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Effect of Sihochicheu-tang and Boikjeungcheu-tang on Immune Cell in

BALF and lung Tissue in a Rat Asthma Model

Ho Cheol Song*, Sung Hoon Kim

Department of Oncology, Graduate School of East-West Medical Science, Kyunghee University

Asthma is an inflammatory disease of airways that is induced by Th2 cytokines and inhibited by Th1 cytokines.
in this study we wanted to investigate the effect of SCT and BJT on eosinophilla and cytokines of BALF in a mouse
model established airway inflammmation. Asthma was induced to male ¢57/bl6 mice. Allergen-specific antibody
responses, cytokine(IL-4, IL-5, INF-y), and eosinophil inflammation of the airways were investigated on the BALF and
splenocyte. SCT and BJT effectively induced INF-y and inhibited iL-4, IL-5 as well as eosinophilic inflammation when
SCT and BJT were administered. Total Ig E level in the BALF decreased. SCT was more effectiveness than BJT. It
is considered that SCT and BJT have faborable effect on the asthma because the asthma specific series of

abnormalities in respiratory system were decresed.

Key words : Asthma, Sihochicheu-tang(SCT), Boikjeungcheu-tang(BJT), BALF, eosinophil, I1L-4, {L-5, INF-y
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A 2737 AEY BHE0l B3AI7 T 4 ARSI

2) ok

E Aglo] ALBE ohlE AlBolA TIsid ARESIRCH,
LeifiianEs(Sihochicheu-tang) 1} #R N5 (Boikjeungcheu-tang)
189 22 77t ey 2o,

Table1. Contents of
Boikjeungcheu-tang

Prescriptions of Sihochicheutang and

Herbal name Species dosage(g)
E3) Bupleuri Radix 12
(L Peucedani Radix 8
FiE Osterici Korean) Racix 8
BE Periliae Folium 8
E3 3 Cinnamomi Ramulus 6
BRR Puerariae Radix 6
25 Scuteliariae Radix 6
R Fphedrae Herba 6
n= Cnidii Rhizoma 6
F 53 Curcumae Longae Rhizoma 4
¥ Asarn Radix 28

Sihochicheu-tang
ERE Lonicerae Flos 12
5-3:3 Astragali Radix 12
2 Magnoliae Flos 8
BlE Angelicae Dahuricae Radix 8
AE Ginseng Radix 6
an Macro?;f/%;%m;h/zoma 4
EInES Ophiopogonis Radix 4
’F Gardeniae Fructus 4
BF Hordel Germinatus Fructus 4
H&E Glyeyrrhizae Radix 4
= Angelicae Gigantis Radix 3
(£33 Citri Pericarpium 3
SEHA Bupleuri Radix ?
big ] Cimicifugae Rhizoma 2
= Asari Radix 2
Nz Cnidii Rhizoma 2

Boikjeungcheu-tang

3) AleF 8l 7171
@ AloF
2 U] AHE% A2 E diethyl pyrocarbonate (DEPC),
NH;Cl, KHCO;, Na, EDTA, mgcomplete adjuvant, chloroform,
collagenase IV, RPMI-1640 uiQfe, , HEIasd
(ACK lysis solution), ethidium bromide (EtBr), dulbecco’s
phosphate buffered saline (D-PBS), minimum

essential medium (DMEM), formaldehyde, magnesium chloride

isopropanol

dulbecco’s
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(MgCl)ye Sigma A} (US.A) AEE ARSI CH, SEolEE
(fetal bovine serum, FBS)Q HycloneA} (Logan, US.A) AEE,
anti-CD28 3} anti-CD3 ¥ Serotec A} (Kidlington, UK)A|&,
RNase inhibitor, Taq polymerase—: TakaraA} (Shimogyo-ku,
Japan)#|&. Randem primer, dNTP, Moloney murine leukemia
virus reverse transcriptase, promegaAl (M-MLV RT, Madison,
USA), RNAzolB= Tel-testA} (Friendswood, USA)AIE, anti-CD3-PE
(phycoerythrin), anti-CD4-FITC (fluorescein isothiocyanate),
anti-Gr1-PE, anti-CD8-FITC, anti- CD25-PE, anti-CD19-FITC,
anti-CD23-FITC, anti-IgE-FITC, anti-CD11b-FITC, anti-CD44-PE,
anti-CD69-FITC, propidium iodide (PI)2} RNasew Pharmingen
Al (Torreyana, US.A) F|E, agaroser= SeakemA} (Cambrex,

USA) MEE AME3INIL, 7]E AIOF2 E& A|2FE AMSIRITE
@ 717
2 A AIRY 7171e gEEE7] (HE, Korea), rotary

vaccum evaporator (Biichi B-480, Switzerland), freeze dryer
(EYELA FDU-540, Japan), CO; incubator (Forma scientific Co.,
U.S.A), clean bench (Vision scientific Co., Korea), autoclave

(Sanyo, Japan), micro-pipet (Gilson, France), water bath (Vision

scientific Co., Korea), vortex mixer (Vision scientific Co.,
Korea), spectrophotometer (Shimazue, Japan), centrifuge
(Sigma, US.A), deep-freezer (Sanyo, Japan), thermocycler

system (MWG Biotech., Germany), ice-maker (Vision scientific
Co., Korea), (OMNI, US.A), plate shaker
(Lab-Line, U.S.A) % ELISA reader (Molecular Devices, U.S.A)
e AEsIRTt

homogenizer

2. g
1) Aol ME

EEHANE 38 BY 244gY) BiRTRE 38 BE 4053
77} R4 2000 mE 7islol 88 FE7I0A A1 FESIH
de dAg g9 oIl ol TY EFEA (Rotary
evaporator, BUCHI B-480, Switzerland) & &&3lcd, 018 T
=4 7%7] (Freeze dryer, EYELA FDU-540, Japan) & 01&3d}
o EERERES 18 6g, BRTHMES 18Y 5589 EFEE
g doj Hgol) AMBBIRICt

2) Adg 28

APZS AP (Normal), ™HZETHControl), SEHATARIE
(SCT), BREEMBBITISE Lrol B AFo] |ARGH 2 &
o Sol2]A QllRIBIA T

3) dalwg
500 pg/meS] YR
Grade 1V)3} 10% (w/v) aluminum potassium sulfate (Alum;
Sigma)Z PBSZE &dlg & &glsict. o] &gtE< 10 N NaOH
2 pHE 658 ZH3I0] AL20)X 14170 SO WAIGKL 750 x g
oAl 58 0 AE @:} o] OVA/Alum AHE (pelletyS
2803 & 100 yg OVAE 02

748 bk % 2ol GO
Tuom HABEE A7) o] % 257

gl (OVA, chicken egg ovalbumin;

=
A
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l(} QT (500 g/ me) 100 b

O1E8led 25 mg/ml
§]/¢U 5 E-O} 1:]] C}
50 mg/mE FUAIZACH

XE
i

2 HAAE AR F 157 MEE SCTe BT &
E (150 mg/kg)E 22t LFYof 53 7’*-? 8o siict AT
Oﬂ‘: BER,E SY 750 I3 E3 FEHETLE 191

3} cyclosporin A (CsA, 20 ng/kg)& 4577 BZAFAl 15T
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Fig. 1. Schedule of ovalbumin sensitization, challenge and drug
treatment. OVA: ovalbumin, It intraperitoneal

5) HARE WA Fold ST B2
HAlo] SR WA WS Aokl HAMS WA Fa
ok & 2% SEfo} @A (fetal bovine serum, FBS)o] ZEHE RPMI
1640 wi Aol 1 mg/ml9] collagenase IVE 7i5h &4 15 mi=Z 3
7°C, shaking HQ7|ollA 308 SO 53 ol RS E
(digestion) 5l HMZE BEI5I T/} EIE #M2ZE sl 2

M 23t £ cell strainer (FALCON)OY ETHA|FAH A|ZE01919] EolE
7] ¢F2 RO BLES AASINICE 018 MEEESE HETF
289 (buffered ammonium chloride (ACK) solution, 0.15 M
NHC1 829 g, 1.0 mM KHCO; 1 g 0.1 mM Na; EDTA 372 mg)&
37°ColA] 58 S0 Mk I*aﬂ—?% %6}11\1715’- CIA] WA 2 Al
A3l & 0.4% trypan blueZ G & A EZFE FHBIMC
6) WS 71 A H EAM A A (BALF)OE_r-H AEY 2
65F 71EAFR] BF 9 FolM dAHg REldt 7 B RE=
HEsld HE MEABALFCERE HEE 2257 2ol
10%FBS/DMEM BjQIoH 1nlS W& FAIE 7|18A (trachea)ol
FAAF)AL HOF Bol 18 & 35 &8 AlA 228t & ACK
FHG 7TAHA 58 B Heisled HEFE SalA17|1 tiA] By

(S ey =1
A2 M35 2 0.04% trypan blueZ G408 & A EZ4E ST
7) cytospinoll O8F ZAET B4
BALF 2RE| MEE 22idt & cytospin (B1 TEholl A

1000 rpmollA] 587F AL EEISH £ slideE AZSIHEL AR
£ == Diff-Quick 89 (Baxter Healthcare, Miami, FL)&
ol gsle] HASIT. o] SR ZR2RE] MEY ZoH QNS
SOT HAMLY typeg BHBICE ASFARIZE (Nikon, japan)
400xoll A1 BESHA infiltration®

8)

479 2AkE BB
SMEZ B4 (flow cytometry analysis)
H o} W ZA AN O ZHE] 2|3 MEZEE THISH M E T

™ BEAMSo| thet SRE o) 8dlel WAPME] YlGkd 2:5x10°
MEZZ ZEGI0] G4 AEENH (1% LEHot EE, 0.01% NaNs
7t e Ql4l B8, pH 7422 18] AXEH 015
FITC (fluoresceinated isothiocyanate) & PE(phycoerythrin)

HPEZo] BEE CD3, CD19, CCR3, CD11b, Gr-1E9 gm]ﬂ
Aol 718k 4TollA] 4087 HFSR|F] 1 Qi LEgHOF
3 MG & MEZIEN EBEAEY WUSE FHERY l
(FACScan, BD Biosciences)Z 2415|930}

9) N1 BXNHABFG HRA G AHA-ETEL vt

@ RNA &

A& HEAS ZAEHVIE FZEA(0.1g)2 RNAzolB
500 wE 21 SHE wi7iA 248kt of Eg 2R
chloroform (CHCl) 50 wE H71er & 1557} tiA] ESINTL
O YSol 15 B7F WXIgH & 13,000 rpmofiA] Y4 BEE|5H &

QF 200 w9 AEWEG 34510 2-propanol 200 2} ST
F Aol o4l 15 B7h eAIEIAck 018 TR
13,000 rpmoilA] 2]et & 80% EtOHZ AIgliL 387
vaccum pumpollA] ZAZEKY RNAE HE519Ct &% RNA
& diethyl pyrocarbonate (DEPC)E AEl1gh 20 w8l 7ol =
o] heating block 75 CollA] E&H 3} AI71 & first strand cDNA
ool ALEIAT
@ dFA-EREL AHARES

X AL (reverse transcription) 1S FHIE total RNA 3
1S 75°ColA] 58 S0 M7 DL, ojoll 25 w 10 mM dNTPs
mix, 1 g¢ random sequence hexanucleotides (25 pmole/ 25
«t), RNA inhibitor=24] 1 i RNase inhibitor (20 U/uf), 1
100 mM DTT, 4.5 u¢ 5<RT buffer (250 mM Tris-HCl, pH 8.3,
375 mM KCl, 15 mM MgCh)E 7ist &, 1 @9 M-MLV RT
(200 U/ )& D}/\] 7}5HiL DEPC Held S84EA 3E Ry

251 ¢
QIA)
L_.‘:

]_O

7120 w7t HEE BINCE o] 20 ol vk EEdg & 42 H
2,000 rpmoi| Al 5§7J AYUFABIA 37T B2 R0l 0F &
OF HH2A|A first-strand cDNAE I8 Tl2, 5TOA] 58 5
¢ wkRGld M-MLV RTE B&43) Al & gidol egd

¢DNAE polymerase chain reaction (PCR)oll AFZ3IACE
3 cDNA PCR

PCRE Primus 96 Legal PCR system (with high pressure
lid, MWG in germany)& o] &3} +=#3i%ct 2H&& o] g
AE 3 o cDNAE F£EOF AMESHL, F&o
B-actin, 1L4, IL-5 §HAKE SZ35}7] 951 sense primer (20
pmole/ 4)S} antisense primer (20 pmole/ x0)E SEHEI 1 w
£ 718kaL, BRA) 3w 25 mM dNTPs, 3 ¢ 10xPCR buffer (100
mM Tris-HCI, pH 8.3, 500 mM KCl, 15 mM MgCly), JI2|1
0.18 ut Taq polymerase (5 U/ pt)E B718t thg & 2a]7} 30
W HEE HIFEESTE JISHL pre-denaturation; 95T, 5&,
denaturation; 95, 5%, annealing; 55T, 1&, elongation; 727,
188 25 cyclesd} ¥ post-elongationg 72704} 38 E919)
A2 PCRE $#EIUCE ZF PCR productsi= 20 pi# 1.2%
agarose gelojl loadingsto] 120 V Z7iolAl 2087 H718 &S

oll thgh primers

el
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10) ELISA Analysis

HFollx Beloh HEMH B4 2} eytokine 4G EHFL
7] 915 14, IL-5, IgE, IFN-y enzyme-linked immuno-sorbent
assay (ELISA, Endogen, USA)2 2 AR IS ZF 59t 2t &
A (antibody)E coating &#&EZMoll 3AFIH  microwello]
coatingBt & 4CollA] overnightS}T). 7} well 33| washing
ABFHOT MAHSH T wHEAHMN EF (1008 34)E 100
WA EFCIACE 1 A S A-eolA] 2RI & 28] washing
d589es MASH U3g antibody Avidin-HRP conjugeted
100 & MG 1 AITH 4204 HRIGH & o] HAGIRCL
TMB 71A & 100 ¥ 2F3d1a riolA 30 22 ‘?}X]@j Z 50
9] stop ENS XIS 2 ELISA leader 450 nmoll A EHLE

—1Xo40 AR

11) Ziﬁ*?éal@&}

HEZ wojio] ZA] 10% EELRo] AT L SO
2 Zmgt & 3 ym F79] blockE A|ZSHA hematoxyline/eosin
I} Masson/trichrome @& A|HSICE

it

1}
1. BALFW Zik7oll IRl Q%
OVA-asthma 83F & 65% BALFZ 2|6} cytospin
FAOKRed) O m’-‘ﬂ P2 Zaein| A 4000 S0l A
8 A3 H4l(asthma)oll elo] E= BALFY TAb7E G4t
(normal)ell B3} DHX—?(control) A8 B SAE A
& UL, AISAHE Boj oM AY S4HE7F #EkE R
oot E4% A1F FVE BEE 4 UATH BAHHY Bo

= T
2 WAzl Hlsle oK} BAVE %7t ZABISICh(Fig. 2)

o
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M

Fig. 2. Phothmicrograph(original magnification,x400) of the BALF
cytospins from a mouse. Arow: eosinophils A: Normal - inhalated group with
saline only B: Control - sensitized and challenged with ovalbumin group C:
Sensitizen and chaflenged with ovalbumin and SCT administrated group [
Sensitized and challenged with ovalbumin and BJT administrated group
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2. BALFW S4H¢ Sof wikls @k
OVA-asthma ¥ & 655 BALFE £/l cytospin 5t
SAFTEMOHRed) 2 E HMEH & ST 4 400u) S0l A FHE
Slol HAl(asthma)o] 010l T BALFW SAME £~ BESH
At B4normal)2 SAMTE FEEA BUL WX
(control)2 126749 SAFE WEEE = QJYAL, ASAHE
AolMe T4 42 tHET| Hldlo] 218l ZHAE]o]
AL X gME wEE £ AN BAEAY BdLe
SAFE 271 9502 i Rol vlgled ekt ZhAasliint.(Fig. 3)
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Eosinophils in BALF

A B > D
Fig. 3. Numbers of eosinophils in the BALF of asthma induced rat
by ovalbumin. A Normal - inhalated group with saline only B Control -
sensitized and challenged with ovalbumin group C: Sensitized and challenged
with ovalbumin and SCT administrated group D: Sensitized and challenged with
ovaloumin and BJT administrated group
3. BALFUY| W& A E20] Ul A& g2
BALFUQ] BE M ZE ZH8 A thETo] 7.64x10° 7N
oIe HIBlo] A SAIHE S HOIEHE! BolFe 242 062x10° /)
9} 1.02x10° 7} 2 Z+4-5kd OVA-asthma #F o4 MAISE o158}
@S g9 E S (infiltration)0] XS] ZHASIGCE(Fig. 4)

L.
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BALF

(Mumber of z 10%)

Total leucocytes in BALF

A B C D
Fig. 4. Numbers of total leukocytes in the BALF of asthma induced
rat by ovalbumin. A' Normal - inhalated group with saline only B Control -
sensitized and challenged with ovalbumin group C: Sensttized and challenged
with ovalbumin and SCT administrated group [: Sensitized and chalienged with
ovalbumin and BJT administrated group

4. BALFWY IL49] =50 ujxle gst

OVA-asthma Q3 & 65E BALFUO IL4 9 =5 & #4A
Blo} Z4l(asthma)oll €1910] 5= BALF Th2 M29] gMEE
HEHeE - A% gdti(normal)d L4 BEE 99
pg/mio|ol 1 tH R 256 pg/miT SV} BIACE A SRIHE
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QEHE £FS thRT Bl 1758 ZAE Bablal, of
SRR FIHOT L4 BAS AHSIATE(Fig. 5)

%6 N L4inBALF
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Fig. 5. Concentration of IL-4 in the BALF of asthma indued rat by
ovalbumin. A Normal - inhalated group with safine only B: Control - sensitized
and challenged with ovalbumin group C: Sensitized and challenged with ovalbumin
and SCT administrated group D Sensitized and challenged with ovalbumin and
BJT administrated group

5. BALFWY IFN-y9] 5ol n)X|= gk

Th2 M| 3Zo] th$} cross-regulation & Thl A ZoA] 4441s]
= cytokineg E7HJH RESE ALF Thl AlZol] 44iEs
BALF 9] IFN-y9] 5.2 &8¢ g3, 842 (normal)2] IFN-
y k= 5.01 pg/mic|Rl il i 272 84 pg/mlE & ¥/ &l
I, ASAHE S FS 254 pg/mlE thE 2ol BIEke] 3.02
Bl 715110, HAENE BT E iRl Hisk 1480 &
7V BEGKY, okE Fo{E Thl AlZ7F 848k o] H4e
IEN-y of] 9J5}d Th2 M 28 AHAIULEA Hrlg ERHoOR
Az AlZATt.(Fig. 6)

0 %

o

507 EFNgamm )54
BALF

IFN-y in BALF (pgfml)

A B C D
Fig. 6. Concentration of INF-y in the BALF of asthma induced rat

by ovalbumin. A: Normal - inhalated group with saline only B: Controf
sansihzed and chaltenged with ovalbumin group C: Sensitized and challenged with
ovalourin and SCT administrated  group D: Sensitized and challenged  with
o and BJT administrated group

Jalbu

6. BALFU IL-59] &Tol nlil= g¢
OVA-asthma 47 E 65335 BALF W9 IL-5 9 =T & 3

5

P
) (asthmajoll §1010] F= BALFY] 4+ Al20) g
S OEACE BFS 40E HdT (normah)e] L5 55+ 0

an

pg/miCIA L NATE 79 pg/mlE £7} BIHCE AEXHY

e 0 pg/mlE Haat Ay IL-57F EO| FA %L, &
BHE FATE AT vislod 17600 Lm0l AIZAIH
g RO F IL-5 Y_HE FXE] Axlsied MK 7t
A5t AFRSIACt(Fig. 7)

om0 dm
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10, LS in BALF
w91 75
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B 7
= o 45
2 4 4
w o]
PR
3 14 o 0
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A B C D

Fig. 7. Concentration of IL-5 in the BALF of asthma induced rat by
ovalbumin. A: Normal - inhalated group with saline only B: Control - sensttized
and challenged with ovaloumin group G Sensitized and challenged with ovalbumin
and SCT administrated group D: Sensitized and challenged with ovalbumin and
BJT administrated group

7. BALFW IgEQ] 5ol BlRle dg

B Qb HEoja] eiAl viSoll it d4HEE BALF Wi
9 Igk Bulgrg 580 2% Fdd(normal)9] IgE 55 0
pg/miOIU L, WA 9.2 pg/mIE AT F71E VIERIRAL,
A SXIAE ST 0 pg/mIE Faat AE gzt &&0] FA]
25t RAFARSATE R vidle] 1700 242 &
BT olE AISXINEY OkE SR IgE Yiks AXS] A
Aokad HAGH Gt eesictil AFREACh.(Fig. 8)

g 107 mIgE n BALF
w9
& 8
B 7
- 6
< s
4 J
g 5]
Fg}) 24
= 14 0 ¢
0
A B C D

Fig. 8. Concentration of Ig E in the BALF of asthma induced rat by

ovalbumin. A: Normal - inhatated group with saline only B: Contro! - sensitized
and challenged with ovalbumin group C: Sensitized and challenged with ovaloumin
and SCT administrated group D: Sensitized and challenged with ovalbumin and
BJT administrated group

8. A& mad RAY H3l
OVA-asthma YFHE 67%F HZ& (lung)E HESHH Bzt &
A E 3 ya(normal) S4M AFo] T iR
z

ng &
T2 AT HROT QlE) 7IERA0] BAY Hrh ASAH
B Ralo] A vt $AF Egol Y /9T B
UHHY SRS BE T BIsl] LAE BRGIA, ATAR
gol o2 =02 @ ZN9 Hay) BEitil AREg
Ch(Fig. 9)
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SEIAIRE T MAENEC] YHEr] Hal Hd 8119 BALFW HAMZ W Zx n)x)= S8

3 { & "h N :
Fig. 9. Hlstologlcal profiles of the lung tissue. A Normal - inhalated
group with saline only B: Control - sensitized and challenged with ovalbumin group
C: Sensitized and challenged with ovalbumin and SCT administrated group D:
Sensitized and challenged with ovalbumin and BJT administrated group A-D: H-E
stain

i

71BA HA2 Ful=r] Soht 11 98] ofE feld 9
A 7F AASEE, 71384 gl Qo) BE2el 5, d
& 3 goal 27t EVHEOEM TR0 PR S0t
£ dEolrt. ojnf 77t FokAle Fol Wit A8, =
BE AU S vt S8o0] UehiA Bt
(alrway hyperresponsiveness, AHR)& £
1 XpZol tjgt 71 E0] £ZubS0] Hat
AS omdict”.
= doIoEE iy &¢, 287 ad
Lo AR A0 it HOlE dElnkg, 37129, 715 o,
& 80l U HAZY Qolo] PR YR 2%
WoEAIA L AT,

STl M9 AFE HET HECE HME0H U5
o REY 288l 352 BESHH ﬁ@?ﬂ AL, RSt A
J1BHL RXEv HREE SR o SRR BREmS
th 51E2 WEY} #IESLIL &0l A TFo] ALEA o &
zlold sE&go] 7IEE L dojdll elo] gL, iks L= +

S5t Mg BWER, MEERT EmwmE, Eiiks e
BR, WIEHSICHY.

RARe BAl] EHEQ AU AT AW 2RES A
S YOI AIBEOIALL AHB7KSE AW HUBICh 1
Bl AIZAHES AlS7F Z2eR W3, 28", a¥, AA,
3, 22 g, 138, 28, USSR FEE A2m, #EE
%, Biime 550] o] A&l Mgt Agolrt

KTt S7telo] 9}

S Yoy

rr
N

HOFHEE B 7mUeE S23, &71, o],
WX, ol ME, WES, 1AL Wol, Ax, g7, {3, *lg, &

o}, AL AFeE FHE JoH, &K
#HE IO BRo| B HWoE §Z0]

o] g ;5.-‘5041 ¥
AE A5F =PE
g0l HES Aatolth o] MUEES MH/NEHAEH InbReH
BREBOITHL o|FFE Aol nlg X5 AMRSH g 2elol
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