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( Abstract )

Effect of Perillae Folium Extract on Regulation of Type 1 Allergic Response
in RBIL-2H3 Cells

Gok Su Yeong ¢ Yu Sun Ae « Lee Seung Yeon
Department of Pediatrics, College of Oriental Medicine, Dongeui University

Objectives

Perillae Folium (PF) has been widely used in Korean herbal medicines used for treatment of acute and chronic
inflammatory diseases, such as rhinitis, asthma, and enteritis. In this study, to investigate the protective effect
of PF on type 1 allergic response, we determined whether PF inhibits early or late allergic responses.

Methods

The effect of PF was analyzed by ELISA,. RT-PCR and Western blot in RBL-2H3 cells. Levels of 3
-hexosaminidase, interleukin (IL)-4 and TNF-a were measured using enzyme-linked immunosorbent assays
(ELISAs). mRNA levels of cytokines and enzymes were analyzed with RT-PCR. Signal transduction was analyzed
with Western blot.

Results

We found that PF suppressed [3-hexosaminidase release in RBL-2H3 by the IgE-DNP-HSA stimulation. PF
also significantly inhibited enzymes level, such as COX-1, COX-2, iNOS, and HDC2, along with reduced
cytokine levels, such as IL-2, IL-3, IL-4, IL-6, IL-13, and TNF-a in RBL-2H3. In addition, PF suppressed the
phospholyation of ERK1/2, JNK1/2, and IxBa.

Conclusions

Our results indicate that PF protects against type 1 allergic response and exert an anti-inflammatory effect
through the inhibition of degranulation and expression of cytokines and enzymes via the suppression of signal
transduction.

Key words : Perillae Folium (PF), Type 1 allergic response, [3-hexosaminidase, Cytokine, Signal transduction,
RBL-2H3
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1. A%

H Ago] AE% anti-dinitrophenyl(DNP) immuno-
globulin E(IgE), DNP-HSA+ Sigma(USA)Z5-E], Dulbe-
cco's modification Eagle medium(DMEM), fetal bovine se-
rum(FBS), penicillin, streptomycin 2 trypsin-EDTA sol-
utiong Gibco BRL(USA)EH-E], tetrazolium bromide
salt™MTT) & dimethylsulfoxide(DMSO)+= Amresco(USA)
ZHH,
pha(TNF-a) kit== BD Biosciences Pharmingen(USA) 2. =
FE, RT-PCR kit(one-step RT-PCR PreMix kit)=
iNtRON  Biotechnology, Inc.(Korea)ZH-F,

Interleukin(IL-4)¢} tumor necrosis factor al-

anti-phos-
pho-extracellular-signal-regulated ~ kinase (p-ERK), an-
ti-ERK, anti-phospho- ¢-Jun NH2-terminal kinase(p-JNK),
anti-JNK, anti-phospho-inhibitory-kappa B alpha(pIxBa),
9 anti-B-actin primary antibody+= Cell Signaling Techno-
logy(USA) S 2 F-E|, Horseradish Peroxidase (HRP)-con-
jugated secondary antibodyw Kirkegaard & Perry

Laboratories, Inc.(USA)E FE] 43t A& ch

2. NBQ| &5

B Ao AFR-E &Rk #E(Perillae Folium: PR <1
S BT, ol A Tdske] ARESFATE PF 100gS
FHTFE KIS 119 75% EthanolS Hndlke] in-
cubator (iNtRON BIOTECHNOLOGY, Korea)ollA] 6
0C, 90rpm 271 Bhol|l A 2443 B FZ3IHh =
H &9s dAEEE T s EEsta,
0.2mm 04347(] o] A} o] 3}5}4] rotary evaporatorZ. 200ml
7h HEE iR & ¥ Azt 8g9] fhithi
= EME} -20Col| Bastdoizt 43 AA *ﬂil*‘c’ﬂ

T v Aol 348} 0.2um syringe filtering & 41 3] o)
Agssch
3. M=

RBL-2H3(rat basophilic leukemia cell line)-2 S Al| 3

F8-3) (Korea Cell Line Bank, KCLB)ol|A] &-%F Hko} b
ksl Tl M Z9 S $8+d 10% heat-inactivated
FBS (Gibco BRL, USA)¥ 1% penicillin & streptomy-
cin(Gibco BRL, USA)-S ¥3F3t DMEM(Gibco BRL, USA)
Hj kel oll A v sttt AME= 37C, 5% CO, 28}
oA ksl AlEe S4d e JFEE e
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43171 8k 0.05% trypsin-EDTA  solution(Gibco
BRL, USA)S A 2|5t AMEE HHA1Z] o2 Al vl
Fskat

4. MTT assay

RBL-2H3 A|£9] AE 3 S0l mA= d&Fe ¢
oli7] $l5te] MTTH S AH8-5F4ITh RBL-2H3 cellsE
10% FBSZ E¢3 DMEMO] &EF A7l & 48 well
plate(Cornig, USA)®]| 5x10* cells/mle] M| E F7} ==
B3l 377 5% CO, incubator®| A 24 A7} vl 9ka}
At PFE FEH (0, 1, 2, 4, 8 E 10mg/mhE =] 23t
T AT F WHEAIAT WSS AAGE T Smg/
mle] MTITE 7} wello] ¥ & 4{olE F 447 37T
incubatorol| A Bl &3k B tetrazolium bromide saltZ A A
3} DMSOE 150 pl¥ 33} wello] AR for-
mazin®] & & F A FE3| EEo BF U &
microplate reader(Molecular Devices, USA)E A}&-3}¢]
s700mel | FRES ZH3te] BAg) EBF BB

T3k

5. B —hexosaminidase release assay

G 27] SAEE9] A EQ] EHFol tig A A
F2 AW H7] 938}e] Bhexosaminidased] FH]E =3
3}t RBL-2H3 cellsE 10% FBSE Z33t DMEMO|
HEAN 7] B 48 well plate(Corning, USA)0)| 5x10°cells/ml
9 NEZ 47 H5E BEF59th I ¥ antiDNP
IgE0.5pg/mhE 742kl 37°C 5% CO; incubator] A
24X 7F vieksl Tt 2} well®] M| &S Siraganian buf-
fer(119 mM NaCl, SmM KCl, 0.4mM MgCl,, 25mM
PIPES, 40mM NaOH, pH7.2)Z 2¥ A A3 otg 7
welld 5.6mM glucose, ImM CaCl,¢} 0.1% BSA7} X%
% Siraganian bufferS H7}3}1 PFE =90, 5 ¥
10mg/mhE 1A17F 52 37°C 5% CO, incubatorol| 4] B
< gk 5 DNP-HSA (10pg/mhE A 2ako] 1413t &<k
HEEAI 7] AL ice bacholl A 102 & WAg & vk
ZAANAT AEA 200E 96 well platedl] 27]3L sub-
strate buffer (4-p-Nitrophenyl-N-acetyl-b-D-glucosaminide
1mM, sodium citrate 0.05M, pH4.5) 80plS 2l 37°Coll
A 308 Wl FA 7] TS 7 wellF stop solution 200l
Z Hrlste] Wk8-8 FZAAZ Y. Microplate reader
(Molecular Devices Co. Ltd., USA)S AF&3} 405 nmol|
A FBEE S8 PF AT deTe] F3
T %o E o Aol 93] inhibition(%)< AFE3IATE

Inhibition(%) =(1-T/C)x100
C: Cell (+), DNP-HSA (+), test sample (-)
T: Cell (+), DNP-HSA (+), test sample (+)

6. IL—4 and TNF—a secretion assay

RBL-2H3 cells& 10% FBSE X33 DMEMo| A&
A 71 3 24well plate(Corning, USA)| 2.5%10° cells/ml2]
HNE 47 J=E B3840 1 & anti-DNP IgE0.5p
g/mhE 7F23}a 37°C 5% CO; incubatorol| A 24A17F
wjoFstaTh 4 welle] A|EXES  Siraganian  buf-
fer(119mM NaCl, 5mM KCl, 0.4mM MgCl,, 25mM
PIPES, 40mM NaOH, pH7.2)Z 2¥ A A3 otg 7
welld 5.6mM glucose, ImM CaCl,¢} 0.1% BSA7} X%
% Siraganian bufferS H7}stE S 1 & PRO, 5 ¥
10mg/mhE AHglsted 147 5 37°C 5% CO; in-
cubatoro| A wF3 & DNP-HSA(10pg/mhE * &g+
B 4A7F 52 HFSAIF) AL ice bathol|A] 105 E2F W]
& & W3S TANAY S5ds Bt 5,000ppm
oA 102 Fe+ AR sty 28 45dS -70T
o] Xt} IL-49F TNF-a ELISA kit(BD Bioscie-
nces Pharmingen, USA)E AM&-3le] 24313t Microplate
reader(Molecular Devices Co. Ltd., USA)S A}-&3}H
450nmo| A FREE A FEH 149 TNF-a9
FE& AxksA

7. RNA extraction and RT-PCR

RBL-2H3 cells& 10% FBSE 235 DMEMo| &
AZ] & 6 well plate(Corning, USA)°]l 1x10° cells/ml 2]
HNE 47t =& BT84 0h 1 & ant DNP-IgEQO.51
g/mhZ 7F23}A 37°C 5% CO; incubatorol| A 24A17F
S stk M Z2 DMEMH A2 283k & PR
FEEO, 5 5 10mgm) = A AEste] 143 &
oF wjFsk & PBSE 23] A3 T} DNP-HSA(10n
g/mh& 423t F<k Agste] AgukgS FEait
AEAL AAZ F 1mle] TRizol S 2
& chloroform-& ¥ 1l 1033} vortexing®}al 5,000rpme]]
A 1083t AAEYE &, AFAE Fsk] FFY iso-
propanolS &3sle] EEo F
B AR
(diethyl pyrocarbonate)-DW 20ple] =< 20 Col| B3}
ATt AF o] A8+t RT-PCRE one-step RT-PCR
PreMix kit(iN(RON Biotechnology, Korea)E Al-8-3}a]
45°CAA 30, 94CollA SEZE HHAIZL 3 94°Coll A
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3027} denaturationA] 7] a1, 55 CollA] 3027} annealing
A Z B, 72Tl A 183 extensionA] 7] = cycles 32
3] kR3S 5 mlR] 9 extensionS 72 Col|A] 557F PCR
machine(GeneAmp, PCR system 9700, USA)ol| A =335}
4t ZF PCR productss= 2% agarose gel®| loadings}e]
100V 21004 3023 A7195e F8ke] EAskqith
ZYZk9] primerd] @714 E2 tha3 2T} (Table 1).

8. Protein extraction and Western blot

RBL-2H3 cellsE 10% FBSE X33l DMEMo]| HEH
A7 & 100mm cell culture dishes(Corning, USA)Oﬂ
5x10°cells/me®] ME 71 H=5 EFagk 1 F
anti DNP-IgE(0.5png/ml)Z Z3H2Fskal 37°C 5% CO; in-
cubatorol| A 2447t B2 B kst A 22 DMEMH]
A% 283 F PFE F5E0, 5 9 10mg/nd)= A 2o
A3kl 1 A7 9k ujok3l & pBSZE 23] A3 T}
% DNP-HSA(I0 pg/m & 1417 5<b A elste] mejuh
S8 FE3HTE S B cellst cold PBSE 23] A&
3 oS, 0CollA low salt bufferE H7}3lo] FEA

Table 1. Primers for RT-PCR Analysis

pipettingS}al 158 59k ice®] o] X3 T 10% Igepal
CA-6302 A7Vste] 7384A vortexingdtHth 1 & 4T,
3,000 rpmol| A 108 F¢F YA R 5 A e-tubed] A
SAS &7 F TA 47, 13,000 rpmellA] 304 F3F
HAIEE 5 cytosol E8 S E2]3FH T} protein con-
tent+= Bradford © 2 A 7F3s}H oW, 30~50ug2] T
A& 10% SDS-PAGEZ £&]3}1, Hypond-PVDF mem-
brane (Amersham Pharmacia Biotech)©. & transferd}$3Ch.
Transfer® membrane Tris-buffered saline Tween-20
(TBST, 20mM Tris, pH7.6, 136mM NaCl, 0.1% Tween
20 831 5% skim milkol] 1A]7F FF A2 A
blocking$+ & anti-phospho-ERK(p-ERK)9} anti-ERK, an-
ti-phospho-JNK(p-JNK)$} anti-JNK, anti-phospho-IkBa
(p-IxkBa)®} B-actin primary antibody(l:lOOO dilution) =
4Col| A overnight HF3-3F 3 TBSTZE 33| A|&sla,
HRP-conjugated secondary antibody (1:1000 dilution)®. 1
ARE & A2l M B ZTE TBSTE 33] A X%k
% ECL system (Amersham)2 ©]-83}a] HAA|Z{ ).

Target gene 5' to 3' direction Size
F TCGTGTTGCACTGACGCTITGTIC 444
1L-2
R CTGAGTCATTGTTGAGATGATGC
F GTATGCTGCTCCCGCTCCTGATG 4
IL-3 73
R CATTCCACGGTCATAGGGCGAAAG
4 F ACCTTGCTGTCACCCICTTIC
IL- 351
R TTGTGAGCGTGGACTCATTC
p F GAAATGATGGATGCTTCCAAACTGG 414
IL- 1
R GGATATATTTTCTGACCACAGTGAGG
F GCTCTCGCTTGCCTTGGTGGTC y
IL-13 27
R CATCCGAGGCCTTTTGGTTACAG
F CAAGGAGGAGAAGTTCCCAA
TNF-a 501
R CGGACTCCGTGATGTCTAAG
F TGCATGTGGCCGAGGATGTCATCAA
COX-1 448
R CACGAAGACAGACCCGTCATCTICCA
F ACTTGCTCACTTTGTTGAGTCATTC
COX-2 583
R TTTGATTAGTACTGTAGGGTTAATG
F TTGCCACGGAAGAGACGCAC
iNOS 131
R CAGGCACACGCAATGATGGG
F ATGCTGGGGCTCCCGGACTTC
HDC2 779
R AGCCATGTCTGTACCGTGTCT
F CCACAGTCCATGCCATCAC
GAPDH 568
R TCCACCACCCTGTTGCTGTA

F: forward, R: reverse
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Fig. 1. Effects of PF on the cell viability and cytotoxicity of RBL—2H3 cells

RBL-2H3 cells (5><104cells/ml) were treated with the indicated concentrations (0, 1, 2, 4, 8, and 10mg/ml) of PF for 1h. Cell viability was evaluated

using a colorimetric assay based on MTT assay. Results represent as the mean+SD. * p<<0.05 vs untreated group. The absorbance was measured

at 570nm using ELISA reader.
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Fig. 2. Inhibition Effect of PF on the 8 —Hexosaminidase release from RBL-2H3

The cells(leOscells/ml) were sensitized with IgE(0.5pg/ml) overnight and treated with PE(5 and 10mg/ml) for 1h prior to their DNP-HSA stimulation.

The absorbance was measured with a microplate reader at 405nm. Results represent as the mean+SD. * p<<0.05 vs stimulated group.

9. SAXZ

S SPSS 17.0K for Windows £4] ZZ 1% )
71A& A&t B + FFUAE YERAA L
T FES P<0.05E 33t 2 AP e FA
& £ one way-ANOVAS} Dunett 44 -& A A

3T

M. #E%R

1. MZMZE I 4o o|x[= S

RBL-2H3 A|x9] A& 2 F24d v]X|= Y&
O

Z Agd MEAA 27 0.67+0.03, 0.68+0.03, 0.67+
0.07, 0.67+0.03, & 0.66+0.089] &3 T2 el
10mg/ml F5 o|3fol| Al AEZAYE L F2]of] F3Fe vl

A e Ao2 YERTHFg. 1).

2. B —Hexosaminidase £H|0| 0|X|= H&t

-3k AgtdA oA B-hexosaminidase H-H] ol 1
A& PFE] A5 AWE A3} PF Smg/ml &=l A
15.61+8.10%°] AAZH}E YERHII, PF 10mg/ml
FEOA 245843.82%2 A EHE Yeh)] 2%
(p<0.05) AAEHE YERHATKFg. 2).

3. IL-49 TNF-a cytokine AAt0fl O|X|= 3t
RBL-2H3 cellsol|A] BEH)E 1149 oFL o} F& g
2 317 @& AZoA 9.7+1.4 pg/mlo]Yom, Ao
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Fig. 3. Effects of PF on the production of IL-4 and TNF-a cytokine in RBL—-2H3 cells

The cells(5x10°cells/ml) were sensitized with anti-DNP IgE(0.5pg/ml) for 24h and stimulated by DNP-HSA(10ug/ml). PE(5 and 10mg/ml) was pretreated
for 1h prior to DNP-HSA stimulation for 4h. IL-4 and TNF-a concentration was measured from cell supernatant using ELISA method. The absorbance
was measured at 450nm using ELISA reader. Results represent as the mean+SD. # p<0.05 vs vehicle group, * p<0.05 vs stimulated group.
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Fig. 4. Effects of PF on the expression of IL-2, IL—4,
IL-6, IL-13, TNF—a, COX-1, COX-2, iNOS, and
HDC2 mRNA in the anti—-DNP IgE-sensitized
RBL-2H3

Detection of cytokines secretion was examined by RT-PCR analysis.
GAPDH was used as internal control genes.

2 27 A Z A 28.9+0.7pg/mlE o}FF-E A E 3§}
A & Az Hl3) fF23kp<0.05) F7He YERASL
t}. Wb PFE %55 and 10mg/mhE 2 23 Ao
A Z¥2} 15.8+0.6pg/ml T 10.940.5pg/mlE Lo 2 2}
=23 A Zoj B8] §-23Hp<0.05) A4S BT} EI
RBL-2H3 cellsol| A/ £H]H TNF-q2] %2 o}lF-# A g
E 34 & AlZol| A 13.18+1.11pg/mlo| A o1, 3
07 A3 ALl A 44.34+2.39pg/mlE OFE-E 2 g
5 8kA] b2 Azl sl §93Hp<0.05) F7HE YE
W3lth B PFE § 5946 and 10mg/mhE A 2|3 Al
F oA Z+Z}y 25.9243.54pg/mlF} 22.88+2.19pg/mlZ
Ao 2 A7 Azl Bl £ 3Hp<0.05) TAE B
S THFig. 3).
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Fig. 5. Effects of PF on the ERK1/2, JNK1/2 and |« Ba
activation in Fce RI-mediated signal transduction
of RBL-2H3

The cells was pretreated with PF(5 and 10mg/ml) for 1h. prior to Ag
exposure for 15min. The phosphorylation of ERK1/2, JNK1/2 and IxBa
and ERK1/2, JNK1/2 and [3-actin were assayed by western blot analysis
as described in Materials and Methods.

4. Cytokine ¥ Enzyme Xt W&o OX|= HE
ZA en-

RBL-2H3 cellsol A Th2 type cytokine & G54
zyme A4 o] Wdel dis) 2R AT, o}F-H A
E 1A & MZo) nie) FUo AFT A ZoA
1L-2, IL-3, IL-4, IL-6, IL-13, TNF-q, COX-1, COX-2,
iNOS 9} HDC2 mRNAQ| &d o] A3IA F713}
GO, PR and 10mg/mDhE >8]+ A E o)A mRNA
o] Wyo] FroEHoE 7+A% AoFE Jehgth

(Fig. 4).

5. MZLH ERK1/2, JNK1/2 & I¢ Ba 2| &0 O|X|=
of Sk
oo

RBL-2H3 cellsol| 412} ERK1/2, JNK1/2¢} IxBao] ¥
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doll sl AR A3, oA A2 E HA] &2 AlE
of Hlal] JPOo & A5 MEA p-ERK1/2, p-JNK
1/28} p-IkBa®] &do] F718tA 2™, PEGS and 10mg/
m)E A3k M E A p-ERK1/2, p-JNK1/29} p-IkBa
9] Wtgo] JAst= 2 0.2 Ko} PF7} ERK1/2, JNK1/2
o} IkBag] QI4HSLE AAIStE 02 e THFg. 5).

IV %/T\

YLK UL Perilla frutescens Britt. var. acuta Kudo2] €
o8 —FERE AEta 9 oH Fo]= 20-80cmo] il
T3 A A 23 A 38 AR 0s% §
5o] 9o 1 % perillaldehyde 55%, limonene

20-30%, cumic acid, perillalchol 5] 2)\0114) H}sEA] o)

AErE R E U ok GilEed ok
1) Dol M RIS fnke crilste] 1 ARgo)
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3 AT o]0 Bo ATE B CREEE) o
TEE KEES] HEECE ME AW F R, HG,
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(L FfFHe] T550] Lote] TF7A D IR
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A 18 L 27] vk AR 28] ol vy
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olF Fi Yehes @4 ¢dE7] i (allergy
march)o] 2} sk o] 2|k A2 /N o Tliine s
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AN L] el F3E APAAe) AT 2o
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78Fol A= S7H A
FAYAE AHSHA HH % 144/‘1]& w2 g HA
z7] BHAA Fgol WstE F=sA He A7

Hr
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E‘E

>:lmlolﬂ

of A7} Ha FAA 274 S At
Ak Ao G 27] SAb= A A AL B2t HEo
2obe] B4 A3t X157t Fasit) old A=
vt A oA Auf7t golstar dEiko] Ak
e 7IsEA] Qa1 o] i o] Qe SRARLE
S ARt A2ty wIRkA2Q] RBL-2H3 A 29 A
13 g 27] vh3of thg SARST F7]uk-g-o] o
A ZAHE ZARIA

Ay 27 vhS Aol AA ZEfFE(Perillae Folium,
PF) ¥5(0.5, 1, 2, and 4mg/ml) o] @& RBL-2H3 H]|7k
Ao ot A4S MTTHS AREstY AT
1 A PFe BE FRAA Alxsde A &
ka1, 2 and 4mg/mle] FEoA A ZAZLE ZXAF)
= Z0E YESTHEg. 1).
dg27] Hkgel a3 TS X

Aste TAAZZRE 7|43t 71 E4 4

A3 el 50-2007) B=9] B o
o {X|sh= 22 o wet s15H wizEde] 44
I ik 3 Abge] oF 1077)9] WA ZE 7}
o Al 12A FEH Yot R
Zo] W FodA g dHdnh AxEd
o FeeR [ 78415 Fdsta glom JdEo] o] +&
Aol AgH IgEet wak AFEH S48 AZE
g3y YA gdgsie SANRS 3 4
& % 5-103% ol 'FA3}] histamine 5 ©]H] A4/ H
o] A= ot TFY E5H WAELESE AE B
O WEdth O & FA o) AA mAEEdE A
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