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W OE: B IR ER/DREETELS Mm% (ulcerative colitis, UC) 4k & FF047% I BGEAE FH AEFAMLE . A3k 35 R
C57BL/6J HEtk/NREENL A AR IR HAH R ERRAIC. =& (100 30 mgkg) 4 S-2EKHER (150 mg/kg) 4,
H7 R KRH 3.5%%8 BV (dextran sulfate sodium, DSS) 5 UC 4k KT 315 /N AR, FF4% 10 mL/kg 7 & ig A
FZ6IT, 1 R, ES: 11d. RIRGZG 24 h JEWEES AN R I 5% AT AFATHE: . RATFA R P (hematoxylin-
eosin, HE) JetayE M RILE L (siriusred) Geti il 22 T AT 2H 2395 BRADAK, M AF 4R 500 s SR FATR S /s BROFAE4H 2R p
RIREIL %M (alanine aminotransferase, ALT)  RAZRE S HEE (aspartate aminotransferase, AST) . i %Ak
B (superoxide dismutase, SOD) % 4174 . (malondialdehyde, MDA) & SR G RGI ifi 355 A b8 3R FE R F-a (tumor
necrosis factor-o, TNF-a) . HAUA%-6 (interleukin-6, IL-6) F1 IL-1p 7K°F; fdiF Liperfluo ik & /% FerroOrange &l &
R A A2 2 b i S ik 4 Ak (lipid peroxidation, LPO) K& Fe? 7K F; SR qRT-PCR VEAGMIATAEZH L TNF-o. IL-6 il
IL-1BmRNA 3Ri&; KF] Western blotting Rl iF 4234 M B RO XA 4 (glutathione peroxidase 4, GPX4) FIHILIZE T-xB
p65 (phosphorylated nuclear factor-kB p65, p-NF-xBp65) HEHAKIE, LR  SXIRAE, HREH/NRPATAFAT e 50
H (P<0.001) , FFAFZMBLitAK . SF4E(bimfREERN (P<0.01. 0.001) , IiEH TNF-o. IL-6. IL-1p K TFEEFE (P<
0.001) , HFAF414i% AST. ALT. MDA. ROS & EEZETE (P<0.01. 0.001) , SOD iHFMEEEREM (P<0.01) , AFMEA
2 LPO J F I B % . T4l %, TNF-o. IL-6. IL-1BmRNA £i5EETHE (P<0.001) , HHLTEIET @KLK
B GPX4 BB EZE T (P<0.001) . #AEEE p-p6sS HEFREEZE HiH (P<0.001) . SHBMALLE, HERA/DKR
A2 2005 BRAG A PR . 4%, I TNF-o. IL-6. IL-1B /K-FRFFEIL (P<<0.05. 0.01. 0.001) , AST. ALT. MDA. ROS
HSREFERM (P<0.05. 0.01. 0.001) , SOD EMHEETE (P<0.05. 0.01) , AFAFHLIF LPO K Fe* I Rk, JT-40
WU/, TNF-a. IL-6 Rl IL-18 mRNA ik B3 (P<<0.001) , AFMEHLAT GPX4 FikEE FiF (P<0.05. 0.01) . p-
p65 BAFRIERZE T (P<0.05. 0.01) . 4538  ZHERR T LLZEE DSS #5510 UC 4k R VEITR 40, @i 30 4 pE T A 4
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Abstract: Objective To investigate the improvement effect and mechanism of chicolic acid (CA) on secondary liver injury in mice
with ulcerative colitis (UC). Methods A total of 35 male ¢c57BL/6J mice were randomly divided into control group, DSS group, CA-
L (10 mg/kg) group, CA-H (30 mg/kg) group, and 5-ASA (150 mg/kg) group, with seven mice in each group. A mouse model of
secondary liver injury in UC using 3.5% dextran sulfate sodium (DSS) was constructed and administered different drug by gavage at
a dose of 10 mL/kg once a day for 11 days. After the last administration for 24 h, serum, colon, spleen and liver tissues were collected.
Hematoxylin eosin (HE) staining and sirius red staining were used to observe the pathological changes and fibrosis of liver tissue. The
activities of alanine aminotransferase (ALT), aspartate transaminase (AST), superoxide dismutase (SOD) and content of
malondialdehyde (MDA) in mouse liver tissue were detected by kits; The levels of tumor necrosis factor-a (TNF-a), interleukin-6 (IL-
6) and IL-1B in serum were detected by kits; The lipid peroxides (LPO) and free Fe?* in liver tissue were detected by Liperfluo assay
kit and FerroOrange assay kit, qRT-PCR was performed to measure the mRNA expression of TNF-a, IL-6 and IL-1§ in liver tissue;
Western blotting was performed to determine the protein expression of glutathione peroxidase 4 (GPX4) and phosphorylated nuclear
factor kappa B p65 (p-NF-kB p65) in liver tissue. Results Compared with the control group, the DSS group showed an
significantly increase in spleen and liver indices (P < 0.001), swelling of liver cells, and an significantly increase in fibrosis
area (P <0.01, 0.001). The levels of TNF-a, IL-6, and IL-1f in serum were significantly increased (P < 0.001), and the contents
of AST, ALT, MDA, and ROS in liver tissue were significantly increased (P <0.01, 0.001). The activity of SOD was significantly
decreased (P < 0.01), and the accumulation of lipid peroxides (LPO) and Fe?*in liver tissue increased, as well as an increase in
apoptotic cells. The expression of TNF-a, IL-6 and IL-1f mRNA was also significantly increased (P < 0.001). The expression
of GPX4, a key protein in the iron death pathway, was significantly decreased (P < 0.001), and the expression of p-p65 protein
in the inflammatory pathway was significantly increased (P < 0.001). Compared with the DSS group, the pathological damage
of liver tissue in CA group mice was significantly improved, and the levels of TNF-a, IL-6, and IL-1p in serum were significantly
reduced (P < 0.05, 0.01, 0.001). The contents of AST, ALT, MDA, and ROS were significantly reduced (P < 0.05, 0.01, 0.001),
and the activity of SOD was significantly increased (P < 0.05, 0.01). The accumulation of lipid peroxides (LPO) and Fe?" in
liver tissue was reduced, and the number of apoptotic cells was decreased. The expression of TNF-a, IL-6 and IL-1 mRNA was
significantly reduced (P < 0.001). The expression of GPX4 was significantly upregulated (P < 0.05, 0.01), and the expression
of p-p65 protein was significantly decreased (P < 0.05, 0.01). Conclusion CA can alleviate DSS induced secondary liver
inflammation in colitis, and its mechanism of action may be to exert its hepatoprotective effect by inhibiting iron death and
inflammatory pathways.

Key words: chicoric acid; ulcerative colitis; liver injury; iron death; inflammatory response

RBMEVHERR A E . AR, KRS
w5 25 D AN B REE RO 2 — 1,
N—FhRIRZTMEY) . DURE B2 FLR I, %4
ERRVEN 1 BRI, BAVUREE. ik, s
oy PR Gy 1S 2 P AR DS, AR
RILA, 55 L nl s B W TR & s S I AR
W= A BE 4 (reactive oxygen species, ROS) R
R, GENURAA S OE O E AR, Bk CA
TESE RN G DI RE . SR JORE S 7 T B EE
2R

mE TG % (ulcerative colitis, UC) &—Fh
RIEVERTG, W12 NN 45 B i A F0 98 0E
N SRBT . KR SE 1) 98 0E I SR A 40 B/ 3R -6
(interleukin-6, IL-6) « IL-1pB+ FJ&E A FE A -T--0. (tumor
necrosis factor-a, TNF-0) ZE{E 48 K772 4E, i Ak
SEl BERE RN . A RIEIRE T, Wb FEin

W, BFIATAEY) . BURTA YA/ SOART )
(tnfleZ ¥, 1L-6. IL-1B. TNF-a £5) @ity Rk

JOKRT T o kAo 80 PR, 0B 7 A R S A A

T 98 E M 78 St SR UC FE e AG B, Rk
RS IR 97T A2 B TR, A 9T B TEER T CA
STHR L S8 FE 4 (dextran sulfate sodium, DSS) %
S UC /MR R PERF R I cs 1 E R, DU AR
PRIGTT 250 P A 1 R B

1 #x

1.1 =)

35 W SPF # CS57BL/6T HEME/INE, 1A &
(20£2) g, W TR AR AEME ARG IR AH],
YFAES SYXK (#7) 2021-0056, 9% FT1LF K
SR B SLIe s o BE RIS, A ik
LV KRNI E e, S
JN.N020240630t0600930[369]



FEH 202412 7 $55% B 248 Chinese Traditional and Herbal Drugs 2024 December Vol. 55 No. 24

* 8437 »

1.2 w5

% E R (LS HY-NO45TA, JFi 5347 99.98% )
DSS (#it*5 HY-116282, Jii & 741 99.20%, X7
TRE 5X10Y | 5-Z KR (5-aminosalicylic
acid, 5-ASA, #it5 HY-15027, /4L 99.82%)
)04 H 3% B MedChemExpress A ; IL-1B. TNF-
o IL-6. K& % MR % I % B B (aspartate
aminotransferase , AST) . N & MR & % 7 & I
(alanine aminotransferase, ALT) i &AL 40 BAL i
( superoxide dismutase , SOD ) . N — &
(malondialdehyde, MDA) RX7l& (#5495 A
H002-1-2. H052-1-2. H007-1-2. C010-2-1. C009-
2-1. A001-3-2, A003-1-2) . 75 K -t 4
(hematoxylin eosin, HE) . #E%&:E =W -1k
A E A Cstreptavidin-biotin complex ,
SABC) Bl & (#t5 7378 D006-1-4, 1001-1-1)
B s MR RAR AR RIREL
(sirius red) 44k}, & Z%5¢ 44k (dihydroethidium,
DHE) (Jit543 5 G1472. G4817) M H AL & ¥
TR PR AR 40 e BT A A s R &

(liperfluo-cell lipid peroxide detection kit, Liperfluo)

2 MR B A IR %L (FerroOrange) 7T & (HiL'5
1248, F374) W H FilE R FRIEARAR: &
e H IR S AL YIS 4 (glutathione peroxidase 4,
GPX4) . MR #% K -«xB p65 (phosphorylated
nuclear factor-kB p65, NF-kB p-p65) . NF-kB p65
PR 543 514 30388-1-AP.82335-1-RR . 10745-
1-AP) T H B = JE AV AR AR A7 ;. GAPDH
Kl 5% 30 (iS5 ab8245., ab6721) Iy H L
VRS ERAA .
1.3 {425
EG1150H+C R AEY A LN, RM2135 A
ARV A CEE R AR A RAAD
Pannoramic MIDI 7V ARG (&) T F
3DHISTECN A ); AX2202ZH/E # 11 K7 ( |
HRZFHACRARAF; Synergy H4 4T HETM
FLARAG M4 (25 [E Bioteck A ] ) ; Axio VertAl %Y
2 A5 B %G WL . Axio Imager Z2 M & H] IE
BIOLRMEE (EER/RERAFD ; 5424R B
AU O ML (R E eppendorf 24 7)) 5 5200Multi Y
2 MR Rl RBERHCARA
7)) ; LightCycler 480 II %4> 5 %h%¢ % € & PCR
g (REPKAAD

2 ik
2.1 TSR, EERRTE

W 35 H/NRUBE AL 43y xet BE 20 AR AR 4 L 5-ASA
(150 mg/kg) 2H J %5 B R AK « &1 771 & (10, 30 mg/kg)
g, fH 7 W ENEETETdE, SHRAGHE
S ig N FEIREZY) 3 d (10 mL/kg) , SFHEZ
AR ZH /N R, ig S RRAE B ERK, BATE] B AR A G
K. B, BRATIEZHAE, Hp 4 HIHR0ES: A H
R 3.5% DSS ¥ 8 d, ig XM FIEI 254,
1 /d, B2 R A /N, ig SRR AR B ER K
22 HREBTURERENES (disease activity
index, DAD) HJIF(H

FFRACT /DR E LIRS YoKE, WE/N
B SIRIL FEAIRAS . R RR B RS (E W 1
At , 11 DAL, DAI 4 FrE W72 1060,
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Table 1 DALI scoring criteria
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gL RAAEM AR BROE, HIKOERZ
RGOV, fPOBERIE, MRS
A, TRAEE TS, MR
2.6 PBTRE¢EZR AST. ALT. MDA. SOD & &
m

BUNRAFATZHSY, FATA ) PBS i, $&IEAFIE
M5 PBS MAFILE 1 1 9 VKiE2I3%, 3000 t/min. 4 C
B0 15 min, HUERIE. FEHEGRI Ui T FF i ag
fEPR AST. ALT M AR ¥ MDA SOD 7K.
2.7 MEPRIERTF IL-1 TNF-0. IL-6 SENE

B4 M =R E 30 min, 2 500 r/min &
20min, U E3E, #5H. KA ELISA yER i
FRIERT TNF-a. IL-1py IL-6 7K°F.

2.8 RFBERAE FRiE & 4L4) (lipid peroxidation,
LPO) FifFE Fe &

1) AE S B AL SR UK D R, A
Liperfluo 1776 J2 FerroOrange 771 & o I H- /I 2H.
g1 LPO Jeiif & Fe?', T ot P50t
SR
2.9 BHEZE LR BRI T AN

I SV (E R 3 pm D) RS 22K,
JWINE P1 A1 Hochesst kM) TAEWR, BT 37 CHt
M E 30min 5, PBS Pl 3 K, K 3 min, N
BB E R, 7R A TR S
RICHRSE
2.10 RT-PCR #& BT Bi 18 & H F B9 3RiX

B2/ R AT IR0 2R, st BE, (5 ]
TRIzol RFRECE 4] RNA, FHL 1 pg WS
¢cDNA J&, F] SYBR Green #H{T% )€ PCR &
W, LA B-actin NNZ, FKH 27805 HE IL-15.
IL-6. TNF-o. mRNA X RIEE. NS K HE K
51 W7 51 W3R 2.

*2 51F5

Table 2 Primer sequences

FEH S (5°-37)

TNF-a  F: CATCTTCTCAAAATTCGAGTGACAA
R: TGGGAGTAGACAAGGTACAACCC

IL-/8  F: GCTGAAAGCTCTCCACCTCAATG
R: TGTCGTTGCTTGGTTCTCCTTG

IL-6 F: GCCTTCTTGGGACTGATGCT

R: TGTGACTCCAGCTTATCTCTTGG

F: CATGGAGTCCTGTGGCATCC

R: CTCCTTCTGCATCCTGTCGG

p-actin

2.11 Western blotting ;A AT BE2H 2R 1 GPX4 Fa
p-NF-kB p65 ERRIA

BUHEEFIR UM RIPA 23, Tok EHEEL
P[P REAFEE. ABEAFELIRES LR
MR SR AR INIVEM R, EARERES T
PR R M-S ISR Bk, %% % PVDF Ji,
TEJRIRIE N S% ML REYH 3] 1 h, TBST VefE/5
TIAN—PT (1:2000) , 4 CHHELA, TBST HfH
JEFF N HRP ARid =%t (1:3 0000 , =EEFH
1 h, TBST ¥eM)5, KA ECL tb2: %%, UL GAPDH
NNAFREE, A Image- M AE T & 4H
GPX4. p-NF-kB p65 & HAHN FKIE KT,
2.12 Gt ESH

FITE 9645 R DL X +5 Fon, BHBIEE Dok
H 3 MSrPEsein st R, A GraphPad Prism 8.0
Gt SRR R A AT B AR AL B, PRALRIELECR A ¢
Frss, % i) LLICR B B R 26 5 22 T
3 #R
3.1 X UC /MERBHIRES. FRE. REWKER
DAI B0

SERWE 1 FR. SRR/ R AIRAS R IT
TERITSN. BRI RS, RO KAE R
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INSTERE . IR ST . BRI
RN B i 5 3 A 1) (1 S S 25 kD, T HY
DUIGVS (8 SR, M & 035 N, DAT{E 2T+
i (P<0.001) . SR LA, 49 E RN 5-ASA 41
INERRE RS Frlr %, K S OE 3 EiE i
I, KAETEAS RS 5O P, DATE 2.2 FE(IK
(P<0.01. 0.001) .
3.2 X UC/MNREBBKE. BRI RATIRERN
A

SERNPE 2 For. SxTIRA LA, REAL /N R4
WK FE B 45 (P<<0.001) , BUIETRE S ATIFTE%L
PR ETE (P<0.001) , R DSS i S/ kA 4E
Mg, MENEFEEUGTE S, BB/ RARN 2OETH R,
[FIR A AT — R 24t SR L, 4
PRI, A AN 5-ASA A4 K B2 (P<
0.05.0.01), JEMEFEH S 4R 20 2 F-AIK (P<<0.05
0.01) , THHIZHERRAI 5-ASA 7] L3 DSS i S
UC /N ERAA P 985 [ B o
3.3 XRFAERIEFE TG

HE Jet0FI KRB ta s B (K 3) &R,
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HxHRALH: “P<0.01 "P<0.001; HHBHLLE: *P<0.05 *P<0.01 *P<0.001, FEF.
“P<0.01 "P<0.001vs control group; *P<0.05 *P<0.01 **P<0.001 vs model group, same as below figures.
1 ZADMRERE A BRE B). KE (C) XDAID) R (X£s,n=6)
Fig. 1 Body weight (A), food (B), water intake (C) and DAI (D) of mice in each group (X £ S, n=6)

A
 HER HER
R 10 mgkg™' 30 mg-kg™! 5-ASA 8
: £ £ 1] l
B .5 .5 N
2 b E a2 s
K X L % )
~ - -
C D
60 = X R
= ~ =
'en en e 4 E R 10 mgkg !
g 2 40 w4 5 2 30 mg k!
= = & 5-ASA
g £ 201
S =
0_

B2 RENREHKE (A. B). BAEEH (O KITHEEH D) (Xts,n=6)
Fig. 2 Colon length (A, B), spleen index (C), and liver index (D) of mice in each group (X £ S, n=6)

XTI, AT4ni S HES, e, Mg 3.4 3 UC MRATRESERIET-HEXH LPO & Fe**
WHE SIS BRI B oK FRA SRR

FEFIRRAE DL SOEIR IS, LT AL IR 2 gL 4 Fros. SRR, DSS d/h
5 ETTR AN 5-ASA 4/ BRUFFAI A A K B 5 5 08 BRI £H 20 LPO (£R (17806 Ml Fe? (L0858 )
MAHEP AR R, SREMMIRIER D, A4l LR, WORSRER SR, SEMAIE, FHERM
BOgA, URHAE A 5-ASA AT LLKGE DSS 55 5-ASA 41/NRAT AR ZUIR it ALl Fe2 )
[ UC /N BRI B
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A
HE
400X
Sirius Red : '.,. EREN
200X i A £ 3
B C
4 3+ CO xR
39 EO4E L 10 mgkg !
B 45 5 1R 30 mg-kg™!
4 5-ASA
2_

JF I AH S0 B 20 53/
AT Y%

RHRRRRRRRRRRRRRRR

A-FPRELRZUR L AL AR I, B-REAEH SR L2 70 C-HPREE AT 4 tb AR S it

A-pathology and fibrosis detection of liver tissue; B-pathological scoring of liver tissue; C-statistics of fibrosis area in liver tissue.

3 BRENRAFEAARSFERALENIFREER (X1s,n=6)

Fig.3 Comparison of liver tissue morphology and fibrosis of mice in different groups (X * s, n=06)

papicy HER 10 mg-kg™! HE R 30 mg-kg™! 5-ASA

. - -- --
o - - - -

B4 FHENBRFIEEALEF LPO K Fe 4L (X200)
Fig. 4 Changes of LPO and Fe?" in liver tissues of mice in each group (x 200)

3.5 5@‘ UC /NRATBE4ELE ROS &= /7520 3.6 Xt UC /NRBFREZE4ZR AST.ALT.SOD 1 MDA

gL mE s s, SXPEA L, A IKFHIF2
QH/J\ uuﬂwj?éﬂ,,\ ROS Mo (4t) F

R 6 fn. SXTHRA LR, AL/ NFAT

s S LR, s E R AL A 5-ASA 4/ LY AST. ALT. MDA /KFRETE (P<0.01.
MHHNE,A ROS %'t 9 JE FEAC, i B 26 & 1R 0.001) , SOD JHMHEZEFFIL (P<0.01) ; HFEAAH
CINVNG & i 7 = A R = F A A U4, 5 ERALAN S-ASA H/NEHFIEZ14Y ASTALT .
SR MDA /KT EEFEK (P<<0.05. 0.01. 0.001) , SOD
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EHEETE (P<0.05. 0.01) .
3.7 3 UC /MRIMFEFRAEREFKFHIF
SERE 7 FoR. SaHRAE LA, AR /N L
8 IL-1B. IL-6. TNF-o FEREAE (P<0.001) ;
BRI FU G, B S FRALAT 5-ASA 4N TL-1B
IL-6. TNF-a & &L (P<<0.05. 0.01. 0.001) .
3.8 Xf UC /NRAFBESH IL-18. IL-6 1 TNF-a
mRNA FRiAKFHIE N

2R ANKE 8 Fros. SX 4l

Hn Al

tti—b{’ *;:zj:l:éﬂd\

TR IL-18 IL-6. TNF-o mRNA ik i 2
Lﬂ;@’“fﬂttﬁ, % E RN 5-

HER 10 mgkg™!

B (P<<0.001) ;

ASA H/NB AR IL-18.1L-6 F7 TNF-a mRNA
RIS RFEEM (P<0.001)
3.9 X‘J’ UC /MNRATBE BRI T Y220
SERE 9 Fin. SXTHRALLE, BRI /N

FERELHEET- s B, aotaiitng,; S
AU LLES, 36 E R 4L S-ASA /N ATFAEL 2R T
HMEE R, ALEASOEES .
3.10 ¥ UC /NERAFRES GPX4 1 p-NF-kB p65 &
A FRIEHIF T

SEIRUNEE 10 fon. SXTRRLRES, BN R

IFZHZA GPX4 iK% N (P<<0.001) , p-NF-«Bp65
5-ASA

a2

Hnw=

TR 30 mgkg!

50 pm

&5 ZBNRITHEELZE ROS RAEE (X200)

Fig.5 ROS fluorescence staining of mouse liver tissue of each group (x 200)

1 500 7 500+ [EmPAL
4004 iy =
~ = #it FHE R 10 mg-kg™!
oy 10007 %0 300 Hi #H BB A E TR 30 mgkg!
2 = 200 €5 5.ASA
% 500 Z
<
100
0- 0
400~ 87
‘_’“ k3
& £ 0
£ 5
2 EN
3 <
2 2 2
=
0
& 6 ZHNRATAEZAL S AST. ALT. MDA, SOD STt (Xt5,n=6)

Fig. 6
4007 150 ok
PETY
T: 3007 T 100-
E £
m :
) _ - on
s 200 ] e #_;F# g
o 2 507
100 ﬁ
0- 0

Comparison of AST, ALT, MDA, and SOD levels in liver tissues of mice in each group (X s, n =6)

PO

400 E%E‘I—’%‘i 10 mg-kg"
T 45 5 R 30 mg-kg!
el B 5
£ 300 S-ASA
o0
S
J 200
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