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Effects of Bupleuri Radix on
OVA—-induced Allergic Rhinitis Model of BALB/c mice

Jeong-Min Lim, Jun Heo, SungYub Lee, Jae-Hyun Kim, Bina Lee, Ju-Hee Min,
Eun-Young Kim, Hyuk-Sang Jung, Youngjoo Sohn*

Department of Anatomy, College of Korean Medicine, Kyung Hee University

Allergic rhinitis is a growing tendency to increase. Following this tendency, allergic rhinitis is lively studied also
in Korean oriental medicine. Bupleuri Radix (BR) has been used for many inflammatory diseases, but experimental
backgrounds are not enough to treat allergic rhinitis. So in this study, effects of BR on OVA-induced allergic rhinitis
model of BALB/c mice were examined. Thirty two BALB/c mice are equally devided into four groups: control group,
OVA group, OVA+BR group, OVA+Cet group. The OVA, OVA+BR and OVA+Cet groups were induced allergic rhinitis by
sensitizing to OVA. And then saline solution included BR (10.6 mg/kg body weight) was administered to the OVA+BR
group orally. The number of nasal rubbing and nasal sneezing was evaluated for 10 days and later serological and
histological changes were analyzed. Serological analysis included the serum levels of cytokines and chemokines (IL-4,
IL-5, IL-12, MCP-1, MIP-2), total IgE and OVA-specific IgE levels in serum. Histological analysis included thickness of
nasal septum, eosinophil counts changes of nasal mucosa, infiltration of eosinophil in nasal mucosa and histological
changes of nasal mucosa. The number of nasal rubbing and nasal sneezing was significantly decreased in the OVA+BR
group. The serum levels of IL-4, IL-5, MCP-1, MIP-2 were significantly decreased in the OVA+BR group but the serum
levels of IL-18 had not significance. Total IgE and OVA-specific IgE levels in serum were decreased in the OVA+BR
group, but total IgE levels in serum had only significance. Thickness of nasal septum, eosinophil counts of nasal
mucosa and infiltration of eosinophil in nasal mucosa were significantly decreased in the OVA+BR group. From the
results of this study, we think that BR has an effect on improvement of allergic rhinitis by improving nasal rubbing
and nasal sneezing, reducing histological changes of nasal mucosa and infiltration of eosinophil in nasal mucosa,
inhibiting increasing of the serum levels of cytokines, chemokines and total IgE.
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SRS u)ya)alAdal ¢ Umbelliferae)o]] 43t 244 B
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1. Az

1) AJof

Chiken egg albumin(OVA), aluminum hydroxide:
Sigma-aldrich(St. Louis, MO, USA)IJA F1Ust¥on,

interleukin-4(IL-4), interleukin-5(IL-5), interleukin-12(IL-12),
monocyte chemoattractant protein-1(MCP-1), macrophage
inflammatory  protein-2(MIP-2) 5  cytokine/chemokine
magnetic bead panel kit:= Millipore(Billerica, MA, USA)ofA]
79519t Puried rat anti-mouse immunoglobulin E(IgE),
recombinant IL-69} IL-8, biotinylated IL-69} IL-8, a1
anti-human IL-62} IL-8 5& BD Biosciences(San Jose, San
Diego, CA, USA)oA 1U3stct.
2) A9 )

2 AdoA A SiAe Faob A2k (Seoul, Korea)oA

U By

000 mLe] ER50t 3 WA BA
Z100A 2 A7t 50} 7tg5t9ict. 2592 Whatman filter paper
no. 3(Whatman, Maidstone, Kent, UK)E AI&5to] ofTA|7l &
ojatlS rotary vacuum evaporator(N-1200, EYELA, Tokyo,
Japan)o| Al 74 %35t & TAAZRGI 7.95 %O 2582 UL}

2. 94

1)

c»ol-n

=
Zz3 U7l BALB/c micex= Uzju}o] @ El(Seoul, Korea)Z
ve Tosta. SeEee LE YIS Aodtn $24
¥ 2219192le] 7}o| =atel(KHUASP(SE)-13-006)0] mata 21
HAdct ALSAY 2= 22 + 2°CE 511, &+ 50-60 %= 4
oA sAlstgen, WFap who] R7)= 247k 12 AJZKlights on
from 07:00 to 19:00)2.2 5l¢1, &1 Algt AFEA HEES
stoirt.
2) 22714 vg 2d 9w % 29 B

6 732 &3 BALB/c miceS 27 E It PN £ 0, 7,
14 A#o] 250 pge] chicken egg albumin(OVA, Sigma)?t 10
mg9 aluminum hydroxide(Alum, Sigma)S phosphate
buffered saline(PBS) 1 mLo]] &%3st tr2 200 yLE 7 &
sto] YANYS SESETE 14 AR Sol 3 A5 el 21 &
ASE 10 9 5o ) PBSO] %91 50 pg/mLe] OVAZ 20 L
g uZoz Solstn 28 ot oo B42 J|ckl § el
H|gdo] P54 IEZ Fe(nasal rubbing) A|ZFF ARj7]
(sneezing) 3145 10 2 ¢ B4t JSHZL 10 € 5
2 FControl #, n=8)1} OVA {IUF#(OVA +#, n=8) Az]4]
d4E A Fooldn, KAFT(BR &, n=8)2 BR & F:&&
10.6 mg/kgS, <
(Korean Drug Co., Seoul, Korea) 10 mg/kg2 A2]Ald4 100
pLofl o] WFAF Al 1 A Ao 0.1 mL & A Fofstgict.

A2 s WEUQ 30 LA7HA] PEWIE FAstgoy
opxjat WA 3 A|ZF 9] sodium  pentobarbital(Hanlim
Pharmaceuticals, Yong-in, Korea) 40 mg/kgg 27 £o st
£ oifistl, YRRAE Fotol BAg Aslgon, 2 HY 3
=412 AstsickFie. 1).

oll

s}

FH ) 2 F(Cetirizine *, n=8)2 cetirizine
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Intranasal challenge with OVA
at 2 min before behavior test

Behavior tests :
nasal rubbing & sneezing for 10min

Fig. 1. Experimental protocol for mouse sensitization and drug
treatment. OVA, OVA+BR and OVA+Cet groups were sensitized by
intraperitoneal injection with 50 mg of OVA and 2 mg of Alum on days 0,
7 and 14, then received daily intranasal OVA from day 21-30. In addition
to sensitization and intranasal challenge, selected groups of mice were
treated with BR (OVA+BR group: 10.6 mg/kg body weight) or cetirizine
hydrochloride (OVA+Cet group: 10 mg/kg body weight), 1 h before
intranasal OVA challenge. Control group was sensitized and challenged
with saline. Clinical symptoms were evaluated for 10 minutes after
intranasal OVA challenge from day 21-30.

3) % cytokine &8

Mouse cytokine/chemokine magnetic bead panel
kit(Millipore, Germany)& o]-&3s}o] IL-4, IL-5, IL-12, IL-13,
MCP-1, MIP-2& 7#AFst9ict. zHzto] plateo]] 200 plLe] wash
bufferS i1 AL0A 10 ¥ 594 £AI5t & XIS wello
standard 25 pL& assay bufffer 25 p
LE €9t} 128]1 serum matrix solution 25 yL.E standard®}t
background wello] 21, 3]Ast X 25 pLE sample wellof
Qo] & Hol& & 7 wello] & Ao]& bead 25 pL PojZgich.
o plate® TYz2 A Aop ALAA 2 AlZH WA & wash
buffer2 2 3] $A5t9}t. detection antibody 25 pL& Y1 Al
L20]4 1 At Yr2A]7l & streptavidin-phycoerythring 20]
z 3 E!—S—Oﬂl\i 30 E7F & Aojx9itt. o]2 thA] wash buffer2
2 3] £M|3t & sheath fluid 150 pL& do] & & 5 & Zor &
Aojxq9it}. o] plateE Luminex 200 TM(Madison, WI, USA)&
olgsto] wAatglct.
4) ¥ 5 % IgE%} OVA SolA IgE9] §F 24

} ¥ BALB/c micedldl AAHAE Foto] FAS A
Yupele 59 HETE WD @YL FSslo] ELISA
183to] WY U Edlsts & IgE% OVA Sold IgE%
9tt. £ IgEx capture anti-body$Ql purified anti-mouse
IgEE coating buffer (PBS, pH 7.4)0] 3]A35to] Nunc plateo]
100 pLE $e ok 4 CAM s® Fo agsic
PBST(PBS+0.05 % tween 20)2 33] £A & blocking
buffer(PBS+1 % BSA)2 A-20x 1A|ZF YHGA|ZICE o] ThA]
PBSTZ 3 3 £A & 25 dj 3|Ad" dAyl, standard(500
ng/mL-7.8 ng/mL)o] EA A7}stgct. PBSTE 3 3] 24 3
detection antibody?Ql biotinylated anti-mouse IgES blocking
buffer2 3]Aste] A2oA 1AZF ¥SA|Z1 & PBSTE 6
AMlstgct. tfA] plateg Avidin peroxidase(l mg/mL) 1/4002
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8] AMsto] A2oA 30 #3F ¥HIAIZ & 6 8] AR & 3,355
-Tetramethylbenzidine(TMB) substrate(BD OPTEIA substrate
Reagent A : BD OPTEIA substrate Reagent B=1:1)& 3]A3}o
A2oA ¥FSAIZT. 20 & § 2NH,SO0.2 ¥ A A £
405 nmolx] 0.DFZ FAsIP. OVA Eo|x IgE:
anti-OVA-IgE ELISA kit(Biovender, Brno, czech republic)2
o|gsle] ZAsleic}.
DELEE IR

gz WA 10 4Ao] 4 %, 10 % paraformaldehydez &
1AL 3t BALB/c mice?] 02| Ba|sto |7} FWo 282
AAR £, $L 2RAR02 4 ColN st2g wHeYT} o|F 1
% EDTA £0jo] 14 ® ot 28j3t tho] mpatmo] Euﬂsroq 5
pm £A2 A&4FAMW st BWLS xyleneoz gulabWsty,
ethanol2 §43t & hematoxylin-eosin© @ FAMsto] C]x|8 &
st310]7(DP70, Olympus, Tokyo, Japan)o2 GAststct. 3
Auto] =7 @ $AHY W™ (eosinophil)?] A-SAEL 400 vl 2
g ojulx|o|N 2 7o I HWozHH AFZ0 FY B9
A sgsteen, s WETE A2 Yo eosin A
granule 7]|&0 2 shols}gict

6) A &4

2R U4 + BFEQAHmean + S.EM)Z ®I|5IYCE A
A= BA mZz3 Eé,‘ GraphPad Prism software(GraphPad
Software Inc, CA, USA)S AIEsto] 24E9 =wo T2 x|H9
WHLXE HZY A one-way ANOVAR AASIY 1, 894
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OVAZ {ed L27]/4d Hl°* BALB/c miceo] THY OVA
20 pLg vjZoz Eojstu 2 & FQF o9 ;;42 7\l 14 10
B¢ AA] 345 5=
314(Fig. 2C)F 10 & 3¢ & A7) 314(Fig. 2D)oll chgt 57
ZItE 4t OVA E29 7| Sae AYAALE FF
Folgt gz vl f2stAl F718tHTHP < 0.01). KT
1} cetirizineg 34 £ol3t FAHUEZY AA7] S5+ OVA 7
o] ulsl §-9J5HA ZASHHCHP < 0.01).
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A B 2 ZFAE9O1KP < 0.05), OVA Eo]|A IgE9] =z of QlojA:
s . $A5o2 golgt Ane wolx Yot
E 8 OVA & OVA
i, & oG 13 ¢ OVABRA
E G OVASBR 5 . 5 éé éﬂ g e A B C
3 i
b4
: S S
0123456783910 W13 436780W
Days after OVA challenge Days after OVA challenge
C D

asal Rubbing (second)
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I} 1 —
Control  OVA  OVA+Cet OVA+BR Control  OVA  OVA<Cet OVA<BR

Fig. 2. The nasal rubbing symptom score of OVA-induced allergic
rhinitis mouse. The time of rubbing were measured for 10 min after the
last intranasal challenge. (A) The time of nasal rubbing for each day. (B)
Total time of rubbing for 10 days. Data are expressed as the mean *
standard error. ##P < 0.01, significantly different from the Control group.
**P < 0.01, significantly different from the OVA group. The nasal sneezing
symptom score of OVA-induced allergic rhinitis mouse. The number of
sneezing were measured for 10 min after the last intranasal challenge. (C)
The number of nasal rubbing for each day. (D) Total number of sneezing
for 10 days. Data are expressed as the mean * standard error. ##P <
001, significantly different from the Control group. **P < 0.1,
significantly different from the OVA group.

3. 8% cytokine ¥i3}

g 2r]’d vld 2Eox FF cytokine?| o] T 5
el FEFe Loirr] 23l mouse cytokine/chemokine
magnetic bead panel kitS o] 8&35}0] <274 v|d ndo &
o] £xjst= IL-4, IL-5, IL-12, MCP-1, MIP-29] =& =X
st tHFig. 3). OVAZ A== OVA {§EF2 iz H|sf zt
dZ% cytokine?] %%7} 8-951A Z7}stQTHIL-4, 11-5, MCP-1,
MIP-2 : P < 0.01, IL-12 : P < 0.05). &5 oA = IL-4,
1I-5, IL-12, MCP-1, MIP-29] =%’} OVA {0 H]ste] 89
5HA| ZHASHRTHP < 0.05). Cetirizine2 71 £t FAgxzZ
oA+ OVA {3t vlwsto] MCP-13t MIP-29] &+ 395t
A ZAsFOHP < 0.01) IL-4, IL-59] =2+ Q3] Z75tY
D IL-129) FE Wsk] ik A AW Yo B FAA

SERE-TLY

4. 89 % % [gE9} OVA E0|H [gEo] =& ®ig}
g 27 "|@ mddox A F F IgEQt OVA Ho|A IgE

=
o] =ro] Wt s4H0] F3FS ctojur 7] .,46]1 ELISA ¥}¥& o] &
sto] 2 552 5495}9cHFig. 3). OVAZ A€ OVA QU7

dA F 5 IgES} OVA Eo]A IgEY 5= ZFo] QlojA Hz+
o vl 3 v F= F7tEE FAF 79482 ZHETHP < 0.01).
CetirizineZ 737 Fogt FHdzLdM= A 5 T IgEQ
OVA So|H IgE9] &&= ZRoA foRog Zt4aE: ZAAg B
HUCHP < 0.01). kAT TAAE= BH 5 5 gEdA+= S5 2

M

[}
Correl - OVA OVA+Cx OVAIR Conl  OVS  OVAsCt OVABR

0
Couml OVA QVAH

Fig. 3. Effects of BR on the serum levels of cytokines in allergic
rhinitis model. The concentrations of IL-4 (A), IL-5 (B), IL-12 (C), MCP-1
(D) and MIP-2 (E) in the sera of allergic rhinitis model were measured by
mouse cytokine/chemokine magnetic bead panel kits. Independent
experiments were performed (n=8) and the columns and error bars
represent the mean * standard error. #P < 0.05 and ##P < 0.01,
significantly different from the Control group. *P < 0.05 and **P < 0.01,
significantly different from the OVA group. Effect of BR on IgE and
OVA-specific IgE levels in serum of the allergic rhinitis model. (F) Total
serum IgE levels. (G) OVA-specific IgE levels in serum. Total IgE and
OVA-specific IgE were measured by ELISA method. The Columns and
error bars represent the mean + standard error. ##P < 0.01, significantly
different from the Control group. *P < 0.05 and **P < 0.01, significantly
different from the OVA group.
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6. 3 Jguro] £/ 9 4 WiFE ol AF F= Wt

g7 vE 229 v} RAqAN S4H] WMIFLY] A&
o QojA A7} tlX]= FE moksty] st 7 AE(HiR,
OVA i, RiAFoZ, U EZ)Y v7F AooA] S4bd =
&3 »(Figure 4B)2 £743stgich. OVA {79 3iHg wigdy
S+ UEFat vlwste] {osHA FIH6IATHP < 0.01). KifFo]
3} cetirizineZ F7F+ Foldt FAUWELZ L & o OVA 382
vl wsto] FO5HA ZastFTHP < 0.01).

u)g Aol wl5Zo £H|(Fig. 4C)5 574 Za OVA 7
U2 gixda vwste] {osHA FAYHETHP < 0.01). RiAE
o]F3 cetirizineZ F+ Fod FAHUEFLS OVA {37t o
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Fig. 4. The histological changes of nasal mucosa and infiltration of
eosinophil in allergic rhinitis model. (A) The nasal tissues were stained
with hematoxylin and eosin staining (magnification 400x, square in each
figure 1000x). The arrows denote infiltration of eosinophil. There is clearly
increased nasal inflammation with eosinophilia and epithelial thickness of
nasal septum significantly increased in OVA mice. Bar=100um. Effects of
BR on the infiltration of eosinophil into nasal tissues of allergic rhinitis
model. (B) Eosinophil counts in the nasal mucosa of each group. (C)
Thickness of nasal septum in nasal mucosa. The Columns and error bars
represent the mean + standard error. ##P < 0.01, significantly different
from the Control group. *P < 0.05 and **P < 0.01, significantly different
from the OVA group.
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