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Inflammatory bowel disease (IBD) is a chronic and relapsing inflammatory disease of the intestine
characterized by recurrent chronic inflammation and mucosal damage in the gastrointestinal tract.
Recent studies have demonstrated that Aceriphyllum rossii extract (ARE) contains abundant
natural flavonoids and enhances the anticancer, antioxidant, and anti-inflammatory effects in
various disease models. However, whether ARE has a protective effect against dextran sodium
sulfate (DSS)-induced colitis remains unclear. In the present study, we investigated the effects of
ARE treatment in a mouse model of colitis. Oral administration of DSS induced shortening of the
colon and increased the disease activity index and histological damage. However, ARE treatment
significantly attenuated IBD symptoms, such as weight loss, bloody stool, stool consistency, and
histological damage in DSS-induced colitis. In addition, ARE treatment decreased colonic
inflammatory cytokine (IL-6 and IL-22) levels. Collectively, these results suggest that ARE
treatment can help improve colonic function and prevent IBD.
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ME
A=A 8K Inflammatory bowel disease, IBD)-2 Tl @GS tRA 2 01 W24 =48-S wote, E4A]

G5AARR] AR thdE(Ulcerative colitis, UC)¥F Z-25(Crohn’s disease, CD)5°| 2AtHKaplan, 2015). 55
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AHS TGS T et B Huelsol S GFo] SR S ofab v H 21 Bye] 934
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2to 2 &W(Hematochezia), "I K Diarrhea), TH¥ A¥F5(Urgency), F52l(Tenesmus), 74 #4 E-5(Abdominal
colicky pain), Hl%574(weight loss) 5] 3422 YERATH Conrad et al., 2014). IBD T2 A LS} A4k
S, B AAL AERIA S0 A K Q1-RA 8]l 18] 31 A Ulol] EAfSk= Alatoll thet =Rt
UG- Fol T2 8102 oA gl ow, AA|AA 0 = uljd W-Eo] 715=5] S715kL QlTH Ananthakrishnan et
al., 2018; Roncoroni et al., 2022; Zuo et al., 2019). 20| W2 A= 55l IBD Y] ZIch} x| 7o ot A Q1 &
AZF AR =221 QL O, IBD O] V4 -2 HIF oA o], hxfol whet A7 2
Stof IBD Rtk 32291 A4 31 i e 4, DAHAL tRFAL WA 24
ol Zleke] o] 2| AL QIA|9h - ofof] kAl Q1 wheh 7 9lof| o)

H AA o] tfst F-24d0] ZFEE 3! It Choi and Kim, 2009; Jeen and Kim, 2009).

7V de] ARl A g AR 7PHAR] EAleFe] S| E Aboh= 4483 thdR<l Dextran
sodium sulfate(DSS)= AA| o] A2lstALt 2ol 3-8 AlA hgaS F gt & dtof] &89t DSSE {5t
A i a sERdolA Uehds tE 2] S0 2= AlTda, AL E6, dirddolo S4, o
FA 7Y o Aeke)] A9, WA 3go] =, Q1] Al i ek 53t vl fAFsteh T2 DSS
2 FERHA o B2 Ao A5, T, A, DSS Fofs e H ik of| ihE ek A|o]7t-§o]
sto] T Aol Wol €-8-5|37 QJthChassaing et al., 2014; Okayasu et al., 1990).

B AL M AR ER= BT (Aceriphyllum rossii 2-2 Mukdenia rossii (Oliv.) Koidz. -2 2] 7]2k(Saxifragaceae)
ETF4(Mukdenia) O & R E = PEAER, ARt 92 UER A6kl 2k F2o] Fe] 2o 17| Fgos
7HEAG Aelfety I7EQH 0 24 EHE Axe A 75 Rlehes AR o Fofl of o= ARESIIT
8o g AEREA A5 53l 17 flavonoids, triterpenes, triterpenoids A8 2] 2tet=E-2 F2] 570t B
VElon, 72 FAt sfelEe] itel, 9, ot Y, @EA a5l BT At (Han et al., 2004; Kim et al,
2014; Min et al., 2008; Zheng et al., 2010). T3t S|4 E2] 543 3-oxolean-12-en-27-oic acid®] 34 2l
ZRQ1 Arepa Aol S AAletnl, 3 F-Ad 4FHA(inducible nitiric oxide, iNOS), cyclooxygenase-2

(COX-2), interleukin-6(IL-6) 2] 242 AA| S &H015} 1 (Trang et al., 2014), ZTHE ofehe 22E-5 2-89H M4t
50|

M

St 9 FEI) A9} ua g ato]| tigt @50] ¥ EQItkHa et al., 2015). L2}, @A) S0hEo] st Aok el ¢t
ETHE0] G5l taliale ] Leixl vt gict ool 2 Aelie= =

Fmlulgt ol e, Ak it e
OF

ARt
5 FE=2 L85 DSS e A g olld o] & A7 il arse Aot ottt
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S5 & A7HDSS e A drd AR g &8I a5 B7I5k] fiste] S8ELoA vt =
Z2P45(47.9 g)5 AIESH S, 10812] 100% absolute ethyl alcohol(EtOH)S 812 510 2202 7|(JAC-4020,
KODE, Korea)ollA] 1.5A17F 33] F&5}101, FE3F 882 ofut 9l 54 AZ(TFD8503, Ilshinbiobase, Korea)sH]
TS FEE(3.46 9= ISSNIAHTE: 7.2%). =3 - FEES L de] Folshr] ffote] FE5&&
Z]=F51o] Phosphate-buffered saline(PBS)% £ ‘(A5 10 mg/kg/day, 1°55: 100 mg/kg/day)ol 27| 514
g% gAtof| ARSI

674 2] C57BL/6 77 HR-AE TiRhHo] @  Hof| A FE9Ysto] 1241 AFE e Ed = T AR 23 +
1°C, 5. 55 £ 5%) A 1577 A-SAIZ] &, k20 AlSS S7dste] T Hog TIFe 5 -7 411502
R A2 (1) %/dwNormal control, NC), (2) DSS A2|(2% DSS, DSS), 3) A= g F2E F
oJTH(DSS + 10 mg/kg ARE, ARE10) (4) 15k =95 FE= F74DSS + 100 mg/kg ARE, ARE100).0.2 L+
At ARE®] F1od didd i aakE st flole] 208 552200 pL 8302 v Z-Foisa,
T DSS AP FF] PBSE A-FoIoIiH B4 AYE a4 fiee Bt =0 59 2%
DSS(M.W. 36,000 — 50,000 Da, MP biomedicals, USA)E 547t -84 T2, o5 A== wAste] &
S5t} & o] SEAYL (A) AU LT B A4 A S ELHA0] 501 Hol 4-S Fpdlo] 3]
STk 521H1 2 HIMH A23-02).

£Hd2|4~(Disease activity index, DAI) &2

o

d
WS 2HDAD)= 2% DSSE 5E7 5ok, AR 717K (14Y) 57t mid 22 Alztol] Al5-& S79skar AAL
FR]4= S22 ColoScreen 11I(Helena Laboratories)2 ©]-851 S5t DAI= Table 19114] AAIgH 7%

A5 He}, Ak, Sz 2 T 2] 44 22 B71sH{t(Berberat et al., 2005).

5 @

Table 1. Evaluation of disease activity index (DAI)

Score Weight Loss (%) Bloody Stool Stool Consistency
0 None None Normal
1 0-10% - Soft but still formed
2 10-15% Hemoccult (+) Loose stools
3 15-20% - -
4 >20% Gross bleeding Diarrhea

DAI = (Score of weight loss) + (Score of stool consistency) + (Score of bloody stool)
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10% 3/3¢H5-3E 282 (Neutral Buffered Formalin, NBF) -0 =F0t2] e 2 1749 oz 2|2 ula}
fi(embedding) &, 5 pm FAR BFE(cutting)5H] H&E QM-S Alai5tairt. 22 s e]oh BA0 AL
(inflammatory cell infiltration) =@} thRPAEFE 2] 0] £~A(epithelial change & ulceration)J =5 Table 22| 7]
© 2 RS Erben et al., 2014). AP90] ~A4tof] tfsh ek B4 Zukz0] 2k o] 4Alo] A HubE0]
2/3 o1 F-910] A dolE S5k, A Holof tigh Hl&-& Alitsto] Bl steirt.

Tlo
A

el
H

i)
jata)

N o

APIEFIRI(L-6, IL-22) EH|H =4

A 22 5 uk9AE Ank 61l otelol| A 235 FHL 2,500 rpmol|A] 1027 YAl Balote] @4 Bajot
31 EFIL-6 2 1L-229] AAES ELISA Kit(R&D systems, USA)E ©|-8-51] A|ZX 3T AAGH A @R wht
Yy
=75 tH Lee et al., 2021).

A 42|

REHM ]‘_ mean = SD © & WYERHRITL, GraphPad Prism 7.0(GraphPad software) 2 1313 o]- 85l F
Al A4 43 9 TS Sk 221 o] Bl 7|, 22| eohA A, At BRI R H|FF H3k= one-way
analysis of variance(ANOVA) 2 Tukey’s post-hoc tests ©]-8ot91l, YAt A 2| 4(A|FH3}, AR,
]9 += Two-way ANOVA 2! Dunnett’s post-hoc test= A5 A5 p < 0.05 o ot SAA 0 72 59]

4 gl A0 2 petsigid,
Zoy 2y

DSS S DL ARE{20]| O3t 2IHEHIR|(DAI) 7 &3}

DSSZ A4 Tl Gk vl LS Bl DS/ 284 0 2 iUl o] uicis 9 Harz
o] 24 (goblet cell % crypt T-24A)S -§ieslo] Huel, kg o] Weldz 1e.0] Z71s1wA 924 2
820 7]1z2) 0 2 AHEE)o] dpAS SuRitks 7154o] matElRlon, Dssol ofa) SAAHAS Ealels o
2 Ao EI]10] s} 271 1 ko] 7)datshe 7o) 7ok dpgle] Mg © & 1 sIgick Chassaing

Table 2. Histopathological colitis score

Inflammatory cell infiltration Intestinal architecture
- Score 1 — - Score 2
Severity Extent Epithelial changes Mucosal architecture
Mild Mucosa 1 Focal erosion 1
Moderate Mucosa & submucosa 2 Erosion + Focal ulcerations 2

Extended ulceration
Marked Transmural 3 + granulation tissue 3

+ pseudopolys

Sum of scores 1 and 2 0-6
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etal., 2014; Oh et al., 2013). ©]°f|, & A= DSSE et AlYE thd reAE S8oto] 233 FE229]
=5 8 Z2of ottt i a ks ERlshr] ffal 144 2] A @ 717H2% DSS 547 1) 53 UEh= A
o] SR AtA, A, @G5 Table 1014 AXRE 7|02 §Hitote] DAIE S79ot3ict. 2t
SIQl A, DSS A2 79RE 947HA] /gt tiH] AlSo] w45] HASIA O TYAL: 88.19 + 5.15%, p <
0.0001; 82} 85.05 + 3.06%, p < 0.0001; 9L} 84.16 + 3.22%, p < 0.0001) ETHE 5= *]2]54(2% DSS + 10
mg/kg ARE, ARE10) -2 7292} 94.40 + 5.62%, p < 0.05; 842} 90.08 + 6.82%; 9L} 89.68 + 7.84% |0, ETHE
Vs 2 2]7(2% DSS + 100 mg/kg ARE, ARE100)2 792} 91.78+3.94%; 822} 90.26 + 6.42%; 9% A} 92.12 +
9.29%, p <0.01.2.= DSS 2|l H]of AlF247 T k=] AThFig. 1A). ARG HI L A], DSS #2726 47
9UVIA] Z7 17} A AT AT 6L} 2.29 +0.76, p < 0.0001; 7L2): 1.86 + 0.38, p<0.0001; 8F=2}: 3.14 + 1.07,
£ <0.0001; 9L} 1.71 +£0.49, p <0.0001), ARE10-2 622} 1.40+0.55, p <0.01; 7€82F: 1.20 £ 0.45; 8L} 1.00
+0,p<0.0001; 9¢2k: 1.00 0, p < 0.05)°]™, ARE100= 622} 1.00 = 0.71, p < 0.0001; 792} 1.60 £ 0.55; 8
Ak 1.00 £ 0, p < 0.0001; 9L} 1.40 + 0.89= DSS A 2]tof] Hlol| AARR|0] 2IolE 1513t Fig. 1B). ERIA|
9] 749, DSS A2 3UEE 647 7P A T ATH3 YA} 2.29 + 1.38, p < 0.0001; 4Q2F: 2.57 +
0.98, < 0.0001; 52} 3.43 +0.98, p <0.0001; 6LA}: 2.57 £ 0.98, p <0.0001), ARE1023%2}: 2.00 + 0, 444
2.00+0; 58%}:2.00+0, p<0.01; 622} 2.00+ 0)°]™, ARE100->3 L2} 1.60 + 0.89; 442} 2.00 + 0; 5=} 2.00
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Fig. 1. Effects of ARE extract on DAl score, body weight loss, bloody stool, and stool constancy. C57BL/6N mice (male, 6
weeks of age) were administered 2.0% DSS in drinking water (ad /ibitum) and treated with or without ARE (10 or 100
mg/kg/day; p.o). (A) Body weight, (B) stool consistency score, (C) bloody stool score, and (D) DAI were measured once
daily during the experimental period (14 d). Each data represents the percentage or mean + SD. Statistical differences
were determined by two-way ANOVA with Dunnett’s post hoctest (n =5 - 7 per group; *p < 0.05, #p < 0.01, * p <
0.001, #* p < 0.0001 compared to NC; and *p < 0.05, **p< 0.01, ***p < 0.001, ****p < 0.0001 compared to 2% DSS).
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+0,p<0.01; 622k 2.00 + 0).2.2 DSS A& 2 2715t |40 EUHE 2EE 0| /parpt 98-S Elelstslrt
(Fig. 10). 2F2 0 & A5l AL, Sz4-5 FH4lste] B71eE DAIOIA &= DSS A et Hlol 58 52 A
2]7(ARE10, ARE100) R0l DAIC] 45 o3l o, 5] DAIZE 7HE & 842 HaL A], DSS A2+
7.71+1.26, p<0.0001; ARE10: 4.80 £ 1.10, p < 0.0001; ARE100: 4.60 % 0.89, p < 0.0001 2 215} CKFig. 1D).
T3t ow H = Aol A HloFA g a5 A%0 FAUIZFER AFEEE S-aminosalicylate(5-ASA) 2} =S¢+

F2 80| 72191 5 v A], 5471 2% DSS 3302 Z7Fsl= DAIOIA] 5-ASA Z]2]34(DSS + 200 mg/kg
5-ASA)°ﬂHh DSS Heftat 30121 HskAlE, AAE, @) E e b GAIRNLi etal., 2015), B 25
(ARE10: 36%, ARE100: 40%)-2> 21431 7WA 2+ 2RIskqirt. 7140 2, DSS 2 -Fiegt A1 o vk
2 RE(5U7F 2% DSS F7)ollA DSS2] 3go] TR o FBUxh7IA] AEHS) A, EHAFE Tt
DAI=526H F7Fokal, 992} o] 95 DSSel SJsl] 5715 DAL} ehtoA| 4453tk o= DSS 35202 &
713t DALZ}DSS 0] £2 0|59} o] %) A%, A4}, du zﬂol gl 5l Zofet A2k m(Lopez-Estévez et al.,
2021), DSS 9| Fg°] F= ©|F DSS A2t =0s 5= A2t} vl A, 258 5= *IZ(ARE100)
oA AR g S7d<] e F wE gloh

AREZ{2|0f| 2fgt CHZIZO|, Ciah A L Bl FA| Het

DSS A2 = e ke A g ke Helof| A v F5H-g-0 & Qlsf of *94 Aoz} gotx]| Al did- 4
of tH] i FA7t 57 Fol= E40] & &elA ATH(Chen et al., 2017). ool S5 FE= Z2]of &8t A% o
S R Rdof| A dird do] e 9 o FA(FAVE o)) 57 kst kS SI51IT). At SRl Al g
o] doli= WA 2 2 8.06 + 0.28 cm©|™ DSS A2 6.97 +0.21 em(p < 0.0001)Z DSSO] 2Ja]] thd<]
Zo|7}-{0]2 0 & 74451, ARE1027.83+0.29 cm(p < 0.01), ARE100-27.70 + 0.53 cm(p < 0.5). 2.2 DSSe]l
SHido] A4S G072 0 & A5t Fig. 2A and 2B). TS, tid FA(FA/ Qo)) 24 A, BAFT-S 24.84
+ 2.49 mg/cmO]™H DSS A Z7- 46.26 + 7.25 mg/em 0.2 2|4 0 & Z7F51 11 (p < 0.0001), ARE10-235.6 +
7.04 mg/cm, ARE100-237.63 £ 6.37 mg/cm 2 2 DSS]| ola]| 5713t i FAIE A ZTHFig. 2C). B%°], 3t

N 1o o

1o

A + 2% DSS C.
ARE (mg/kg)
NC 10 100 T £ o
‘ £ o g
= Ew T
Q‘ ' F € = & e T =
S =]
f ‘ 2 74 © L
c S 20
o c
I § &° g
' é pe 5 . - O o . _
NC : 10 100 NC : 10 100
’ ARE (mg/kg) ARE (mg/kg)
© +2% DSS +2% DSS

Fig. 2. Effects of ARE extract on colon shortening and weight in DSS-induced colitis. (A) Representative photographs of
colon tissues in each group. (B) Colon length and (C) colon weight were measured after the mice were euthanized. The
data represent the percentage or mean + SD. Statistical differences were determined by one-way ANOVA with Tukey'’s
post hoctest (n=5 - 7 per group; ** p < 0.0001 compared to NC; and *p < 0.05, **p< 0.01 compared to 2% DSS).
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o= I dida ] SFEE S45H| fIcte] WA et 22 d9lo 2 FS7HE FFHESol ofgh vl
TAFASKChassaing et al., 2014; Cochran et al., 2020) 5 $HA thi3F B W3R -GARHA /g2 59.74 £ 5.79 mg
o1 WhHol DSS A2 113.60 + 15.31 mg. 2 &2 3018 .0 &2 Z7151%) 1(p < 0.0001), ARE10-292.33 + 19.39 mg
(p<0.5), ARE100-276.45 +22.37 mg(p < 0.01) 22 DSS]| &J5]] 75t v RIS 58 FE250] Foj¥o=
TAAZtH(Fig. 3A and 3B). 91 A2 &9l 8 FE=°] DSS= 571 i Wl A59he= AAAA A o

0] Z41 tha o] v, i 9l ) A Z71o] et 9kt frisol ke ANt

DSS & CH2IE OrAO]IA ARES| CH 22| S S}

ASE P2 g Hute] 38 2 Sdo] dolubs dididure] ol Ao BAsitt. ol E9F 5=
O] o 2] B o g} SRls}7| 9ol DSS A& Fr g A/ e npe-0] x2S o] 8ote] 22192
2 Ml gelatrt. At &)1 Al DSS #2|9] 749 Table 2014 AAIRE ZAHE]Z47T 6.00 + 0.00(p <
0.0001).0. 2 HARRE 74| H5of| 4] A5 AlLe] Zgatt et &4 A7t 15 Vel giet. sEx]gE ARE109114=
HEAE Hg U gZA] A= 3,75 +2.06(62.5% of DDS #]2])S LERN o], DSS ] 2]tol] H[5te] Al
o & ol 710 2 wetEQlrh ERF ARE1009] 7%, HFAIE i Wt 2] /dA19-=3.67+ 1.53(61.2%
of DDS 2]t 0 & 1HE|o] E0hE 55 A7 tig ol etk dird =2 o] AEAlE et et
el getayrt l2-2 AASHATHFig. 4A - 4D). T1-%0l, At AT B 9 &4 7910 ol 4=
7 A 0] Aol of A &4 Hol= F-9]0] A ol& o]n|2] AR 2 S7ste] A 7 Ao

1.910] W2 819l A], 418 4G Uehfhs o] Aol Dss Azlzol A Bt 8.71 mm(4] Zo]o] o

7k Dss Akl vlatol 27 FolR.om, B 2ol 3.16 mm(AH] 20]9] 5.61%, p < 0.05)% ek thFig. 4E
and 4F). $] 2715 5] ARE100914] DSSO] ©J8) 2 AL 216 2 tipg 221448 71 wo] gt

-2 TSI,

A. B.
+2% DSS = R S
+ ARE (mg/kg) gwo_
NC - 10 100 z |
g -
o 504
(73]
K1
0 T T
NC - 10 100
ARE (mg/kg)
+ 2% DSS

Fig. 3. Effects of ARE extract on spleen weight in DSS-induced colitis. (A) Representative photographs of spleen tissues
in each group. (B) Colon weight was measured after the mice were euthanized. The data represent the percentage or
mean =+ SD. Statistical differences were determined by one-way ANOVA with Tukey's post hoctest (n=5 - 7 per group;
## < 0.0001 compared to NC; and *p < 0.05, **p < 0.01 compared to 2% DSS).
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Fig. 4. Effects of ARE extract on the histological score in DSS-induced colitis. (A) Representative portion of colon tissues
was stained with H&E (Scale bar: 100 ym; m, mucosa; sm, submucosa; mm, muscular layer). (B) Histological score, (C)
inflammatory cell infiltrate, (D) intestinal architecture, (E) percent of intestine length with severe injury, and (F) length
of intestine with severe injured mucosa were estimated in mice with DSS-induced colitis. Values are the mean + SD.
Statistical differences were determined by one-way ANOVA with Tukey’s post hoctest (n =3 - 5 per group; **p< 0.001,
## < 0.0001 compared to NC; and *p < 0.05, ***p < 0.001 compared to 2% DSS).

ARE 2{2[0]| 2|5t &t Lif AO|E7[RI(IL-6, IL-22) AliAdtH3}

IL-6= A Yl B B d5 Hhe-& 2ok Ale|E7IRl o =2, 54 o eixh R A9 RelofA IL-6 A/4do] &
7Fotal HAA| AL O] Z-g-att 2] B-ajof Hofdto] 2 A2 A ¢] © ™(Atreya and Neurath, 2005; Mudter and Neurath,
2007), IL-10 AlE At EZFRI0]| o= 1L-22+ RIS 7Hdof| thish 5ol 583t 98-S o Wl A
A, 3249, 7t 9 Fobe A WA ES vRe et W d e} WA A= o] 9ol Bl Stk Zhao et al.,
2023). ol°ll, EHF FE=<l ot AYE ddd ke o] DN W IL-67FIL-229] A% HSHS gelstlth
Ay} 22l A, DSS A 2|2 IL-6 AAdTFe] B2 0 2 22 778](78A: 4.39 + 0.84%; DSS A2t 100 + 15.63%, p
<0.0001) Fold o=z F7tetlal, 3 F2=S A A2 Al, DSSsell 2Jsl 71t IL-6 A/ d%o] | 9%2& 2
ASFHTHAREL0: 20.16 + 25.28%, p < 0.0001; ARE100: 29.28 + 30.36%, p < 0.001)(Fig. 5A). IL-22 A4 2] 7
DSS A2 2 [L-22 BH]|7} B2 0 2 4,558 22.00 + 11.67%; DSS A 2] 100 + 28.54%, p < 0.0001)
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Fig. 5. Effect of ARE on pro-inflammatory cytokines expression in DSS-induced colitis mice plasma. (A) ELISA analysis of
IL-6 and IL-22 production with ARE10 or ARE100 in plasma of mice with DSS-induced colitis. Statistical differences were
determined by one-way ANOVA with Tukey's post hoctest (n = 4 - 6 per group; ***p < 0.0001 compared to NC; and
***¥p<0.001, ****p < 0.0001 compared to 2% DSS).
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SATHARE10: 37.86 + 6.84%, p < 0.0001; ARE100: 38.47 + 9.35%, p < 0.001)(Fig. 5B).
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