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[Abstract] Objective: To evaluate the pharmacodynamic effect of Huangqintang (HQT) on ulcerative
colitis (UC) model mice and investigate its protective effect against UC by regulating intestinal flora. Method:
Male Balb/c mice were randomly divided into control group, model group, high-, medium-, and low-dose HQT

groups (20, 10, 5 g-kg"), flora interference group, flora interference model group, and flora interference-drug
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treatment group (HQT, 20 g-kg'). The flora interference model was constructed through intragastric
administration of antibiotics (200 mg-kg™ bacitracin and 200 mg-kg" vancomycin) for 8 d, and the UC model
was constructed by allowing mice with free access to 3% dextran sulfate sodium (DSS) solution for 7 d. HQT
was administered for 7 d. After the experiments, the mice were sacrificed, and blood, colon, and feces were
collected. Hematoxylin-eosin (HE) staining was performed to observe the colonic lesions. The serum levels of
interleukin (IL) -4, IL-6, IL-10, and tumor necrosis factor (TNF) - @ were detected by enzyme-linked
immunosorbent assay (ELISA). The mRNA and protein expression of Claudinl, MUC1, Occludin, and zonula
occludens-1 (ZO-1) in colon tissues was detected by Real-time fluorescence quantitative polymerase chain
reaction (Real-time PCR) and Western blot, respectively. The fecal DNA of mice was extracted and analyzed by
high-throughput sequencing. Result: Compared with the normal group, the model group showed increased
serum content of IL-4, IL-6, and TNF-a (P<0.05, P<0.01) and decreased IL-10 (P<0.05). Compared with the
model group, the HQT groups displayed decreased serum levels of IL-4, I1L-6, and TNF-a (P<0.05, P<0.01),
increased IL-10 content (P<0.01) , increased mRNA and protein expression levels of Claudinl, MUCI,
Occludin, and ZO-1 (P<0.05, P<0.01). After flora interference, the diversity and abundance of intestinal
bacteria decreased. To be specific, Proteobacteria increased (P<0.01) , and Firmicutes and Bacteroidetes
decreased (P<0.01). After UC induction by DSS, Bacteroidetes and Tenericutes decreased (P<0.05). The high-,
medium-, and low-dose HQT groups showed increased Bacteroidetes and Tenericutes ( P<0.05, P<0.01) and
decreased Firmicutes (P<0.05). Additionally, the abundance of Lactobacillus, Lachnospiraceae NK4A136
group, Escherichia-Shigella, and Helicobacteris was positively proportional to the dose of HQT. Conclusion:
HQT can inhibit the inflammatory response of UC mice, restore the imbalance of intestinal flora, and repair the
damaged intestinal mucosal barrier.
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Fig.4 Effect of Huangqintang (HQT) on histopathologic changes of colon in UC mice (HE, x200)
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Table 2 Effect of HQT on content of inflammatory factor in serum of UC mice (x+s,7=10) mg-L"!

215 Fl /g ke IL-4 IL-6 IL-10 TNF-a
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®3 HEEFWUCIREHELBFIEREEAQ mRNA RIEKFEHFEI (x+5,2=10)
Table 3 Effect of HQT on expression level of intestinal mucosal barrier protein mRNA in colon tissue of UC mice (x+s,1n=10)
20 5 Mt /g ke Claudinl MUCI Occludin Z0-1
iEH 4l 1.01£0.21 1.00+0.11 1.01+0.20 1.01+0.20
AR 241 0.76+0.07> 0.70+0.06> 0.41+0.02” 0.51+0.05>
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A T 10 1.58+0.38 0.97+0.18 1.90+0.12" 1.90+0.12"
A IR 4 5 0.60+0.08 0.56+0.04 1.56+0.05" 1.56+0.05"
BRET Y4 2.24+0.277 2.15+0.317 1.74+0.07% 1.74+0.07%
AR T A 2 20 0.50+0.09” 0.44+0.00" 1.06+0.03" 1.06+0.03"
WRET s 5 20 2.09+0.20° 2.43+0.01° 3.01+0.19% 3.01£0.199
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Fig. 5 Electrophoresis of intestinal mucosal barrier protein

expression in colon tissue of each groups

it Z2 FEPE B A, AR & 2 5 E B 12 22 8 . Shannon
5 BT DLAR BURE A v ol A W 1) 22 BE R, OF B e il I
B A B b A AU R il 2ol T 22, R
BEA R R UVRBEE AR BRI 2 R . R
T Y LH it LA T B ARAL L 150 W 3K 2 B A v g ol A o
/D AR TP A /N BRBY i T8 TR AR ) RO T AR
F o DL i R0 kA

3.7 WA E N FETTKF B BRE R
T LA A AL H5 5 1) 9 SR BE T 1] (Firmicutes ) Al

F4 BEZGMUCINREBALBRHBEREREOREKFHEME (G£s,2=10)

Table 4 Effect of HQT on expression level of intestinal mucosal barrier protein in colon tissue of UC mice (x+s,n=10)

20 5 /g k! Claudin1/B-actin MUC1/B-actin Occludin/B-actin Z0-1/B-actin
EH 41 1.02+0.03 1.02+0.04 1.04+0.04 1.03+0.04
HEAIZH 0.81+0.02" 0.91+0.01 0.73+0.01" 0.82+0.02"
A ) A 20 1.15+0.04" 1.07+0.01 0.95+0.04> 1.12+0.03
A ) e A 10 0.92+0.03 1.16+0.03 0.88+0.04 1.27+0.03"
HE AL R Al 5 1.00+0.01> 1.03+0.02 0.93+0.01 0.96+0.01
W RET Y4 1.07+0.03 1.41+0.04" 1.20+0.03" 1.14+0.04
W T AL 4L 0.77+0.02 0.77+0.03 0.84+0.03 0.71+0.01
WRET s 5 20 0.71+0.05 1.21+0.03% 1.00:£0.03> 0.91+0.01¢
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LT B ] (Bacteroidetes) , 3% 7 80% LA I 44 T4t
ARTIE, FREE S R — U R
(Proteobacteria) A L # & ] . 7 J& K F b, WHE T
4 1 #T 16 )& (Enterobacteriaceae) \FLTR FT 16 &
(Lactobacillus) . K 35 % o8 i B o8 J& (Escherichia-
Shigella) . 5t 8 11 AT 17 & (Klebsiella) % %5 i A W]
AR . UL R AR AL R

3.8 JiE R A AR ILEL TR TR FE K
b B T 02 A A BT G A A B B A ] A
[F) o DL i b RS T e

3.9 WmEEREESYRGE WA R T R T
FIKF B S A A BB rh R BE R ] 2 e
W 2 (H 22 5 R W3, LR B0 R0 32 BE R )
(Tenericutes) B & i 2> (P<0.05) ; B A T 0 41 b A
BRI REEZ(P<0.01), JFEERT] AT 2%
B> (P<0.01) o W RE T ILHBIAL AN LT RORLA )
AR R R AU TE T3S 2 (P<0.05) BB 1] 5
BETA ] W d /0 (P<0.05, P<0.01) . 5 1 BF T H A58
RUZH RS, WRE T 48 25 R BE TR ) AT ) 8
JE T o AR T 22 S B (P<0.05) . £
MW AT BRI, 5 W b AR 3 A5 2 A
FURF B8 ] A0 S BE T 1] W] W 3% 22 (P<0.05, P<0.01) , 7E
JELRE A 1) O 0 2D (P<0.05) o L3 i R BRE i A4
B TEZ A IR JEAT 22 S W Rh ARG 56, 45 2R DL 1 a5 R
W1 S N o 2 N U R
R 4 KM /NRIEME, 7T LR e G AL
norank f Bacteroidales S24-7 group. norank f
Lachnospiraceae . Escherichia-Shigella .
Ruminococcaceae UCG-014. Erysipelatoclostridium
B8 7= T 2 5 (P<0.05, P<0.01) ; b 42 B BF T 3R
41 TE BT RN 5 TR R T PO B 5 4 K B €
AR, KM A AR TIE, EERRT,
Bacteroides . norank f Bacteroidales S24-7 group .
Klebsiella .
NK4A4136

Erysipelatoclostridium |

unclassified f  Enterobacteriaceae .
Escherichia-Shigella .
Parasutterella .
Rikenellaceae RC9  gut  group.
Akkermansia , Blautia . Paraprevotella 7 J& A W i X
B (P<0.05,P<0.01); ¥ %537 3 i 418, norank f
Bacteroidales S24-7 group . Helicobacter ,unclassified
f Lachnospiraceae W] i 2% 5 (P<0.05) , Jf H. 3L M2 &
J& (Lactobacillus) . K % 75 W 25 B8 J& (Escherichia-
Shigella) . Y& ¥ W (Helicobacter) . & 12 W &
(Lachnospiraceae NK4A4136 group) #£ /)N R 7 18 H 19

Lachnospiraceae

group .
Morganella .

FEHHEESHNF R,
4 iTig

UC J& — i 18 R 929 , LA 2 K TN 3K 457 4o 9 &R
RN RRAE o 7E UC B R 1k B vy, G 02 40 32
1) i 3, BRI A A S i R, i R O
ok Sk — A ol Sz G RV LT A T, A
W45 35 B L 7 40 3 0 B R B RRE . H
RUAFSE CL 2R UE S, UC 1 & 95 A& Th2 4H i 43 4k 35 i i)
SR G N, H T 43 WA Y TL-4 (TL-6 1T LA 1F &2 Fif
A JAE K (W B Lo 7 #3811 STAT3 B R
A1 AT I HE 48 E S S . TNF-a f #1 NF-«B .
MAPK %5 %8 4 18 B% , $L TNF-a 21 9 ) ) S 16 97 UC
25 2 — " TL-10 W2 — Bh bt 48 48 ff B 7, ]
DL 58 Treg 40 M (4 73k, 75 22 Fh G 98 S5 I vh & 15 I
BRI AE R . ABFSE T, DSS IS UC /b B
I % H 1IL-4 . 1L-6 , TNF-a & & L JF, IL-10 & &
R, 2R BN BV N Hh B SR E N ; B B 4G 2 T
TS 16 003 G e, UL W] B 50 X DSS i S 19 /)
BUCHMUNEITEN

AR 38 v B 7 J5 K 43 A 4 1% 10M'~1% 104>
Tl A= W, 3k B Bl A ) B T A B T B R R
PERGRRAS R 1 Erg A ik A £ OCE
AR A W B G O R BT S B0 B R R
FEN S ML HE AR AR i T A 0 DA Y S — T By £k
2 T 0 IS B, bR R R 1 L R A R R AR
FWZH . BREZ R E % EZEREAX
W, f145 Claudins . Occludins . ZO Z£"7 . E B #1:7E
P13 o A B, SEEROK IR IR LB T AR R M As
TIRE o M 38 B 43 M6 1) S 4% i 7 R (SCFA) Rl B 2 1
LRI IR B T M b B AN e T O R o N 2
B MUC JE B, HE 0 %% 4 1 A 0 o
HNZ LB RN B, T 5 i T R R SRR L B TE TR R
FHEG W AE R 8 SR 00, 78 995 T 1A AR 300 1] 9% fige 2
TR, TR I i T A 0 A X e T I A ) 8 e] A
IBD b5 &t . ARSE o, 4 DSS T 1Y UC /M
ZE 1% P Occludin . Claudinl \ZO-1 mRNA ;& # F £ik
P TR RS e, LR R R H R
YA 2 1, 26 BB N DIAE S 32 451 s
it B

LA R A TG R AT A E B KR
SBR[ RE 2 R B N A g A AR K S
A YRR ZRENE TR BN T I N
RS IR 10 55 1 X A1 ok g J B 14 s B AR BT . R
FH v A8 R X H A% 4 B N R RE L AT LAE L 4G
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THUERE /NG N E AR YR 2 R R
SEP RS W R N R A S RS
Hib M A R FE2LES . SIEFEAML, WHT
MAPNRMBEDEZRBAEE D EBREE
(norank f Lachnospiraceae) YUKT i J& ( Bacteroides)
B R D, 22 [ 6 (Parasutterella) 50 G

T W (Klebsiella) . W ¥ B J& (unclassified f

Enterobacteriaceae) |V [C H J& (Morganella) W 14
W2, F 2 R ME R A LUAE i g b B 40 g o
A PRI S 5 b N B R R B A2 AR T RE R T
AR PP 2% R BH M T Y . HE Y 85 R R
ANIE =i o w7 R i RS e e i o . F U
DL S0 ™ I 5 R T AR R 2H /) B JE
M -3 50 2 6 (dkkermansia) B E M 20 K. A
PR WoR, S WEM THEREE, 5K
P e IR W DR 45 98 0 B AR OG> (LA R
266 7R R M — RO B IE . AR SEE N B
W Z /) L & WA R S 1 MUCT, S BB R Z
U8 A R TR e S M, s AR i — 2P A
212, M B T UG W %6 5 A o 2R
HSMRNFRE LM RN FRIEEET M,
F W E W L AW 8 (Eubacterium fissicatena
group) , FEARMARE X [C # 8 (Paraprevotella) , 3¢ W 1
TE B2 B TP BRI R AR A R g i
ZR0 B 3 e 1) T 2

5OEH A L, BR A v R g 3R A T A R
(Escherichia-Shigella) Wl W. # £ , #l /T H &
(Bacteroidales S24-7 group) . PR & J& (Alistipes) .
T H K IK W B (Prevotellaceae UCG-001)
Odoribacter ., 7 % ¥k % J& (Staphylococcus) i 3 I,
Do AUFFRR T2 T 0 P SRR I L RE 68 T B i 18 A%
IE AR RS X HE LR R A B R
X A W 5T 3 W Bacteroidales S24-7 group BE 5%
fift 5 3 /N R R, Odoribacter 1R 5 77 4
T, FIAE Nl bR A0 Y BE ORI O B e
RAEF . A 5256 IE B 55 g W3 00 DSS i
B B0 T RS A E  HnA a5 R BRI
T EE, REIRITEN .

RN 5 A TSR — b TR SO TR, AR L
DSS & W J5 K W %= & W & % J8 (Escherichia-
Shigella) & 3 W 22 | 2 9 551 A Al ) a2 4 1 1 )5 34
AW EREAR. RYIDSSERWE RS KR4
WA B Y)OC AR 85 17 e 3l f BE AR K 1 A T A
B F R ESTRAEA

. 18 .

[1]

[4]

[7]

[9]

[11]

[F2 5]

AR B FARATH B0 R

(&% k]

GAJENDRAN M,LOGANATHAN P,JIMENEZ G, et
al. A comprehensive review and update on ulcerative
colitis[ J]. Dis Mon,2019,65(12):100851.

VAN DER POST S, JABBAR K S, BIRCHENOUGH
G, et al. Structural weakening of the colonic mucus
barrier is an early event in ulcerative colitis
pathogenesis[J]. Gut,2019,68(12):2142-2151.
SCHIRMER M, DENSON L, VLAMAKIS H, et al.
Compositional and temporal changes in the gut
microbiome of pediatric ulcerative colitis patients are
linked to disease course[J]. Cell Host Microbe, 2018,
24:600-610.

HAIFER C,PARAMSOTHY S,KAAKOUSH N O, et
al. Lyophilised oral faecal microbiota transplantation
for ulcerative colitis (LOTUS) : A randomised, double-
blind,
Gastroenterol Hepatol,2022,7(2):141-151.

CAPALDO C T, POWELL D N, KALMAN D.

placebo-controlled trial [1]. Lancet

Layered defense: How mucus and tight junctions seal
the intestinal barrier[J]. J] Mol Med (Berl) , 2017, 95
(9):927-934.

HOU J, HU M, ZHANG L, et al. Dietary taxifolin
protects against dextran sulfate sodium-induced colitis
via NF-«B signaling, enhancing intestinal barrier and
modulating Gut Microbiota[ J]. Front Immunol, 2021,
11:631809.

CHNB -, AL, ARIEHT 5 85 U RS N2 g X
15t 9 TR 25 i 98 R BRI TR S [J]. 25272
#2,2019,54(4):653-659.
EAR, ke e, EE2AL, % M BN B S R
KB NF-xB p65 4= /E BT 5T [T]. 2424, 2015,
50(1):21-27.

L, 2 AL AREORT , 5 L 3 kT 44 O % R L
I VE 45 1 9% 19 98 P 440 L DR) 5 5 i 3T R Tl 4 % LE
BFFET]. 252241t ,2019,54(7) : 1241-1250.
TRALT, EEAL, E=07, 4 il i R B ST B
K57 % 597 PR 45 W 96 R R 8 R I s 7] 2452
2 4%,2017,52(11) : 1673-1682.

R, SRR R A L SRR X% P4 I A B
B B A R (D). S o Ak K, 2022, 38(5) -
424-431.

DELGADO-RAMIREZ Y,COLLY V,GONZALEZ G
V, et al. Signal transducer and activator of transcription
6 as a target in colon cancer therapy [J]. Oncol Lett,

2020,20(1):455-464.



5529 B4 7 W) FEXEAFIFERE Vol. 29,No. 7
20234F 4 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2023
[13] BAYIK D,LATHIA J D. Cancer stem cell-immune cell [21] GANESH B P, KLOPFLEISCH R, LOH G, et al.
crosstalk in tumour progression[J]. Nat Rev Cancer, Commensal Akkermansia muciniphila exacerbates gut
2021,21(8):526-536. inflammation in Salmonella Typhimurium-infected
[14] LIN SY,WANG Y Y, CHANG C Y, et al. TNF-a gnotobiotic mice[J]. PLoS One,2013,8(9) :¢74963.
receptor inhibitor alleviates metabolic and [22] TALEB V,LIAO Q,NARIMATSU Y, et al. Structural
inflammatory changes in a rat model of ischemic stroke and mechanistic insights into the cleavage of clustered
[J]. Antioxidants (Basel),2021,10(6):851-851. O-glycan  patches-containing  glycoproteins by
[15] MAO X C,YANG C C, YANG Y F, et al. Peripheral mucinases of the human gut[J]. Nat Commun, 2022,
cytokine levels as novel predictors of survival in 13(1):4324.
cancer patients treated with immune checkpoint [23] DEPOMMIER C, EVERARD A, DRUART C, et al.
inhibitors: A systematic review and meta-analysis[J]. Supplementation with Akkermansia muciniphila in
Front Immunol,2022,13:884592. overweight and obese human volunteers: A proof-of-
[16] ZEGARRA RUIZ D F,KIM D V,NORWOOD K, et concept exploratory study[J]. Nat Med, 2019,25(7) :
al. Microbiota manipulation to increase macrophage IL- 1096-1103.
10 improves colitis and limits colitis-associated [24] SHIMBORI C, DE PALMA G, BAERG L, et al. Gut
colorectal cancer [J]. Gut Microbes, 2022, 14 (1) : bacteria interact directly with colonic mast cells in a
2119054. humanized mouse model of IBS [J]. Gut Microbes,
[17] DONG L, XIE J, WANG Y, et al. Mannose ameliorates 2022,14(1):2105095.
experimental colitis by protecting intestinal barrier [25] BROWN E M, KE X, HITCHCOCK D, et al.
integrity[ J]. Nat Commun,2022,13(1) :4804. Bacteroides-derived sphingolipids are critical for
[18] MARTENS E C, NEUMANN M, DESAI M S. maintaining intestinal homeostasis and symbiosis [J].
Interactions ~ of  commensal and  pathogenic Cell Host Microbe,2019,25(5) :668-680.
microorganisms with the intestinal mucosal barrier[ J]. [26] ROOKS M G, VEIGA P, WARDWELL-SCOTT L H,
Nat Rev Microbiol, 2018, 16(8) :457-470. et al. Gut microbiome composition and function in
[19] STRATI F, PUJIOLASSOS M, BURRELLO C, et al. experimental colitis during active disease and
Antibiotic-associated dysbiosis affects the ability of the treatment-induced remission[J]. ISME J,2014,8(7) :
gut microbiota to control intestinal inflammation upon 1403-1417.
fecal microbiota transplantation in experimental colitis [27] LIMA SF, GOGOKHIA L, VILADOMIU M, et al.
models[ J]. Microbiome,2021,9(1):39. Transferable immunoglobulin a-coated odoribacter
[20] DERRIEN M, VAN BAARLEN P, HOOIVELD G, et splanchnicus in responders to fecal microbiota

al. Modulation of mucosal immune response,
tolerance, and proliferation in mice colonized by the
mucin-degrader Akkermansia muciniphila [J]. Front

Microbiol,2011,2:166.

transplantation for ulcerative colitis limits colonic
inflammation [J]. Gastroenterology, 2022, 162 (1) :
166-178.

[=EHE Fikik]

.19.



