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Current drug research on intestinal mucosal healing in inflammatory
bowel disease based on macrophage regulation
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Abstract: Complete healing of the intestinal mucosa is the most ideal goal in the treatment of inflammatory
bowel disease (IBD). The intestinal mucosa healing not only significantly alters the course of the disease and
relieves clinical symptoms, but also markedly reduces the occurrence of complications and prevents recurrence of
IBD. As chronic inflammation associated with peptic ulcer damage is the main pathological feature of IBD, clinical
treatment is mainly based on anti-inflammatory therapy, but such therapy cannot promote the healing of the
intestinal mucosa of patients. Therefore, how to achieve long-term remission of IBD is still an urgent challenge. In
the process of intestinal mucosal repair, the polarization of macrophages maintains the homeostasis of the intestinal
microenvironment, which is a representative process that promotes mucosal inflammatory-repair. It is a key part of
initiating tissue regeneration that should not be underestimated. In this paper, we reviewed the literature of the past
decade, focusing on the promotion of intestinal mucosal healing in IBD. The discussion will highlight the
importance and feasibility of regulating macrophages to promote intestinal mucosal repair. Following this thought,
we discuss the shortcomings of current clinical treatments and summarize the relevant drugs which have potential

to promote intestinal mucosal repair. The aim is to provide effective potential drugs and therapeutic targets for the
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treatment of IBD.
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RAEME DA (inflammatory bowel disease, IBD) #&
— P DUV A TE W N R R R M B B R R
Joto T G A A B b RO R R B Y, R K
3 32T A L 2E AL B B AR R I AT B . IBD
T B IR 457 %% (ulcerative colitis, UC) 55 &
B (Crohn's disease, CD). *F TR0 B, UCTELE H
W, — MR LN TRIEVE AT, R ZHAE CREE I B
W, 7T R R4 g K 4 T, SRS R B AL Y, K
FEAX R T R AN ZE R N 2, IR AR BRI 28 R0 B g ik
B CD 1) AL 1E B i 18 AT S AL B, Hon] DA E
gl R 1% ERIUONFEE N )20 R 07 B RE 35
P ZEHN PR 2 i)

J¥ B 8 A B R TR YT IBD A% O, B H T I
PR Z5ANBESE I IBD B8 W e BRI & . R R
BE R, BRI S 2 R iE bR g i i % 1)
) L 1) 52 50 i, L A o HL 3 5 70 Ak BB HE A
T b R AR RN R A A A B, 2 SEEE AN ] B
B2 5 3, 1 IBD R AL TE P R B R T A
e H SRS S BRSO e~ BT,
AR IR i Sk A R S S g, B R 4% B R AN i XY T
IBD & & i # A i A, IR g o B
PERTVETT HE , DU AR R IBD BVR ST #4175 1)
1 REGHEDSHNLEMURERITENSE
11 RHABFEBESEIBDATHHEN HEE
& 72 IBD AR IT BARS . R & A e
B O IBD TR 2, RREEGE MR IR ACRE IR, 235 535 I IR
SR DL PR A AR R M AR % . Xaie
4 B R &5 m e A 2 6 IBD, A% AN 2 CD
FUC 136 97 H A5 A0 PR 58 ) 2 5. — TR 1
CD B3 1 I PR 73 A 2 B, A FH 98 ) 2 i i B i &b
B A B R, fEE 4G 14~T8 I N A H IR IR &
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REFR IR F AR T ARYIRRE . BRFEEEH
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AR AT W) A 1 9 R s i i Ok A 2R 4.3%
7.5%. 5591 UCFAREEH, RJ5 90 RIF KK ER
N 33.3%, Horb, i A ORI RIE N 59.7%, &G IR
iE N 34.4%, V) HAH ORI ROGE R 247%™, CD IFR
TBIT RAEZIYIRTT RN N AR IR BCA TIR9T IR
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KUY CD & I ] Y 25 1 V) B 5 6 R P I e v 9
Jif (intra-abdominal septic complications, IASC) 1R %
W, — 30 [ Jo M R 43 #T, 6 4F Y CD B3 AR JE 30 K
TASC 1) & 4 2809 9.7%, W1 5 535 75 F R 1 FH R
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Yy GRS D AR C IR B H) RS T T 530
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2 K Al F-- B (transforming growth factor-p, TGF-f).
A 40 i A 2 (interleukin, TL)-10 25 5T % 40 B X 1 30
1% X ¥ kB (nuclear factor kappa-B, NF-xB) Z4¢ 415
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Figure 1 Multiple targets of macrophage in regulating inflammation and promoting mucosal healing. LPS: Lipopolysaccharide; IFN-y:

Interferon gamma; TNF-a: Tumor necrosis factor alpha; IL-4/13: Interleukin-4/13; IL-10: Interleukin-10; TGF-: Transforming growth

factor-beta; IL-12: Interleukin-12; ROS: Reactive oxygen species; NO: Nitric oxide; ANXA1: Annexin Al; Relma: Resistin-like molecule

alpha; WNTs: Wnt signaling pathway. Some elements of this figure w

ere adapted from Servier Medical Art (http://smart. servier. com/),

licensed under the Creative Commons Attribution 3.0 Unsupported License (https://creativecommons.org/licenses/by/3.0/)
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Table 1

Examples of methods/drugs that promote mucosal repair and relative targets. CCR2: CC chemokine receptor-2; DSS: Dextran

sodium sulfate; IBD: Inflammatory bowel disease; TNBS: 2,4, 6-Trinitrobenzene sulfonic acid; Trem?2: Triggering receptor expressed on

myeloid cells 2; TLR9: Toll-like receptor 9; LXA: Lipoxin A,;; GM-CSF: Granulocyte-macrophage colony stimulating factor

Drug or method Target Model or experiment Ref.
Inhibition of pro-inflammatory monocyte Blocking CCR2 DSS-induced colitis in mice [19,40,41]
derivation into macrophages
Increasing the number of macrophages/  Increased adhesion of a4/7 monocytes Vedolizumab treatment for IBD [19,42]
monocytes that promote mucosal healing Increased adhesion of Ym1" Ly6C"™ monocytes DSS-induced colitis in mice [43]
1L-4 IL-4R in macrophage DNBS-induced colitis in Ragl™" [35,37]
mice
Promoting efferocytosis Ax1/Mertk in macrophage DSS-induced colitis in [39]
AxI""Mertk” mice
Resolvin E1 ChemR23 receptor DSS-induced colitis in mice [44]
Resolvin D1 LXA, receptor DSS-induced colitis in mice [45]
Maresin 1 M2 macrophage polarization DSS/TNBS-induced colitis in mice [46]
Krill oil Promoting M2 polarization of macrophages; enhancing Th2 cell imbalance induced colitis [47]
macrophage-mediated intracellular bacterial killing in pigs
GM-CSF Reduction in neutrophil numbers and increasing DSS-induced colitis in mice [48]
accumulation of CD11b monocytic cells
Trem2 Trem?2 signaling DSS-induced colitis in mice; [25]
Trem2™™ mice
TLRY agonist Promoting IL-10 secretion DSS-induced colitis in mice [49]

JMER; SENEEAR AARNE W2 25 8, 18 %)% R A R
W, JORE SN TCRE, 1A% o G 5 R, A R bR SEAH H O
F, HFE S 5500 KA R R UG yT IBD,
& 2 A5 Feit iR TR, DURAR B, #MNEE AR AP,
EZTTHN TYEmA-FEEE "X —¥E&5 8T
BABAER R, E H a5 280724,
22 MR S S 58 R0 B IS 52 OR AP 1 FE AT VR TT

FE R T S B TR B3 7 T, IE R TT AU R .
DA e 40 i D AR, o v I /N BE AR PT DA ) DSS B
AN B PR 225 i 15 Wk 4 i = A A2 48 4 B DT, 41 ) FE A2
RINAE, IR ELE T EVRARFE T, £ DSS i S
/N R4 2 IR BT UL BRI R T
4 55 [ W3R8 I B W B IR 2 BE (lipopolysaccharide,
LPS) 55 (1 B W 40 M 0t , 38 18 5 B g 40 AR 4k,
M 235 DSS 55 1 45 7 98 /I BR 1) 98 0E e 2B T
S5 AR, EKRERAECME A 2 507 (BRI
KFZEAR R GIREL  HAR 5 B 1), TR
FeEAIC ML B B R 4 B K -, AT a2 342 35t o 1 45
AT A IAE R, BT R 2548 58 96 77 2 A B
BT EX R IR R, B AT R 20 AL
IV FE 1, TS ABT 28 PR3 O HE A, D OGS B A
XIS ) B R .

FEAR I IR E AR S, A aa K0T 2 A ER)
DIRE . s v A 3 v 2 Bl o PR AR UC AR 2 K B 45
2H A ) i o A AL B (myeloperoxidase, MPO) i 14
T 98 YR BB Rl F a0 (tumor necrosis factor alpha, TNF-a)
O BRI A JRRE S L, AT 9 R R A 45 Y

B Ao, N TR REEA R
AR R, W FT R B, L mT o 4 R i b R A ) R O
F LIS 5 M 26 IR (AL A7 B | (1 320 A0 DR 240 0 2 9 85 2
1 DAE 52 286 1 11 A 27 o B 3o IR 7 2% 45 400 P 1
T DAE 5 1 25 1) G 82 e B ™) 42 v Mg 8 A0 35 7T
(8 DS B R I A BB (BX T A a7 24
TR S R DL SEEL R IS B S AT .

B BB SR 4h, 32 2SS OTIEA B T R YT IBD
w5 R 2 G RO SRR R R R 24 2 R e A
L HTHIE T R PR
4 g

AR, S gn i 5 i &R 50 -85 7
SRR, DLYE R BRI R RS . £1X5 IBD HIVGYT,
A1) S B A M AL HE T SRAETH K, I REREAE T RE/KF
A R Sl b R AN R R R . DL R AN D ]
TL-4 {72 3F 7y T8 6 M6 48 53 4008t T 5 e 200 i R 385 B e
1 v Wnt {5 5 18 5 0 T 00 i 38 0, (e B i B
& AR AN AT ERER AT, R R B AH JE X T Paneth
S 6 7 A A T R ML PR A e AN T /B

H#EmiEE s B b % e, Eish
FI A1) M 4 S A L AR A ), RS L ek N A I B
ERERE A=W NTTRVANIN = EILvIS T E3=Buw i o =
SR Bk 22 R RIF 9T R B, DL W 40 R 3R 28 % B 3R T e K
BERRRITAME R G R (R E . bl w7
B HL B THT R A0 A7 DA AR 2R 3848 5 R R T e A
B fGU. FEAS SIS 16 1 R IR AR K R B R 4N i,
7T A — & A B (inducible nitric-oxide synthase,
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Table 2 Examples of traditional Chinese medicine for the treatment of IBD and its potential targets

Traditional Chinese

L. Compound Model Target
medicine

Scutellariae Radix Baicalin DSS-induced colitis in mice Anti-inflammation; promoting M2 polarization of
macrophages'***"!

Andrographis Herba Andrographolide In vitro A549/NF-«B-luc cells Anti-inflammation'®”; induced autophagy in

model; DSS-induced colitis in mice macrophages'®”

Coptidis Rhizoma; Berberine DSS-induced colitis in mice; Anti-inflammation'®”’; promoting M2 polarization of

Cortex Phellodendri TNBS-induced colitis in mice macrophages'®’; maintain the intestinal residence of
enteric glial cells (EGCs) and modulate the interactions
between EGCs, epithelial cells and immune cells™®!

Artemisiae Annuae Artesunate DSS-induced colitis in Ragl™" Inducing apoptosis in macrophages and dendritic cells

Herba mice; TNBS-induced colitis in rat ~ of lamina propria'®"*"; modulating Th1/Th17 balance'*"

Ginseng Radix et Ginsenoside In vitro IEC-6 cells model Promoting cell proliferation and migration;

Rhizoma upregulating expression of E-cadherin and a-catenin'®”

Panaxan DSS-induced colitis in rat Modulating the intestinal microflora; down-regulating

Glycyrrhizae Radix et

Rhizoma
Astragali Radix

Paeoniae Radix Alba

Ophiopogonis Radix

Pogostemonis Herba

Glycyrrhizic acid

Astragalus saponin

Astraglan

Astragaloside IV

Paeoniflorin

Polysaccharide

Patchoulic alcohol

DSS-induced colitis in mice

In vitro TEC-6 cells model

TNBS-induced colitis in rat

TNBS-induced colitis in rat

In vitro Caco-2 cells model; TNBS-
induced colitis in rat
In vitro TEC-6 cells model

In vitro RAW264.7 cells model;
DSS-induced colitis in mice

the pro-apoptotic proteins; upregulating anti-apoptotic

protein and tight junction protein expression!®"!

Upregulating tight junction protein expression*!

Promoting cell proliferation; upregulating expression

of a-catenin'®”?

Anti-inflammation; upregulating EGF level, occludin
and zonulaoccludens-1 (ZO-1) expression”;
regulating the differentiation of T cells'®”; modulating

[56].

the intestinal microflora”™; promoting intestinal

epithelial cells proliferation®”

Promoting intestinal epithelial cells and stem cells
proliferation!””!

Anti-inflammation'*”’; upregulating Caco-2 cell tight
junction proteins”"’; modulating Th1/Th17 balance!®
Upregulating tight junction protein expression;
inhibiting chemokine secretion of macrophage!””!
Decreasing the expression of pro-inflammatory
cytokines of macrophages'™”; reducing ROS levels of

macrophages'”*!

Rhei Radix et Rhizoma Rhuharb polysaccharide

TNBS-induced colitis in mice

Inhibition of epithelial cell apoptosis””

iINOS) m#IA, Arg-1IKFRIE, 1M 2% B O T H M1 2 F
4 A, BEY% J5 Sl PR 78 /0N B B THT 1 P ig R AR
REFE, i G T A AT BH T B AT AxTRT Mertk i
FAE5Ja, s s B3 0 & &R g, B R A RPY,
DAL b, 368 3k 70 5 Wk 4 o 2 2 A, B i 3R Th e, 2k 1 42
HEAS V) T, R RO BIE TR R VR 9T IR AL
FB.

R 259097 IBD B I F R e A AR, H A
AR Z ZEMEm IS, I RIBIT IBD 4 E
KEPE. WFEDEAI7 RN, 7% S IL-22
E’J#étu E’f%ﬁﬂ%mﬁi 1E1£UC,&%H@%£H%:€T
&t
B340 50 288 ] AR () UC u%%uﬁﬂ%uﬁ TNF- aﬁﬁu
HWAEVRITAER, Be 53 B A I IR RS 28 R0 3
JE A A R, BRARRAT 4T PR [ /KCE™, AR R B 25 A5
R Tl AL 2 R 85 T A i B A R, n

GEANAD 28 2877 2500 T EL MR A L -l R R A2 7K —
B I R T AR R E, (2 H T2 5
TIF U AT 2 M TRT B R0 % A 25 SE LA S5 0 1R DR 37,
MBI ERHAEME LB BB R, Wik
Ju%%E’Jﬁﬁﬁ%ﬁ”{*ﬂiéﬂmﬁiﬁij{fi Zi b pr

B, RAKRAZ T RIEEE N 2% L RIEAYM
AT SRS, 7 AE R R DL M2 A B A i O ARER Y
HH LA G A I G5 1 AR SO B 475 P
(B A, T S Y o 2 PR IR AR BB B 22
PEATE 2k

1 & BURk: AL R 61 5T 8 R L BRI RSO RS iR
FRAXITN 53 SCRE IS AME L AL AR B K 25 R R
Hi 2 53 RIS BOR A B3R A A RIEHE 7L SO0 R o 4
TR A BEAT IR S RME B 2 BRI 9T b3 6 5T S0 3 8 AU IS,
B, SRS SR, AR EE AT T



y

3398 - 2% % Acta Pharmaceutica Sinica 2021, 56(12): 3392 —3400

PR I VR T I A FRm it

FERRSE: A 15 3 WA 505 HA N B oA

(EEAE RIS

References

(1]

(2]

[3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Pineton DCG, Peyrin-Biroulet L, Lemann M, et al. Clinical
implications of mucosal healing for the management of IBD [J].
Nat Rev Gastroenterol Hepatol, 2010, 7: 15-29.

Uhlig HH, Powrie F. Translating immunology into therapeutic
concepts for inflammatory bowel disease [J]. Annu Rev Immunol,
2018, 36: 755-781.

Mak WY, Zhao M, Ng SC, et al. The epidemiology of inflamma-
tory bowel disease: east meets west [J]. J Gastroenterol Hepatol,
2020, 35: 380-389.

Heng Y. Investigation for the Effects and Mechanism of
Glycyrrhizin on Tight Junctional Protein to Repair the Intestinal
Mucosal Barrier Injury with Ulcerative Colitis (H & R 15 & %
TR R B S50 45 i 9% R L I 4 4 14 24 B F B
5t) [D]. Xi'an: Fourth Military Medical University, 2017.

Guan Q. A comprehensive review and update on the pathogenesis
of inflammatory bowel disease [J]. J Immunol Res, 2019, 2019:
7247238.

Roda G, Chien Ng S, Kotze PG, et al. Crohn's disease [J]. Nat
Rev Dis Primers, 2020, 6: 22.

Na YR, Stakenborg M, Seok SH, et al. Macrophages in intestinal
inflammation and resolution: a potential therapeutic target in
IBD [J]. Nat Rev Gastroenterol Hepatol, 2019, 16: 531-543.

Hine AM, Loke PN. Intestinal macrophages in resolving inflam-
mation [J]. J Immunol, 2019, 203: 593-599.

Graham WV, He W, Marchiando AM, et al. Intracellular MLCK 1
diversion reverses barrier loss to restore mucosal homeostasis
[J]. Nat Med, 2019, 25: 690-700.

Du G, Xiong L, Li X, et al. Peroxisome elevation induces stem
cell differentiation and intestinal epithelial repair [J]. Dev Cell,
2020, 53: 169-184.

Lan A, Blachier F, Benamouzig R, et al. Mucosal healing in
inflammatory bowel diseases: is there a place for nutritional
supplementation? [J]. Inflamm Bowel Dis, 2015, 21: 198-207.
Froslie KF, Jahnsen J, Moum BA, et al. Mucosal healing in
inflammatory bowel disease: results from a norwegian popula-
tion-based cohort [J]. Gastroenterology, 2007, 133: 412-422.

De Zeeuw S, Ali UA, Donders RART, et al. Update of complica-
tions and functional outcome of the ileo-pouch anal anastomosis:
overview of evidence and meta-analysis of 96 observational
studies [J]. Int J Colorectal Dis, 2012, 27: 843-853.

Bernstein CN, Eliakim A, Fedail S, et al. World gastroenterology
organisation global guidelines inflammatory bowel disease:
update August 2015 [J]. J Clin Gastroenterol, 2016, 50: 803-818.
Morar PS, Hodgkinson JD, Thalayasingam S, et al. Determining

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

predictors for intra-abdominal septic complications following
ileocolonic resection for Crohn's disease--considerations in pre-
operative and peri-operative optimisation techniques to improve
outcome [J]. J Crohns Colitis, 2015, 9: 483-491.

Frolkis A, Kaplan GG, Patel AB, et al. Postoperative complica-
tions and emergent readmission in children and adults with
inflammatory bowel disease who undergo intestinal resection [J].
Inflamm Bowel Dis, 2014, 20: 1316-1323.

Chinese Society of Gastroenterology. Chinese consensus on
diagnosis and treatment of inflammatory bowel disease (Beijing,
2018) [J]. Chin J Dig (T 474k 4% %), 2018, 5: 173-174.

Yeshi K, Ruscher R, Hunter L, et al. Revisiting inflammatory
bowel disease: pathology, treatments, challenges and emerging
therapeutics including drug leads from natural products [J]. J
Clin Med, 2020, 9: 1273.

Ho G, Cartwright JA, Thompson EJ, et al. Resolution of inflam-
mation and gut repair in IBD: translational steps towards
complete mucosal healing [J]. Inflamm Bowel Dis, 2020, 26:
1131-1143.

Shouval DS, Rufo PA. The role of environmental factors in the
pathogenesis of inflammatory bowel diseases: a review [J].
JAMA Pediatr, 2017, 171: 999-1005.

Fan X, Ding X, Zhang Q. Hepatic and intestinal biotransforma-
tion gene expression and drug disposition in a dextran sulfate
sodium-induced colitis mouse model [J]. Acta Pharm Sin B,
2020, 10: 123-135.

Pull SL, Doherty JM, Mills JC, et al. Activated macrophages are
an adaptive element of the colonic epithelial progenitor niche
necessary for regenerative responses to injury [J]. Proc Natl
Acad Sci U S A, 2005, 102: 99-104.

Sarang Z, Joos G, Garabuczi E, et al. Macrophages engulfing
apoptotic cells produce nonclassical retinoids to enhance their
phagocytic capacity [J]. J Immunol, 2014, 192: 5730-5738.
Roszer T, Roszer T, Banfalvi G, et al. Transcriptional control of
apoptotic cell clearance by macrophage nuclear receptors [J].
Apoptosis (London), 2017, 22: 284-294.

Seno H, Miyoshi H, Brown SL, et al. Efficient colonic mucosal
wound repair requires Trem2 signaling [J]. Proc Natl Acad Sci
U S A, 2009, 106: 256-261.

Bouchery T, Harris NL. Specific repair by discerning macro-
phages [J]. Science, 2017, 356: 1014.

Ruder B, Becker C. At the forefront of the mucosal barrier: the
role of macrophages in the intestine [J]. Cells, 2020, 9: 2162.
Ariel A, Serhan CN. New lives given by cell death: macrophage
differentiation following their encounter with apoptotic leuko-
cytes during the resolution of inflammation [J]. Front Immunol,
2012, 3: 4.

Kroner A, Greenhalgh AD, Zarruk JG, et al. TNF and increased
intracellular iron alter macrophage polarization to a detrimental

M1 phenotype in the injured spinal cord [J]. Neuron, 2014, 83:



M A T B AN A R R A R

I RAETE 3 I 25 0T ST BLAR

3399

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

1098-1116.

Sehgal A, Donaldson DS, Pridans C, et al. The role of CSFI1R-
dependent macrophages in control of the intestinal stem-cell
niche [J]. Nat Commun, 2018, 9: 1272.

Lissner D, Schumann M, Batra A, et al. Monocyte and M1
macrophage-induced barrier defect contributes to chronic
intestinal inflammation in IBD [J]. Inflamm Bowel Dis, 2015,
21:1297-1305.

Cleynen I, Boucher G, Jostins L, et al. Inherited determinants of
Crohn's disease and ulcerative colitis phenotypes: a genetic
association study [J]. Lancet, 2016, 387: 156-167.

Li M, Miao JZ, Xu S. Recent advances in research and develop-
ment of new small molecule immunosuppressants for inflamma-
tory bowel disease [J]. Acta Pharm Sin (%] % %% ), 2018, 53:
1290-1302.

Van Dyken SJ, Locksley RM. Interleukin-4- and interleukin-
13-mediated alternatively activated macrophages: roles in
homeostasis and disease [J]. Annu Rev Immunol, 2013, 31: 317-
343.

Waqas SFH, Ampem G, Roszer T. Analysis of IL-4/STAT6
signaling in macrophages [J]. Methods Mol Biol, 2019, 1966: 211.
Cosin-Roger J, Ortiz-Masia D, Calatayud S, et al. The activation
of Wnt signaling by a STAT6-dependent macrophage phenotype
promotes mucosal repair in murine IBD [J]. Mucosal Immunol,
2016, 9: 986-998.

Jayme TS, Leung G, Wang A, et al. Human interleukin-4-treated
regulatory macrophages promote epithelial wound healing and
reduce colitis in a mouse model [J]. Sci Adv, 2020, 6: a4376.
Leung G, Petri B, Reyes JL, et al. Cryopreserved interleukin-4-
treated macrophages attenuate murine colitis in an integrin beta7-
dependent manner [J]. Mol Med, 2016, 21: 924-936.

Bosurgi L, Cao YG, Cabeza-Cabrerizo M, et al. Macrophage
function in tissue repair and remodeling requires IL-4 or IL-13
with apoptotic cells [J]. Science, 2017, 356: 1072-1076.

Platt AM, Bain CC, Bordon Y, et al. An independent subset of
TLR expressing CCR2-dependent macrophages promotes colonic
inflammation [J]. J Immunol, 2010, 184: 6843-6854.

Waddell A, Ahrens R, Steinbrecher K, et al. Colonic eosinophilic
inflammation in experimental colitis is mediated by Ly6C™*"
CCR2" inflammatory monocyte/macrophage-derived CCL11 [J].
J Immunol, 2011, 186: 5993-6003.

Schleier L, Wiendl M, Heidbreder K, et al. Non-classical mono-
cyte homing to the gut via a4f7 integrin mediates macrophage-
dependent intestinal wound healing [J]. Gut, 2020, 69: 252-263.
Tkeda N, Asano K, Kikuchi K, et al. Emergence of immunoregu-
latory Ym1'Ly6C"™ monocytes during recovery phase of tissue
injury [J]. Sci Immunol, 2018, 3: eaat0207.

Ishida T, Yoshida M, Arita M, et al. Resolvin E1, an endogenous
lipid mediator derived from eicosapentaenoic acid, prevents

dextran sulfate sodium-induced colitis [J]. Inflamm Bowel Dis,

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

2010, 16: 87-95.

Bento AF, Claudino RF, Dutra RC, et al. Omega-3 fatty acid-
derived mediators 17(R)-hydroxy docosahexaenoic acid, aspirin-
triggered resolvin D1 and resolvin D2 prevent experimental
colitis in mice [J]. J Immunol, 2011, 187: 1957-1969.

Marcon R, Bento AF, Dutra RC, et al. Maresin 1, a proresolving
lipid mediator derived from omega-3 polyunsaturated fatty acids,
exerts protective actions in murine models of colitis [J]. J
Immunol, 2013, 191: 4288-4298.

Liu F, Smith AD, Solano-Aguilar G, et al. Mechanistic insights
into the attenuation of intestinal inflammation and modulation of
the gut microbiome by krill oil using in vitro and in vivo models
[J]. Microbiome, 2020, 8: 83.

Bernasconi E, Favre L, Maillard MH, et al. Granulocyte-macro-
phage colony-stimulating factor elicits bone marrow-derived
cells that promote efficient colonic mucosal healing [J]. Inflamm
Bowel Dis, 2010, 16: 428-441.

Schmitt H, Ulmschneider J, Billmeier U, et al. The TLR9 agonist
cobitolimod induces IL10-producing wound healing macrophages
and regulatory T cells in ulcerative colitis [J]. J Crohns Colitis,
2020, 14: 508-524.

Zhang TH, Shen H. Thinking of syndrome differentiation and
treatment of inflammatory bowel disease in traditional Chinese
medicine [J]. J Tradit Chin Med (1 4% ), 2019, 60: 1191-1193,
1236.

Zhang BP, Cheng Y, Zhao XY. Research progress on curative
effect and mechanism of traditional Chinese medicine in inflam-
matory bowel disease [J]. Beijing J Tradit Chin Med (b & H =
24), 2020, 39: 216-219.

Yan F, Wang L, Shi Y, et al. Berberine promotes recovery of
colitis and inhibits inflammatory responses in colonic macro-
phages and epithelial cells in DSS-treated mice [J]. Am J Physiol
Gastrointest Liver Physiol, 2012, 302: G504-G514.

Zhu W, Jin Z, Yu J, et al. Baicalin ameliorates experimental
inflammatory bowel disease through polarization of macrophages
to an M2 phenotype [J]. Int Inmunopharmacol, 2016, 35: 119-126.
Wang YQ, Wu C, Jiang ZL, et al. Dynamic effect of Quyu
shengxin method on macrophage expression in ulcer tissue of
ulcerative colitis rats [J]. Jiangsu J Tradit Chin Med (VL 75 1 &
24), 2012, 44: 65-66.

Zang KH, Li YD, Zhu LJ, et al. Study on the repair effect on
colon mucosa and mechanism of astragalus polysaccharides in
rats with ulcerative colitis [J]. T Gansu Univ Chin Med (‘H 7
B2 25K 2£54)), 2018, 35: 5-10.

Liang JH, Zheng KW, Sun LQ. Explore the regulative action
of astragalus polysaccharide for intestinal dysbacteriosis in
ulcerative colitis rat models [J]. Stud Trace Elements Health (4
IR SHAHA), 2013, 30: 1-3.

Zou ML, Huang XY, Chen YL, et al. Mechanism and experi-

mental verification of Sijunzi Decoction in treatment of ulcerative



y

3400 - 222224 Acta Pharmaceutica Sinica 2021, 56(12): 3392 -3400

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

colitis based on network pharmacology [J]. Chin J Chin Mater
Med (W [ Fp 2524 %), 2020, 45: 5362-5372.

Zhang DP, Zhou L, Zhang ZM, et al. Effects of compound poly-
saccharide of Sijunzi decoction on the apoptosis of Peyer's patch
lymphocytes in mice intestinal mucosa [J]. Tradit Chin Drug Res
Pharmacol (717 2 5 IR K252, 2009, 20: 529-532.

Cao J, Cha AS. Effects of Sijunzi decoction on intestinal flora
regulation of rats with ulcerative colitis [J]. Clin J Tradit Chin
Med (PEEZj IR 7% &), 2019, 31: 102-104.

Yan Y, Gao WY. Research progress of Chinese medicine mono-
mer in the treatment of ulcerative colitis [J]. Mod J Integr Tradit
Chin West Med (ARG IR S5 & A4 7), 2017, 26: 3184-3189.
Peng KY. Intervention and Mechanism of Total Phenolic Acid in
Salvia Miltiorrhiza Stem-leaf and combined with Tanshinone
Compatible Components on Inflammatory Bowel Disease (/£
R S R K 5 PY SRR P 28 23 % S PN A T T S L
FRAF#C) [D]. Nanjing: Nanjing University of Chinese Medicine,
2020.

Villedieu-Percheron E, Ferreira V, Campos JF, et al. Quantitative
determination of andrographolide and related compounds in
andrographis paniculata extracts and biological evaluation of
their anti-inflammatory activity [J]. Foods, 2019, 8: 683.

Liu QQ. Mechanism of Curcumin Regulating Autophagy to
Promote Mucosal Repair of Ulcerative Colitis (25 % 715 [ W&
S I W A R B IE A S I HLEI BT 7E) [D). Qingdao:
Qingdao University, 2019.

Li H, Fan C, Lu H, et al. Protective role of berberine on
ulcerative colitis through modulating enteric glial cells-intestinal
epithelial cells-immune cells interactions [J]. Acta Pharm Sin B,
2020, 10: 447-461.

Sun W, Han X, Wu S, et al. Unexpected mechanism of colitis
amelioration by artesunate, a natural product from Artemisia
annua L. [J]. Inflammopharmacology, 2019, 28: 851-868.

Shao MJ, Yan YX, Qi Q, et al. Application of active components
from traditional Chinese medicine in treatment of inflammatory
bowel disease [J]. Chin J Chin Mater Med (' [ H #j 2& &),
2019, 44: 415-421.

Zhu YP. The Research on the Repair Mechanismof Gastrointes-
tinal Mucosal Injury of Astragali and Ginseng from the Perspec-
tive of Cell Proliferation and Adhesion (A ZH i 444 5 1 5% B 3% 422
LR SN S B 1 B 4540 12 S BL#) [D]. Guang-
zhou: Guangzhou University of Chinese Medicine, 2019.

Qi YL. Effects of Ginseng Polysaccharides on Intestinal
Microecology and Mucosal Immunity (N 2 £ 5 i iz 18 1 2E 25
J% B %% I 4 % B B I F #0) [D]. Changchun: Jilin Agricultural
University, 2019.

Chen MM, Zhu SD. Effects of APS on regeneration and repair of
colonic mucosa in UC rats [J]. Clin J Chin Med (+ EEIIfi RHF 7¢),
2019, 11: 1-6.

Jiang XG, Sun K, Liu YY, et al. Astragaloside IV ameliorates

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

[81]

[82]

2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced colitis
implicating regulation of energy metabolism [J]. Sci Rep, 2017,
7:41832.

Wu XX, Huang XL, Chen RR, et al. Paconiflorin prevents intes-
tinal barrier disruption and inhibits lipopolysaccharide (LPS)-
induced inflammation in Caco-2 cell monolayers [J]. Inflamma-
tion, 2019, 42: 2215-2225.

Lin C, Kuo TC, Lin JC, et al. Delivery of polysaccharides from
Ophiopogon japonicus (OJPs) using OJPs/chitosan/whey protein
co-assembled nanoparticles to treat defective intestinal epithelial
tight junction barrier [J]. Int J Biol Macromol, 2020, 160: 558-
570.

He YH, Wang YS, Du YY, et al. Network pharmacology integrates
the differential genes of macrophages to explain the mechanism
of patchouli oil treating IBD [J]. Acta Pharm Sin (%4 % % ),
2021. DOI: 10.16438/.0513-4870.2021-0218.

Zhao Y, Yang Y, Zhang J, et al. Lactoferrin-mediated macro-
phage targeting delivery and patchouli alcohol-based therapeutic
strategy for inflammatory bowel diseases [J]. Acta Pharm Sin B,
2020, 10: 1966-1976.

Wang ZP, Zhang R, Liu L, et al. Effects of rhubarb polysac-
chrides on apoptosis of colonic epithelial cells and peripheral
blood polymorphonuclear neutrophils in mice with ulcerative
colitis [J]. World Chin J Dig (i Ft 48 A 78 4k 7% &), 2006, 14:
29-34.

Pinto D, Gregorieff A, Begthel H, et al. Canonical Wnt signals
are essential for homeostasis of the intestinal epithelium [J].
Genes Dev, 2003, 17: 1709-1713.

Saha S, Aranda E, Hayakawa Y, et al. Macrophage-derived extra-
cellular vesicle-packaged WNTs rescue intestinal stem cells and
enhance survival after radiation injury [J]. Nat Commun, 2016,
7:13096.

Wang J, Kubes P. A reservoir of mature cavity macrophages that
can rapidly invade visceral organs to affect tissue repair [J]. Cell,
2016, 165: 668-678.

Mirza R, Koh TJ. Dysregulation of monocyte/macrophage
phenotype in wounds of diabetic mice [J]. Cytokine, 2011, 56:
256-264.

Mirza RE, Fang MM, Ennis W1J, et al. Blocking interleukin-1beta
induces a healing-associated wound macrophage phenotype and
improves healing in type 2 diabetes [J]. Diabetes, 2013, 62:
2579-2587.

Naganuma M, Sugimoto S, Mitsuyama K, et al. Efficacy of
indigo naturalis in a multicenter randomized controlled trial of
patients with ulcerative colitis [J]. Gastroenterology, 2018, 154:
935-947.

Naganuma M, Sugimoto S, Fukuda T, et al. Indigo naturalis is
effective even in treatment-refractory patients with ulcerative
colitis: a post hoc analysis from the INDIGO study [J]. J
Gastroenterol, 2020, 55: 169-180.



