang Jaeumganghwa
—tang —tang

B

Fig. 4. Effects of Yin-tonifying formula on OVA- or mitogen-stimulated splenocyte proliferation (A; Ssanghwa-tang B;

Yukmijibwang-tang and Jaeumganghwa-tang.

Splenocytes were prepared from control, OVA/Alum or herbal formula—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 OVA/Alum and herbal formula—administrated groups

were evaluated in each group. *p<0.01, *p<0.001

ToAlAE OVA Al 16.80+3.10%, LPS 24
67.04+1.15%, Con A A2]A] 48.59+2.47% (p<0.01)
o AEZFA 2 7 vepgth B8t Fo
< OVAdl tsiXe AEZ4e] fatslA] ekokar,
LPS, Con Adl tial4] 71.33+5.12% (p<0.05), 102.13
+6.42% (p<0.00)E HIAAE Z2& et
(Fig. 4-A). SH A £ OVA, LPS, Con A
A A 22t 16.25+2.52%, 146.43+2.49% (p<0.001),
261.25420.62% (p<0.001)2] BIZME F248 f
S A8 F9FS OVA, LPS, Con A #
A Z+2F 65.05£11.19% (p<0.001), 156.90£6.07%
(p<0.001), 190.92+10.21% (p<0.001)<] HIZAHE =
A& st thFig. 4-B).

ol AxE FFshH OVA/AlumTolA OVA
of gk BIFHAIE F2 o] o 16% S7HEAL 3F
AWs Ae7sd F97T OVA/Alum ¥} Hlal
A F9Hd BAAE F4 a9E Ygidg
(p<0.001). B cell mitogenq! LPSS} T cell mitogen
¢l Con Aol 3lA v|EA a3E 7AA3 Ay} 3
T ARl A3y, v, ASAsE F
T2 OVA/Alumi 2t} LPS 2 Con Aol thh o]
B 53E 7P AR VY (7 p<0.001).
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Aol X OVA-specific IgG, 1gG1S A #3F A3}
OVA/Alumiol| A Z}7} 7.56+0.56 pg/mL, 44.18+2.68
pgmLE OVAS ZHE S YRt OVA 7
2} AF ) A FEES T A AR T
£ OVA-specific IgG, IgGl levelo] Z+Zt 23.64+
3.25 pg/mL (p<0.01), 144.18+19.92 pg/mL (p<0.01)
2 Yegton OVA/Alume¥} Blmsle] 3.1 2
3280 S7tE Zo® UEsTHFig. 5-A). SRS
B2 OVA-specific 1gG, IgGl1 level©] 15.33+0.61
g/mL (p<0.001), 157.39+3.08 pg/mL (p<0.001)2.2
OVA/Alum 73} Blarate] zhzk 2.7, 3.28) Z71A4]
AL, ARSI OVA- specific IgG, IgGl
level©] 22.79+2.91 pg/mL (p<0.001), 178.42+11.21
rg/mL (p<0.001)©. 2 OVA/Alum 3} Hlwsle] 7}
7} 4,14, 3.78) S7HA A tKFig. 5-A). 284 OVA-

specific 1gG2a+ detection limito]3t2 &3 4= ¢l

rr

%

oft

%7] HkSo A Z718ke 85 total [gMS 3
23 Ay hE2TH OVA/AlumToll A 22} 228.02
+24.33 pg/mLS} 317.62422.72 pg/mLO.Z OVA 7+
ZPA] 148 S7HE AT ASRE T 496.60+
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Fig. 5. The plasma levels of OVA-specific IgG, OVA-specific 1gG1, (A; Ssanghwa-tang, B; Yukmijitwang—tang and
Jaeumganghwa-tang and total IgM (C; Ssanghwa—tang, D; Yukmijihwang-tang and Jaeurmganghwa-tang on

OVA-immunized mice.

Data represent the means+SEM (n=5~6) *p<0.01 and »+p<0.001 compared with OVA/Alum

76.78 pg/mL (p<0.05)Z OVA/Aluma3} H|u &}
Lo} 53 ASE UelthFig. 5-C). §PIAS
g 22739 total 1gM level> Z2}F 679.77+
133.67 1g/mL(p<0.01)2} 504.00+43.34 g/mL (p<0.01)
02 OVA/Aluma3} Blwste] 2.1, 1.6¥) 7}
AUTtHFig. 5-D). & ATl AR 35 filikz 2 Al
RS 5% OVA-specific IgG, 1gGl 2 total IgM

level S

QA= zpel =3 Ak HYol ©F 3
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HATE g7 gz 175 AN a3t Fe9F 4
A &3, P& o|ga T Fo] Hud uf 9l
A, SR Gere] AFERES EAF APATE
e AN 24 2 BHE 5y, AANT B3 2
o 27 Hsad A% B F A4 rAe 9,
P a7, Wr)e 24, P8l &9, F5E
7 9235 vAe JF, s 28 VA=
FF Sol Bud v P LA 954
AEZBHELEY] EuE dAsle 89, 34g,
5, 349AE9 5y Fo] RuHAG B o
TAXE ©]F 3F AWEo| A Wold 7 7]&
2 WY &4 HFS 95t diAAE ¢ Hlxohﬂ
¥o 2 gy AR M WIS
Aske], A 3F9 w2k 3% Ao |
HEg-ol gk zolE wlwstaal sk

A= AR el A T, B lymphocyte9} Bl&
of g AAAE, FAAE, BDasHA | Ax
AA, ZT9 A3t 59 T3 WS LS
ste Alx= 4eA Aok E3 NOe
vasodialating agent, neuro-transmitter 241 2] 2§
of Algtolyt A Ee] BIEo]A WAk
A2 2 deiA o, AF M= l—E?O] 2l
9]r SFT Y FAAES THAE AEAA
e ez g ﬂE}””) No7} Pgo
A o5k} =
Hol, NAZxH &4 55 om-»g}oq A 3]

# 482 Yrle ResE EA A9, of

i_,

9} #o] NOE ©|F3 42& 7HAaL glo] th4 A=
o wonky AT ®ol o]&H om}” ),
B Aol e A 3% Bl NO AT
AAG A3t 339] AW 2F NO S 0%0}11
BE Ao Hol gAMEE BstE AT 1344
A RMG7ls FANE 9T WA @B Qo=
jd.

olps Z0% 23 4712A
A AL A EL HETFE o] Fo|H sinusoid
2 7AH A =std A8 9 E L AAHE 3

™ T AIEZE o]F3] periarteriolar

lymphoid sheath (PALS)E Aty F9& Seii
I ok PALSY] uPZZo| $1X]3F marginal zone<
primary lymphoid follicleZ & o] 1o B A
7t Bol £XEH| glo] WS AMsker FE
ARGETED. ole] 3% fiiiz o] i@ Al
T FHAARE AU T Al Z431E vl
3laAl T A mitogen?] Con AS YA tIETL
= /\]__Q_sl_cq gL o _u_o]—odli]- /)KL:Q](E]—J,]. Z]— §]_
e F4A AAE F4 a3E el H
A E Z2410] Thl 2 Th2 NE F oj= A X0
A" AME FAP57] 98] Thi Al #
H|E]= cytokine®l IL-29} Th2 A|Eo|A EH|H+=
IL-4 levelS SA3Q. IL2& CD4 T cello]
93} 2§A4+=]H, natural killer (NK) cell, lymphokine
activated killer (LAK) cell, B cell®] &S 714
7le AeZ 4¥A 93, IL4+= B cell 4ZRAA=
A T H2F, T E, SH7IAIZANAM A H T
B cell 54 2 £33} T cell 49 22S 3= A
oz Ay Quid. B AFATA L2 2 L4
level& Z43t¥oy HEFXA o} (data not
shown) Z} o] 2 A8 F2e &9 & F
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