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Anti-asthmatic Effects of Samjajihwang-tang in OVA-induced Mice

Woon Kil Kim, Yang Chun Park*

Division of Respiratory System, Department of Internal Medicine, College of Oriental Medicine, Daejeon University

This study aimed to evaluate the anti-asthmatic effects of Samjajihwang-tang (SJT) using OVA-induced asthmatic
mice model. Asthmatic mice model was conducted by repeated challenge of OVA using C57BL/6 mice. Each group
was treated with distilled water, SJT (400 mgfkg and 200 mg/kg) extract or cyclosporin A (10 mg/kg) for the later 8
weeks. Penh (plethysmography and enhanced pause), immune cells subpopulation, eotaxin, IL-5, TNF-a, Anti-OVA-IgE
in BALF (bronchoalveolar lavage), and lung tissue was analyzed. No cytotoxicity of SJT was shown on hFCs (human
fibroblast cells). Administration of SJT significantly decreased Penh levels comparing to control group. SJT treatment
significantly ameliorated the increase of total cells number and eosinophil including of immune cell subpopulation of
CD3’/CD89", CCR3", B220'/CD22", B220"/CD45", and B2207/IgE* cells in BALF comparing to control group. Eotaxin,
IL-5, TNF-0, and Anti-OVA-IgE level in BALF were significantly decreased by SJT treatment too. Histopathological
finding verified the improvement of infiltration of inflammatory cells and collagen tissue in the SJT groups comparing to
control group. These results strongly suggest that SJT would be a effective candidate for herbal-originated
anti-asthmatic drug. However, this drug should be further studied for characterization of the accurate action and
underlying mechanisms using variant disease model in the future.

Key words : Samjajihwang-tang, asthma, penh (enhanced pause), immune cells, cytokines, IgE
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T} o1 2AR L UL, BE B4 '
AEAE SR %0103_:3_121435 %“Q’d}ﬂ o] AL A
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olofl ARk= ?ﬂﬂ?ﬂ?ﬁ—J Halo} tidh §58 4BFHCE
THESIIAN HaE FEA AF ok whole  body
plethysmography & 0] &3l 7|=iWlE & HE5HL, 7] HAH
XA M (Bronchoalveolar lavage fluid; BALF) o] &A|E,
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FAFESE, CD3'/CD69°, CCR3', B220°/CD22", B220%/CD45",
B220°/IgE" Al £4:¢} eotaxin, IL-5, TNF-a, Anti-OVA-IgEQ] o
S &40k, HRA] HilE BEZ FOT ZAE YT
Bk violch

Table 1. The Compositions of Samjajihwang-tang (SJT)

2xY yorg 28 (9
iR Rehmanniae Radix Preparat 40
W% Dioscoreae Rhizoma 16
iy corni Fructus 16
P Alismatis Rhizoma 8
B Moutan Cortex 8
BEE Poria 8
& T Perillae Fructus 8
BT Sinapis Semen 8
BEY Raphani Semen 8
] Polygonati Odorati Rhizoma 8
EINES Liriopis Tuber 8
REKE Mori Cortex 8
MR Farfarae Flos 8
%0 Anemarrhenae Rhizoma 8
EmT Glediisiae Spina 8
LLHER Crataegii Fructus 8
% - Amoni Fructus 8
Total amount 184
2.9

1) EFMEE (Samjajilwang-tang, SJT)
SIT 368 goll &F4= 1,500 mE 7}sk
L FETINTE. FEUE EY A
=
[e)

=&
o Y FE7]0A] 34]

T Y SHFA (rotary

1L

evaporator) 2 SE3GLL, T 4 X7 (Freeze dryer)E 0|
a3l 345 g(8 93%)9 B2Ue Ack SX AX3 gTS
& (:847) BHIHEAM HPs 552 A5l A3
2) Az =4 #HAl
(1) Human fibroblast cells (hFCs) i QF

o7 ZZE cool D-PBSE 33] AHT & &S =7}
©3 T2, conical tube (15 mf)ol] o] 1,400 rpmoi| A
A2z 31T 0] tubeo] RPMI 1640 {containing collagenase A
{5 mg/m¢, BM, USA), DNase type 1(0.15 mg/m¢, Sigma, USA),
antibiotics (penicillinm 10* U/me, streptomycin 10 mg/mé,
amphotericin B 25 yg/m)}E 21 37°C CO; BI04 hFCsE
2 AIZF St BHYSISIEE. o3710) 0.5% trypsin-0.2% EDTAE &
7¥sld 30 E7F HiUhLL, Ql4AMHEEI)g S (PBS)E oF 23]

e

[=]
4a]

st

£

510

1,500 rpmojlA] LAIEEIEH 5 RPMI1640-10% FBSE 154 =
BROFSINIET. ©1Z TIA] 0.5% trypsin-02% EDTAE 2|5k
£02  1FYH 33 wiEslel  Aolle  RIME
RPMI1640-10% FBS siQaolA] HlSIAC).

(2) Cell viability =5

Cell viability 252 MIT assay 2 GI3ICh 8HQFSE hFCsZ 96

wells plateo]] 2 x 10* cells X BF3t & wleral 1, 24413 & SJT
£ 500, 250, 125, 625, 31.25 (ug/ml)Q L= BAFIACE T
BTN B RG A

AAEIAL, 2+ wellol] MTT solution 100
WA F7Yel] 4A17) SOt BiBIiT). iy & BF de

3}

putd

M R 2

= 25 A AMAsH
T Z+ wellel] 100 £9] DMSO (Dimethyl Sulfoxide)E 7151
37C CO; BT )0llA] 308 ZQt 912 A]7] & ELISA readerZ A}
£35}1] wave length 540 nmollA] EZTE SHBINCE
3) 71BA Al 4B Hy AE
500 pg/meol ALEP (OVA, chicken egg ovalbumin;
Grade 1V)3} 10% (w/v) AlumE PBSE &£dld} & E&talrt
0] Eg2E 10 N NaOHE pHE 652 ZH35I &h20)4]
WRISHL 750 x g oflA] 58 Fo A2 KA
228t OVA/ Alum FHEES EF/FS4E 7Iokd
2, 100 yg OVAE 02 mE 28
z PLES
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150l 3024 ol 3 34 8F St vlZ
Zact o] uh thAZOEH PBS lEE Alum 17}
CHScheme 1).
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SJT or DW oral administration (6
times/week)

2 3 (weeks)

0
| | | [ |
11
OVA/al

um
(ip)

Sacrifice

OVA Inhalation:
25 mg/ml
(30min/day. (30min/day.

3times/week) 3times/week)

Scheme 1. Asthma OVA-Induce Mouse Model

OVA Inhalation:

OVA (it ! mg/ul

HoE R
OVA/ AlumZE A1 Z2F A7l & 43528 SJT (400, 200
ne/ke)S LTl 631 BF ol BIITk HETOIE BR4E

=Y 47 B, g9
2 B4FA) slirk
5) dgdy +E

Q9] C57BL/6 mouse, & 3002 E 6mlE] 8 O F 5l
& 4+(Normal), t) Z7(Control), PN ERTHCsA T L), 200
ng/ kgl SJT FEEE Tt UBI(SJT200:2), 400 mg/ ke

ZTlE cyclosporine(20 mg/kg)
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EFHERS 47 ZEd

SIT 252 593 AFT (GT00)Y 570 FOZ 519t
{Table 2).
Table 2. Experimental Grouping
Group 1D Treatment Dosage
Normai Distilled Water
Control OVA + Distiled Water
CsA OVA + Cyclosporin A 20 mg/ke
SJT200 OvA + SJT Extract 200 mg/ke
SJT400 OVA + SJT Extract 400 mglke

OVA 1 - 25 mg/wml QVA/album inraiaton. ST Extact Samafirwang-tang Bxract,

6) 71Tl &5
NEdel 582 whole body plethysmography?l
Biosystem XA ZH|E AME3kd Finotto E79] ahio] ule) 4

AlEIsch & 71 EaRE 9l AEQ! enhanced pause (Penh) 448
CH2a} 2O Biosystem XA software & 0123k 241319

Penh ause PEP Pause Te— Tr
Penh = Pause — —— use = .

b PIP Tr
PEP: peak expiratory pressurs, PIP: peak inspiratory pressure Te: expiratory
fime, Tr: relaxation time

TIEA] A

1

0=

# 2E  (Scheme 1)&] uwpAjel OV
inhalation Al 24A17F Zof =EH methacholine 89S
3125, 6.25, 12.5, 25, 50 mg/mS} =X & aerosoldtil, ZHZIo
ol Tk 718 #HEAE 1088 8 JSN R HLIERS)H
Z-BICk
7) 71 2R B 3 M) B 9 (Bronchoalveolar lavage fluid, BALF) £t
71BAH TR (BALFS 37ColM FAIE 10% FBS
DMEM riefll& 7|5kof Hhasied 9 Z1A @i WobEciA]
dRom, ol MFE 33 #ZESICh o] BALFY HZE
Cytospin centrifuge (Hanil, Korea)E 0180k &ol01= kA
Do ek Diff-Quik® @aigle] Sirel MEeg RAkt
drt. BALFQ] 45U -70Co] HEsIEHA d8lo] ALESITt
8) BALFQ] & MEL0} TAM A2 &7

BALFo] ACK 89 (83 g NH,Cl, 1 g KHCOs, in1 7 of
demineralized water + 0.1 mM EDTA)E 37 ColA] BE £0F A
glgldl HEE BOlAZTE o1& T HiAR ‘IEC& =
0.04% trypan blue& %ﬁwz‘sm RNZ0l SAFE HEag =
Haiaact.

9) FHZ B

2218 BALF AlZE0] ACK 8HE 4294 58 ¢ J
sk HETtg %GHAH] w] D-PBSF; QJ Aﬂﬁ@ 2 0.04%
trypan blueZ @4lgh &
5x10° HEZEE  =H 5} =

>

QOH o

T 4cow we  gagu
{immunofluorescence staining) < AASKAT 2171

PE-anti-CD3e, FITC-anti-CD19, PE-anti-CCR3, FITC-anti-CD4,
FITC-anti-CD8, PE-ant-CD25, FITC-anti-CD69, PE-anti-B220,
FITC-anti-lgf & 21 30 27+ YSolM LSAZAC 18 % 3

2 ojd} olAteRE dulaldeR Mgt & flow cytometer®)]

wE A B

Cell Quest ZZ 1M & 0125KA Cp3’ /CD69 B220%/ CD22",
B220"/CD45", B220™/I1gE", CCR3™ M =42 WMEE(%)E 243
& ENESE HEslod 2 ZXolie] Eof Mg
ArESI

10) BALF W eotaxin, IL-5, TNF-¢, Anti-OVA-IgE BV

Al Ao BEISE BALFOA] eotaxin, IL-5, TNF-q,
Anti-OVA-IgEE 286k Y18k ELISA kit (R&D system)E 44
S BABIETE 4 GRS coating $E SWo] A5
microwelld]] coatingdt & 4T oA} overmght3}SiTt. 2t wellz 3
3 washing & ooy MESH & EF (10008 34)E 100

a8 2B 1A B¢ A2olldd FASH & 28] washing
= %O—QQE A Ft T2 antibody Avidin-HRP conjugated
100 B ABIBHIL 1 AIZE ASoiA] BT & Tl AHSIAC

o71e] TMB 71218 100 wWA BFShL obAolA] 30 8
1215t 2 50 9] stop SHE AEISH & ELISA reader® 450
nmol 4 EZEE SE3INACE
11) ZAHEIHEA}

ﬁ}g Hojulo] SA| 10% formaldehyde SMo] TLESH
Adslel 325 Bol 8 Al 4|8 TIE, epoxydl] ZMHGH:
O]AE microtomeSE HTEE THES EEwHd o }
Hematoxylin & Eosin (H & E)I} collagen deposition®450]
Masson-Trichrome (M-T) @S S@aIACH.

12) EAA2)

BoAsioli] ¢ EitE ANOVA and Bonferroni type
multiple t-test JAVA, Bonferroni Ver 1.1)& 243l pite +
sigick 2t AFE G470, d¥7E uRad diusid
p<0.05 & w) £l40] e ALE FHETIIC

(absolute

number)&

o 3 B o

2

1. ST} ME E4

NEEHS BESH A3} hFCsol A= AT HZUES
100 + 0.2%0l thalod, SITS] 500, 250, 125, 62.5, 31.25 (ug/nl) &5
TollA] ZHZ) 816 + 1.8, 924 + 32, 937 + 13, 952 & 46, 97.3
£ 32 (%2 LERITHFg. 1).

Cell wiability (%o)
3

Control S0 250 128 625 3128
Concentration (ug/ral}

Fig. 1 Cytotoxicity of SJT on human fibroblast cells (WFCs). +FCs
were treated wit varous concentration (500, 250, 125, 625, 3125 weg/nml} Of the
ST exract. Conrol was 1ot treated,
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2. 1Y &3

Penh 312 EE¢ 23}, ZE STollA Fadwtol vléka] o
ZONAT FOA UA (P<0.001, P<0.01) E715I99TE CsAS=N
2 625 mg/ml OJHY FollA {4 QA (P<0.001, P<0.05)
ZHABI9ITh SJT2002S 3.125 91 125 g/l EEE A5t &
9144 UA (P<0.001, P<0.05)Z}4=51%1 1L, SJT4007 3.125 mg/md
SEE AL 894 UA(P<0.001, P<0.01) ZA5HHECh
(Table 3, Fig. 2).

Table 3. Anti-asthmatic Effect of SJT on Methacholine-challenged
Respiratory Resistance

Conc. of
ethacholine

(mg/ml) 3125 625 125 25 50
Group
Normal 063004  104+006  221+03 1812038  228:02%
Control 18010447 30120467 49440507 652406577 B80T
CsA 1025017 14750177 2612021  234#009° 306007
SJT200 1224018 19150177 311#072 3905 39704
SJT400 086+007  125+0187 180+019° 306051  £29#027

Normal, Control, CsA and SJT were listed in Table 2. Values represent tre means +
SDin=6). +++: PCO001, ++: P00 compared with normal group. ™* P<0.0CT, *
PC00T, * P<005 compared with control group.

-
=)

——Narroal

———Contral -]
-—&—Cyclosparine A "

e STT200

~-SIT400 )}//

Penh level
L) - 15 w - [ L) ~1 «w o

3.5 6.25 n.s 25 50
Methacheline (mg/ml)
Fig 2. Anti-asthmatic Effect of SJT on Methacholine-challenged
Respiratory Resistance. After of asthmatic model was conducted by
OVA-sensitization for 8 weeks (3 times a week) using C57BL/6 mice, then Penh
level was measured by Finotto’ method. Values are expressed as mean + SD
(n=6).

A B
0
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3 [
z £
: >
? o
3 .
5 z
3 e
E 2w
: :
] |
P
:
- 1]
g

E

Nowal Comml  CsA  SIT20  SJTH00

Naral Cokd CsA SIT2D  SJMD

Fig. 3. The number of total cells (A) and eosinophil cells (B) in
BALF of OVA-induced asthmatic mouse. After of asthmatic model was
conducted by OVA-sensitization for 8 weeks (3 times a week) using C57BL/6 mice,
then total cells and eosinophil cefls in BALF were counted using trypan blue
staining. Values are expressed as mean = SD (n=6). + + +: P{0.001 compared
with normal group. ** P<0.001, ™ P<0.01 compared with control group, * P<0.05
compared with control group.
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Fig. 4. The number of CD3+/CD69+ (A), CCR3+ (B), B220+/CD22+
(C), B220+/CD45+ (D), B220+/lgE+ (E) cells in BALF of
OVA-induced asthmatic mouse. After of asthmatic model was conducted by
OVA-sensitization for 8 weeks (3 times a week) using C57BL/6 mice, then the
number of CD3+/CD69+, CCR3+, B220+/CD2+, B220+/CD45+,
B220+ /IgE+ cells in BALF was analyzed using FACS system. Values are
expressed as mean £ SD (n=6). + + +: P(0.001 compared with normal group.
= P(0.001, ™ P<C.01 compared with control group.

3. WM Zof X
1) BALF & AEZ48} eosinophil MZ40] DX]= HEF

BALF & M E4E count 5t A3 SJT2007-3} SJT400ZS
747} 2.8 + 087} 2.4 + 0.4 (x10° cells) 2 VIERLT CHE 0l B16}H0
2= QoM QA (P<0.01) ZA5KI(Fig. 3A), BALF uj
eosinophil A Z4E count 3t A3} SJT20023} SJT40072S 242}
266.5 + 19.58} 2175 + 185 cellsZ UJER} DR Z] HIGl] 25
894 YA (P<0.05) Zt43I5iTHFig. 3B).
2) CD3'/CD69" X Z4:, CCR3™ MEZ, B2207/CD22" M ES,
B220"/CD45" M| E 4, B2207/IgE" MlE40l miX|= Hgk

BALF U] CD3'/CD69" M Z4E countdt A3} SJT20073%
SIT4007-2 747} 85 + 131} 7.7 + 1.7 (x10° cells) 2 LIER} iR
o] Blgld 2R {94 A (P<0.01) ZABIHL(Fig. 4A),
BALF W CCR3+ A|ZL4E count 3t A3} SJT20023} SJT400F
S 7}7} 7.88 + 3903} 7.35 + 1.38 (x10° cells)2 VIER} th R0l
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Higlel 25 4 1 (P<0 01) 7H481%) O (Fig. 4B), BALF
LH B220+/CD22+ MEZ4=Z count 3t ZB SIT2002 T SJT4007
2 7}7F 5,32 + 0.658L 349 + 215 (x10° cells) 2 LIERLF ) &30l
lo}Oi 25 394 QA (P<0.01, P<0.001) 24313 CHFig. 40).
BALF ] B220'/CD45" Ml Z4Z count 3+ 2} SJT 20053 ST
400742 ZH2} 3,67 + 1449} 3.35 + 099 (x10° cells) E ViER) 2
F Rz Hlslel Fald A (P<0.01, P<0.001) ZHASHKAL
(Fig. 4D), BALF Wl B2207/ IgE MEFE countdt 23, SJT200
T3} SJT40022 7+2F 110 £ 0.1} 050 + 0.03 (x10° cells) 2 L}
ERLL ohaaol vlgke 2% Fold A (P<0.001) Zadldrt
(Fig. 4E).
4. Igk @ AlolETIRIe) nlX]= @gk
BALF 1] eotaxin 9FS ZE8 A3 §JT20023 SJT40057-2
2+2k 316 = 3owr 262 + 49 pg/mlE LER} iAol H1kA
FYY UA (P<0.05, P<0.01) ZABIH U (Fig. 5A), BALF
4 IL-S ke ~—~§§§>} 23 SJT200543 SJT4005-& 2H2F 13.25 +
0.659} 12.55 + 0.25 pg/meE LIER} tRFrol Bigldl BF |
A A (P<0.01) 74512 Ori(Fig. 5B), BALF W] TNF-a &2
ZA S EI ST20023 SJTA00S 2k2) 77.8 + 1948 746 =
173 pg/wWSE LER} iR vk 2% S99 A
(P<0.001) Z+AL(Fig. 5C), BALF W Anti-OVA-IgE S 83}
A} SJT2002 3 SITA002 Z32F 14.3 + 549} 13.1 = 3.1 pg/md
E et iRl vigk] 2% |9d A (P<0.001) 75l
ATHFig. 5D).
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»
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Level of TNF- in BALF pgimb
g &

-]
Leveiof Anti OVA-IgE in BALF (ugiml)

,,jn% @ . C
Nermal Gl  GA SITI0  SIT40

Nomal  Contml A STW0  SIT4e

Fig. 5. The level of eotaxin (A}, IL-5 (B), TNF-a (C), Anti-OVA-IgE
{D) cells in BALF of OVA-induced asthmatic mouse. After of asthmatc
model was conducted by OVA-sensitization for 8 weeks (3 times a week) using
C57BL/E mice, then the level of eotaxin, IL-5 TNF-a, Anti-OVA-IgE cells cells in
BALF were measured using ELISA kit Values are expressed as mean £ SD (n=6),
TR0 compared with rormal group. : P<000%, T PKOOT  PCO05
compared win control group

5. AR gl vlAle G2

A8 23  BAAS H & E G435k Baeh 230 R
TollAl B AARARY GEMEY FFo] VI, V1R
EEL SI715HE0)E B CsARolT, SJT2005* 2|12 §JT4007
oAl FEAEel Fed 71T gso] BF Hadhs AR
LIERGTHFig, 6A). M-TEA510] HasH %iﬂ%o%lﬂy% AT A

& collagen HA HE7F E7I8I QL CSAEF‘
SIT200F o= Hast ASE

Contrel G ST ST

Sornigh Control ‘ (s ' unm T4
Fig. 6. The histological analysis of OVA-induced asthmatic mouse
lung tissue. After of asthmatic modei was conducted by OVA-sensitization for

e

8 weeks (3 times a week) using C57BL/6 mice, then the histological analysis o
lung fissue was analyzed using Hematoxylin & Eosn staming (A} and
Masson-Trichrome staining (B).

i g

T3, ~EH S, BHAS A4E 59 MEsy Wik g
W, TEH 22 THAS FAIE STRIAYCH 90E HE
7HERE ACE MZFED. HAE UEASoR deskd Hal
B 018} AlX|9) BRRE} Y010 AztEloixm, A AAHOR
2HEB0] £V ol WE ABIARE Bgol E7I6HL 3l
7y Ughohch A28 AAEA E TE I s dgo?, 27
Liglol M HAEAL S7hgc] 8 oAl Utk

AAlL e A RS, B EcE HiEE @
Oﬂ Adsied, 1 BRS ®hE OHR KRR ZHE R
=, @ BE 208 Arlsln Yol wgmel RlEo %
NERES ST, BENES [WEEMSIL, HEE ;
TS, LEEES BR0B MREHEIL, PETEE
HCE BRBTE AMS AP

STHEES AWEETe 7208 g 1159 g
7i5l0] UHE RElOR, BEMKSHS O =T (B&F BT
HET), RREIGIL ERESHs 552 7R EM, EMA,
BRI, ARSI S0 fan, WAk KoK AR, HE
PRl UET, FHEES BE LK, BCYE 716k 7)
DARANE NIEF 3BV RS0 RS R4ERrEY 5
ol Al THEEHE Aelo|th A2 Al BEsld 52 H4 B2
W 0|83 QoL MASAE BaeE 3 dadd T, o

ﬁ’r@i&i}%a’ﬁ‘&
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orsl Bk W EAHS 0|83 BSUISol Waly)se] Bk A
T gulslA olRoA T YO SFHIEE et |F
= ek

AEHE TS BARES X278 tEs) ﬂmog T
£ BAU BEHNAH EHo) 455l B, w 59 &
e VEMEN HAY 43 FABICL HAY ol & LB
FES BRLB WREHRSY BEol AI83H, LETEE |
iR MRS BE'S AMESIEE ol BRBKSHE A
BRI TTO) 250l ST & 4 Qlrh ke AT
ol BARECSE QI8 &9 BHS tiAglny Exlo) 7lulgh
11£9) SkNE0] BEHILE, (LETH 28 S 5k HAlQ X7
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