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Codonopsis lanceolata (Campanulaceae) has been widely used in traditional medicine and is considered
to have medicinal properties to treat diseases and symptoms such as bronchitis, coughs, spasm, ede-
ma, hepatitis, colitis, and lung injury. In order to investigate whether native Codonopsis lanceolata ex-
tract alleviates ashmatic symptoms in vivo, we first carried out various antioxidant activities by 2,2-di-
phenyl-1-picrylhydrazyl (DPPH) radical scavenging, ferric reducing antioxidant power (FRAP), and
cupric reducing antioxidant capacity (CUPRAC) assays. The antioxidant activities were increased by
adding Codonopsis lanceolata extract in a concentration-dependent manner which compared to ascorbic
acid as a positive control. Histological studies using an ovalbumin-induced animal model exhibited
potent anti-inflammatory potential by decreasing immuno-responsive cells in the lung by the extract
by confirming H&E and PAS staining. It is revelaed that further immunihistochemical analysis
showed anti-ashmatic capabilities by assessing histamine, IL-31, and MMP-9 expressions. The level of
IL-13 expression in Codonopsis lanceolata extract-treated group was decreased upto 73.7% compared to
control, whereas that of total cells and eosinophil counting in Codonopsis lanceolata extract-treated
group was diminished to 73.5% and 80.9%, respectively. These results collectively indicate that the C.
lanceolata extract ameliorates asthmatic symptoms effectively in an ovalbumin-challenged mice model,
in that the extract can be used for the development of an anti-asthmatic food ingredient.

Key words : Anti-oxidant, asthma, Codonopsis lanceolats, immune response, inflammation
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DPPH &tst &y

7 %59 AE9 02 mM DPPH (1,1-Diphenyl-2-pic-
rylhydrazyl)E %% DPPH solutions 1/209] H &= 3|
A A& A 1087 incubationdt & 517 nm (Victor 3, Perkin
Elmer)oll A &4 =& 434t DPPH radical £71&74 ¥l
& (% inhibition)& okef ¢ 2ol A4t AT[5].

o

ey i - Azample -
Inhibition (%) = _Acontrol A cortrol = 100

(A : Absorbance O. D 517 nm)

Ferric ion reducing antioxidant power &#tst &4

HE3- B0 2 acetate buffer (pH 3.6, 300 mM) : 10 mM<]
TPTZ (24,6-tripyridyl-s-triazine) : 20 mM$| FeCls:6H,0&
101:19] Hl& = E@at @A A BT HSY} +

C57BL/6 (4 weeks) ‘
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ZES 4740 SR 58 3 F 1080 F2oM 2B &
595 nmoll A FFE=E =3 o]

Cupric reducing antioxidant power A
Cu™o] &9 AAS wolEd Cu'E HE AL o] &3 Iy
©.2 025 mL CuCl, €9(0.01 M), 025 mL CH;COONH; buf-

fer A1 m)ell EEHFEES v=EE AT § 429

A 30 £3F ¥ F FFE 450 nmol A Y FEE o7
Cu™9 ZAAEE FolatgThA].

A gt S5 2E

A2 FEEEL Balb/c (7 wk, male, Samtaco Korea,

Osan, Korea)S T3t Agstglon, Fuista &4
e 439 shol =gl oAt £<91(2013-0064-1)=
Lol FEAFAA AN T A 2D 7§ ovalbu-
min (OVA) 50 ug# xylazine (1 mg)< phosphate-buffered
saline (PBS)oll 9] 0, 6, 12Y & 33 7} FJ3}¢on, oo
ZZ(aerosol) & o] &3ste] A EFe =9 OVA (10
mg/mL)E WY vhs-29 SF7| 277 EFeATh A4
2H9f 79 PBSE Aol FAst o, AgAds
& EF3t Atk (Fig. 1). AEA YT A & aerosole &3}
2370 FEES 1 mlAE Fig 13 29 A7FFH9E vjgx
of Aejstin7]. A ud = &dstr] Aste] vpp-2o 5t
245 Uadt Zo] Astin. vA, dHE 242 4% par-
aformaldehyde (PBS, pH 7.4)5 ©| &3] 1143} 1, DW=
A gy s A AR s 2ojet gt 4-6 imE
4 5 goehd S A3 on, 4L hematoxilline-eo-
sing ©]-&3te] PAE  F AvF oz AFSAY. LT
A o] &sto] YA S &Usty] A3 PAS EA < AAIst

[¢]
NBE B851o AA NT4E 71eEsYT, o Tge
8 3lo] eosinophile] 5 FE .

‘ Treatment of C. lanceolata extract ‘

22 23 24 25 26 27 128

L B s

S
o fe

1stinjection & 27 injection

OVA (100 pg) + aluminum potassinm sulfate (1 mg) /head

1 % OVA challenge

-
{
i

in saline for 30 min

Fig. 1. Experimental design used in the current study. Intraperitoneal injection (i.p.) of OVA (100 ng) dissolved in alum (1 mg)
was administered to mice on days 0 and 11, and OVA-challenge was delivered on days 22, 24 and 26. The control and
experimental groups of mice were treated with saline or C. lanceolata extract (4 mg/kg in 0.2 ml of saline), respectively,
by i.p. injection on days 23, 25 and 27. After 24 hr, the mice were sacrificed by cervical dislocation, and the lungs were

analyzed.

AHohstn [1P: 114.71.5. % | Accessed 2018/04/03 09:48(KST)



452 BBULRIX| 2017, Vol. 27. No. 4

S =54

bgtd E2& 46 yumE A F slide warmer 37 Tl A
overnight 3t} xylenecl] 3H4 10% ¢ 23betsl A4 &
A3 2.1, ethanol (100, 90, 80, 70%) =2 Z 1E4 xylene
< AA3A washing & peroxidase blocking #4 2.2 3%
Hy0, 1587t A& % blockings 1% BSA/PBSTZ 30 &3¢
4T A AAA 13k Antibody (1% BSA/PBST, 1:200)&
4T A overnight A2 ¥ washing ¥ 22} Antibody (1%
BSA/PBST, 1~500)§_— 1A & A2 A A2 giTh wash-
ing & WA19H-8-2 DAB (Dako, Cat. 003222)E o] &3}o] L4
% mount 3 °0H, o] F HrAHS o] §ate] FAAT

SHAE

Zt Aol o] 8" OF 1t SAAAAE JAZE Y
S AH8-3k] SD (standard deviation) &t T3k AHg 8k
error bar2 AR M, student t-testd AA Fo=E
p<0.05 FF9 #< A

= = O e =
Y FEES o] &3to ditg & DPPH, FRAP,

2 48 B4E D
Cupper 43¢ o] &3k Selatgd o, th$25 o 43 5

TR A g4 &4< FskAth. DPPH (1,1-Diphenyl-
2-picrylhydrazyl)= ¢ ¢H4 & free radical 24] 517 nmo 4]

EA4Q FFTE Yl 2 31¢EQ, DPPHE 7t
A radical& ¥3-E 5 718wl g A sk Fakst
712} % proton-radical scavengerdl ©|3}¢] B 5 7] w0
gatst EA4E Ao A BEY 5 s B o, FF
F7} H+& HES o] 834 antioxidant®] =5 YEME &

Att. & AYdA EHY F2EY 4L 29 Ad F

N

|

Ascorbic acid (ug/ml) C
00 |o,4 |o,s |1,6 |3,1 |5,3 |12,5

Sl mgt wEoEH R ket AS & YA (Fig.
1A). FRAP &4 3}91E 9] &4 ¥ (ferric reducing ability)<
Z48E A O 2 ferric tripyridyltriazine (Fe"-TPTZ)7} 8
A (antioxidant)ol &3 A 34 9] ferrous tripyridyltriazine
(F"-TPTZ)E 2 ] FIES ZHsto] F4yL Uojr e
Ao 2 & AYPolAx+= DPPH 843 sYstA EUY F3&
o yxd wet F7tetE Ao 2 Yebyth(Fig. 1B). Cu®'-re-
ducing ability= Cu™°] Cu'2 H& AL o] &3l SUgS
Lotie AoR o] B4 I =0Y FEEY TR @
g &4o] S7kske Ae & F UMD (Fig. 10). Fits 43
o A, oI5 Flste AW 4P FHE AF et
upebA] g Akl

of 7H4 %ol 2o %3 7}7‘]* ’\]‘%O}ﬂ‘ﬂr 1 A3,
37HA WY B 1Y F&80] 58 43l B4 &
e As 24 53 T At (Fig. 10). 5'39' FEES A
AN w29 oM A AEH2E A= SOD
(superoxide dismutase)®] &4o] S/t Bzt 9o
[11], B9 AAAA Y & &4 2 kst 24 3¢ B
[10] 5ol J=El, & AFAME oY EHY FE2ES 0l 83
o] DPPH, FRAP, CUPRAC 28 & 53 @413t 248 Fot
2 A3, 5ol nE Fis A o] Srkete AFS A
Ath.

=

AT A3 Bl B Fof AskEo] HAfEe a9
Aglojn, o] & HUAH FAe ATMHAAIE FIHAI =
2R Busta gtk gitst &4S Bl oY FEE0 &
A g o RE rhe s RS o] 89 FEAES Fal &
ofR At ST AY A A i 2Hd v~ HE
hematoxylin-eosin (HE) ¥ PAS {4-& o] &3lo] &<l 544l o
H, 5522 o| Al histamine, IL-31, MMP9<] &3 o RS &

Ascorbic acid (pg/ml)
0.0 |0,4 |o,s ‘1,5 |3,1 |5,3 |12,5

A Ascorbic acid (ug/ml) B
00 |o,4 |o,s | 16 |3,1 ‘6,3 |12,5
80 2.0
70
< 60
£
= 50
=
%‘ 40
€ 30
E 20
=
10
0
1 3 10 1
C. lanceolata (plwell)

C. lanceclata (ul'well)

0.50
0.45
50_40 F
Z 035
=
2030 -
=3
£ 0.25
=
€020 -
o
5015

EO.]D r

0.05

0.00
3 10 1 3 10

C. lanceolata (ul'well)

Fig. 2. Antioxidant activities of different concentrations of C. lanceolata extracts by DPPH (A), FRAP (B) and cupric reducing antioxidant
capacity assay (C). Ascorbic acid (each line) was used for a positive control.
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Fig. 3. Histological analyses of the lung tissues by
treatment of C. lanceolata extract (4 mg/kg)
in ovalbumin (OVA)-challenged mice.
Saine-challenged (A, D, G), OVA-challenged
(B, E, H), and C. lanceolata extract-ad-
ministered (C, F, I) mice were sectioned and
stained by H&E (A ~ F) and PAS (G ~ I)
staining as described Materials and Methods
section. Scale bar, 200 tm (A ~ C, G ~ I) and
400 ym (D ~ F). NT, no treatment; OVA,
ovalbumin; -, OVA alone.
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Fig. 4. Immunohistochemical analyses of C. lanceola-
ta extract treated lung tissues in ovalbumin
(OVA)-challenged mice. Saline-challenged
(A, D, G), OVA~challenged (B, E, H), and C.
lanceolata extract-administered (C, F, I) mice
were determined by immunohistochemistry
as described in Materials and Method
section. The expressions of histamine (A~C),
IL-31 (D~F), and MMP-9 (G~]) in the air-
ways were analyzed by treatment of C. lan-
ceolata extract (4 mg/kg). Scale bar, 400 um.
NT, no treatment; OVA, ovalbumin; -, OVA
alone.
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Fig. 5. Ameliorating effects on cytokine level and cell infiltration in an ovalbumin (OVA)-induced asthma model. IL-13 concentration
(A), total cells infiltration (B) and eosinophil expression were measured in the C. lanceolata extract (CL)-treated group compared
to the OVA-challenged group (*p<0.05). NT, no treatment; CL, C. lanceolata extract; OVA, ovalbumin; -, OVA alone.
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