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Effects of Auklandia Lappa on Dexiran Sulfate Sodium-Induced Murine Colitis

So-yeon Kim, Jae-woo Park® Bong-ha Ryu*

Dept. of Korean Medical Science, School of Korean Medicine, Pusan Naftional University
*3rd Dept. of Internal Medicine, College of Oriental Medicine, Kyung-Hee University

ABSTRACT

Objectives : Auklandia Lappa (ALE) is one of the herbs used frequently to treat abdominal pain and diarrhea and reported
anti-inflammatory activity by suppressing proinflammatory cytokines. This study was designed to investigate whether ALE

could show protective activities on experimental colitis induced by dextran sulfate sodium (DSS) models.

Methods : Colitis was induced by DSS in Balb/c mice. ALE 10, 30, 100 and 300 mg/kg were orally administered twice a
day for 7 days in DSS model. Mice weight was measured daily. Scoring of clinical findings was measured every other day.
Colon length, edema, fecal blood and histological damages were assessed at day 7 in DSS model. In histological analysis, we
checked cryptal glands, surface epithelium, submucosa, transmural, stroma and scored degree of inflammatory cell damage by
modified histological scoring. We also calculated cytokines concentrations including IFN-y, TNF-a, IL-6, IL-18, IL-17, IL-23,

IL-10 and TGF-B1 by Biometric Multiplex Cytokine Profiling method.

Results : ALE showed the protective effects on DSS-induced experimental colitis. ALE inhibited shortening of colon length
and histological damages of colon does-dependently, but it did not inhibit weight loss. ALE also inhibited IFN-y and IL-6

expression, and upregulated cytokines (IL-10, TGF-B1) related to regulatory T cell differentiation and proliferation.

Conclusions : The current results demonstrate the clinical utility of ALE in traditional medicine and indicate the possibility
of potent drug development of inflammatory bowel diseases from natural products. Further investigations for exact mechanisms

will be needed.

Key words @ Auklandia Lappa, inflammatory bowel disease, dextran sulfate sodium, multiplex immunoassay
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Table 1. Scoring of Clinical Findings.

4) 94 A= ZA (clinical scoring)
PA A xE o]A-el] BuE WS Hysle] A
13 5 794 A", Moused 54,
§l ARES Y 52 47t

A% A VM 32 gee

D.
DR ESMEE R R
9 BEe U Qo) 24 A% el R
A e AR 42909 A4 (mm)e S
339 HE2 Arhsield B 29 e o)
WAAZ 794 A AF F AR del] g Fe
9oz FATE AEE 2HekcH Table 2).

Score Spontaneous behavior and posture

Coat and piloerection

Cleaning of perianal region

yellowish [light brown]

0 moving [—] with hunching and piloerection [++-+] herniation with blood [+++]
. . ) dirty and yellowish [+++] with stool [+++]

1 moving [+] with hunching and piloerection [++] and blood [++] trace

9 moving [+] with hunching yellowish [++] with stool [++]

with piloerection [+]

and blood [+] trace

3 moving [++] without hunching

clean and yellowish [+]
without piloerection

with stool [+] trace

.

moving [+++] without hunching

normal state

normal state

Table 2. Scoring of Colon Edema and Fecal Blood.

Score  Scoring of Colon edema by colon thickness

Scoring of fecal blood

0 20.35 mm (edema +++)
1 0.30-0.35 mm (edema ++)
2 0.25-0.30 mm (edema +)
3 0.20-0.25 mm (edema *)
4 0.1-0.2 mm (normal)

Fecal blood [+++] with tar stool [++]
Fecal blood [++] with tar stool [+]
Fecal blood [+] with pasty and semiformed stool
No bleeding with semiformed stool
No bleeding with normal stool

6) WA Ao 2484 27 #2 4 histological
scoring

A 242 o3t 7o) FHEH AEd AR
< Swill Roll 71|22 2obr] 4% para-formaldeyde
of @b 48417 IAAIZ] F PBSel A3t
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Alcohol B4 9 paraffin Eu] 3 paraffin section
< 5 ume FA= 94 AAFG o2 hematoxylin

7} eosin® 2 Gt FAsIY
ZA A AR &4 AxE Kitajima' 5
=

o] wh& 443 modified histological scoring



AHgste] Hrlslden, HdE Az AEA=E
(infiltration) &} o7 A=kz2]e] b4 $] (ulceration)

Table 3. Modified Histological Scoring.

2 el A+ 3% ﬂﬂa a4 AEr
°F e 3.

= categoryd] 3%

Scoring
Location
Surface epithelium 0-none
Inflammatory cell infiltration Cryptal glands Lmild
Stroma 2-moderate
Submucosa 3-severe
Transmural
0-no
1-mild surface, focal
Ulceration 2-mucosal

3-submucosal
4-transmural

Total Score

(Min 0-Max 19)

7) Biometric multiplex cytokine profiling

Multiplex+= Bioplex protein array system(Bio-
Rad) & o] 48t g 2Mw? o2 §7)9] target cytokine
(IFN-y, TNF-a, IL-6, IL-1B, IL-17, IL-23, IL-10,
TGF-BD & A st

87F4 €} cytokineel =18 monoclonal antibody
9} 33} ghlo] X2E microsphere’} 232 A Z3}
incubation®| %12 ™, cytokine %<& IHIZER =
A37] $18] 1.95-32,000 pg/mL 4o FHd 7
7#=% 7}A standards(Invitrogen, Carlsbad, CA)
7} ol 45l HAE EAEL Bio-Plex array
readers AR8-3ted A E 2™, flow-based dual
laser detector®} realtime digital signal processing}
7 Luminex fluorescent-bead-based technology
(Luminex, Austin, TX)E A3t

2E dHolEE ¥ F+EF 9 X} (meantstandard
error of the mean, SEM)Z ZAJslglod, B4
oA H7}= one-way ANOVAZ sl AFEEA

2 Dunnett’s test® d.oH, K0.058 EAAL
oA e Z2IE B Y. SAZEIgS
Graph Pad Prism 4.0& A&38l4it

m. & =
1. CHE Zolel #H5}

A 794 A& A Aol AAE(9.94+
0.261 cm)ell B8] 9 22(5.99+0.179 cm) o] <F 60%
2 9EFo] Ao A FuESE Fadd &
AT B8 529 95 T A Aol
a7k SeaH dAHE AL FAd 4 Yy
Aubg oz o oA S Wol FEIF 300

mg/kg Fo37(6.85+0.22 cm) A 175%9] = o
A 2HE FAdg 4 AT (pK0.01) (Fig. 1).
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P

Nor Con 10 30 100 300
ALE (mg/kg)

= ﬂ
normal

- i 4_“

control

ALE 10 mg/kg !‘
ALE 30 mg/kg ’ l

ALE 100 mg/ka .

ALE 300 mg/kg ‘ ‘

Fig. 1. Colon length and photographs of mice colon
at 7 days on DSS-induced colitis.

* + statistically significant (p<0.05).

**## o statistically significant (p<0.01).

Nor : Normal group without any treatment.
Con : Control group provided with only 5% DSS
treatment.

ALE 10 mg/kg : ALE 10 mg/kg oral administration
for 7 days.

ALE 30 mg/kg : ALE 30 mg/kg oral administration
for 7 days.

ALE 100 mg/kg © ALE 100 mg/kg oral administration
for 7 days.

ALE 300 mg/kg © ALE 300 mg/kg oral administration
for 7 days.

ALE : Aucklandia Lappa Extracts.

DSS : Dextran sodium sulfate.

ALE was administrated 2 times a day (10 AM
and 5 PM).

2. Mouse =<l Hs}

EE moused] AEFS A8 2A 24~25 golH L
ANTE A7 Fob AlFo ] ]?“ﬂqii =7}
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494 6%, T84 9% AFF7HE 2o
Y2 LA 7R iﬂ%“—?ﬂ% nojov F7hE
< 1.2%) B35t e, 59A B A o] 7HAas)
7] AzFele] T9A 12%9] AEHAE 2o

FES FALE AT AR g AFSHE
Boelgzh SR HE A Fe] sy AAbshel e
o, 744 AFHLES 35 10 mg/ks FHL
9%, 30 mg/kg F17 10%. 100 mg/kg FAT 7%.
300 mg/kg T+ T%E YERt Bz Bl A
Fa7t AAEE AdS Reod 5AA #9
A S (Fig. 2).
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Fig. 2. Changes of mice weight on DSS-induced
colitis.
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(p€0.05) (Fig. 3).
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Fig. 3. Clinical scores by assessment of anal cleaning,
piloerection and behavioral changes.

TR hAAE & SAHS JA 23 A=E o
Z3ol w3 BFEF R FRoEHor §
o)g nzo] 7+a7h Boh(p<0.01) (Fig. 4)

A gwe] A9 FESE 30 2 300 mg/kg F
of Fol| ATt t 2l vl&] fosHA e AE &
A& 4 AR (p0.05) (Fig. 5).
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Fig. 4. Colon edema at day 7.
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Fig. 5. Bloody stool scores in colon at day 7.

5. CHE AMatol | ZZEA 74 2 histological scoring

Ao AE surface epithelium, mucosal layer,
submucosa, cryptal gland7} A4 FHES 44
3 sl o), Rl M e 229 A4 &4k
HA= o] cryptal gland®] 7+4 2 surface epithelium
/\M-o] .»]—zlﬂtﬂ_,_ nﬁzl— cﬂ;o}] ;HB]-ZJ o=z oa ﬂ
b AfEe] dsieh 253 300 mg/kg FoAL
NME W2 vagds o 48 SAHA o2
cryptal gland®} AA} surface epithelium® F+%E
o] #AET AFAE AE=E AFA ghol HAA
w22 o] B3-S A2 5 U Fig. 6).

zA 9] £AF AEE modified histologic scoring
of wtet Hrigt Az A 24 EAbe] iR
7(3.32£0.60 points)ell Hl3l H=o|&H el 7gke
2 FESF Fojz 72MAHG Y, 53] FES 300
mg/kg Fol(4.80.29 points)ol|X] EAZ o2 &
o8 32.1%2 AeA B3 532 3 4 gl
A=H(p<0.05) (Fig. 6).

lo

139



L&LEO

R P

| ALE100 i

o
& 2 2 hind

Histological score (points) .
N

o

Nor 10 30 100
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Fig. 6. Representative Histological Photos(A) and
Scores(B) of Mice Colon.

H & E Staining(x100).

Con 300

6. Biometric multiplex cytokine profiling

744 AZE dAAgzA A MultiplexS ©]
43t] IFN-y, TNF-q, IL-6, IL-1B8, IL-17, IL-23,
IL-10, TGF-B18 v=& =A 395 (Fig. 7).

) IFN-y¢] 34

[FN-y 557} ATl vls] g z2LA #2
A AsEe] 9l Tﬂ“ 95 AHE FAg 4
AATH(p0.05). BE FE FEF FoLoA
IFN-y =7} v—%ﬁ}ﬂl wro} °é = 9A == 3 %}
A& & glolen, 53] FEF 30 me/ke -

oM M =2 237 Yepgoh(p<0.01)
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2) TNF-a® &4

TNF-a s=7F A4l v fz2delM £9
A =9k om (pX0.05), BESF Foido] tE2TH
o U2 FEE By o BRE {4
Al

3) IL-69 A

IL-6 s=% ATl vl8] 2] #25H
EXTH(p0.01). BE FEF FojFollA 2l
v @ Txg BoAuh 353 300 mg/kg F
o FAut oA sle AL % geld & ot
(p€0.05).

4) 1IL-1B8 &4

IL-1Bs =5 AATRY dx2do] %o #
A sldlen, FEF Fojfo] iRy
< FEE Bl AR EF £942 gtk

5) IL-17¢] A

IL-17& Aol ws dz2ZelA =71 571

o} glglort 44 gglon, 9Eg Foz

ol TxeEA el el ey fAdE

At

6) IL-23% &4

[L-23 =7 Aol vl dfz=elA S5
of ddevt foA> gdlen, BESF Fof i
A 2389 IL-23 w57k S7h8ke kel e
v f94 ek

7) 1IL-10¢] A

IL-109] s=7F Aol wls) s z2elA £
3HA| wrol g% 71we] JAIH e AL &
ald 4 gldeh(p<0.01). Whdel] RE ©E3F Fo
ZAME dxzLe vd w2 FEE HioH, 7
E38F 300 mg/kg Tl FIAUE AsE
g 4 AAH(p<0.05).

8) TGF-B1¢ &4

TGF-Bl A4l vlsiA dzzelA =7}

2151 ekom (p005), BB ol A%
e el B2 10 m/kg FoI T A9
ST 2E §94 e A5E wATH(p005).
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Fig. 7. Quantification of cytokines on mice colon tissue.
- = 23
NV, o = aplotaxene, costene. lactone 5o = o] ek

2 A7 94 DSSE o4 934 AA =
zEuddA HEdfe] dZex @ XziII 4 5& T & 913l mouseell 5% DSSE AT
937 98 HA 2ol A% U4 Az dA AAA7IE dAder dw A g HAe
wE 9 gl W dne ddugen, 14 FE % A% AF S Byl st 4
F AFE AT A FEHAAM FoT 95 FAE e, wmeb Al 9 A% 94
97 9 2444 29E B S Qe g I SOl A Reas S AT £ A2
24¢ Ao AN x G2 Felze 27 AHEHA AoE. F AFINE o A
&4 AEh Alsk] o 4% AA 2% AR A} bz A Aot Al of
8 2 9oy}, 60%2 =5 el & FEENsE Fdl

=8> Auklandia lappa Dence.®] %22 e T ¢ oddlem, BEF Fet vk SEAow
Bk ke FEeke LR WAE 2ol A Al FES skl 300 me/ke FeiAl 7b
ole] MgHE, g, THMZKES A2y 22 A 2 A4 238 299 (Fig 1. 300 mg/kg
AHLHHE Hroa Hos) (13~3%2 x5ty 50 ke Al 71Fo 2 A 15 g/dayell 3 slH
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EAEO| DSS(Dextran sulfate sodium)2 e HEA A& st

FEgFo] ghoF AMulell 14T 2~4 g Bl A&
TS o o 20 AR Loz YA &
o] FTH3] 7hs# Aoz Bt

AFe 75 FEFFe] foldt 23E HolA|
ot AF FA g 2} deelE £
A% 9A 2HE Bl A A7 RaE et
313, °]& mouse straine]vt DSS o wet
Z A=rt gt Aol & wA 4 gl
2 oA Y (Fig. 2).
A2 H7E mouse?] TEA, 93 Abe,

P >

lo a2

hni
grrzol AATE Johswich SV o8] AM4®
Hoz SixloA AFA At o8 veht

A £ sldem, 353 300 me/kg FolFelAM
A AE A3} oA AAH e (Fig. 3). el
T BEF 454 AN dehte A4S
NN £ gleke AL 2.

w

2 ATgME gAY £Erd Prl zE &
3 AMEEHE 9 Zo] olx YA RE3} g
Y d A5s AHEgtEd, o= dZoz YA
D23 3 &3 REF 287 g dwlo ¥
U B2 o] whedsly] $18] Hyun S79 WS
F3sle] A48 Zoldh 1 Az FEIF Eojz
A o] D&} BB BEo| Fx oEHoT
o8 AAF o (Fig. 4), A I

o 7
< 2E3F 30 mg/ke T3 300 mg/kg T+
o Aut o3t oA &32 JehdoH(Fig. 5). wet

A GEge) dzow i qUete e

=
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s W dn &4

ALE| 2] ok cryptal gland b
TxEo]

surface epithelium®] JAHT GSHAE
AEE ASHA ol WA A B35 5345 &
& 4 %ok (Fig. 6). 2434 #F 42AS A
#a}7] 919 Kitajima 52 W€ 543 Modified
histological scoring & AHE-3te] 7|8t Ad}olA
= 353 300 mg/kg FoATNM TAHCR £
gAY 13 g gl
ueby AFE AYstre Aukx
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3]7] Sl cytokine ¥42 AlgstdH
of 954 A WAl 7AE
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E3)], Th1#} Th2 cytokine® =2 9= Wi &S
BF VA Aldt Ads e ez O
A oleH® Ag A3} proinflammatory cytokineol
& Fsl= IFN-y, TNF-a, IL-6, IL-18 & IL- IB—
AdstaEs 25 AT vl dzFedA ¥
7b s ot 7€ Bael mpE A R DSSE’,-_
FE A FEEDAAM A5 viAAEe] &
7kt A& 2E 4 Ak (Fig. 7).
Thl cellell oJs] F2 Fwu]=o] A
AN W& Z7}A)7) 3, macrophage cellS 2HA]
Aoz deA g’ & A7 A3} 2%
oJ oA IFN-y 557} 23t o}, Thl
3 #HE "1 A4 71Ae A4S s E
of gttt Tut A&stl Tl YA Ee A o
A Aol FEFF 300 mg/kg FATol 7
dE 94 295 Hel 7Y & [FNye
18 253 30 mg/kg FoATolAd A 94 &
7b 7 Eokd A W Zwe Al = 30,
300 mg/kg FoALAMT F-oJ8 A4 235 e}
Hel 30 mg/kgoll 9] & 9 IFN-yol w3t ]
E3HE 300 mg/kgell A o] AA Al AHHE 5 & 3}e}
o2 7o Jehd Aoz Held 7]Ed
dE FEIEF] AZ APE 53 9= dA9
F |

gEAd &3he woda™ me

ool rlo > o 2 2 oodt > rf

o
>

= xo
o
i3
o
i
.
rO
_?L
N

oL o o
o
>

=
@ L.Q_oﬂ FA o] o

A= I |

&S 3= cytokineE Th2 celle] 28 Ewv)=vt
Thl, Thl7 % H&iah #AH e Aoz
A QA 1169 75 35 300 mg/ke F
oJ Fol M F-o8 JAE FAF 4 e, 7=
Ao = E3Fo] macrophage cellll A IL-6 A

A4l &2 Ryem F2 A<l costunolide.
dehydrocostus lactone®] IL-6 ¥ signal transducer
and activator of transcription 3(SATA3) 94 &
o] & 7" o] weiA up

T2t TNF-a9} IL-189 A% 253 #9
3 AAletA] Egow A7) AdE TS
o =3k ozt ®3FIst [FN-y, TNF-a.
IL-18 2 o]9} #A% Thl pathways | Vel
SRS AL Aoz Az,
AEA A g Thielsldl F7H92= Thl7

AR 4571 EAs| fEew Thl
Al A 4 Sl A=AV &
g3 gle)”. & A M= Thi7}e] ﬂﬂ‘*é dy
Hu7| $ls) #F" cytokined! IL-17% IL-23%
A g ov AT HlE HxLd S5 F
AT ZF £94 e Aozt vehtA ook
wgbr Thl7 pathways DSS i Ao A
9 gEse] g B At Aol v
Aoz wed,
=3 3T Tregol 954 AR Fa3 I

es 4 e, BE A8H 39 o
o] Treg®] A3 o2 443
& 997 a7 292
7] g |}’ o] J=

o IL-10s} TGF-BS =
}-6]__1; 153 zzJ T*ﬂi
Z"-i?f}—t— F8% 43S e qAEdE o
7] $1aiMe 1L-103 TGF-BS] Aol 275d”,

£3] TGF-BE Y homeostasiset FFHH-9]
F2 zAAZ A Ja| cytokinesld, FHAaH
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