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Anti-Inflammatory and Anti-Allergic Effects of
Adenophora triphylla var. japonica Extract
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RDA, Wanju 565-851, Korea
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ABSTRACT

Asthma is an increasing global health problem, and novel strategies to prevent or ameliorate the condition are needed. The
purpose of the present study was to evaluate the anti-inflammatory and anti-asthma effects of Adenophora triphylla var. ja-
ponica extracts. We investigated the molecular mechanism underlying the effects of 80% ethanol extracts (AE) of A. triphylla
on lipopolysaccharide (LPS)-stimulated RAW 264.7 cells. AE treatment inhibited pro-inflammatory cytokines such as TNF-a
and IL-6 as well as nitric oxide (NO) production in LPS-stimulated RAW 264.7 cells. In particular, NO and pro-inflammatory
cytokine production was suppressed more effectively by aerial parts (AE-A) than roots (AE-R) of A. #riphylla. Quantitative RT-
PCR assay showed that AE reduced mRNA levels of iNOS and COX-2. We also evaluated the anti-asthmatic effects of AE-A
in an ovalbumin (OVA)-induced BALB/c mouse model. AE-A supplementation significantly reduced the amounts of airway
eosinophils, IL-4 and IL-13 levels in BALF, and IgE levels in serum as compared with untreated, OVA-induced mice. These
results suggest that AE-A can be considered as a therapeutic agent to potentially relieve asthma.
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E Aol A AME-gt Ztl(Adenophora triphylla var. japo-
nica)= AN A Al Ao =, A gH-of AoHt it
2 U] A & FAZZPVTFD 10R, Iisin Lab, Yangju,
Korea)ste] T HA 45I3At A& 100 goll Z%F tiH] 10
vl 80% WEFH S rieta, AeolA 16413 3A1%F 23]
Wb &35 FE5E-2 Advantec paper(No.6) (Advantec
Co., Tokyo Japan)& o|-&3to] 7} oA ste S 29 A
2 F R 5=7](EYELA N-1000, Riakikai Co., Ltd., Tokyo,
Japan)E AFg3le] HE319 A, TAAZ(PVTFD 10R, Ilsin
Lab, Yangju, Korea)dte] —70TCol|A EASIHA 2 A& o
ARESEATE R At Alshte] 35 e 27 141

%, 18.7%°]At}.

2
2 Ao vl )24 E2] RAW 264.7(Korean Cell
Line Bank, Seoul, Korea) A5 Al-8-3lit} A& ARt
HZ]E 10% fetal bovine serum(Invitrogen, Carlsbad, CA,
USA)*} penicillin-streptomycin solution(100 units/mL penicil-
linZ} 100 pg/mL streptomycin) (Hyclone Laboratories Inc.,
South Logan, UT, USA)°] X3 DMEMeI1L, 37C, 5%
CO, ZZ1el|A = At

3. MTT Assay

RAW 264.7 A|EZ 2x10° cel/mL == 96 well platec]|
200 pLA 5t 24413 A3 & A FEES TREE
A gste] 24413 Bk v FStATh Plateol A wiA| S A At
i, HF AYEs 5 mgmL7} HE=
bromide(Sigma-Aldrich Co., St. Louis, MO, USA)E Z} well
ol 100 uLA o] 4417k HE(37°C, 5% CO)A T Plate B}
ool AAE formazano] Zo] UoA| F=2 ZAIAHA wl

A& ]ﬂob‘ DMSO 200 pLE gl &31A1Z] & 540 nmel|
A FBEE SISt AR 33] vkaste] Fsigion,

thiazolyl blue tetrazolium

sotAloh Rk iEa ik

| Z2=7H(PBS) Y] A2 AE&Z JeRfATH

4. NO &zt &d

RAW 264.7 AI3Z 2x10° cel/mL FX=Z 96 well plate]]
200 pLA EFake] 24A)17F 73 - LPS(200 ng/mL)} Xy
FEES A5l 24A17P e skl 4S9 50 uL
9} Griess reagent 50 pL& A-ol|A] 2087 ¥H-&-AIZ1 & 540
nmel A FFE=E S35} ‘ﬂr AL 33 gHEsto] F8st
Fom, NO2 HE+E sodium nitrite(NaNO,) S AFHE-3F EF
FA o2 HE ot

5. Alo|E7tel gak 53

RAW 264.7 A|EZ 2x10° cell/mL FEZ 96 well plate]]
200 pLA Eate] 24417F 73 - LPS(200 ng/mL)<}F ZHh
FEES AESlth 4A1E Bl F FEAE 3]53te] TNF-
a9} IL-6 ELISA kit(BD Biosciences, San Diego, CA, USA)E
o]-g-3to] AxAe] miRwA 2 S etTh AP 23] NhE
o2 39k

6. INOS 2! COX-2 mRNA s =%

RAW 264.7 A|EZ 2x10° cell/mL =% 24 well plate]]
1 mLA 3] 24413F 22 - LPS(200 ng/mL)<} ZHdf 5
&5 Alste] 24A1%F Bk 371 v st RNeasy plus
mini kit(Qiagen, Valencia, CA, USA)Z RNAE F=3}11,
c¢DNAE Quantitect Reverse Transcription kit(Qiagen)E ©|-&
sto] vl wet skt A E cDNAE o] -85
CFX96™ Real-Time PCR Detection System(Bio-Rad, Hercules,
CA, USA)°l*] SYBR green PCR reagents(Bio-Rad, Hercules,
CA, USA)E ©]-8-3} real time quantitative PCR HH-8-& 43}
319tk GAPDHE
AL 23 2t} Pre-denaturation 95C 10 min; 95C 15 s,
60T 30 s, 727C 30 s; 40 cycles. AF2-E Zelojr o] 7L
2 Table 1] A|ASATE PCR H¥Hg-2] Eo]AL melting
curve 02 FRIgIFT) A¥2 33 HHEo 2 )

endogenous control AR89 11, WHe-Z2

- =

65759 9 BALB/c PH-2+(15~19 g) 3201 S (F)F
FEPFENA T3t AP AHESISTE 13 AE(Purina
Inc., St Louis, MO, USA)®} &2 2~3d vt} A2 53]
AHEAl M= 5kl aL, Aol dH Bt Als st S 7156k
th AR 25 23430, = 50£10%2] S ClA] 1573F
AGAIZ T Aol AHgSITE AT T2 2(NC), A
AFET(OVA), HAFE=+EAPEEG mgkg BW)A 2]
(DEX), Z18]1 A2 fF=+3t) 235 80% LEFHFE=E
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Table 1. Sequences of PCR primers used for RT-PCR of
the inflammation-related genes

Target gene Primer sequence (5°-3°)

NOS F: TCCATGACTCCCAGCACA
R: CCATCTCCTGCATTTCTTCC
COXA F: GAAGTCTTTGGTCTGGTGCCTG
) R: GTCTGCTGGTTTGGAATAGTTGC
GAPDH F: GGTGAAGGTCGGTGTGAACG
R: CTCGCTCCTGGAAGATGGTG

(100 mg/kg BW) A 2]THAE-A) & 47072 73 8ula] 4
Tz 2 Urol Algeisith B Adde Y sdustd &
4982 993]e] 59(NAASI307) Al upel 4=3)s}
Art.

s

o
—

U A2 F
22 913 20 pge] Chicken egg ovalbumin(OVA)
aluminum potassium sulfate(Sigma-Aldrich Co.)E
A(PBS) 200 pL= &3l & STt o] &3
Ao % 23] B W= FAkst [l 22
. AR 7LZ}O]ETE1 39 FAREEAS 7Y 1Y 1
3] AT Bty on upr| e 32U 7HE nebulizerE ©]-&-5ho]
3% OVA £91& *é}T 13] 3024 ¥ 2 71 =2 194
AT vhE AR R e v % 218 £
At} vl A& Tiletaminer$t Zolazepam(Zoletil™ 250 mg/ 5
cc, Virbac, Carros, France) 1:1 &3} Zylazine(Rumpun 2
% Bayer, Leverkuchen, Germany)< 3:12 412 % 0.9% =t
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Fig. 1. Mouse model of allergic asthma.

=)

F 4 w7 815

[e:

THFig. 1).

‘Hi‘é_ (heart puncture)_i X8k, 4T, 3,000

AH Eelste & 4o, —70Tel
d Immunoglobulm E(IgE)—/:.Sﬁ*% &l Mouse
OVA specific IgE ELISA Kit(Biolegend, San Diego, CA,
USA)E AHg3lich. e 23] oz sl

10. 7|2HX| HZ MHH Z HASM=Z 5H

71384 #3EZ AlH Y (Bronchoalveolar lavage fluid, BALF)
< v = 713A]el] PBS 250 uLE FHI F IFote W
Ho 2 43] HHEsle] Atk BALF= 9428t 459
< Al E7IR1 Sl A}a‘lo} , A3 PBS 1 mLel o
Al Z3tsle] BALF 5 & AlX & S48t B2 AA
< cytospin®l] o] %ﬂ—ol.‘i =3ko] Diff-Quick A3 &
WS 7S AAISHA T

11. BALF = AlO|EFIRl &

BALFQ] Alo]| EFIQI(IL-4, IL-5, IL-13) 2% S Mouse in-
terleukin 4 Immunoassay kit(R&D systems, Minneapolis, MN,
USA), Mouse interleukin 5 Immunoassay kit(R&D systems,
Minneapolis, MN, USA), Mouse interleukin 13 Immunoassay
kit(R&D systems, Minneapolis, MN, USA)Z A}-&-3}3it} 4
AL 23] WHEo R St

—1S =
UHE 10% E2TY golof] 173}, hematoxylin

Mice were sensitized with an intraperitoneal (i.p.) injection of 20ug of ovalbumin (OVA) emulsified in 2 mg aluminum hydroxide in
a total volume of 200 uL in PBS per animal on days 0 and 14. The challenge was inhaled by nebulization of 3% OVA on days 21,
22, and 23 for 30 min. The oral treatments with 100 mg/kg of AE or 3 mg/kg of dexamethasone were achieved from day 17 to day

23 of the protocol.
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A3} periodic acid-Schiff(PAS) G218 1A
38+ 1| 4 (Olympus BX53, Olympus Co., Tokyo,
g35l0] Wa)zAsA AAE a5

13. E|A2|

AF AT SAS 9.2 T2 1L o] gale] AAEIT)
T+RFANETLAHE FA B2, 2
)4 one-way ANOVAS AA|&1] p<0.05 =54 Dun-

can’s multiple range test® 7153} T}
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1. RAW 264.7 M=ZOA LPSZ FREE Z 230
|:||7'(|: O:I%I:

A A A LPSE ASHHe-S =g o 2] A%
5 FEE(AB-A)T A3 FEE(AE-R)©] vIX= <
Fig. 20l A|AI3} ) WA RAW 264.7 A 3Eel| Tt
ATZS 2AKE A3 AE-A9 AE-RE 5% 1,000 pg/mL7HA]
A ZAEE fFolgh daF= vAA] &Urh NO9F TNF-q,
IL-69] &2 LPS A2 tixol| vls)] freldo s 37t
skt a8 A FREA R ALEH 4 /\]-UﬂE}J—(DeX)——
LPSel oJg 95 Wh-& b AsiAIZ 1, AE-A9} AE-R
3k LPS THE A2 Tto] vl3] -odo 2 NO9 TNF-q, IL-6
o] g5 A o R UETh

A=

2. RAW 264.7 MZOl|A| LPSE &
mRNA 280 o[x|= g

) FEE2] RAW 264.7 Al EoA LPSE F- =% iNOS,
COX-2 mRNA &) thgt JaF& Fig. 39 AAIsHATE o
21 M 32 LPSE A EletS i, iNOSeF COX-29] mRNA
-2 LPSE AHEskA] &2 7o vlg] fejdes A
A Z718k k. 221Y Dex9t AE-AE LPSOl| 93k iNOS$}
COX-2°] mRNA 'Hdo] 37+& frel4 o= A A7t AE-

T = iNOS, COX-2

RE] 7% iNOSQ] ¥l [PS THE 2] 7ol Bla) gelzoz
A ZT, COX29 WAL 7Aar7)e A JeRith

3. OVAZ FILE X4 0IRAQ| BALF & S A|=0
ojx|= st

AE-A7} OVAZR S 5% 2] n}$-29] BALF & dZA|
ol v &S Fig 4o YERRZITE CON A BALF
Z ASHNEE ME, 47, ST, 2XF, gaAE)7t
OVA Azl 2la] gt z=FHNC)dl vla F2lskA S71st
St} W AE-A ol A& CON ol H]3le] BALF % A
T7F freleHAl 24k tHp<0.0001). AE-A 7] BALF %

R e R bl HOoFA o} RATHEETE

(@)

(b)

©

(d)

Fig. 2. Effects of AE on (a) cell viability, (b) NO pro-
duction, (¢) TNF-a production, and (d) IL-6 production in
LPS-treated RAW 264.7 cells.

Values are presented as mean+S.D. Means with the same letters
are not significantly different at p<0.05.
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Fig. 3. Effects of AE on (a) iNOS and (b) COX-2 mRNA
levels in LPS-treated RAW 264.7 cells.
Values are presented as meantS.D. Means with the same letters
are not significantly different at p<0.05.

Fig. 4. Effects of AE-A on the recruitment inflammatory
cell numbers in BALF of mice.
Cells were isolated by centrifugation and stained with Diff-Quik
stain reagent. Cell numbers were determined using a light micro-
scope to count cells. NC; normal control (PBS only), CON; OVA-
sensitized/challenged mice, DEX; dexamethasone (3 mg/kg) + OVA-
sensitized/challenged mice, AE-A; Adenophora triphylla (100 mg/
kg) + OVA-sensitized/challenged mice. Values are expressed as
means+S.E. Means with the same letters are not significantly diffe-
rent at p<0.05.
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4. OVAE R E M4 0tfA9| BALF & AtO|E7}2I
I} IgeY| o|X|= g

A EE2] BALF 5 IL4, IL-5, IL-13 52| Th-2 Alo]E
F=E 4 vk

@
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(c)

Fig. 5. Effects of AE-A on IL-4 (a), IL-5(b), and IL-13
(c) levels in BALF.
BALF was collected 24 h after the final OVA challenge in mice.
Each sample was analyzed using ELISA kit. NC; normal control
(PBS only), CON; OVA-sensitized/challenged mice, DEX; dexame-
thasone (3 mg/kg) + OVA-sensitized/challenged mice, AE-A; Ade-
nophora triphylla (100 mg/kg) + OV A-sensitized/challenged mice.
Values are expressed as means+S.E. Means with the same letters
are not significantly different. p<0.05.
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t}. 29 Y]] AE-A Fol= OVAR 913k L4, IL-5, 12]aL
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A3}E Fig. 79 AAEHITE NC ol A& olAF &7do] oz
B4 ¢& WA, CON wollA = thafe] 35427t Ha=13
31, PAS A ES] oFo] Z7te= Aoz #aE it vhA,
AE-A 79| #1224 44 A3} CON 9| B8] d5HE A&

3} PAS PHAIE Fo] adts o
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Aol A= ] FEHRF} A8 80% HEF
= A= Halo ouwdl g3E ZheEA] GolR |
&) LPSE £ 59 RAW 264.7 A £} 78R d=S Eukst

%
<]
14 FERUAN AFNgel A 9 B, ¢
A
o
()
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, RAW 264.7 A E= LPS9} 22 o]} 22| oJ& F=ut
o] F=EA =W, NO<}t thafet d35A ARl E7IRIS A
gt} B Lol A= RAW 264.7 A Eol| LPSE X 8]3<

Fig. 6. Effect of AE-A on IgE level in serum.

Serum samples were collected 24 h after the final OVA challenge
in mice. Each sample was analyzed using ELISA kit. NC; normal
control (PBS only), CON; OV A-sensitized/challenged mice, DEX;
dexamethasone (3 mg/kg) + OV A-sensitized/challenged mice, AE-
A; Adenophora triphylla (100 mg/kg) + OV A-sensitized/challenged
mice. Values are expressed as means£S.E. Means with the same
letters are not significantly different. p<0.05.

R e R bl HOoFA o} RATHEETE

@

(b)

Fig. 7. Effect of AE-A on lung histology.

Histological examination of lung tissue was performed 24 h after
the last OVA challenge. Lung tissues were fixed, sectioned at 4
um thickness, and stained with H&E solution (a) and PAS reagent
to assess mucus production (b). NC; normal control (PBS only),
CON; OVA-sensitized/challenged mice, DEX; dexamethasone (3
mg/kg) + OV A-sensitized/challenged mice, AE-A; Adenophora tri-
phylla (100 mg/kg) + OVA-sensitized/challenged mice.

u], LPSE A 34| & tlx7ol Hla| NO<t 457 Alol
E71] TNF-q, IL-69] $tgo] 24 S71skith. 12, AE-
A%} AE-RS FAUNZEZAR] Dexs pRRIVIAIZ LPSE =
" NO ¥ d354 Al EFIQ] TNF-a9} IL-69] &3 S7Hs
frolatAl AliAI A NO9F TNF-q, IL-6&= F5 w32
[3 m7iI Ao, Frlelx BEd S3) 2L 2 Heg A
3t} #HE o] 9lo(Brennan FM et al 1998; Ishihara K &
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= 27t 4=9] ujshelA]l NO%t PGE, S &

Ael=dl £33 S42(Lee HN er al 2011) ©]52] mRNA
] £2S 24351902 wl, AEE LPS 98] §-%9 iNOS
°} COX-29] mRNA Hd F718 G802 A ZTE &
3] AE-AE AE-R°|| Y3 PGE, & 43l &4 COX-29
S A 1b Zo B UYEIHTE o] # gk A3= AE-A%}
H5 vhge 13H7H AAE sk &

T o 1o

iNOS$} COX-2

Tﬂg} A= “Jql ogte= F
WIS o, Zho YollA] ElerTh
91 735 1zuH ofgtE FEES A
= gheke] A

HrFMl HloH °‘°ﬂ*1 % %3394 —°r 11wl olehs 5
9] A5 ovl] S7IetAth EejulEoly EetE o] =9
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Fan X et al 2015), Zt) oo vla] oA HE 2 Za}u
el @l S8 A ® ATl A zzwa% k-4
Tol ¥ =2 Adel wdE Aom oA 3, A
AT AstaEd s S7he AEUATS, N@l@%
A2 S Wik B ol s Faa e
Ak o]t desEle Aol A d#iA i (Hotamisligil

o
AR Gk Yol A
& o g AN 2Azel @

GS 2006). wzpA ZH)
Rat $58te] YA
7heldel ava & &
2 2O 2 in vitro §
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015}
TollAl AE-Re H]3l o] &2 Y
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49& AR (OVA)S alum
3k 7““171

3

]
g

OFO

]
o
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Z7}3tHLee DK 2003). ¥ Ao A OVA
] E%FJE Wu_ BALF9] S,
F7} 718k a1, Th-2
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Z7ol AE-A Fo7) o
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AE Bas A3, IL-55 49 S0 T3t
(Fujitani Y et al 2002). £3] IL-132 71%= 7140 A<l
Th-2 Ale] E7IQ1 0 2 B yElo] It Wills-Karp M 1998). T

ol =
<3

3, 1149} IgEE 9% o] BAE vlvAze] 234

(degranulatlon)o]b]- 2o =23 dEdS sl QAAE
dF IgE e A2 DA vl$ 22 AAIAE A=
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o7} BALF % ZAHE 734A17)aL, Th2 ALl E71RIQN 114,
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N FHE A7), 718A] A0 S-S NAsE A
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AEHRE zhe=tta Hastg o), o) 23] A2 7iAd

s e e B A77F AFolth

Zhe] PP ES B3 A (Ham YA et al 2009a)°
Az Bt e] i, ek, 22 237 B RSk
ZY2}y 3.4%, 9.4%, 1.6%, 3.7%, 81.9%= ©r531E-9o] ko)
= vEbsith w8l 714 Foll ZAFe] Figel 7Y E=A
?‘é‘%ﬁﬂﬂ A3, e B9t CE 100 g B 212t 1.1 mg, 5.2
° 2 hrelo] Uk e Ve YER=
Oﬂ ot A= o 7 EaEo] itk Kang M &

Zhd e 27 37EA] 9 QIZE ) A ZF(E S

AGS, 7FSF HepG2)©ll thall Al =4S vYell=
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