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Improving Effect of Houttuynia Cordata Polysaccharide on Dextran
Sodium Sulfate-induced Ulcerative Colitis

WU Ping', LIU Jingian', DONG Jing', WANG Shuo', FAN Zongqiang', LI Zhen', WANG Shuaike’,
CHEN Fang"”

(1.School of Pharmacy, Liaocheng University, Liaocheng 252059, China;
2.Liaocheng People’s Hospital, Liaocheng 252059, China)

Abstract: Objective: To explore the effect of Houttuynia cordata polysaccharide (HCP) on dextran sulfate sodium salt
(DSS) induced ulcerative colitis (UC) and its possible mechanism in mice. Methods: Fifty KM male mice were randomly
divided into 5 groups (n=10): normal control group, model group, HCP low dose group (1 g/kg/day), HCP high dose group
(2 g/kg/day), and Sulfasalazine positive group (SASP, 9 mg/kg/d). The UC model was induced with 2.5% DSS by water
drinking for 9 days in mice. After successfully established the model in mice, the normal control group and the model group
were free drinking distilled water, HCP in doses of 1 g/kg/day and 2 g/kg/day groups were given by filling to the stomach
after DSS administration, and the positive group was treated with 9 mg/kg/d Sulfasalazine aqueous solution for 6 days.

Assessing disease activity index (DAI) of mice in each group, observing colonic tissue structure by HE, detecting pro-
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inflammatory cytokines tumor necrosis factor-o (TNF-a), interferon-y (IFN-y), leukocyte-mediated interleukin-14 (IL-15)

and interleukin-6 (IL-6) contents and detecting the liver and kidney biochemical indexs levels alanine aminotransferase
(ALT), aspartate aminotransferase (AST), creatinine (CR) and blood urea nitrogen (BUN) in serum by ELISA method,
using 16S rRNA phylogenetic sequencing to detect the changes of intestinal flora in rat feces. Results: Compared with the

model group, the DAI scores in both dosages of HCP were significantly decreased (P<0.05), the colonic tissue structures

were dose-dependently improved. Also, HCP dose-dependently decreased the levels of pro-inflammatory cytokines (TNF-a,
IL-1p, IL-6, IFN-y) and the contents of liver and kidney biochemical indexs (ALT, AST, CR, BUN). In addition, the gut
microbiota imbalance was modulated in HCP treated groups during colitis by increasing the gut microbial diversity.

Conclusion: HCP may alleviate the symptoms of ulcerative colitis by improving the intestinal mucosal environment,

reducing the level of inflammatory factors and maintaining the homeostasis of intestinal flora in mice.

Key words: Houttuynia cordata polysaccharide(HCP); ulcerative colitis; inflammatory factor; intestinal flora
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Fig.1 Effect of HCP on the body weight and DAI of DSS
induced ulcerative colitis in mice
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Fig.2 Effect of HCP on the colonic longth of DSS induced
ulcerative colitis in mice
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Fig.3 HE staining of intestinal tissue sections of DSS induced ulcerative colitis in mice (4X)

TE: (A) 25 FI2; (B) BE8U2; (C) ol B 2 ARHIGR] 205 (D) PR R 2 ) 1 285 (B) MDA b IELH .



- 366 - B Tk B4 2021 4E 12 A

EE

IFN-y (pg/mL)
N
[l
(=}
L
HH
3+

(C) 600 - (D) 600 =
okl o
T
~ e
O -1 . . ’_1 =
T\E] 400 g 400 "
2 - T
3 il g i
= 200 4 200 - .
= T # # &
% ##
$ & & & B S & & B
&g ¢ A N
i3 X SRS = % A SHES S
S ¢ & ¢
O o @
K4 ffRREZHEXT DSS 451 43/ B AT 4t A R 14 52w
Fig.4 Effect of HCP on the inflammatory factors of DSS induced ulcerative colitis in mice
TE: (A)IFN-y 45 (B)IL-15 % 45 (C)IL-6 1% (D)TNF-o 74 .
(A) 80 - (B) 200 -
ok
60 - i]*— 150 X fidid
2 = )
2 40 . s 2 1004
3 2
< <
50 4
0
S & ,4,\\%3” %é%’
o
Q\\%
(©) 80 . (D) 15 -
# ” s
Q 7 L & 2 10 WT %
= g T ## fiiid
g g
3 ~
P z
© =
OB B {gf& &% . @}% PO SIN) {g/i&
™ AN -
& § & ¢
)é\}\\‘&” ’é\}\\%

Kl sl s 280 DSS 25 2/ E A AT bRt 52
Fig.5 Effect of HCP on the liver and kidney biochemical indexs of DSS induced ulcerative colitis in mice
E: (A)ALT 55 (B)AST ks (C)CR #it; (D)BUN .



425 %23 =

W, A MERZHEN DSS ¥R/ R R SRR 367 -

SFRERIZEAH LY, BTG S RN 2 v R b 2 S S AR
T/ P AST F1 ALT BYZKF (P<0.01), X i
W 2 Ak 2R B PR IR SZ H iU VE T o 13 LT
(CR) . IMRZE A (BUN)Xyid o B i 74T, ok
R v R B B IR A AR EE R, ARl 5C~D T,
Has AR L, BAVZE E  CR. BUN BY7KF-3401
BIE, 2R EZE (P<0.01)., A2 THE, SR
ZHAH L, R 2R K BH 240 CR /KSE3454)
IR (P<0.01), If HanzhHmI 25 A i 4nlsl 5D
J7N, SRR ZH A L, 0 R R 2ol e R 2 R BH A2
PZH 1Y BUN JKSF-35 H b b 25 R [ (P<0.01), Z0E
AEF e 2E ) i 25 R R (P<0.05), Z2HHHITEI TR S 90
—EMIFIEARIG T E . DA 45 SRR, BRI 257 /)N
EL ALT. AST. CR Fl BUN F{7K B 18450, i /)
SR B = T — @ R EE a5, T AR s 2+
Wie, /INRAARPY ALT. AST. CR Fl1 BUN /K5F-HH &2y
/b, i BH o IR s 2 AR R T S ThRE B —E 1
YEM -
2.6 GEEZEWNERR) RFEEREAIR
AFE R R R 26 (Rarefaction curve )3 H
B P B AN R O REAS TR R i =F 6 B, 7EIE] 6A
Hh, PFh R R I 2 i e e T 10, DL AR Y
M PR AR, Sas I AH b, ASRIZH 4
P ARG SRR AR L, £ R IR A
e AR ZH A TR e BE T, DTN TAs A, XU
B fa R R R m A g R/ N R R R B R . WF

TR = B 45 9% 5] (Rank-abundance ) 2K FEER
YA BE AN SRS . TEE 6B th, 5 a5 4L
B, BEARILH Jign i R EIAD - BERRAIG, SARRYZH LU A, £
N R 2R AT v R e 2H B B R B T . LA
2SR, )RR E A R A R R B

[F] B, A% WF 9% 2R FH 32 A2 #% 43 #7 ( Principal
coordinate analysis, PCoA ) KxiMFEAS [a] B {4
255 . PCoA XYMl YR IEA 7 /4, i
TEASTA] Y FA BE SRANE X P REAS M) ORI 22 =00 4%
HFEAS OUT F LMY PCoA SrHTa i o, £5-4H ] X
43 ik, FRIRIRIZH K 251 T0i2H 55 7T 500 iz 1 AR
RIFEEE Mg . B 6C v, a5 AR, BERIE S
BHPEZS ) 2H 53 BT, FWIRERIZH R H A 25 ) 2H AT R
BEARERAS AR, T o IR B 2R S A v r B
ZH I ) 25 P2 S, D HH fo B S 2B mT (e 71 E B B
FREFZEFI IR

DSS ABRJ5, /N B 38 B B A7 463, 1 18 B 58 2
AR, FEUGIE E AR A R, R HRIEASTE
B[] (Proteobacteria)®™ FHUAFTEE ] (Bacteroidetes)!
TR #E A A R R AR T, 3 a5
FEAEGRET T, WA 6D Aras, MK FEZEH
10 NI RTRLE Y, SR Z T T JERER ]
(Firmicutes) . fUFFERIT TAIZETZ AT T S5 FZHAHLE,
SSRUZH (1 JERE TR [ AR =5 58t 2B KA, T FUAT IR ]
FVARTE B AR 5 2 i . SAAUZHAHLE, fa
N R 2R PR rh AR TE BT I AN BRI T ] AR X =

(A) 450 - ®) 0 N (©) 03 -
400 1 o 24
o —1 o FIRIZH 0.2 - . :
w350 i o ZHIERRAL -
300 - # LT = =
% 250 _’E;; 2 o WV E L 5 07, ‘
— X4 = Qq
= 2004 =512 & SO0 s
= — AL Z 3 01wy
150 A = i, 3 @] =
g — DR S "N Eogp cHUREL
=100 A WL & = < ZRHEFI R
e ) 4 e iy oy
50 1 — R YA 0.3 -« ZhhFEA AL
0 75 Coa C OWEEEMeMEAL |
0 20000 40000 60000 80000 5 A% WA AP 6N D ' -0.3 —0.1 0.1 0.3
¥ P D ALIANEIN 1022\ 0M p
BERLIMIY 751 A2 % PCI (34.55%)
WIRhSEE
(D) 1.0 — — (E) MR e = Firmicutes
i u gtc]}ggstjacteria[ ( HEBEE E Ersﬁcgs:;ﬁgée-%acteria
Fors - - 2 Nl s =i
z e st = Cmobuciris
2 os---I-- - - Prcaiens i i,
5_ Tenericutes . 25 14 m Acidobacteria
i‘H ) lunclassﬁ;cd-Bactcna =2 = Others
Il S O . . ..M Bacteroidetes o
50 e m
0 Py e disanee '
Q‘\&y %\;‘/}%’ O s 0 0.25 0.5 0.75 1.0
A

;%Qt\ﬂ

Kl 6 faffiri ZHlixt DSS 451 4 /N B 1 R (95
Fig.6 Effect of HCP on the intestinal microbial distribution of DSS induced ulcerative colitis in mice

TE: (A) Wk 2R L (B) ISR IEL; (C) /NEUAIE T AE PCoA K5 (D) 4 41/NEUAIE TR RET 1 0 KRR L (B) 4 41/NR

ISP i SR SRR IE L5 2 BT



- 368 - £ Tl B4

2021 4F 12 A

0 S AT, R EE T TS B TR . (EAS
T, SRTILHAR L, FHAE 2520 B TR RE R T 1 AIHEUAT B
I THZKP-3A B i AR Ak, 3T BB AR F TN AU et e
FIVEFH AR IR, WD EUR BN E 2384 1 PR 2 R A 1
UL SR A A R R e , AR ) IR P A A i
Rt BN E VT BRI T 518 SR, 300 5 R
TSP TR o 33X 150 BH 10 IR w22 il Ab B2 P iE 5
TR B UL T BB S5 il TH AR TE B T RHDAT RS ]
FREARAT K0

Bray-Curtis JF 252 S BRI FER 22 0] 22 5 P09
HHFEPR . AW TR 2 A Bray-Curtis FEES
S3AT, R PEAR AT i ) B T HE 4 iy 2 R 2.,
&l 6E T U, 25 [ 20 R i 8 Z2 BEAPGRI 20 1Y E 25
o, i 2l . SR Es gl Ffa i B
ZHEAH Z (AT ZH I R IR RIS 25 S PR/ N o T
75 4 AR I ZH (Y Bray-Curtis P B350, X
LARESH TR R L 2 IR R 22 7 AR
3 g

13z P45 1 A& 04 Rl R R AL AR & 2 2%, I
F 7B e PE D RE A G I R A B BRI R, 32
FRIA AR B RF-Fe 28 RIS A A5, 738 T
REAIZ PR DA R S5 S R s N i R8s, n
FEGIE T SERE SN

AFFERY], AR A EE T Bt ss
7 58 /)N B A ER i e . RTS8 1 B i AE 4405 S g B
SR, T H A B T /BRI R DSS i S 2 a AT
B i, fERAMMIN T2 SIS R LA TR
JRRRO0 g N — HUR IR AR A 2 58 4R R 7K F
TR, B IR 2 oK TR IR T iR i —Fh ok
W o AN T A IR o R B 2200 B 0 T L W A 5 s
TNF-a 590 ¥, FERPE R AU R 717K, iX 5
It PR A TNF-o S5 % 245 R 5 B
AR o XSGR fo IR B Z2 BRI/ N L DAT LUK 9% it
ZH LU BRG] BE S AT SORE R KA DG

0 R B 2R 45 1 % A E IR T g S =S )
N ITE A DG AZTE BT FUAT ) e
Z 5L R KR, AR R AR S R R R
DAL 34 Iz 38 A R ATE SN o 0 IR B 22 e Wl 35 IR
PR AR XS 2 B, YR B B R ZR L, 4ERF A g
AR, X ] BEWSR R R AE Y — MEr T . 4,
B Z A AT RSN T g B G e B &L, an
SIEENRIIIR, J AR ) AT R O Y E R, BT
AR TEFF RAHIC T AE, LAEHIE—20 [ B fa it &
X5 I 98 IVE FIRILH

£ TR, IR B 2 WXz T A W R 1 AR
YE5 RIE R F /K- Az ERE LA B VIR DG . A
WFFEf 7N T RS 0 S i i s . 81 4i i
TR VR B R ESS A B0 W] REBLAR, ] ST A i
B35 435 17 4 104 Dy BE P B vty s O At ot i A3 T 0 A S 6y
A

S 3k

(1] R3¥, BhF. &2 FRBKBALAANAR R R ik
(). &4 %45, 2020,45(10): 4-6. [ WU P, CHEN F. Research
progress on anti-inflammatory and antioxidant effects of Houttuynia
cordata extracts[J]. Biology Teaching, 2020, 45(10): 4-6. |
[2] YANG L, JIANG J G. Bioactive components and functional
properties of Hottuynia cordata and its applications[J].
Pharmaceutical Biology, 2009, 47(12): 1154—-1161.
[3] RA&LKF, BEE TR, F £BEF SR SHFFRK
T8 M K g A ARG 09 4R 7 AE R (D], AR s AL, 2020(6): 1-8.
[SONG Y H, YOU H T, YAO Y F, et al. Protective effect of
Houttuynia cordata polysaccharide on LPS induced chronic
inflammatory lung injury in rats[J]. Modern Food Science and
Technology, 2020(6): 1-8. ]
[4] XUYY,ZHANG Y Y, OU Y Y, et al. Houttuynia cordata
Thunb. polysaccharides ameliorates lipopolysaccharide-induced
acute lung injury in mice[J]. Journal of Ethnopharmacology, 2015,
173: 81-90.
[5] KANWAL S, JOSEPH T P, ALIYA S, et al. Attenuation of
DSS induced colitis by Dictyophora indusiata polysaccharide (DIP)
via modulation of gut microbiota and inflammatory related signaling
pathways[J]. Journal of Functional Foods, 2020: 64.
[ 6] UNGARO R, MEHANDRU S, ALLEN P B, et al. Ulcerative
colitis[J]. Lancet, 2017, 389(10080): 1756—1770.
[7] CETINKAYA A, BULBULOGLU E, KURUTAS E B, et al.
Beneficial effects of N-acetylcysteine on acetic acid-induced colitis
in rats[J]. Tohoku Journal of Experimental Medicine, 2005,
206(2): 131-139.
[8] HILL D A, HOFFMANN C, ABT M C, et al. Metagenomic
analyses reveal antibiotic-induced temporal and spatial changes in
intestinal microbiota with associated alterations in immune cell
homeostasis [J]. Mucosal Immunology, 2010, 3(2): 148—158.
[9] WANG X, WANG X, JIANG H, et al. Marine polysaccharides
attenuate metabolic syndrome by fermentation products and altering
gut microbiota: An overview[J]. Carbohydrate Polymers,
2018(195): 601-612.

[10] CAIY, LIU W, LIN Y X, et al. Compound polysaccharides
ameliorate experimental colitis by modulating gut microbiota
composition and function[J]. Journal of Gastroenterology and
Hepatology, 2018, 34(9): 1554—-1562.

[11] LARSEN N, DE S C B, KRYCH L, et al. Effect of potato
fiber on survival of Lactobacillus species at simulated gastric
conditions and composition of the gut microbiota in vitro[J]. Food
Research International, 2019, 125: 108644.

[12] Z0bx, S3&A, KA, F. FAERE RIS T
R DSS 5 W X eg ek AR [T]. Bom K 3 FR (A KA
% MR), 2020, 33(1): 79-84. [ WANG S K, LV Y J, ZHANG Y P,
et al. Study on healing function of Dandelion and Houttuynia
cordata crude polysaccharide in mice induced with DSS[J]. Journal
of Liaocheng University(Nat Sci), 2020, 33(1): 79-84. |

[13] WIRTZ S, POPP V, KINDERMANN M, et al. Chemically
induced mouse models of acute and chronic intestinal
inflammation[J]. Nature Protocols, 2017, 12, 1295-1309.



% 42% % 23 SO & RN DSS 7S/ NRGE G A kR - 369 -

[14] LIX, TAN I, ZHANG F, et al. H. pylori infection alleviates
acute and chronic colitis with the expansion of regulatory B Cells in
mice[J]. Inflammation, 2019, 42(5): 1611-1621.

[15] WEI Z A, CHENG C A, QIN H A, et al. Flos Abelmoschus
manihot extract attenuates DSS-induced colitis by regulating gut
and Th17/Treg  balance[J].
Pharmacotherapy, 2019, 117: 109162.

[16] DARNAUD M, DOS S A, GONZALEZ P, et al. Enteric

delivery of regenerating family member 3 alpha alters the intestinal

microbiota Biomedicine &

microbiota and controls inflammation in mice with colitis[J].
Gastroenterology, 2018, 154(4): 1009—-1023e1014.

[17] LI J, LI R, LI N, et al. Mechanism of antidiabetic and
synergistic effects of ginseng polysaccharide and ginsenoside Rbl
on diabetic rat model[J]. Journal of Pharmaceutical and Biomedical
Analysis, 2018, 158: 451-460.

[18] TIAN Z, LIU J, LIAO M, et al. Beneficial effects of fecal
microbiota transplantation on ulcerative colitis in mice[J]. Digestive
Diseases & Sciences, 2016, 61(8):2262—2271.

[19] 4b8, F07F, A £, & ERK S BEH DR
XMHEAH R UL 2% A, 2021, 42(16): 325-330.
[ ZHONG M, LI X Y, HAO J M, et al. Anti-inflammatory effect of
astragalus polysaccharide from Astragali Radix on mice with
ulcerative colitis[J]. Science and Technology of Food Industry,
2021, 42(16): 325-330. ]

[20] DOMITROVIC R, RASHED K, CVIJANOVIC O, et al.
Myricitrin exhibits antioxidant, anti-inflammatory and antifibrotic
activity in carbon tetrachloride-intoxicated mice[J]. Chemico-
biological Interactions, 2015, 230: 21-29.

[21] RASKOVIC A, PAVLOVIC N, KVRGIC M, et al. Effects of
pharmaceutical ~formulations containing thyme on carbon
tetrachloride-induced liver injury in rats[J]. BMC Complementary
and Alternative Medicine, 2015, 15(1): 1-11.

[22] LIMY,LUOH J, WU X, et al. Anti-inflammatory effects of
Huanggqin decoction on dextran sulfate sodium-induced ulcerative
colitis in mice through regulation of the gut microbiota and
suppression of the Ras-PI3K-Akt-HIF-lalpha and NF-kappaB

pathways[J]. Front Pharmacol, 2019, 10: 1552—1552.

(23] FRax, UM, RO, . RRLRE M B S 454 A H
B Hoa ] b EF A&, 2021,57(5): 226-231,236. [ CHEN
R, LIU B, CHEN K, et al. Effects of different concentrations of
Pueraria polysaccharide on intestinal microflora of mice[J].
Chinese Journal of Animal Science, 2021, 57(5): 226-231, 236. ]
[24] ALBA R N, FRANCESCA A, JOSE G M, et al. Intestinal
anti-inflammatory effect of the probiotic Saccharomyces boulardii in
DSS-induced colitis in mice: Impact on microRNAs expression and
gut microbiota composition[J].  Journal of Nutritional
Biochemistry, 2018, 61: S0955-28631830533.

[25] POWELL N, WALKER A W, STOLARCZYK E, et al. The
transcription factor T-bet regulates intestinal inflammation mediated
by interleukin-7 receptor+ innate lymphoid cells[J]. Immunity,
2012,37(4): 674-684.

[26] CHENL A, YU H, ALBESIANO E, et al. A sensitive stool
diagnostic assay to study enterotoxigenic bacteroides fragilis in
inflammatory bowel disease and colitis-associated cancer[J].
Gastroenterology, 2011, 140(5): S360—S360.

[27] &R, X AIh, kek, . AT HBINFHAMLY 57
MHFBHEEH KR EBEF OS] FEFESHZERE,
2021,28(1): 61-66. [ CAO H, WU D S, ZHANG Y, et al. Effects
of Shaoyao decoction on intestinal flora of ulcerative colitis rats
based on high-throughput sequencing technology[J]. Chinese
Journal of Information on TCM, 2021, 28(1): 61—66. ]

[28 ] KOZIK A J, NAKATSU C H, CHUN H, et al. Comparison
of the fecal, cecal, and mucus microbiome in male and female mice
after TNBS-induced colitis[J]. PLoS ONE, 2019, 14(11):
¢0225079.

[29] SUN B, YUAN J, WANG S, et al. Qingchang suppository
ameliorates colonic vascular permeability in dextran-sulfate-sodium-
induced colitis [J]. Front Pharmacol, 2018, 9: 1235.

[30] TIAN M, MA P, ZHANG Y, et al. Ginsenoside Rk3
alleviated DSS-induced ulcerative colitis by protecting colon barrier
and inhibiting NLRP3 inflammasome pathway[J]. International
Immunopharmacology, 2020, 85: 106645.

[31] YINGL Q, ERI R D, HELEN F J, et al. Fucoidan extracts
ameliorate acute colitis[J]. PLoS ONE, 2015, 10(6): e0128453.



