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Huangqin Decoction alleviates ulcerative colitis in mice by reducing endoplasmic

reticulum stress
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Abstract: Objective To evaluate the therapeutic effect of Huanggin Decoction (HQD) on ulcerative colitis (UC) in mice and
explore its mechanism. Methods Male Balb/c mice were randomly divided into normal control group, model group,
mesalazine group (5-ASA, 200 mg/kg), and low-, medium- and high-dose HQD groups (2.275, 4.55 and 9.1 g/kg, respectively).
With the exception of those in the normal control group, all the mice were exposed to 3% DSS solution in drinking water for 7
days to establish UC models. After treatment with the indicated drugs, the mice were assessed for colon injury and apoptosis
using HE, AB-PAS and TUNEL staining, and the expression levels of inflammatory factors were detected with ELISA. Western
blotting, immunohistochemistry and qRT-PCR were used to detect the changes in protein expressions associated with the
intestinal chemical barrier, mechanical barrier and endoplasmic reticulum stress (ERS). Results HQD treatment significantly
reduced DAI score and macro score of UC mice, decreased colonic epithelial cell apoptosis, lowered expressions of IL-6, TNF-q,
IL-1p and IL-8, and enhanced the expressions of MUC2 and TFF3. HQD treatment also upregulated the protein expressions of
claudin-1, occludin and E-cadherin, reduced the expressions of GRP78, CHOP, caspase-12 and caspase-3, decreased the
phosphorylation levels of PERK, elF2a and IREla, and increased the Bcl-2/Bax ratio in the colon tissues of UC mice.
Conclusion HQD inhibits colonic epithelial cell apoptosis and improves intestinal barrier function in UC mice possibly by
reducing ERS mediated by the PERK and IREla signaling pathways.
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1.3 A

IIAKE ML AT R EE T DAPLYL AR HiT
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RIPA 24 i (57 ZE 4k /R A= W) B4 ) 5 1L-6 . TNF-ar
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CHOP (I ZEGE /R A WFHL) 5 St/ N4t Caspase-
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IREla, elF2a . p-elF2a ., Cleaved-Caspase-3 (CST) ; p-
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WA (9 g AN 6 g K HH 6 g K49 g),
Y AT N BE 2 R — B BE B 2 . # by
IRA T 105 A TRZEIR/K PRI 30 min J5 , £ 2 IKRIE
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VR P TC ] - AR 2 3 RRC B2 S0 s ) th N S s 4
R T /N BRI AR H 25 255505 s R B H il
25 9. 165, LA70 kg R RIbRIEIR TR, 5577
AR IR RFIE LA 70 g 0H5, /N YA H 25 255
it 9.1 g/kg, UG B R/ NR LI 45 24 1 s 7 o, )
T E O 4.55 g/kg SRR E R 2.275 g/kg. /D
U A 2R T 10 mL/kg P15, B LR S X 4 AE
25500, INAZEIRZK 3 IBC I A 0.91 g/mL.0.455 g/mL .
0.2275 g/mL, ECFLA .
1.5 ¥4 5542
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2.275 g/kg) EEA R4 (HQDM, 4.55 g/kg) &%
DAL (HQDH, 9.1 g/kg) . 1R M 2h 23k 7 d, Horf
5-ASA 4 K HQD 45 ¥l it 41 &5 H ¥ B AR R EE (245
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SRR G T AR B AR R AL T 3% 1
DSS/KIEWR A IR . ASEEES 1 RIF 1L SRR/ MR
AL IR A A i, 26 2 R HE & MoK & 1
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Tab.1 Quantitative table of DAI score

Weight loss (%) Feces consistency Hemafecia Score
0 Normal N/A 0
1-5 Mild soft Slight bleeding 1
5-10 Soft and wet Moderate bleeding 2
10-20 Half loose stool Gross bleeding 3

>20 loose stool Blood clot around anus 4

1.7 HFRRESAHE
TESE T RN )5 ,/INREE B EAERIK . 58 8 KA

&2 HIARREFTS
Tab.2 Histopathological score of the colon

INEL SRR BEF PRAR A2 MAEA, =R E 4 h 5,
BT 4 CARIEEGALLL 3000 r/min 2.0 10 min, WL
TH 2P EAFT-80 “CURAR o (1 FSTUHE I F 1AL 5t
/NER, SRS i DT I A R . BEHREE AT ) By
0.5 e L5, 2 T 4% 2R SR ARAb B, R4y
SIS U EANRAEE T -80 “CHKFETFRIN
1.8 HE 4 &, 5- 47 & M R IR 3L 5 3% 5

B E T 4% 2 R AW 24 h i 45 a2
W R SRR B I 2B ke, 336 EA T T B —
FRGE WA FH o 3 FOA S B e i PR i e a3
FEFNH L R 4 COREA T S VIBE i ATH
K UL TCRE S 45 8 T 60 “CHEAR I,
FWRAE. KU1 DL HORFIBREE Bk SR 8
IR YA IR TR 0, PR LT e
TSR, e Jm LUJOK R . VIR & H2RE
ACBRJE , TR e B, WL 4 i BE BRI 245 IR G5
¥ B gl BRI AR fedm AR Li 46 3T
AU, X4 g T SR BR2E A (R 2) .

Inflammation degree Inflammation range Colonic crypt damage Score
N/A N/A Normal 0
Mild inflammation Inflammation of the mucosa One-third of crypt damage 1
Moderate inflammation Inflammation of the mucosa and submucosa Two thirds of crypt damage 2
Severe inflammation Inflammation of the mucosa and intestinal wall ~ Crypts disappeared but epithelium remains 3
Acute severe inflammation Transmural inflammation Both crypts and epithelium disappeared 4

1.9 Western blotting #- £5 J 2047 P9 it PR 52384 | 4m g 8
T WURAE AR R E R A

SERCHT L5 I 2 VSR L T BCA RN E A
WS . K 8%~12%SDS-PAGE HLJK /3B MR 1, i
(120 V.1 h~1.5 h) 5 PP 20 min, il A fedt/ D —
HLPERK(1:1000) .p-PERK(1:1000) .IRE1e(1:1000) ,
p-IRE1a(1:1000) eIF2a(1:1000) \p-elF2a(1:1000) .
B -tubuin (1: 4000) . Occludin (1: 4000) . E-cadherin
(1:5000) . Claudin-1(1:2000) ,GAPDH(1:5000) . Bax
(1:1000) .Bcl-2(1:1000) ,cleaved-Caspase-3(1:1000),
4 “CIF A A VRS i L A B A 1gG —$t(1:5000)
£ 2 h, VRS IR ECLBESCIHAMR, b A R
Fikie,

1.10 P74 37 3 -1 ik & X (AB-PAS) 3 &,

AU R DA W RIS B BB . 4% BRI
el PTG T £, S KBRS T &
FEfiK G B PBS YU iR e . X IS TEIR AR /LI
FLR B P RN A%, B e DK SR BEI Tk T

THZGEYIEEE . U)R FCE R FET S R
WL b B RS MMRL
1.11 TUNEL % & 4| 25 87 £ % 2m i )8 =K oL
TEZR T PRI 0 A 55 U0 DA WAL B S
i s - R T B AL B . i F DNase TAbEEAE A BH: X
W ARG %M —2E 1k TUNEL 40 M T A7) 2 )
UEH, ) B FE SLES I0 50 L P72 R EE A T A
PR, THAIEECH RS TdT RN 28 MR, 255 -1 2%
MRS , I 56 WL TdT BigS2 0 2% il 137 “CHEiAf
BEEHEE 1 he BFE G, FH PBS 28 R PR I REAS , 04T
DAPIIZYL (0, 2R #E 10 min 55 . )5 7E9OG
TR NSRS TP T A AR L
1.12 ELISA#i fo i B 25 422 ¥ K B F
FEEFRILS0 mg AUZEIAZHSY, BT 2 mL S
2 1:9 FLBII AT PBS I S 3~4 mm BFEEEE , (i
HEWHENLF DI . B R RS 22 4 “COKRE
O HL, LA 2000~3000 r/min 250> 20 min, /MO HEBL |3
W, e g 1 AR o A7 180 CUKHl . I BCAE
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a7 B B U ARG I 245 i 4 21 1T TR R O AR i
ELISA 2751 & A% 18 BHAG I 1ML 385 7 IL-6 Fl TNF-au, DA K2
AL IL- 18 FIIL-8 F & .

1.13 % 9% 2840 4 & & m) 25 B 48 2% GRP78. CHOP,
Caspase-12%& & &1k

A7 HE) F i IS A T S min, BT &4 3%H,0, 1)
F S PR 2 min, AT bR TR M A AL R
Tt RIS R TR 1 b, 2 A DL e N —AT
GRP78(1:500) .CHOP(1:500) .Caspase-12(1:500)#%
Ho RGP R —PEER TEE 2 h YK
J& VIR %N DAB W A s 22U 10 min, 2R
IR R YA, P g B, 76 B 4 B e T 84T
O
1.14 qRT-PCR #2245 % 28 42 GRP78,CHOP, Caspase-
12 .ATF4 XBP1s % B % %

PRIEE A2 RNA, K PrimeScriptTM RT i,
& F RNA 306 5% 5% S BIH cDNA. % H Novostart
SYBR qPCR SuperMix Pluiff7 qPCR I . S 4514
B E N 95 CHZEYE 1 min, 95 “CAEPE 20 s, 60 °Cil &
1 min, 40 MER R ZOUE S 458 R T CT iR
mRNA AN R . 5P H A TAY TR
) AR A BRA TR (R 3)

&3 519F5

Tab.3 Primer sequence

Gene Orientation Sequence (5’ to 3")

Forward AGGGCTCGGAACTCCAGAAA
MUC2

Reverse CCAGGGAATCGGTAGACATCG

Forward TTGCTGGGTCCTCTGGGATAG
TFF3

Reverse TACACTGCTCCGATGTGACAG

Forward ACAACTGACAAGCACCTTTCTC
AGR2

Reverse GTTTGAGTATCGTCCAGTGATGT

Forward ACTTGGGGACCACCTATTCCT
GRP78

Reverse GTTGCCCTGATCGTTGGCTA

Forward AAGCCTGGTATGAGGATCTGC
CHOP

Reverse TTCCTGGGGATGAGATATAGGTG

Forward TTGGAAGGTAGGCAAGACTGGTTC
Caspase-12

Reverse TCAGTTCACCTGGGACCTCAAATG

Forward AACCTATAAAGGCTTGCGGC
ATF4

Reverse GATTTCGTGAAGAGCGCCAT

Forward AAGAACACGCTTGGGAATGG
XBPls

Reverse CTGCACCTGCTGCGGAC

115 %itd ik
K HI SPSS 26.0 # 4 T H ¥ o #r, R A
Graphpad Prism 9.5.0 #4176l Bl . TF 2 TR

BAATMELELTIR , Z A AIFEAR LSRR = 20007,
PAP<0.05 MR G L,

2 R
2.1 F5HmEDSSHF8 UC /I R a9 ek

/N H K 29 0 4 mL/ A £ 41 18] 22 55
HxGutE L ERA/NRASEEEN4gH 5
TEE AR, AR )N R i SRR TR (H
ZZERIHTIGEE L (P>0.05,E 1A B).

5 CONGIAIEL , A& 41/ BUAR R B 7R 55 5 KIF
TR HT N B AR B [ RE B2 0 IS I S5 O
DA RN b, A5 7 K, 45/ M/ INRUA BT
IR R AR BE A R B DATPES> B [RI R B 1Y I
Ft, ALl DSS A AT T DAL I ]
i (P<0.01, 8 1C.D),DSS ZH /N BURS # Z5 E | ™ H
HEYS A OL. AR S NS R
AR AR TR ZE , 5 DSS 4 AH L, HQDM
ZHATHQDH 4 DAITVEA MK (P<0.01,K 1C.D).,

2.2 FXRHEEDSSHFHUC D RLEW % Efomid
g

5 CON 41 L, DSS 2H 45 17 45 45 (P<0.01, 5] 2A.
B), 5 DSSAIAH L, SEVP R A 57+ 1 45 A 4 4
PG5 538 ], o L HQDM 2 A HQDH 41 i 25 7 K
FEPR S e B 2 (P<0.01, K1 2A B);

G B A Yo n] WL DSS 20 451 Bh B0 AL A AE IR
T AR TR B SRR L SR IRSE i A W
BRI ZK M, HQDHZH/NRZE M ERER ,
R AT I T D HHES 55 WUZ KRR T 23 W ik
JHERG (2 D)., 5 CONAIA L, DSS L&A I E -
I3 B E T (P<0.01) ;5 DSS 41 L ,HQDM HIHQDH
W7 BT 5> R (P<0.01,[812C).

2.3 FRHEFDSSH T UC I AL LA R

5 CONAMH L, DSS 21/ E 25 i A0 RE 1= 1) BH A 240 i
ML STRPEERE T TH(P<0.01) , 25 254134 UL iH
TARRRE D SISOt EE T [ (P<0.01,K13)

2.4 FH%A TFIADSSHF49 UC R K e B F 89 A

5 CON4IAH L, DSS 21 1fiL i H 4t 2 41 i PR - TL-6
TNF-a FIZ5 AL 3G e R A0ME P+ IL- 18 IL8 & i
FhE (P<0.01) . 5 DSSHMHL, &5 A 25 4R R 4l
[AlF IL-6 TNF-o IL- 18 JL8 & FI(P<0.01,/E14),

2.5 FEHHKEDSSHF6 UC D RIpE A R4

K] AB-PAS G A R AR 20 i 43 WA B , )
FH qRT-PCR 43#HT MUC2 , TFF3 F1 AGR2 Jit [F iy 2814 7Kk
V. 5 CONZIAIEL , DSS R MM AR 115 Pt [k
/D (&5 A), Rl MUC2 . TFF3 Fl AGR2 BEH AU 215 T
[4(P<0.05,[K5B.C), 5 DSSAHHIL,5-ASAZHMUC2
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Fig.1 Changes of water intake (A), food intake (B), body weight (C) and DAI score (D) of the mice during
modeling (Mean+SD, n=8). “P<0.01 vs CON group; **P<0.01 vs DSS group.

FEHBA Gi 11225 (P>0.05) sHQDH 4 it 45 11 5
P B SR 3 £ H MUC2 (P<0.05) F1 TFF3 3 [H (P<
0.01) B THE , SR 1M AGR2 FE K Ay R 1k 2 S LG T
AL (P>0.05,185).
2.6 FBHH-EDSSH-F49 UC A R i Ul B 5145

5 CON 41 M k. , DSS 41 Claudin-1 . Occludin £/l
E-cadherin & [ AR (P<0.01) . 5 DSS 1AL,
5-ASA# E-cadherin®E HZERBA G X (P>0.05),
HQDH # Claudin-1 , Occludin £ E-cadherin (125 [ %
KT (P<0.05,1616) .
2.7 wEHIH UC I SRR W 23 F GRPT8 & & A=
ENEGF Eo

G ARG 0 S FHME B e s SR R L 5
CON @ HH It , DSS 2H GRP78 75 45 I vh ¢ ik T i (P<
0.01), TMiAH L T DSS 41, HQDH 41 # %~ -1 F GRP78
HARIBACERER(P<0.01, 5 7A B) . qRT-PCR 55
F W 8 5 17 BENS A ) GRP78 3 [H i i FF 32 3k (P<
0.01,#7C).
2.8 FHEH IR UC ) AR M 5%k PERK A= IRE 1o i@
H s E

5 CON#4IM L ,DSSZ PERK IRE« . elF2a i & 1%
b B IKCE FTHP<0.05,E18A~C) , 5 DSS 41 H
I, HQDH @ #il #il T PERK . IREa (P<0.01, % 8 A .B)
FlelF2a(P<0.05, 18 8C) & IR L K-

5 CON It , DSS 2H ATF4 F1 XBP1s 5L [K 23k |
F+(P<0.05) ; 5 DSS 41 AH [t , HQDH 4H ATF4 (P<0.05,
5] 8D ) #ll XBP1s % Kl K3k 4 (P<0.01, I 8E) .

2.9 AT el id MR R 42375 Caspase A T8 74

5 CONZ A H , DSS 44 CHOP #il Caspase-12 £
Ja ik 5 (P<0.01) , 5 DSS41AH L ,HQDH 41 I
R AL (P<0.01, Kl 9A~C) . gRT-PCR
BN, B HENS T I CHOP £ Fll Caspase-12 F& A )
FIRKF(P<0.01,K19D.E).,

5 CONZHAH It , DSS 41 Bel-2/Bax [#4% (P<0.01)
cleaved-Caspase-3/3-Tubulin Jt & (P<0.01) , 5 DSS 4H
A1 kb , HQDH 41 Bcl-2/Bax FF & (P<0.01) . cleaved-
Caspase-3/B-Tubulin K (P<0.01,/410).,

3 it

UC A3 PR L K5 | 2 I E S U C R S AE Y SR
AR MATE R, (ERERAARRIIABITRA B
Kl 2 12438 % P ERS 78 UC [ &9 1 A5 Fh 4y 1 25 J
SN, 1 B2 ERS R RE 5 3 b R A AET
0 8 R e I ) B R T P A R g R R
UC*™, AWFFERH DSS IS UC /N, LAISEYD
PR BHPEXT R 5 B XA A T 2530000 [, 455 DAL
WO S S PR ALSERR bR PEAG A 6 UC
INERIZIRVER . G500, B R R i A RE NS 2% i
UC/MRIAR T T REAEOL IR DALV A3, %5 45 25401
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Fig.2 Effect of Huanggin Decoction on colon length and pathology in UC mice. A: Colon length of the mice in each

group. B: Statistics of colon length in each group. C: Histopathological score of the colon in each group (Mean+
SD, n=8). D: HE staining of the colon tissues in each group (Original magnification: x100 or 200)."P<0.01 vs CON
group; *P<0.05, **P<0.01 vs DSS group.



- 2178 - J South Med Univ, 2024, 44(11): 2172-2183 http://www.j-smu.com

x400 x200

DAPI

CON

DSS

HQDL

2
B

S E
<
>
>
g
on
(=]
<
o

an =)

A =

o

T &=

<
%)
<
e

B 3 #ZiH3 UC/NREER7 L R BRI T2 m
Fig.3 Effect of Huangqin decoction on apoptosis of colonic epithelial cells in UC mice. A: TUNEL staining of the colon tissue in each
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group; **P<0.01 vs DSS group.
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