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Abstract

We investigated the effect of Perilla frutescens (PF) ethanol extract powder (PF-E30) on the local allergic

reaction activated by anti-DNP IgE and the mast cell-mediated immediate-type allergic reactions induced by compound 48/
80 in a mouse model. One gram of PF powder extracted with 30% ethanol at 80°C contained 12.3 mg of rosmarinic acid.
Oral administration of PF-E30 (0.1 to 0.5 mg/kg body weight) significantly reduced plasma histamine levels and inhibited
histamine release from peritoneal mast cells in mice activated by compound 48/80 or anti-DNP IgE. Moreover PF-E30
dose-dependently inhibited the production of antigen-induced IgE. These results indicate that the PF ethanol extract inhibits
mast cell-mediated immediate-type allergic reactions in vivo and in vitro.
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AS=H] ATkE®). HITHAIES] 35 44 (degranu-
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ZFR15H-S-(anaphylactic reactions)s} THE ThE 3}5H4 wljfxpe}
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Z22]3L antigen-induced IgEo thgt &35 H-A31th

HEME

2zuldA FFEF anti-DNP IgE, anti-DNP IgE 3,
bovine serum albumin(BSA), DNP-human serum albumin(HSA),
a-minimal essential medium(e-MEM),  ortho-phthaldialdehyde(OPA),
metrizamide, avidineperoxidase, ~1213 Bordetella pertussis vac-
cine® Sigma-Adrich(St. Louis, MO, USA)IA 743ttt An
IgE ELISA(enzyme-linked immunosorbent assay) kit BD Bio-
science(San Jose, CA, USA)°l A, Anti-IgE-capture mAb % bioti-
nylated anti-IgE detecting mAb- PharMingen(San Diego, CA,
USA)IA FFE3hT}. Acetonitrile} acetic acide= HPLC #2417
o AMEESITE
2PFEE M=
2% (Perilla fiutescens, PPy U] Z24EE x|oelA Aluj=
Ao 2 735A%(Seoul, Korea)oll X AzsH AL Y43k, Ball
Mill(MM-200, Lab. Corperation, Seoul, Korea) %2712 &)3}%
2, 80°CollA 1081(1:10 wv)2l 0-70% FHo2 8A7H 33 =
=319t 7} FEELS 045 um fiter2 IS, AN L F
Folo] F4 Axsiith 24t $4 Ax3 29FERES ARSSt
7] A7A 20°Co] EABATE AFFERLL in vivo B in
vitro A@Ao= A2 P45 Tyrode buffer A(10 mM HEPES,
130mM NaCl, 5mM KCl, 14mM CaCl,, 1mM MgCl, 5.6
mM glucose, 0.1% bovine serum albumin)®l] -&33}e] AR&-s}Th,

ugs
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Z1 ICR AJF+= Oriental Bio(Seongnum, Korea)olA]

5 eEsh sk

a = T
Z2AE= 3 2242°C, AUEE 55+5%, 12 hr light-dark cycle)s}
A Al vFALESE 22 AHEA AFE stk 23S

AR el st Rt AFe e e Al
TEEE o] 1vRINE 3 Ao R sl e
de BHAATE, Ade 2Eole YA gl Sl
HYFE=(PF-E30)S 77 Folakith

=
a=R
£

HPLCOl o[t 2xOIZIdt Mzt
A2FFEE 22l FFEZL 50%(vAv) ethanololl &3]
3o, 045 um filter® ] 7}s}a, PDA HZ717F A2 HP1100
Series HPLC system(Hewlett-Packard, Palo Alto, CA, USA)2. =
B89 Y. B8 260%4.6nm, 5um particle size2] Symmetry
300A C18(Waters, Milford, MA, USA)S.Z 30°Cel #A|3}59aL
AEIEL 330nmeE 3 TtE #8]8 87= acetonitrile(eluent
AY 2%(v/v) acetic acid(eluent B)YS 22:78 H]&E AMSIHAL -
£2 1.0 mL/min®]™, FYFS 10 pLATH 22utE AL
& F78Y 2RuARS 5-1,000 pg/mLOE sked e ek
< o3t A=kt
Compound 48/80-induced systemic allergy ¥+&
Compound 48/80-induced systemic anaphylaxis ¥+-8-2] <JA|E
Bkl Qlated, 7+ Alge 2wl 7 AF e AeAdael
437171 PF-E305 797} 0.01-0.5 gkg BW 2 Foiaialen, o
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23 28] ARl ARYFRE Folsideh. 28w 7} 3
o) AFE Kim 501902 230l @A compound 48/80< 8
mgkg BW= &} ol U FALE sigich ol% ARl £3s
FES F AFAE MR B AFe T AMGES AT

PCA(Passive cutaneous anaphylaxis) #+&

IgE-dependent cutaneous reaction anti-DNP IgES 3% dlol
FAYsle] ¥ R-2 7HAK(sensitizing) A FE3HAE, 48417 FH ol
DNP-HASE A7 Zlz]e] oo FAlslgitt =, AF o= PBS
o 841t 0.1 ug anti-DNP IgEE 48417+ o] W=gk 4 dorsal
skin site Woll FASIH oM, 7t S F9e &4 I Ao
2 BAEKIY. 7F AFedle 22 A9 53] 4% Evans blue(l:1)
S gi-3k= PBSOl £33 1 mg DNP-HASE FAFSISItE. chal-
lengedl?] ol PF-E30(0.01-0.5 gkg BW)S 747 Fo3l9itt. 2
2] challenge 305 Foll, 2+ AFE FAAIFIZL dorsal skin A
Azt M WAE Z233T). Katayama 5(20)°] WS <A
2 FA, o] 9EE 05mLeY 1.0N KOH¥} 45mLe] acetone}
phosphoric acid(5:13, w/w) EgAoZ FJH fAo R FE31%
o} 989 4= UV-1201 spectrophotometer(Shimadzu, Tokyo,
Japan)Z 620 nmol|Al S5t BFEFALS Evans blueE ¥F
fHo g slo] AFME A8t L&t

Hot H[2EM|Z (peritoneal mast cells) =X

AJF o] Eut H|RH 2= Jippo-Kanemoto 5(21)°] At W
3} o] EelEidit). &, AFE oJH==Z A2 30mL tyrode
buffer B(137mM NaCl, 53 mM glucose, 12mM NaHCO,, 2.7 mM
KCI, 03 mM NaH,PO,) Bule] FAal, B2 of 9% &
F REGA ARSI B9E 2AEHA 93 BoAx
i3l Tyrode buffer B €92 H2HZ H3loz &3}
Beiaith 28y Bu S ALox] 10259 150xgo]
A PR3l 3]43aL Tyrode buffer Boll A A eSS H]
TAIEZE Yut 5(22)°] AR webr] BEAEe] F AR
S 2HE 239t | mL Tyrode buffer Boll @& HuhA| X
£ 2mL metrizamide buffer(22.5%(w/v))°oll T ©|FLF A]7]aL
A2 A 15853t 400xgoll Al LAl SFATE Metrizamide
buffer QIEJT| o] 20l HolQl= MEE FUAA AAS L, F
o] MEE A3l 1 mL Tyrode buffer Al HEAIZTE. H]THA|

2.

Z ZAEY £5E toluidine blue GO g HIA] oF 95%%] T}
M 3] AEES trypan blue uptakeZ H718F9S Wl 97% o)/
o]t}

I

= &3
400xgell A 1085 daliEEstel 848 wpd
Shore 5(23)2] OPA spectroflurometry WHO = =
Aot 47 =(fluorescent intensity)= 353 nmollA] excitingA]7]
438 nm°l| A RF-5301 PC spectrofluorometer(Shimadzu, Tokyo,
Japan)Z S 3IATE AAE 57F HITAIEE Tyrode buffer Aol
ANHEA 7| 2L A ZHAEN2x10° cells/mL)S anti-DNP IgE(10 pg/
mL)E 6A7HES RN Z T AT MEE PF-E30SE 37°C
oA 10852t o¥] B]FA]A DNP-HAS(1 pg/mL)S challenged}
At AE= 4°CollA 5 FF 400xgellM AAEAA LEE
S|~ERI o2 HE] EElE. ME U9 2 S 2ElS 3
2o AEE FHste] WEAA FEXRANA A4l st
Atk 2 WE Asg&2 tha o] Alteldtt.
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)8l E&-(%)=(A-B)/Ax100

A: PF-E30& 2] &}% l B 7459 S|2EN e
B: PF-E302 AP 459 s|2eH W&

Antigen-induced IgE 24

AF ol Bordetella pertussis vaccine(2x10° cell/mouse), ovalbumin
(500 pg/mouse)?} alum(l mg/mouse) 2= F+A3E 200 uLe] &3
antigens B FABIAATE 2 @A E3F antigenS FAF 7
ol A ABF ] 7+ AFe2HE Fstal, IgE 4°ColA]
1525 3F 1500xgollA] AlEelste] 4 o2 ie 4315

.2, IgEY AHL Kim F4)0] AAIZE o
ol captured goat monoclonal antibody<} biotine®] ZA%E mouse
IgE°] ™3 goat monoclonal antibody<}e] ZAgtel 23] =4 =&
biotine/avidine sandwich ELISA(enzyme-linked immunosorbent
assay) "W Z, PBS/BSA(1%)Z 413t avidineperoxidase(1/400)
7F A7rE F, 158 R Fol] ) HEE Titertek Multiscan
MC 340(Flow Lab., Helsinki, Finland)2 ©]-8-3} 405 nmol|~ &
FLE A3 712 ZA 2,2-azino-bis(3-thylbenzthiazoline-6-
sulfonic acid)E A3}t

= mouse IgE

SHXEZ

z} A3 Aol A4l SPSS(statistical package social sci-
ence, version 12.0, SPSS Inc., Chicago, IL, USA)E ©]&3}%2°
o, RE A= 7 4879 meantSD & JAISIAL, 7} +9
p<0.05 22 ANOVAS} LSD testoll 2|3t 774 313iTh

HPLCOl of8t 29

B2 E38)s) %] Al 42 WA 4 T (2010)

tonitriles} 2% acetic acidS ©| 5O E AMS-3le] EFEZQ RT
(retention time)?} UV spectras Hlawate] 18131 Fig. 1= =
zulA2t FFEA 9] chromatogram(a)et 2HFEE2] chromato-

gram(b)& Mo} T3 glowl, 7] EAoIA 122 ool Rl
o FEPE e sl 2xcjele) Aelpaoly e
= ofg) ke FEow A

AlgolA 7dEeE s H9E
"] atod, 2=ukA) 541,000 pg/mLe] H9lelM S48k 0.9978<]
R*R; correlation coefficient)?] Z]A<S A2, Campana 5(25)
3} Natera 5(26)°] A|A18F LOL(on-line linearity)2] Al4F2]: LOL
(%)=100-RSDL.Z 2F&3}o] 99.15%2] LOLS Lth o714
RSD=E HAER FA|H= 718719 4 EFHAle|th Won 5
@7l &8P, LOD(the limit of detectiony= T3} 7+ AJARAL:
(33xc)/Se.Z AXFsIH, LOQ(the limit of quantitation)=(10xG)/S
o2 Axkett 9714 o FAIEL] STDEVRZE 0.00650]% S
= AgEygoeld aHz 714 7G6lope)E 02711t LOD
approx % LOQ approxi= 22} 0.08 3 0.24 pg/mLSith. o] 23}
2 & o HEMe 2G9FEEY 22 g8 S35k
o F28] W Zo® Wk REullibe 3ase 2xuk
A BFL9(10, 100 and 500 pg/mL)S 7138+ A BZ spikingd}
o ZAe A7t 98.40-112.01%th. Al=dle] F3dS H7tst
7] $15te] TR Bk A 28RS dY 33 8 7Y ol
33 A3 AlEAHAZHE A5 A (intra-day precision)
£ 0.90-3.90%, L7+ &4 (inter-day precisionyS 0.61-3.19%] AT}

Table 1= X AGEES AdEE FE2IS 45 %’7“% 5‘31*
fErr 2=epdike] ko] fojAoR A Ushke
W I35 30% oeEE FE3 Ay
mg/gl & 7P =Skt

Fig. 28] A3} 9] Axa9Ede] g ol & F

o %—’F%Ol =7 Urg BolFH, 53] 30-70%9] EEE
Aed 29 FEFE=EY] A5 2okt &l 1134

2=l ﬂ'(rosmarlnlc acid, RA)4 AZvlETe)s TF= ace- 12.45 mg/gii EFEE %9 A9(7.76 mggRtt =94t w
WAL320 nm)
(A)
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Fig. 1. Chemical structure and chromatogram of peak of rosmarinic acid standard and Perilla frutescens extract. (A) Chromatogram of
rosmarinic acid standard, (B) Chromatogram of Perilla frutescens extract (PF-E30).
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Table 1. Rosmarinic acid content of Perilla frutescens Table 2. Effect of PF-E30 on systemic anaphylaxis in mice
(mg/g, W) PF-E30 Compound 48/80 Mortality
Treatment Ethanol (%) RA/ PF powder (g/lkg BW) (8 mg/kg) (%)
PF-W 0 0.89+0.04" None (saline) + 100
PF-E30 30 1.46+0.16" 0.01 + 100
PF-E50 50 1.33+0.08" 0.05 + 45%
PF-E70 70 1.40+0.18" 0.1 + 23*
PF-W: Perilla frutescens water extract, PF-E30: Perilla frutescens 0.5 + 0*
30% ethanol extract 0.5 - 0

*p<0.05: significantly different from PF-W.
Each value is presented as the meantSD value of independent
experiments.

125

_ )
E 120 4
=
=
£ 115
=
[-"1]
=
. 110
8
g 105

100

PF-W PF-E30 PF-ES0 PF-E70
16 -
(B)

14 - a a
. a
3 12
2
g 10 b
R
=
w6 -
=
% 4
£

2 4

0 1

PFW  PF-E30 PF-ES0 PF-E70

Fig. 2. Extraction yield and rosmarinic acid content in extracts
of Perilla frutescens. Each data represent the meantSD of 3
independent experiments, *"p<0.05: significantly different from the
value of PF-W, (A) mg extraction yield/g of PF powder, (B) mg RA/
g of PF extract powder.

2, o]F == AFS FEo] EA U 30% R F
Z3 AWZ(PF-E30)S AFE-3F3 )

PF-E302| 4F{0ilA<l
g27] 430 olxl=

L 27] RESAIA PF-E30 Foi9] JFE AF L systemic
allergy W22 %713} th Compound 48/80(8 mghkg BW)S %
Al systemic fatal allergic reaction inducer®Z AME-3FATH(19). com-

compound 48/80-induced system &

&3}

pound 48/8(}Q Ao Eupel] FALgE —?—, 1 hrs?t BUE & sk
A8 H71SIT Table 2004 & 4= 915°], 100% fatal shock

*p<0.01: significantly different from the saline value.

Table 3. Effect of PF-E30 on PCA reaction in mice

PF-E30 Inhibition
(g/kg BW) (%)
None (saline) 0.00+1.52
0.01 35.33+3.45%
0.05 42.17+4.48*
0.1 63.00+4.60%*
0.5 74.50+4.52%

Each value is presented as the meantSD value of independent
experiments.
*p<0.01: significantly different from the saline value.

= HRTEA 200 pLe] BEAEFE B2 FARI FEEA
. A 2+ ZH(m=10/group)*] PF-E302 0.01-0.5 gkg BW<
TEORE 7Y B TS ), AMES fFoHoR FAsiiinh

PF-E30T2| ‘dF oM PCAEISO I:||3_l|E

Wershil 5(28)] A3l PCA
FH27] es Hrlsls T HhH ]D} Local extrava-
sation intravenous antigen challenges S~H8h= anti-DNP IgE<]

B A2 45yt Aldeoals AFHY 922 dorsal skin
s1tes°ﬂ anti-DNP IgEE FAFSIS L, tZ2aexe AFe] 9%
skin sitesell A2 AFE AMSEIATE 48 hr Fol] BE FEO|
evans blue 7} TA}EI DNP-HSAS 2 |2 FAle3iTt.
5 A7) vkee 97| extravasationol] 2|3} §oto=
T A =k Table 304 & 4 %ol PF-E309] 0.01-0.5
ghkg BWe] ®SlolA Fofdt 7420, 0.1 & 0.5 gkg BW| £

01:'— o}-

e}_p_
T ©°

el

G5 PCA HFgoA FEEld 284S ETh Makino (29, 30)
T 2QEFEE 500 mgkg BWE FoiE PCA WSO 43%

Al &= FsHAl AAAAL, o]0l d-Sshs de] RAY Fo
E 41% A3e&S BEom, RAY FUHE7] drie o=
7] 2kl tranilast Tt ¥ E3}Holdrial st

PF-E302| F[ollMe| EE s|AERI &0 O|Xl=

PF-E30 9] 2]t compound 48/80-induced plasma histamine
Wz 71X+ 588 AT Compound 48/802 FA15H]
A7 A71A] PF-E305 7?:17& 001-05 gkg BWOE Fojslo] &
Z S1Z=E W= JAIE SAEIAS W, APEEY] A
$3h= AFE Fig. 3904 1042‘: A3} ), PF-E30 Fio
o3 3|2EHle] A& 0.1 2 0.5 gkg BWS] FoolA fe]
o]t} Shin 5(8)2 F =4 (n=10/group)®l 4] compound 48/80-
= 4 s|ZE o] ol tiste] ZAEIE W &9
%ﬂi‘%ﬁ’—%@l fﬂf‘f& EES=E Mxﬂgol 0.5-1 gkg BW2] Fof

oA v
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Fig. 3. Effect of PF-E30 on plasma histamine inhibition in mice.
*p<0.01: significantly different from the saline value.
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Fig. 4. Effect of PF-E30 on compound 48/80 or anti-DNP IgE-
mediated histamine release from peritoneal mast cells in mice.
* **p<0.05: significantly different from the saline value.

PF-E302| S5 H|2F MZEZFE 3|2ER WE0| 0|Xl= St

PF-E30 2= Fig. 4049} o] A &5 H|vk Alxzq
Bl compound 48/80 & anti-DNP IgE-f-% 3|2E7] W30 tj
gt A G35 eI Compound 48/80 E anti-DNP IgE
2| Al, PF-E309 2|3 3]2~Ell W&2] A= 0.01-0.5 mg/Lell
A FAHAT 53], 0.1 2 0.5mg/lle] FAAE duFez
U353 A &2 Ho] Ut} Imaoka 56y 12} A W
AN 29 EFEEY B FAIE anti-DNP IgE A A
sto] w9 AAEE AL HASINTE. Compound 48/80 = anti-
DNP IgEel gt nRhi|xe] A= S|2ERl WES fdhe
Ao A 712e] 435 ANAIAIZITHS-11). Tasaka 5-(31)=
compound 48/80-2 A=) 22 S} (perturbationyS oA A
A olFF e TS FV/MITITAL 3131t Piotrowski 5(32)
< compound 48/80° ¢Jste] FEE F|2EH WE2 AA
(antagonists)®l] €]3t] A€t slth. PF-E30 o2 IgE-
mediated cutaneous allergy WO ZHE] RS HTE o] a7}o
7Fs %t WIAUELS adenylate cyclase®] EAdslol]l o] & A
o2 HAT33).

Table 4. Effect of antigens-induced plasma IgE production in
vivo

PF-E30 . IgE production
(kg BW) Antigens ¥ ngiml)
None (saline) - 36.7+4.5
None (saline) + 522.2+13.4
0.01 + 498.3+12.8
0.05 + 476.7+13.4
0.1 + 378.6+11.2*
0.5 + 352.6+9.5*
0.5 - 47.5+6.5

Each concentration of IgE represents the meantSD value of five
independent experiments. *p<0.05; significantly different from the
saline value.

PF-E302| AZF0lM antigens-induced IgE AH0f| O|xl= &2t

PF-E309] in vivo A8 lA antigens-induced IgE A4t w2
a3= Agst7] $38K, Bordetella pertussis vaccine(2x10° cell/
mouse), ovalbumin(500 ug/mouse) % alum(l mg/mouse)2-Z 743
¥ 200 UL antigens® 2 WAAIZL & AF A 745 PF-E30
< 0.01-0.5 gkg BWSE T3t PF-E309] Fo5=7t F7
= antigens-induced IgE] AJite] ZA4shs A2 B & e
W 53], 0.1 2 0.5gkg BWS FoI810S uf IgEe] Aite] £
oA o2 ZIAASE ¢ T UNTKTable 4). Makino 5(34)2]
AToNX= ddY mouse(8-427F)olAl 2FFEES FoIA 29
A2 AFA e X 1gAS] 749t AAE proteinuria B glom-
erular IgA 48 FA @ p<0.01 2 p<0.05)CZ A4
ok B2 YAAE Aol 2197 MY 50 EE 200 mee] 2
zalsko 2 #2]5ke] nasal lavage fluid®] neutrophils % eosino-
phils®] FE X o2 AT IAY $Ate] AFol J3gS F
Atk B 735901 (3536) Sanbongi S(37)8 AFoNME 2%-
2 2=rlRAke] Bo= cytokines, chemokines, allergen-specific
antibodyE 53t de|27] H2le] aFHQL shte] wiktolgtar A
Attt

mEtA 2 A Age Fdlol AAEkE A9 7led 4
F Mg f83H AME & e AER 88E F US A
o7 7=

0]
12

80°ColA 30% FHoR FE2H AYFEFE U 2x=vi
Ab S 123 mg/gelR e, A 30% FHFEEEI(PF-E30)
& AFTY AN ant-DNP IgEe 2 X3} local allergy W+
53 compound 48/80°. 2 =% mast cell-mediated immediate-
type allergy HF-S-ofl thgt oA a2 Jeplidoh t&<], PF-
E30(0.1-0.5 mgkg BW)2] Tl &% 3|2ell 58 #2943
Al AN Z e, compound 48/80 i anti-DNP IgEoz &4
stel Heb Hvh| 2 RE S|2Ell WES JA|sIAAT. 53] PF-
E30%= antigen-induced IgE ¢] A4HS = &0z AA|31%]
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