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ABSTRACT: AIM To investigate the protective effects and mechanisms of aqueous extract of Cimicifugae
Rhizoma on intestinal mucosa in a mouse model of ulcerative colitis (UC). METHODS The UC mouse models
established by sodium dextran sulfate were allocated into different groups and administered with sulfasalazine (200
mg/kg) or aqueous extract of Cimicifugae Rhizoma (3.9, 7.8 g/kg) by gavage, respectively. The mice had their
changes of body weight, defecation patterns, disease activity index ( DAI) and colon length recorded; their colon
tissue pathological alterations and goblet cell quantification analyzed through HE and AB-PAS staining; their ROS
levels in colon tissue measured via ELISA; their mRNA expressions of inflammatory cytokines, Nrf2/HO-1
signaling pathway components and NLRP3/Caspase-1/GSDMD pathway regulators in colon tissue assessed by RT-
qPCR; their protein expressions of Nrf2/HO-1 and NLRP3/Caspase-1/GSDMD pathway verified by
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immunohistochemistry ; and their ZO1 and Occludin tight junction proteins in colon tissues quantified by Western
blot analysis. RESULTS Compared to the model group, the high-dose Cimicifugae Rhizoma aqueous exiract
group demonstrated significantly increased body weight, colon length and DAI scores (P <0.01); mitigated
intestinal mucosal barrier damage ; reduced ROS levels in colon tissue (P<0.01) ; suppressed mRNA levels of pro-
inflammatory factors IL-18, IL-6 and TNF-o in colon (P<0.01) ; elevated expressions of tight junction protein ZO1
and Occludin in colon tissue (P<0.05) ; upregulated mRNA and protein expressions of Nrf2, NQO1 and HO-1 in
colon tissue (P<0.05, P<0.01); downregulated mRNA and protein expressions of Keapl (P<0.05); and
reduced expressions of NLRP3 inflammasome components ( ASC, Caspase-1, GSDMD) in mRNA and protein ( P<
0.05, P<0.01). CONCLUSION The aqueous extract of Cimicifugae Rhizoma exerts protective effects against
UC through dual mechanisms involving redox regulation and pyroptosis inhibition by reducing ROS level via Nrf2/
HO-1 pathway activation and attenuating NLRP3-mediated pyroptosis via Caspase-1/GSDMD pathway inhibition,
and thereby synergistically preserves the structural and functional integrity of intestinal mucosal barrier and mitigates
UC progression.

KEY WORDS: aqueous extract of Cimicifugae Rhizoma ; ulcerative colitis; pyroptosis; intestinal mucosal barrier;

inflammatory reaction; Nrf2/HO-1 pathway; NLRP3/Caspase-1/GSDMD pathway
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412120 mg, JMA 200 wl 7 2 0§57 4 PBS
b, WAL A%, 4 °C 12 000 /min B0
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HEH E7 751 SL1a) ¥4
ASC 5"-TGTGCTTAGAGACATGGGCTTACA-3' 5'-AAAGTGTCCTGTTCTGGCTGTACT-3'
NLRP3 5'-GATCAACAGGCGAGACCTCTG-3’ 5'-CCAGCAAACCCATCCACTCTT-3'
Caspase-1 5'-CTGGCAGGAATTCTGGAGCTT-3' 5'-AGTCAGTCCTGGAAATGTGCC-3’
GSDMD 5'-CGGAAAGATTTTACAGGACCAGCC-3' 5'-AGAGTCAAGCACCAGACACTCAAG-3’
Nrf2 5'-TAGAGCAGGACATGGAGCAAGTTT-3’ 5'-CATTTCTGTCAGTGTGGCTTCTGG-3’
Keapl 5'-CACAGCAGCGTGGAGAGATATGAG-3’ 5'-AGTAACATTCTGCGGAGTTAAGCC-3’
HO-1 5'-CATTTCTGTCAGTGTGGCTTCTGG-3' 5'-CACAGCAGCGTGGAGAGATATGAG-3’
NQO1 5'-TCTCTAGCATATAAGGAAGGACGCC-3' 5'"-TATGTGTAGGCAAATCCTGCTACGA-3’
1L-18 5'-CCTTGGGCCTCAAAGGAAAGA-3' 5'-TTGCTTGGGATCCACACTCTC-3’
IL-6 5'-ACAGAGGATACCACTCCCAACA-3’ 5'-GCCATTGCACAACTCTTTTCTCA-3'
TNF-a 5'-CTTCTGTCTACTGAACTTCGGGG-3' 5'-ACAGGCTTGTCACTCGAATTTTG-3'
B-actin 5'-CAACGGCTCCGGCATGTG-3' 5"-AGTCCTTCTGACCCATTCCCA-3’
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BiE T, IMARRBE R —P, WELR, WHMA
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10 min, ZEW/KIE, —30. =355I PBS
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2.10 %5 o4 ik SPSS 20.0 4T AL
O HERILL (xxs) Fon, A HCBSR AR
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FEY A A A R L e 2 /N BRI E R SRS B ek iR
EIA PR, SIER A g, SREA/NRIRTTE T
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H. HIEWAE, ¥ P<0.01; SEIRIAE, * P<0.05, * P<0.01,
B1 FRAR®DT UC/MRREERNZN (xxs, n=8)

Fig. 1 Effect of aqueous extract of Cimicifugae Rhizoma on phenotypic symptoms of UC mice (x+s, n=8)
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T SIEWA R, P<0.05; SHMYHE, * P<0.05,
B2 FRARDX UC /MNRFERRREMNZE (xxs, n=3)

Fig. 2 Effect of aqueous extract of Cimicifugae Rhizoma on intestinal mucosal barrier in UC mice (x+s, n=3)

3.3 FRAKFEMD T UC D REMMALE K ERTFH (P<0.01); SEIAIZA E, FHRKIEY & F A
Fem o Wk 3 PR, HIERWAIE, BRGNS AR AN REE AL IL-18, 1L-6, TNF-a
M 4 IL-18. IL-6, TNF-a mRNA # 5T} & mRNA £EEE (P<0.05, P<0.01),

K3 RANREHARIL-1B, IL-6, TNF-o mRNA RIELLE (xxs, n=5)

Tab.3 Comparison of IL-18, IL-6 and TNF-o mRNA expressions in mouse colon tissue in each group (x+s, n=5)

45 IL-18 mRNA IL-6 mRNA TNF-o: mRNA

EHA 1.00£0. 17 1. 000. 32 1. 0020. 15
RETRIZH 26. 14x14. 62* 51. 86+13. 44* 10. 06+3. 89*
WA nE 21 8.65+5.39" 13.11£6.76 5.82+0.94 "
FHRRK SR YL 121 7.54£2.16™ 9.78+6.91 ™ 4.99+1.81"%
THRRK 34y e 57 1 20 5.14+1.50 ™ 6.23+1.97™ 4.1320. 58

. SIERAE, ¥ P<0.01; SHERYE, * P<0.05, ™ P<0.01,

3.4 FrARAKIEM T UC s R4 1 20 2% B B v
e R4 PR, SIEEAE, SR/ NRSS
a4 ROS KFETHH (P<0.01) ; SHIRIL] hEs,
FHIRR K $2 425 71) 12 2H A0 EU R L e 20 /N B2 i 21
ROS K FFEAE (P<0.01) . 415R 5 PR, SiE# 4
L, B /NS5 W 42 N2, HO-1, NQO1
mRNA £ EFEE (P <0.05, P<0.01), Keapl
mRNA AT (P<0.01); SHERIA AL, TR
TRBE Y 4% 700 B 4L R M SRR e 2 /)N BRI A1 4L
Nif2. HO-1, NQO1 mRNA £k T+ (P<0.01),
FHIFRK B 25 i 2 /N R ES 7 21 2L Keapl mRNA 3R
KBRS (P<0.05), Gn&l 3 FioR, SIE® 4K,
RERIZH /N B4 I 2H 20 Nief2 . HO-1 FIl NQO1 & 1%
KBEAE (P <0.05), Keapl % 1% 5 JF &

(P<0.05); SRRIZH LA, THFROK 329 45 77 i 21
FIMI AN RE 4 /N BREE A1 2 Nef2 TR R IR TS
(P<0.05), Keapl &L (P<0.05), T+
JBRK 32 9 & F i 4 HO-1, NQO1 E [ KA THE
(P<0.05),

®4 BENREHELR ROS KFLLE (x25, n=6)
Tab.4 Comparison of ROS level in mouse colon tissue in

each group (x+s, n=6)

251 ROS/(pg-mg™")

EH A 1. 70+0. 12
HEAIZH 2. 14£0. 27*
MU I v 21 1.54%0.05 ™
FHRRK B YA B2 21 1.61+0. 13 *

T IR K B4 1= ) d 4 1.47+0. 19 *
. SIEWHRE,*P<0.01; SHEEI4HE, ™ P<0.01,
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K5 BENREHELR Nrf2, Keapl, HO-1, NQO1 mRNA FKiktb# (¥xs, n=5)
Tab.5 Comparison of mRNA expressions of Nrf2, Keapl, HO-1 and NQO1 in mouse colon tissue in each group (x=zs,

n=5)
5 Nrf2 mRNA Keapl mRNA HO-1 mRNA NQO1 mRNA
IE#A 1. 00+0. 24 1. 0020. 04 1. 00£0. 15 1. 00£0. 35
R 2 0.67+0. 11* 1.95+0. 64** 0. 66+0. 13* 0.22+0. 15"
2R M e 2 1.35+0.18* 1. 60=0. 25 1. 46+0. 60 " 0.79+0.22 ™
THRK SRR 120 1.36=0.25* 1.3220.12* 1. 61=0. 56 ** 0.89+0.22™
FHIRRAK HE ) e 79 4 1.72+0.50 ** 1.05+0.34" 2.16+0. 56 ** 1.11x0. 52"

. HIER A E,*P<0.05,%P<0.01; SHAH E, * P<0.05, ™ P<0.01,

H. SIEWAHHE,"P<0.05; SHMA LT, * P<0.05,
B3 &HA/NRLEHALR Nrf2, Keapl, NQO1, HO-1 EAKRIELLE (xxs, n=3)

Fig. 3 Comparison of protein expressions of Nrf2, Keapl, NQO1 and HO-1 in mouse colon tissue in each

group (xzs, n=3)

3.5 FHaRKFEM A UC /N R4 W 4047 m e 1= 84
e R 6 N, SIERA R, BRI/ NS
e 21 ASC ., Caspase-1, NLRP3 Fl1 GSDMD mRNA
FirTHE (P<0.01); SR E, FROKEEY)
500 5t 41 D A s ik RE A1 /N BR 45 g 4 4L ASC
NLRP3 ., GSDMD mRNA FKiLREL (P<0.05, P<
0.01), FHMKIEYEFEH Caspase-1 mRNA Fik
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K6 RAMNRLEMHEALR ASC, Caspase-1, NLRP3 F1 GSDMD mRNA FKiLLb# (x+s, n=5)
Tab. 6 Comparison of mRNA expressions of ASC, Caspase-1, NLRP3 and GSDMD in mouse colon tissue in each group

(xxs, n=5)
ZH 5 ASC mRNA Caspase-1 mRNA NLRP3 mRNA GSDMD mRNA
IEHH 1.00£0. 09 1. 000. 41 1.000. 13 1.000. 16
L SIEE 8.57+3.20% 4.59+1. 59" 14.58+7. 72" 8.88+2. 81"
MU L e 241 7.57+1. 64 ™ 3.24+0.74 2.41%0.88" 4.5120.94*
TR 2 6.46+1.61" 2.78+0. 94 2.91+1.25" 4.83+0. 48 ™
FH IR K 24 i 7 i 4.69+1.44™ 2.38+0.77" 1. 70+0. 22 * 3.83+1.05*
HIERH A ™ P<0.01; SHMALE, * P<0.05, ™ P<0.01,

F. HIEW4 R, P<0.05;

SRR, ¥ P<0.05,

B4 KHENRLEHHAL ASC, Caspase-1, NLRP3, GSDMD EARILLLLE (xxs, n=3)
Fig. 4 Comparison protein expressions of ASC, Caspase-1, NLRP3 and GSDMD in mouse colon

tissue in each group (xxs, n=3)
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SR T A A % V) R, Nif2/Keapl {5 53 1%
FE A JiEL 77 A0 S £k N 9 4 ) =R EE AL,
Nef2/HO-1 il g Tt Y Han, RA
J7 UC 1Y FE 25 WA & FoK A e il 59 . Wl B2 o
R ARBEMRIFIEE ) BAR R IR — 29T

R, HERSH—, MR AEDE, ARNIR, AfE
AR A, SR T T B e O R
G R IR, AR R P SE R, B 2
gy LR P2yl il 2 MR iR SR NG YT UC,
JEROTEE, RIWERIL, ERRE
THRREABLR . W, SR, J2iRTT
UC WIIEZSY) . ABETE R, THMOKARY) Al A 8%
%% DSS WS /MR UC, R BT TR M
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i | GiHA SR GSFIER . BRI S I PT IL 4%
PEARA R . PRARA D | BRI N R IARE
1%, WA ZEREBE R oE S PEMEIR i i 328 1 34
o B R R B B DI RE DRSS , ol 25 e SRR Wtk AL
i, M5 — R HAE RN, 10 FHRRK HE 4
TG, nlREARAE & 400 R K, o zot
Occludin B FRIK, Wl 52 25 I 20 N 1 5 JEE
it

AN %5 W B R D BE R A E U R,
—J7 T, b ROS AT BLEH 5 I I Rz 41 i Fn
WERE A, Wl b A E Y S —0
Ifil, ROS 7551 Ak I 3 mT A2 i R RE S By, il 3R
Jo b o B 1) e B PR AR SE R R, DSS T
(25 B /N R 25 I A 21 ROS KT, Nef2 K
H WA LB NQO1 ., HO-1 mRNA | FEH Kk
fi%, MiFHMAKAEY T B, T8E Nef2 i, -
P HO-1, NQO1 ik, #Wiil ROS A i, Wifs% 1k
N AR

I RIFFE &3, UC BELE A E LT ROS /K-F
g R R, JF B a4 % NLRP3
JPE/MRLHRE | 2 E Caspase-1 T 1k M TL-1B, IL-
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4 NLRP3/ Caspase-1/GSDND i %415 19 41
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