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[ABSTRACT] Ulcerative colitis (UC), a chronic inflammatory disease affecting the colon, has a rising incidence worldwide. The
known pathogenesis is multifactorial and involves genetic predisposition, epithelial barrier defects, dysregulated immune re-
sponses, and environmental factors. Nowadays, the drugs for UC include 5-aminosalicylic acid, steroids, and immunosuppressants.
Long-term use of these drugs, however, may cause several side effects, such as hepatic and renal toxicity, drug resistance and al-
lergic reactions. Moreover, the use of traditional Chinese medicine (TCM) in the treatment of UC shows significantly positive
effects, low recurrence rate, few side effects and other obvious advantages. This paper summarizes several kinds of active com-
pounds used in the experimental research of anti-UC effects extracted from TCM, mainly including flavonoids, acids, terpenoids,
phenols, alkaloids, quinones, and bile acids from some animal medicines. It is found that the anti-UC activities are mainly focused
on targeting inflammation or oxidative stress, which is associated with increasing the levels of anti-inflammatory cytokine (IL-4,
IL-10, SOD), suppressing the levels of pro-inflammatory cytokines (TNF-a, IL-14, IL-6, IL-8, IL-23, NF-xB, NO), reducing the
activity of MPO, MDA, IFN-y, and iNOS. This review may offer valuable reference for UC-related studies on the compounds from
natural medicines.
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of UC is different, it has a chronic course of repeated episodes.

Moreover, UC has a great probability of being carcinogenic.
From the updated studies, the current drugs commonly

used to treat UC include aminosalicylates, immunomodulators,

Introduction

Ulcerative colitis (UC), a chronic non-specific inflammatory
disease of the colon and rectum, is confined to the colorectal
mucosa and submucosal layer. Lesions, mostly located in the . . ) .
. . . steroids and some biologics. However, all of them can easily
sigmoid colon and rectum, can extend to the descending colon,
and even the entire colon. Additionally, UC is a long-term
recurrent disease, with clinical manifestations that include

diarrhea, purulent stools, and stomachaches. Since the severity

lead to significant loss of patient compliance, and potential
toxic or side effects ! Many researchers are now turning to
natural Chinese medicine for seeking effective compounds
that can be used against UC.

Traditional Chinese medicine (TCM) has a long history
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of treating UC. Treatment using TCM can help relieve ab-
dominal pain and inflammation. Moreover, some active com-
pounds extracted from TCM can potentially interact with
other natural drugs or even Western medicines ). In recent
years, the efficacy of TCM in treating inflammatory bowel
disease (IBD) has been extensively characterized in preclini-
cal and clinical studies and widely reported . This review
summarizes some types of active compounds for treating UC
that are extracted from TCM, mainly including flavonoids,
acids, terpenoids, phenols, alkaloids, quinones, and bile acids
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from some animal medicines, which have been reported to
have potential in alleviating UC via direct or indirect action
with bacteria, cytokines, channels, or migration of enterocytes.
The current knowledge about the anti-UC activity of natural
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compounds extracted from TCM in this review has covered
the studies published since 2009.

The chemical structures of the major compounds effective
on UC extracted from Chinese medicines are shown in Fig. 1.
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Flavonoids
Luteolin

Luteolin, an active compound in leaves, stems and bran-
ches of Reseda odorata L. flowers of Lonicera japonica
Thunb., and other plants such as Capsicum annuum L., Ghry-
santhemum indicum L. and Perilla frutescem (L.) Britt., has a
variety of pharmacological activities, such as anti-inflam-
matory, anti-allergy, urate, anti-tumor, antibacterial, and antiviral.
Luteolin acts as an anti-inflammatory agent against colon cancer
by effectively suppressing inducible nitric oxide synthase
(INOS) and COX-2 expression levels in azoxymethane (AOM,
a derivative of DSS)-colitis mice ). Moreover, luteolin inhibits
DSS-induced NF-xB-dependent enterocyte COX-2 expression.
In vitro studies have shown that luteolin blocked TNF-a in-
duced COX-2 gene expression and Prostaglandins E2 (PGE,)
enzyme secretion in HT29 cells, and sensitizes HT29 cells to
TNF-a induced caspase-3 processing/activity and DNA frag-
mentation which is associated with the blockade of TNF-a
induced NF-xB transcriptional activity and simultaneously
decreases expression of downstream target genes C-IAP1 and
C-IAP2. To sum up, the inhibitory effect of luteolin on NF-«xB
in the lamina propria mononuclear cells (LPMNC) by the strong
impact of abundantly translocated luminal antigens by enhan-
cing injury, which leads to the enhancement of NF-«B activation
(EGFP expression) in mononuclear cells from the colonic
lamina propria, while cecal EGFP expression was attenuated [,
Baicalin

Baicalin is abundant in roots and seeds of Scutellaria
baicalensis Georgi. It displayed significant effects on reducing
the severity of DSS-induced UC in mice and showed signi-
ficantly suppressed levels of IL-33 and NF-«B p65, while
IxkBa levels were increased. Baicalin treatment effectively
alleviated DSS-induced chronic UC, and the protective
mechanisms may involve the inhibition of IL-33 expression

7. Moreover, baicalin

and subsequent NF-xB activation
regulates immune balance and relieves the UC-induced
inflammation reaction by promoting the proliferation of CD4"
and CD29" cells and modulates immunosuppressive pathways
[B1 Additionally, baicalin simultaneously down-regulates the
expression of migration inhibitory factor (M¢), quantity of
Mos, and levels of Me-related cytokines, including macro-
phage chemotactic factor-1 (MCP-1, CCL2) and macrophage
inflammatory protein-3a (MIP-3¢) in UC rats !,
Cardamonin

Cardamonin is a naturally occurring chalcone found in

®

Allicin Resveratrol

Chemical structures of the major compounds effective on UC extracted from traditional Chinese medicines

high concentration in conventional Chinese medicines, such
as roots of Alpinia katsumadai Hayata !'%. 1t is reported to
have protective effects such as anti-inflammation '
hibition of NO release and iNOS expression U2 1n vivo, car-
damonin reduced the levels of myeloperoxidase (MPO),
iNOS, NF-«B, TNF-a, and MDA. Immunohistochemistry
revealed the down-regulation of COX-2 and caspase-3 lev-

and in-

els 3. In vitro study has showed that the inhibitory effect of
cardamonin on LPS-induced iNOS induction is due to a direct
effect on transcription factor binding to DNA.
Myricetin

Among the known flavonoids, myricetin (3, 3', 4, 5, 5',
7-hexahydroxyflavone) is one of the major flavonoids found
in several foods, including onions (A4//lium cepa L.), grapes
(Vitis vinifera L.) and red wine. Myricetin has several beneficial
effects, including anti-inflammatory !4, antioxidant !
algesic and anticarcinogenic effects ['*'7. Myricetin de-
creased the production of NO, MPO and MDA, while in-
creasing the activity of SOD and GSH-Px. Furthermore, the
levels of the cytokines IL-1/ and IL-6 were significantly de-

, an-

creased. The anti-colitis effects of myricetin may be attributed to
its anti-inflammatory and antioxidant actions ['*].

Acids

Chlorogenic acid

Chlorogenic acid (CGA) is a phenolic acid produced by
caffeic acid and gallic acid. CGA is extracted from the dry
buds or open flowers of Lonicera japora'ca Thunb., and is also
commonly found in other Chinese herbs, such as Lonicera
Jjaponica Thunb., Crataegus pinnatifida Bge., and Eucommia
almodies Oliv..

Some study showed that CGA reduced MPO, TNF-« levels
and scavenge intracellular ROS by inhibiting H,O,-induced
IL-8 production in Caco-2 cells in the colon tissue, and signi-
ficantly suppressed nuclear factor NF-«B transcriptional activity,
nuclear translocation of the p65 subunit, and phosphorylation
of IxB kinase (IKK), lead to the upstream of IKK, and the
suppression of protein kinase D (PKD) *?!). CGA attenuated
the weight loss, increased DAI, and suppressed the serious
cellular injury and inflammatory intestinal diseases via sup-
pressing the secretions of IFN-y, TNF-a, and IL-6 and colonic
infiltration of F4/80" macrophages, CD177" neutrophils, and
CD3" T-cells by inhibiting the active NF-«B signaling path-
way. Moreover, CGA can relieve intestinal injury, inhibit the
permeability of intestinal mucosa and alleviate the reduction
in fecal microbiota, such as Firmicutes and Bacteroidetes in
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DSS-induced mice, while increase the proportion of the-
mucin-degrading bacterium Akkermansia; however, CGA
does not exert strong antimicrobial effects U9 Furthermore,
in vitro, CGA reduces the level of reactive oxygen species in
IPEC-J2 cells. And simultaneous application of CGA and
Lactobacillus plantarum 2142 supernatant leads to the protec-
tion against lipopolysaccharide (LPS)-induced inflammation
and oxidative stress %%,
Gallic acid

Gallic acid (GA), which exists widely in plants, such as
Rheum palmatum L., Eucalyptus robusta Smith, and Cornus
officinalis Sieb. et Zucc., has biological activities, such as
anti-oxidation, anti-bacteria, anti-viral, and anti-tumor.

GA relieves DSS-induced ulcerative colitis via reducting
the neutrophilic infiltration in the colon accompanied by a
decreased expression of CD68" and inhibiting the activation
of p-STAT, preventing the decrease of IxBa expression re-
sulted in decreasing the expression levels of iNOS and COX-2,
and in vitro inhibiting the nuclear translocation of p65-NF-«xB
in RAW264.7 macrophages in colonic mucosa ). A study
showed that mango is rich in polyphenols especially high
abundant in GA. The mango extract (only total polyphenolics)
treatment resulted in decreasing the Ki-67 labeling index in
the central and basal regions, and at the mRNA and protein
level, it attenuated the expression of TNF-a, IL-1/, and iNOS.
Moreover, the expression levels of PI3K, AKT, and mammal-
ian target of rapamycin (mTOR) were reduced, while miR-
126 was upregulated in vivo. Moreover, mango extract sup-
pressed the protein expression levels of p-NF-xB, NF-«B,
3-kinase (PI3K, p85f), HIF-la, p70 ribosomal protein S6
kinase (p70S6K1), and RPS6 protein in LPS-treated
CCD-18Co cells in vitro **. Another study showed that
Mango extract suppressed the ratio of phosphorylated/total
protein expression of the insulin-like growth factor-1 receptor
(IGF)-1R-AKT/mTOR axis and down-regulates the mRNA
expression of gene Insr, Igfl and pik3cv ).
3, 4-Oxo-isopropylidene-shikimic acid

3, 4-Oxo-isopropylidene-shikimic acid (ISA) is a deriva-
tive of shikimic acid extracted from Illicium verum Hook.
Some study has illustrated that ISA exerts the anti-inflam-
matory effect on colitis induced by TNBS in rats. It is re-
ported that the protective effect of ISA is probably associated
with the reducing granulocyte infiltration, the depressing
MDA, NO levels and iNOS activity, the enhancing GSH level
as well as GSH-Px and SOD activities in the colon tissues of
experimental colitis . These protective effects were associ-
ated with a reduced level of NF-xB p65 subunit in the nucleus
and changes in the expression of IxBa. The anti-inflammatory
activity of ISA may be mediated, at least in part, by inhibition
of the expressions of certain pro-inflammatory mediators
which are regulated by the oxidative stress sensitive NF-xB
signaling pathway 71,
Vanillic acid

As a benzoic acid derivative, vanillic acid (VA) is used as

®

a flavoring agent. It is an oxidized form of vanillin produced
during the conversion of vanillin to ferulic acid. Moreover,
the highest quantity of VA in plants is found in the roots of
Angelica sinensis (Oliv.) Diels.

VA has been proved that has the anti-colitis, anti-mutagenic,
anti-angiogenetic, anti-sickling, and anti-analgesic effects. It
exhibited the reduction of weight loss and colon shortening,
and exerted anti-inflammatory effects via reducing IL-6 level
and COX-2 levels, and significantly suppressing the activation
of transcription NF-xB p65 in DSS-treated colon tissues 2%/,
Ursolic acid

Ursolic acid (UA), which was isolated from an ethanol
extract of Cornus officinalis Sieb.et Zucc. seed, potently in-
hibited nuclear factor x light-chain enhancer of activated B
cells activation in LPS-stimulated peritoneal macrophages.

UA inhibited phosphorylation of IRAK1, TAKI, IKKpg,
and IxBa as well as activation of NF-«xB and MAPKs in
LPS-stimulated macrophages. It suppressed LPS-stimulated
IL-1p, IL-6, TNF-a, COX-2, and iNOS expression as well as
PGE2 and NO levels. UA not only inhibited the Alexa Fluor
488conjugated LPS-mediated shift of macrophages but also
reduced the intensity of fluorescent LPS bound to the macro-
phages transiently transfected with or without MyD88 siRNA.
Oral administration of UA has significantly inhibited TNBS-
induced colon shortening, MPO activity, COX-2 and iNOS
expression as well as NF-xB activation in mice. It may ame-
liorate colitis by regulating NF-xB and MAPK signaling
pathways via the inhibition of LPS binding to TLR4 on im-

mune cells .

Terpenoids

Menthol

Menthol is a monoterpene-based partial agonist of TRPV3
channel, and shows lower (—65%) activation of the TRPV3
channel compared with that by camphor. Menthol can be
extracted from some Chinese medicinal plants, such as Men-
tha haplocalyx Briq, Lysimachia christinae Hance, and Per-
illa frutescens (L.) Britt.

Menthol is an aromatic compound with high anti-inflam-
matory activity. It is reported to has potent anti-inflammatory
and antioxidant activities in vitro and in vivo ***!. In a study
to investigate the effectiveness of menthol on acetic ac-
id-induced acute colitis in rats, menthol displayed similar
effectiveness with dexamethasone; significantly reduced body
weight loss, macroscopic damage score, ulcer area, colon
weight, and colon length; and improved hematocrit in rats
with colitis. Moreover, histopathological examination confirmed
the anti-colitis effects of menthol. Menthol also significantly
reduced the colonic levels of TNF-a, IL-1p, IL-6, and MPO in
the inflamed colons %,

Triptolide

Triptolide, an epoxy two terpene compound extracted
from the root, leaf, flower, and fruit of Tripterygium wilfordii
Hook. f, has anti-inflammatory and immunosuppressive ef-

_84—



CAO Si-Yu, et al. / Chin J Nat Med, 2019, 17(2): 81-102

fects **. Triptolide inhibits the migration, proliferation, and
colony formation of colon cancer cells in vitro, decreases the
incidence of colon cancer formation in mice by reducing the
secretion of IL-6, IL-15 13435 the levels of JAK1, IL-6R, and
phosphorylated STAT3; triptolide prohibited Racl protein
(Rho GTP-bound) activity and blocked cyclin D1 and CDK4
expression, thereby leading to G, arrest *%. Furthermore,
triptolide decreased extracellular matrix (ECM) deposition
and collagen production in the colon, and inhibited the ex-
pression of collagen Ial transcripts and collagen I protein in
the isolated subepithelial myofibroblasts of rats with colonic
fibrosis. Besides, triptolide was indicated that can inhibit the
expression of IL-8 and monocyte chemotactic protein (MCP)-1,
and matrix metallo proteinases-3 (MMP-3) in period study ..
Andrographolide

Andrographolide exists in the whole plant or leaf of the
Andrographis paniculata (Burm.f.) Nees., which is a natural
antibiotic drug that dispels heat, detoxifies, diminishes infla-
mmation, and relieves pain. The active compound has a spe-
cial curative effect for bacterial and viral upper respiratory
tract infections and dysentery.

Clinical trials show that andrographolide decreased the
levels of proinflammatory factors IL-1f, TNF-a, IL-6 and
IL-17A in patients’ serum and in the colon tissues, and the
percentages of Th17 cells in CD4" cells, and suppressed the
levels of IL-17A, IL-23, ROR-yt (key transcription factor of
Th17 cells) and STAT3 in the colon tissues *"*, Moreover, an
andrographolide derivative AL-1 (the andrographlide- lipoic
acid conjugate), presented a significant reduction in DAI,
which inhibits inflammatory response by decreasing the level
of inflammatory cytokines and MPO activity. AL-1 attenuates
the expression levels of p-IkBa, p-p65 proteins, cytochrome ¢
oxidase subunit (COX)-2 and NF-«B, and increased the ex-
pression
(PPAR)-y, thereby alleviating colon injury ®°. Another an-
drographolide derivative CX-10 (a hemi chemical synthesized
from andrographolide) reduced the expression of IL-6 and
TNF-a and the activity of MPO in colonic tissues, and the
expression of NF-xB, p65 and p-IxBa proteins, while in-

of peroxisome proliferator-activated receptor

creasing the expression of IxBa and regulated down the
phosphorylation of p38 mitogen-activated protein kinase
(MAPK), ERK and JNK [,

Gentiopicroside (Gent)

Gentiopicroside (Gent), as a secoiridoid compound iso-
lated from Gentiana lutea L., has been the subject of numer-
ous reports on the choleretic, anti-hepatotoxic, adaptogenic,
and anti-inflammatory properties.

MPO activity in the DSS-induced colitic colon was ef-
fectively suppressed by oral administration of Gent. Further-
more, Gent treatment significantly reduced the overproduc-
tion of pro-inflammatory cytokines and chemokines. The oral
administration of Gent significantly reduced the mRNA ex-
pression of TNF-a, IL-1f, IL-6, and down-regulated the
overexpression of COX-2 and iNOS proteins. Therefore, it

®

was concluded that the protective effect of Gent in experi-
mental colitis is related to the suppression of inflammatory

factors activation Y.

Phenols

Curcumin

Turmeric belongs to the family Zingiberaceae and has
been used as medicine in India and China for thousands of
years (1. Curcumin, a natural hydrophobic polyphenol de-
rived from the thizomes of turmeric (Curcuma longa L.) ),
is known for its multiple pharmacologic activities [*¥
NF-xkB-mediated inflammation,
inflammation, and ER stress-mediated apoptosis and inflam-
mation (¥, Curcumin has recently received increasing atten-
tion for UC therapy because it efficiently down-regulates

in
oxidative stress-mediated

inflammatory cytokines, scavenges free radicals, and pro-
motes mucosal healing “**!. In vivo, curcumin can be a
therapeutic agent for blocking NF-xB activation ), and alle-
viate visceral hyperalgesia and reverse increasing expression
of TRPV1 and p-TRPV1 in rats modeled by DSS. In vitro, in
the HEK293 cell line stably expressing TRPV1, curcumin
inhibited phorbol myristate acetate-induced upregulation of
membrane TRPV1. By downregulating the colonic expression
and phosphorylation of TRPV1 on the afferent fibers pro-
jected from the peptidergic and non-peptidergic nociceptive
neurons of the dorsal root ganglion, oral administration of
curcumin alleviated visceral hyperalgesia in DSS-induced colitis
rats % Moreover, for the therapeutic effect of curcumin on
DSS- induced ulcerative colitis, the expression levels of
TNF-a and MPO in the colon tissue was determined with
ELISA, and colon p-p38MAPK and p38MAPK mRNA ex-
pression levels were evaluated by immunohistochemistry and
RT-PCR. Curcumin displayed a therapeutic effect, which was
probably enacted by inhibiting the p38MAPK signaling
pathway, thereby reducing the release of TNF-a °!\. Further-
more, curcumin plus soy oligosaccharide was reported to
decrease TNF-a and IL-8 expression and reduce colonic mu-
cosa inflammation and tissue damage 2.
Gingerols

Ginger (Zingiber officinale Rosc.) has been used for
centuries for the treatment of various illnesses that involve
inflammation and which are caused by oxidative stress. It is
well acknowledged that gingerols consist of 6-gingerol,
8-gingerol, 10-gingerol, and 6-shogaol, which share analo-
gous structural features. It has reported that the three gin-
gerols (6-gingerol, 8-gingerol, and 10-gingerol) have a strong
and relatively equal efficacy in the treatment of colitis P!,

6-gingerol, a component of gingerols extracted from
ginger, has been reported to improve ulcerative colitis. It has
been reported that 6-gingerol can suppress the induction of
UC in mice, via antioxidant and anti-inflammatory activities %,
In vitro, 6-gingerol can attenuate colitic symptoms evoked by
dextran sulfate sodium, significantly elevated superoxide dis-
mutase activity, decrease malondialdehyde levels and mye-
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loperoxidase activity in the colon tissue, and markedly reduce
the content of TNF-¢ and IL-14 in the serum P31,

6-shogaol, which can be extracted from Zingiber offici-
nale Rose., has proved to have antioxidative, anti-inflam-
matory, and anticarcinogenic properties >/ It is recently
demonstrated that a specific population of ginger-derived
nanoparticles (NPs) may effectively reduce colitis "%, In
another study, the NPs exhibited very good biocompatibility
both in vitro and in vivo. They underwent efficient receptor-
mediated uptake by colon-26 cells and activated Raw 264.7
macrophage cells in vitro, targeted colitis tissue, alleviated
colitis symptoms, and accelerated colitis wound repair by
regulating the expression levels of pro-inflammatory (TNF-a,
IL-6, IL-1p, and iNOS) and anti- inflammatory (Nrf-2 and
HO-1) factors in vivo ',
Paeonol

Paeonol, 20-hydroxy-40methoxyacetophenone, is the
main active component isolated from Cynanchum paniculatum
and Aaeoina suffruticosa [%*), Paeonol has shown significant

(64-66) [67-681 " and anti-oxidant

anti-inflammation , anti-tumor
properties (1.

Paeonol was reported to reduce the activity of myelo-
peroxidase in the colon and inhibit the proliferation of iNOS,
the expression of iINOS-mRNA induced by TNF-o+IFN-y,
and the activation of NF-xB and STAT1 signalling pathway in
CW-2 and Jurkat cell lines, which was possibly contributed to
its anti-inflammation and anti-UC properties. In addition, in
the DSS-induced UC model of mice treated with paeonol, the
anti-inflammatory and anti-oxidative activities of paconol and
its metabolite were related to the blocking of the
MAPK/ERK/p38 signaling pathway !"". Moreover, paconol
can reduce the levels of IL-17 and IL-6 in rat serum and in-
creased the levels of TGF-f1 and inhibit colitis inflammation
by regulating the balance of Treg/Th17 via downregulating
Th17 cells and upregulating Treg cells "1,

Epicatechin

Epicatechin can be extracted from Acacia catechu (L. f.)
Willd. and Hippophae rhamnoides L. Ficus carica fruit, a
source of bioactive functional ingredients, have been tradi-
tionally used for its medicinal benefits as they improve the
digestive system, treating constipation and used as a natural
laxative. A recent study was investigated the ameliorative
effect of Ficus carica L. aqueous extract (FCAE) on delayed
gastric emptying and ulcerative colitis-improved motility
disturbances in DSS-induced acute colitis in rats /2. As a
compound extracted from Ficus carica fruit, epicatechin can
ameliorate ulcerative colitis as well. In C57BL/6J mice model
with DSS-induced UC, epicatechin can decrease the disease
activity index and colon macroscopic damage index scores,
reduce body weight loss, and significantly relieve colon con-
tracture and crypt damage. Besides, TNF-qa, IL-6, NO, MPO,
and MDA were reduced, whereas antioxidant enzymes
showed increased activity. Furthermore, the effects of inhib-
ited NF-xB activation have been demonstrated in vivo and in

®

vitro. It is inferred that the inhibitory effect on DSS-induced
acute UC of epicatechin is mainly related to its antioxidant
effects and the inhibition of inflammatory molecules via the
NF-«B pathway ™!,

Proanthocyanidin

Proanthocyanidin, is a kind of naturally occurring oli-
gomers and polymers of flavan-3-ol monomer units widely
available in fruits, vegetables, nuts, seeds, flowers, and bark
of Cynanchum paniculatum (Bge.) Kitag. and many other
plants ",

Grape seed extract proanthocyanidins (GSPs) are naturally
occurring polyphenol that possesses antioxidant and anti-lipid
peroxidation activities. It is reported that GSPs exerted a pro-
tective effect on TNBS-induced recurrent colitis in rats by
modifying the inflammatory response, inhibiting inflamma-
tory cell infiltration and antioxidation damage, promoting
damaged tissue repair to improve colonic oxidative stress, and
inhibiting the activity of iNOS to reduce the production of
NO 1. As for therapeutic effects in TNBS-induced UC rats,
GSPs was effective on either acute or recurrent colitis.

Alkaloids

Berberine

Berberine is an isoquinoline alkaloid and mainly origi-
nates from the roots and stems of Berberis julianae C. K.
Schneid, which has the highest reported content of berberine
at about 4.5%. As an antibacterial drug, the clinical effects of
berberine are mainly for intestinal infections and dysentery.
Moreover, berberine can attenuate pro-inflammatory cyto-
kine-induced intestinal epithelial barrier dysfunction, preserve
barrier function, and reduce and occlude the tight junction (TJ)
protein zona occludens (ZO)-1, which prevents pro-inflam-
matory cytokine-disruption of barrier function in HT-29 cells
and Caco-2 cells by modulating TJ proteins in vitro. Berberine
increases the levels of superoxide dismutase and catalase in
the colon and serum samples and reduces the levels of mye-
loperoxidase, reduces the macromolecule leak caused by cell
layer exposure to cytomix and H,O,. In addition, berberine
attenuates the T helper (Th)1/Th2/Th17 response and pro-
motes Treg response in UC and leads to increased TNF-a,
interleukin (IL)-23, and IL-6 mRNA expression levels. Fur-
thermore, berberine may regulate transcription (STAT)3 to
balance Th17 and Treg, reversed the up-regulation of IL-17
secretion from CD4'cells of spleens and mesenteric lymph
node cells (MLNs) ®7® Besides, compared with 5-ASA
treatment alone, the combination of berberine and 5-ASA
therapy more pronouncedly reversed the up-regulation of the
mRNA level in colonic TNF-«, as well as nuclear NF-xB and
Janus kinase (JAK)2 phosphorylation by DSS; and more sig-
nificantly inhibited lymphocyte TNF-a secretion ", Moreover,
combination of berberine and 5-ASA therapy has less serious
toxic effects on the spleen %,
Matrine and oxymatrine

Matrine and oxymatrine are extracted from the dried
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roots, plants, and fruits of Sophora flavescens Ait. by using
organic solvents, such as ethanol. Matrine can decrease the
levels of superoxide dismutase (SOD) and malondialdehyde
(MDA) in the colon mucosa cells, and has an inhibitory effect
on lipopolysaccharide (LPS)-induced release of NO from
macrophages. Matrine significantly decreases TNF-a, IL-15,
IL-4, and IL-10 levels. Additionally, matrine can heal ulcer
cells and reduce the lesion areas in inflammatory cell infiltra-
tion, fibrosis, and edema Y. Moreover, matrine can protect
the colonic mucosa by reducing the overexpression of colonic
mucosa proteins NOD2 and NF-xB p65 and decreasing IL-6
level 21, Oxymatrine might attenuate UC by regulating the
f2-adrenocepto (f2AR)-f-arrestin2-NF-«B and the delta opi-
oid receptor (DOR)-f-arrestinl-Bcl-2 signal transduction
pathway. The expression of NF-xB p65, DOR, f-arrestinl and
Bcl-2 protein and mRNA were significantly decreased while
the expressions of f2AR and f-arrestin2 were significantly
increased 334, Oxymatrine ameliorated UC through pro-apo-
ptotic, down-regulating the Th1 and Th17 cells differentiation
via phosphoinositide 3-kinase (PI3K)/AKT pathway .
Theophylline

Theophylline (1, 3-dimethyl-2, 6-dioxypurine), which
can be extracted from Viridis tea and Camellia crassicolumna
%] is a non-specific phosphodiesterase inhibitor. Theophy-
lline showed anti-inflammatory activity both in vitro and in
vivo B78788] 1y vivo, studies showed that theophylline attenu-

B and reduced bronchial mu-

ated the response to allergen
cosal eosinophils in patients with mild asthma °®. Moreover,
theophylline treatment also reduced myeloperoxidase (MPO)
activity and tumor necrosis TNF-a, IL-1£ and IL-6 concentra-

tions in the inflamed colon °".

Quinones

Tanshinone Ila

Tanshinone Ila, is obtained from the dry roots and rhi-
zomes of Salvia miltiorrhiza Bge. and the root of Salvia
sclarea L.. Clinical study showed that tanshinone Ila pre-
sented a therapeutic role in UC by reducing DAI, enhancing
the macrophage phagocyte system and the function of natural
killer (NK) cell’s suppression of non-specific immunity kill-
ing effects while improving humoral immunity, and activating
interferon cytokine production to increase T cell and NK cell
activity. Besides, tanshinone IIA sulfonate injection can sig-
nificantly reduce the level of CRP protein®". Moreover, tan-
shinone Ila improved intestinal permeability, decreases the
neutrophil (PMN) infiltration and activation of intestinal mu-
cosa by the decreased production of MPO, reactive oxygen
species (ROS), and inflammatory cytokines and suppress
neutrophil migration to inhibit the adhesion of PMN and en-
dothelial cells in DSS-treated mice *?. In vitro, tanshinone Ila
is an efficacious the pregnane X receptor (PXR, a known tar-
get of abrogating inflammation in IBD) agonist, as mediated
by the transactivation of PXR. Tanshinone Ila induced
CYP344 mRNA and protein expression in LS174T cells and

®

HepG2 cells to inhibit the mRNA expression of inflammatory
mediators such as TNF-a, IL-6, iNOS, and MCP ],
Shikonin

Shikonin, obtained from the root of plants Lithosperraum
erythrorhizon Sieb. et Zucc. and Arnebia euchroma (Royle)
I.M. Johnst., has anti-cancer, anti-inflammatory, and anti-ba-
cterial functions. As a naphthoquinone, shikonin acts by blocking
the activation of two major targets, NF-«B and STAT-3. Study
showed that shikonin can reduce the activation of NF-«B, the
expression of cyclooxygenase-2, inducible nitric oxide syn-
thase, and myeloperoxidase activity, as well as pSTAT-3,
TNF-a and IL-1p while promoting the production of IL-6 and
present the cytotoxic in DSS-induced UC mice in vitro and in
vivo P*%1 Besides, in vitro, shikonin significantly enhanced
intestinal epithelial cell (IEC)-18 restitution by enhancing the
migration of intestinal epithelial cells via involves transform-
ing growth factor (TGF)-f, induction, without interfering
with IEC-18 cell proliferation °!,

Rhubarb-type anthraquinones

Rhubarb-type anthraquinones are from Rheum palmatum

L., Rheum tanguticum Maxim. ex Balf., or the dried roots and
rhizomes of Rheum officinale Baill., including rhein, emodin,
chrysophanol, and aloe emodin. The activities of f-glu-
cosidase and microbial S-glucosidase are significantly reduced
which leads to the abrogation of enterohepatic recirculation
due to under the action of aglycone of rhubarb-type anthrax-
quinones to improve microbial disturbance in the intestinal
tract 7,
As an important component of the rhubarb-type anthrax-
quinones, rhein can significantly reduce the inflamma-
tion-associated migration of immune cells. In vitro, rhein
decrease the levels of IL-6, IL-18, and TNF-a. Rhein reduces
NO production by suppressing the protein expressions of
iNOS and COX-2, thereby showing that the anti-inflam-
matory action of rhein is partially associated with reducing
the phosphorylation levels of NF-xB p65 and the suppression
of NLRP3 expression in RAW264.7 macrophages %"

Another important component of the rhubarb-type an-
thraquinone, emodin, decreased the DAI, intestinal damages
and the count of white blood cells (WBC) in peripheral blood,
and presented the prevention of the loss of body weight and
colon shortening. It is reported that emodin decreased the
level of anti-flagellin antibody in serum and significantly
suppressed the expression of antibody toll like receptor 5
(TLRS) and NF-«B p65. In vitro, emodin showed that
down-regulation of the expression of antibody TLRS5 and
MyD88, up-regulation of the expression of antibody IxB, and
decreased the release of IL-8 in inflagellin-stimulated HT-29
cells .

Chrysophanol decreased DAI and attenuated the body
weight loss by inhibiting the production of IL-6, PGE, and
the expression of COX-2 levels in DSS-induced colitis in vivo,
and decreasing NF-xB (p65) and caspase-1 activation in

LPS-stimulated mouse in vitro 1%%.
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Bile acids

Taurocholate

Taurocholate (TC) is a natural conjugated bile acid, which
not only found in ox gall, but also in snakes bile, such as Zaocys
dhumnades (Cantor) and Agkisrrodon acutus (Guenther) !'*!).
It has been reported that TC has the anti-inflammatory effect
against TNBS-induced colitis [,

TC could decrease MPO activity, TNF-a, IFN-y and IL-15
levels from colonic tissue. Oral TC significantly decreased
MPO activity. These findings suggested that TC could inhibit
neutrophils infiltrations in the inflamed colonic tissue and inhibit
the development of inflammation and damage of epithelial cells.
TC suppressed TNBS-induced colitis in mice and this supp-
ression effect at least associated with the expression of some
cytokines, including TNF-«, IL-14, IFN-y and MPO t'%3],
Tauroursodeoxycholate

Tauroursodeoxycholate (TUDC), taurine-conjugated
ursodeoxycholic bile acid, is endogenous bile acid and found
in biles of Selenarctos thibetanus (G. Cuvier) and Ursus arctos
L. " TUDC was proven to be potent anti-aggregation in-
hibitors via restraining the unfolded protein response and
decreasing ER stress in intestinal epithelial cells to consider
as a potential function for treatment of inflammatory bowel
diseases in vitro 1'%,

It is reported that TUDC can reduce the number of MPO,
and significantly suppress the secretion of TNF-a, IL-15, and
IFN-y in TNBS-induced colitis, which was estimated that this
effect might be associated with the expression of these cyto-
kines, including TNF-a, IL-18, IFN-y and MPO [,

Else

Indirubin and isatin

Indirubin and isatin, the active compounds are isolated
from Indigofera tinctoria L., is an indole antitumor drug and
used for treating chronic myeloid leukemia.

Indirubin is an effective component of Chinese medicinal
herb recipe Qingre Zaoshi Liangxue Fang (QRZSLXF) for
the treatment of UC "), wherein the role of indirubin during
the mucosal healing process through the signaling pathway
involved stimulating the mucosal type 3 innate lymphoid cells
to produce IL-22, consequently inducing antimicrobial pep-
tide and tight junction molecule production !'®. Indirubin and
isatin reversed the elevation of DAI, thus ameliorating
DSS-induced UC by reducing inflammatory cell infiltration in
the colon mucosa, which in turn alleviated crypt distortion
and mucosal injury. The levels of TNF-a, interferon (IFN)-y,
and IL-2, as well as MPO activity in colon tissues were sig-
nificantly decreased, whereas the levels of IL-4 and IL-10
were distinctly increased. Moreover, indirubin remarkably
suppressed CD4" T cell infiltration in the colon of
DSS-induced mice, and promoted the generation of Foxp3-
expressing regulatory T cells, as well as inhibited DSS- in-

®

duced activation of NF-«xB signaling. The protective effect of
indirubin/isatin combination therapy was superior to that of
single-agent treatment %' Besides, isatin inhibited the
increase of PGE, levels, prevented the decrease of SOD activ-
ity and increase of glutathione reductase (GSH-Rd) activity,
glutathione peroxidase (GSH-Px) as well as the depletion of
glutathione (GSH) levels ("1,

Brusatol

Brusatol (BR) is one of the main bioactive components
derived from Brucea javanica (L.) Merr., a medicinal herb
historically used in the treatment of dysenteric disorders (also
known as ulcerative colitis). BR was found to exhibit diverse
bioactivities including antimalarial, antineoplastic, anthelmintic
and hypoglycemic activities (">, In addition, BR was re-
ported to be a potent anti-inflammatory agent by inhibition of
protein synthesis ['**!,

BR treatment inhibited the levels of pro-inflammatory
cytokines and PGE2, and promoted the production of the
immunoregulatory mediators IL-4 and IL-10. The beneficial
effect of BR might be intimately associated with the enhan-
cement of antioxidant enzymes including SOD and GSH-Px,
as well as dose-dependent amelioration of MPO and MDA
levels. In addition, treatment with BR aqueous solution
caused significant attenuation of TLR4, MyD88 and NF-«B
p65 expression in the colon tissue. Oral administration of BR
could effectively attenuate colonic inflammation in mice, at
least partially, via favorable regulation of anti-oxidative and
anti-inflammatory status and inhibition of the TLR4-linked
NF-«B signaling pathway !¢,

Allicin

Allicin, a sulfur-containing natural compound which ex-
tract from Allium sativum L., with many different biological
properties, is responsible for the typical smell and taste of
freshly cut or crushed garlic. Allicin has many beneficial ef-
fects, including antioxidant, anti-inflammatory, anti-proli-
ferative, and proapoptotic effects.

Allicin treatment significantly decreased CD68, MPO,
MDA and pro-inflammatory cytokines, and increased the
enzymic antioxidants significantly. In addition, allicin was
capable of reducing the activation and nuclear accumulation
of signal transducer, and activator of transcription 3 (STAT3),
thereby it prevented the degradation of the inhibitory protein
IxB and induced inhibition of the nuclear translocation of
nuclear factor (NF)-x«B-p65 in the colonic mucosa. These
findings suggested that allicin exerted clinically useful anti-
inflammatory effects through the suppression of the NF-«xB
and IL-6/p-STAT3Y"® pathways '),

Resveratrol

Resveratrol is a naturally occurring and biologically ac-
tive polyphenol ingredient that is present in grapes (Vitis vi-
nifera L.), peanuts, and other plants. Resveratrol presents a
variety of biologic activities, including immune regulation,
anti-inflammation,

anti-oxidation, and

[118-119]

anti-angiogenesis,
reduction of tissue damage

— 88 —



CAO Si-Yu, et al. / Chin J Nat Med, 2019, 17(2): 81-102

ASISAID 1w

BIOIQOIOIW [BOI] UL UOHONPAL B 30UBYU
(611 roLjodon R ﬁ%ﬁ +m;ow WS1s 10§ §§ oé 10} (;_T-[oww w@%o_ o\qmowwo_w_@&
61 reunsaur SunagIe], pue ‘syiydonnau | 7/ 1) ‘saeydorsewr Ho13 104 §8A %sT paonpul-ssa
Aemyped Sureusis gx-IN 08/t JO uOLBI[LJUL OLUOJOD PUB 9-T]| Ajrep "ALQ) S2IPOUD DIMUOINT
2ATIoR oY) SunIqIyu]  pue W AN, “ANJI JO suonaioes ot ssaxddng (ourpes sown om1 [(T goT) oot 93¢ ppifiypuuid sn3avina?)
UOTJBLUTUR[JUL SUrjaSIe], ‘QNSST) UOJOD  UT [OURTR o, O€ JO TW o1 pue (T 0§ ogIvd eew  quny] porodpl vaaowoT (VD))
[0Z] s$Soms aAnepIXO Sunjagie], Ay ul [3A3] gX- N Puk 1OH ‘OdIN 20npay [FQusw) SANL  “0d) 88wzl vDD  ponpui-SANL  quNYL po,plodpl piaoio] p1oe 2133010y
9-11 pue §1-711 JO S|9AJ] AU Pasealda(
JUAUOI ON A PUB Y IA Y} 258103 01
UOTJBUIUB[JUI SUNASIR],  ANANOE (JOS 91 PUB XJ-HSO Y} 9SBaIou] skep  sAep 0T 103 (,_8Y-Sw o5 o/ TV e ] Daafiuia s
[81] ssans aapepixo Sunadie], SISA3] OdIN dY1 3sL2103d (1 40§ SSA (/M) %S 001 “007) uneoLAN paonpui-§Sa 1 pdad winijjy unROLAA
(s1sordode-nue)
u01d Sunesie], VAN PUB 0-IN.L ‘gX-4N 2onpay unu | 10§ sje1 (JS dew
UOHRUNUEB[JUI SUNAFIR], SONI “OdIN 9onpay]  PIOB 01308 94¢ W T JO  $3[9am 7 10F (|_8Y-8w (¢ PpaonpuI-proe
[€1] ssens aaneprxo Sunogie], ¢-asedsed pue 7-X (D UMOP [29AdY  UONB[IISUI [B102IRIjU] IO ()]) UTHOWepIE)) oMAOY  BIRARH Ipppuimnsipy piuldjy uruowepIe))

BE-ure10Id AJOjRUIWERIUT

a3eydoioewr oY) 91B[NSAI-UMO(]

[-10108} O110BIOWAYD

a8eydosoew Suipnjour ‘saury0Ikd

surajord Sunegie], PatR[2I-PIA JO JUNOWE ) B[NSI-UMO(]

Y22 dUO 10§
(reaaod Tw ¢z0  Aep B ootm ((_BY-Tw O]

< SY-8w o) [oyodre ‘94886 Aund) 1apmod NEANG(N
S[190 sunwir urlagie], SOIA Jo Amuenb oy pue (JA) 100wy ! . _
l6] Aemuped uononpsuery A101qIyuL uorjRISIW AU} ARNTAL-UMO( YL M SN VS UERIeq (4/41) %I PRONPUL-SENI
euSts Sunogre], 69d gx-.IN pue ¢g-[ 218A9q (Aep-¢ sAep dorw
SOUIY0IA5 SurjeSIe], 9-T1 PUB ‘g T-TI “0- NI, 9SBoIOU]  JO SO[0AD 221J1) IajeMm 0¢ 10§ (|_83-3w oG] 9/T€LSD 2w 131000
[£] ssans aanepixo Sunadie], ON PuB OdIA 2onpay Sunjuup vl §SA %T 10 ‘001 ‘0S) utjedreyg pasnpui-§Sa SISUDIVIIDG DLID]]INIS ureoreqg
SABD 9 10} asnow/3w
o1ssa1dxd 301d Jua0s310N €€ 4a pamoyioy
uorssal 5 wEn_Om: :._\% 10 Jusasalonyy sAep 9 10J Iajem ‘sABp ¢ JOJ UTjod)n] QOTWI STYI[OD
[o] HoIE SUIOBLID AQ AN VUYL Suryunap w §51 %€ %S PUB%T %S0 PAoNpuI-§SQ
‘uorssardxo
7-XOD Akoo1aud juepuadap-gy-IN HqIyu] ot
u01d Sunesie], -X0D SYAIM € 2/971vg aew
[§] ssans aanepixo Sunadie], pue SON! JO SUOLSS2Idxd oY1 20NPAY 0§ (;_5Y-5W G ) NOV L8N8w g peonpu- NOV ] DIDIOPO bpasdy ur[oaIn
. 1300pur Jo (Juoumyean Jo uomneInp) [epow QUIDIPAW ISAUTY)
Jd UISTUBIOON Aanoe papioday uoneInp pue aso(] aso(] puE [euITy woJj 90In0g punoduiody

(SAIPNYS 014 U7) SPI[0D JABLIINN UO JANIIYD SIUIPIW Isouty)) wo.ay spunodwo)) [ Iqe],

— 89 —



CAO Si-Yu, et al. / Chin J Nat Med, 2019, 17(2): 81-102

$§eoM 9 10) (HOM
95t Ul 32am Jad

. BYBW G/ 6L 619

(Kep 10d

SjeI(JS Qe

el $°L9°09 09) SANL  _3%-3w 6p) 3pyoNdu]  p0oNPUL-SENL
SY9IM T 10J IajBM syeam (7
uoro1d [ USBL[[00 PUE SIS gy 1y ggq o5z a0y (ues 9460 UM oomu
PUBAL [P USBEII00 40 UOISSHIANG QUL WU gq pamoryoy (womoafur paafosstp °, p-, 85w [ (IDD 1-00 pod
uononpold uadejoo pue uons < aya o e d :
[zl T T gy \_8Y-3w G T) HNA €0 ‘T°0) opnoddiil.  npul-SSA/HING
Aemyred uononp uorssadxa (D) pue (] U240 Jo0[g sAep § 10 (Joo
-sueJy [eugis Suragie], ANADOR [oBY NQIU0Ld skep 8§ -A|3 suajAdoid 9407 m oI
[s€] suio01d Sunagie], Aemuyied [VIS/SVI-¥9T1 9y 1dNUNU]  JOJ JAJeAt SUULID Ay} PIA[OSSIP | SYSW 090 9/dTVd deway ‘J "OOH
[v€]  uoneuwnuepur Sunasey, §1-T1 *9~"T1 Jo uotsseidxa ayp QU] Ul SSA %S PUB %S'T “7°0 °0T°0) 2prorduy, padnpul-§Sa paofjim wm3Liandid] aprjopduy,
nug (1) susosapny vjjriag
Spuod3s SJRI IRISIA QJBW J0ueH
$SaNSs dA11epIXO Sunadie], ANAROR OdIA 241 20NPaY ¢ 403 snue sy ot sAep ¢ 10§ (,_SY-5w (8 padnpul-proe ADUNSLAYD DIYODULSLT
[ze]  uvoneuwnuepur Sunesiey, 9-"T1 ‘g1-"T1 "0-ANLL 290PaY  PIOE A0 04¢ JO [UI T pue (g ‘0T) [OUAN MY ‘bug xdjpoojdvy vypuapy [OfpUsN
PV
puE [V Y1 JO UONEpRISap ay) payqruu]
911 ‘§1-T1 D-AN.L SAUO140 SAep ¢ 10}
vonpunuepyul SunaSe],  Arowpunueqyur -oid Jo uotssaidxa ay nquyuy oor AP BA0UO( SYBWOT  sonu po/1ecD 20n7
l6] ssons aaneprxo Sunagre], AAnoe OdN AP HGIUT  SENLL (4/41) %S'T “OL) PRV ONOSI  pOnpU-SANL  W'QVIS $1puIdfd snidio) P10V d10sI(]
$SaNSs dA11epIXO Sunadie],
Aemyed uononp cod g-IN Qo1
-sueJ) [eugis upagie], uonduosuen Jo uoneande ay) passaiddng SAep udAds  sAep £ 10J (;_BY-BW 007)  9/T1LSD deway 's121(]
[82] Jup 040 Sunasie], S[9A] T-X 0D PUE [2A3] 9~ 0NPRY 10} SSA (4/M) %S PLo® OI[[IUBA paonpui-§Sa (An0) stsusuis vayjaSuy PIog Ol[IUBA
[9A3] ON oNpY
SeNIANSE XJ-HSO PUe (JOS osealdu] [OUBM (1/4) %0€ SAEp 1
[2A3] V(I 2onpay JOTW 60 UL PRAJOS 10 Arep 01m) (|_Sy-Swr SIBI (IS oW pIoR OTUIYIYS-aUap
[LT] ssems aApepixo Sunadie], OdIA Jo Ananoe ayy 3582103 -Sip (Bw 0¢) SANL 00T ‘001 ‘0S) VST paonpui-SENL JOOH wirtiod wnidljly -11£do1dost-0x0-°¢
U 1-dD1 JO urewop sukjeres
1) BIA SWAZUD Y3 JO ANATioR 21 ssaiddng (uoneiedas p ¢
X3pur SULdqe] £9-1Y S} 9582103 £ M “sjokd ey SIeI (JS oTew
[s7]  uonewwepyur Sunssiey ozI-yiw oseard  49A0) §SA (/M) %E 1oeIX Ouew paonpui-§sQ
uots -UI S[IYM “TOTN PUB ‘T YV “NME]d 2onpay (uonesedas p |
-so1dxa oues Sunendey ) ) SONI pue © UM “S3]0K0 a1y} s1e1 (IS AW
vzl swajord Sunadie],  Y1-T11 0-INL JO uoissaidxa ay) agenudy 10A0) SSC (4/41) %€ EnXa oSusw PAONPUI-SSC]
$SaNSs dA11epIXO Sunadie], corx ELVLS-d JO suorssaidxa oy Juoaald Nz
uoneAnoe [euonduosuer X0 skep / DI 19 GILS SYLULLID SHIA0))
pajeIpaw-gx- IN-59d pue SONI surajord Arojeunuejui-oid 10 Jojem SUD[ULIP St sAep / 10J (A[[e1o oIV oeW WIS pisngod smdAjponsy
[ez] Suniqryug al} Jo uorssaIdxs i asea1oa(] U SSA (A/M) %S'T | _8Y-5WOT) proy dA[[en paonpul-§Sa 1 wrgpugpd wnay proy o1[eH
. 130npul jo (Juawean jo uopenp) [apowr QUIDIPIW ISAUIYD)
3o WISHIBLOIN AUAROE papodoy uoneInp pue 350 aso( puB [ewIUy wolj 2IN0S punoduiody

ponunuo)

—90—



CAO Si-Yu, et al. / Chin J Nat Med, 2019, 17(2): 81-102

suio01d Sunoagie],

SOWAZUD JUBPIXONUER JO ALIAIIOR 9SBIIOU]
VA Pue OdINl “ON JO uoniqryu|

‘sKBp UOASS 10§ IojEM

SABP UJADS
J0j (_83-3w 9og 10

201w
[9/7dLSD 2rewt

[e2]  uoneunuepur SuneSie]  UOUEANDE g¥-IN PUE “9-[ ‘- NI 20pay  SumyuLp I SSA %ET 00T “001) Ulyoarestdy paonpul-SSA Pl (F 1) #0210 D1oDIY uryoayestdy
14-1D1 JO S[oA9] oy} 9sBaIOU] sAep/ 10J SIBI (]S oW ‘Senry (939g)
[12] uorewwejul Suldsie], 9-"11 Pue £ [-1] JO S|9A3] Y3 20nPpAY | BB 08 ‘SANLL %S (_8Y-Tw Q) jouosed  pARONPUL-SEANL wngppnorupd winyoupud) Jouoaed
1[99 aunww Fupagie], 1-OH Pue Z-JIN ‘SON! 3sea103(] skep ,
SSOIIS 2A1JEPIXO Surjegie], J1-711 ‘911 “0-INLL 3se2102(] 103 Joyer SUDULIp skep 1 10§ 0T [N/IAT
[gg]  UONPmLIELIL SuBIRL Ao SSEIXOIAAOL gy (141) 95T (, 4B GT) oeBoys-9  poompuI-SSCI 10e3015-9
SWO0)  -9AUN PUB S[QA3] APAYSPRIPUOTEW JSBAIOA(] ’ ’ ! ’
-dwAs o110d pAeNUNY ANANOR aseINWISIP IPIx0Jadns pajead|q (sAep £ o}
‘uors uoneyul Iydonnau Jo JuX3I Y} pue SAEP 9ANOISUOd  ABp € 0UO0 _FY-Fw ()f)
-sardxa oua3 SunenSay  BSOONUI [RUNSIIUT AT JO UOTIRIADN AT JaMO'] [ I10J Iayem SuryuLp [0193UIS-(T pue SIBI (IS oW
[19] esoonw patreyur ay) [eS [OAJ] Z-UDT JoMO] ur SSA (/M) %S ‘Jo1eSmS-g ‘JoreSuIs-9 paonpur-§Sq 080y appuIdlfo 12q13uly [0123U15-9
sAep udAas 10J 1jem  shep (1 10§ (|_Sy-3uw 09 Q01w 9/ TvVd
lreil Supjuup ul SAd %S ‘0€ S 1) uunony peonpui-Sa
Sespizd. [P STs ) 2antsod-JdVIN SABD UOASS 10) 1ojeM  sAeD ()] 0§ (,_F-3w 09 SIRI (]S QW
loc] $Sans JA1epIxo Sunadie], g¢d-d Jo uoissaidxa ayy aonpay SUmYUIp ur SAA %S “07) UTwnoIN) paONpUI-§S(T
uopewwejul Sunadie], OdIA PUB 0- N |, 20npay o ' '
TAJYLL o uonefroyd TAQYLd pue skep oot
-soyd pue uorssardxa TAQL JO uoissardxa SUIsearour asI9AY 6 10J Iatem SupjuLIp S[eway Suruuny
[6] o10[00 Ay e NSaIumoq vISaZ[RIAY [BIIISIA ARIAJ Y ul SSA (A/M) %S € YNND 8w ¢ pasnpui-§Sa ] DBUOT PUINOIN)) upundIny
9-1°¢1- 11
V- INLL JO S[2A2] uo1ssa1dxa o) senuapy
[2A2] woad ay e
SONI pUE Z-X(0D Jo uoissardxa oy y201g
sJojeIpaw Alojewwejul -0id SARp [
$SaNSs dA11epIXO Sunadie], JO uoIssa1dxa yN YW 2yl AenSal-umoq 10§ (,_8%-3w 00T 001 DI YD ew
[T1$]  uoneunueryur Sunoge, OdJIN JO ANTATIOR 91 2SBAI103(] sAep/ 103 SS %S ‘0S) aprsorordonuan paonpul-§Sq "] pajn] PUPIIUIL) aprsomidonuagn
Aemyred uononp
-sueJ) [euSts SunogIe], g~ N pUe Z-X0D ‘s9d-d
suiold SunaSie],  “ogr]-d Jo S|9A9] uoIssaIdxa ay) enu Y SAep § oI
SSaIS 9ATIBPIXO SurjeSIe], Aanoe OJIN Jog (,_8y-8w ooz 10 o/ TV dew 'SQaN (Fwing)
[ov] ~ uvoneunuepur SuneSref,  pue V- NI PUe 9-T[ JO [2A9] AU} ASEAIA(] IlM T SSA %S € 00T ‘0S) 01-XD+SSA paonpur-§Sd pyopnoupd stydp.Sopuy X-0D
Aep © 201M] ([OU
-BUID 9% PUE ()8 UM
%1 ‘Jorpauedoid-¢
Aemyred uononp A-¥vdd JO uorssardxa oy} paseasou] T %] Urejuod
-sueJ) [euSts SunogIe], go-IN pUe Z-X0D ‘s9d-d UOTyA UONN[OS [OY0OTe
suold JunaSie],  “vgx]-d Jo S|9A9] uoIssaIdxa ay) enu Yy uon  [Autakjod ¢4¢ ur papuad
$SaNSs dA11epIXO Sunadie], AIADOR OJIA PUB Sauly  -NJOS [OUBYID 94,0S W -sns 35w ¢ pue 0 9/79.8D 'SQ3N (Juung)
[6€] SOUIY0IA5 SurjeSIe], -0}40 AIOJRUNURIIUL JO [9AJ] 3Y) dsBar0d([  (,_8Y-Bw 00T) SANL ST °S) Aep e 20y [Ty paonpul-SgNT ppomopd stydp.a3oapuy -1V
. 1300pur Jo (Juoumyean Jo uomneInp) [epow QUIDIPAW ISAUTY)
3o HHSIUEHO Ananae pajioday uoneInp pue 350 aso( puB [ewIUy wolj 2IN0S punodwo)

ponunuo)

—91 —



CAO Si-Yu, et al. / Chin J Nat Med, 2019, 17(2): 81-102

skep £ oy (,_33-3w 00|

01
o/d1vd Qe

[s8] SAep £ I0J SSA %0°€ 0 (S “57) AuIEWAXQ paonpur-§Sa
Aemuyyed BIA §]199 13
36 oA o ST IO (fouetpo 9405 ;
7N P wro01d 7-[og TumSoIE-g [W GZ'() UT POAJOSSIP sAep G 10 (;_3y-5ur SIBI (IS oew
: - : § ‘o : suLewWA onpul-
[+8] A o . %S W 9°0) SANL £9) QULBWAXQ  PAONPUl-SENL
surajord Sunegie], zunsaie-g (Joueto
AKemyjed uononp PuB Y7 JO SuOoISSaIdxa ay) aseaIdu] [ )OS Ul PIAJOSSIP sAep ¢ 10§ (;_3Y-5w sye1 (JS dew
[¢8] -sueJ) [eusts SunogIe], 69d gx- N Jo uorssadxa ot asearoaq ‘0,6 TWY () SANL €9) QULIIBWAX()  PRonpul-SENT, WY Sua0saAD)f vioydog QULIBWAX()
surajord god g-IN
pue ZON JO S[2A9] uotssaIdxa Jqryuy
SE3JB UOLSI] AU} padnpal pue m:umﬁwww_ﬁ:o_wwﬂ (JouBYId UI PIAJOSSIP skep 91 SIBI (IS oW
J k : 3-8 -
[z8] surorord Sunodie], DUE 911 “b-"T1 ‘F1-11 ‘PN L 558015C] %S TWY'() SANL 10§ (;_8Y-5W £9) SULIRIN  PIONPUI-SENLL
uonewwejul Sunagie], ON JO 2se3[21 padnpul-Sd1 pAqryu] (,_8y5w sye1 (JS dew
[18] ssans aanepixo Sunadie], VAN PUe dOS JO [3A9] 31 25813 00) SANL %¢  (;_8Y-8w (g]) sutney  paonpul-SENL WY suaosaav]f pioydog QulBIN
(sAep Ay
10J Auo 9[040 paiyi e SAep (¢
snjd 19jeMm SupuLp Jo 10J A[1ep 20u0 AJ[RI0
skep T Aq pamofjoy  (,_8Y-3w(7) Aumsqaq
SAep 9AIJ 10J SO[040 snid (_8y-3w 007) Qo1
0M]) Jo)RM SUULIp VSV-G pue suofe  a[ew 9/T4LSO
l6L] WSSA UM % (BXBW0Y VSY-S  paonpui-SSa
SYNIUW (M-4OY (skep oAl
PUE £[-"T[) SQUDOIAD PaJe[al-L [ NPy 103 AJUO 9[040 party) ®
ELVLS snyd 191eM SUDULIP JO
o1u0[09 Jo uonejAroydsoyd o) aseasodq SKep 1 Aq pamo[|0 Aqiep parean
O I R I o] SABp QAIJ J0J SO0 (IareM paYMSIP UT Qo1
Azmyped uogonp uone[Aroydsoyd 0M]) JJeM SUDJULIp  PIA[OSSIP ©,_3Y-3w (7) arew 9/T9LSD
[9L] -Suex; [eusts Suysrey, DAV PR G¥-dN P-dNI €211 9711 ur Ssd S\\_M: ﬁm %:o_:oo.%»_s duliaglag paonpul-§Sd
uors ‘g1-"11 JO uorssardxa W NRIW 1) 25ea109(] ’ ° ’ ’ e
-sa1dxa oua3 Sunen3ay aos pue 1vD jo Ananoe SABD A1) (ordoe[nNOUNUEY
uopewwejul unadie], Y A NS pue ANANIR OJIA 5B skep 10} ABp B 30U0 (19JeM o1 ‘uo ewuadse
SSaIS QATJEPIXO Surjadie], ULIayped-9 ‘-7 XIS 10J Jjem Sunjuiip PIIIIISIP UI PIAJOSSIP  2[BW [ 9/TFLSD “IBA “TOURI,] SISUSUIYD
[2L] suajord Sunadie], su01d ] JO uonRNSIUMOP Y1 NqIYU] Ul SSA (/M) %E  _8Y-8w (0 [) SuLIdqIag paonpur-§Sa sndo)y) pwoziy sipido)) uagliag
AIANOE SON]I PUB S[2A3] ON Y} 58103
S[9A3] HSD PuB ANADIR XJ-HSD) 2SBaIou]
AHADOE JOS Y} ISBIOU]
VA JO S[2A9] 93 20npay \_8Y-8wig¢  skepy, 103 (|_83-Sw 07)  SIBI IRISIM dJEw Sers[(-esg)uin
[s2] ssens aaneprxo SunaSie], AIAnpE O AY) 2582103 ,_8Y-3W (8 :SANL %S SUIPTUBADOIJUBOL]  Poonpul-SANI -ppnotupd wnyounud?) SUIPIURAS0UIUBOI ]
. 130npul Jo (Juawean jo uopenp) [apow QUIDIPIW ISAUIYD)
3o WISHIBYOIN AUAROE papoday uoneInp pue 350 aso( puB [ewIUYy woJtj 2IN0S punoduwiod

ponunuo))

—92 —



CAO Si-Yu, et al. / Chin J Nat Med, 2019, 17(2): 81-102

(Iepuang)

(jou SABP 2AIINDIS 01w SHINOD UOPOLISDYS |/
SSaI)S QATEPIXO SUNPSIR],  S[AS] 0SS JT-T[ “A-NAT V- INL 3SBA103(]  -BYIR %06 JO [W'Q Ul -u0d / J0f (,_SY-8w (09 o/qreg orewr (z01UB))
[c01]  uoneunueryur SunogIe], OdIAJO [9A9] 2} 20Npay  SIAJOSSIP SWIT) SN ‘OF ‘07) Ae[oyooIne]  PRONPUI-SENT, sappunnyp scoovz ajejoydoINe],
TIveq 2jpu1onfjo wnaypyy
MW G/THLED “J[ee XWX
$SaNSs dA1epIXO Sunadie], S|9A3] Z-X 00 JO uoIssaidxa ayy SAep [ sAep £ 10§ (;_8Y-3w ¢)  9[ewa} pue opew WROUNSUD] WNaly
[oo1]  woneuwmezur Sunedie], pue Z4Hd “9-"11 Jo uonopnpord ay) yqryuy 10 SSA (/M) %S [oueydos&ry) paonput-§Sd 1 wrgpugpd wnay JoueydosAry
§9d gx-IN pue S 11 Apoqnue
Jo uotssaidxa oy ssaxddns pue wnias ur ‘Tireq ajpuiolfjo wnayyy
Apoquiue u1]]a8e[J-1ue JO [dA3] AU} ASLI03(J SABD §1 oI ‘Jreg x9
suaoid Sunadie], poojq [e1ayduad 10y (mq _3y-8w 0 9/THLED AW WIXRN WROYRSUD] nayy]
[66] [120 dunurut Sun_SIe], U S[[20 POO[q AATYM JO JUNOD A1) ASEAIN(] SSA %€ pue ] ‘5) urpowyg paonpul-SSq ] uniputiod winayyy urpowry
‘TIeq apuioyjo umayyy
‘Jeg xo
S|[20 aunuwi S[]20 sunwiwi Jo uom (suonen (DL)oul| ysyelq WIXRN WRONNSUD] Wnaify
[86] Jo uoneiSnu SunogIe],  -BISIW PAIBIDOSSE-UOTBIIWRFUT 3Y) 20NPRY / -U20UO0D JURISIJIP) UIAY  -9Z OTUagsuel], 1 umiputpd winayyy uray
sAep
71 103 SSA %¢ pamo| l\reg puidLfo wnayy
uoneNoIOAL d1edayoiNua Ayl 9e301qy  -[0) SABD £ 10J I1ajem  (UOBN[OS WNIPOS DIAD ‘Jreg x9
BIO[JOID asep1soon[3-¢ [erqoronu SUIULIP PIABIOOINE  04¢"() YA °| B[ (°(T) SIRI (IS O[eW  WIXBWN Wnonnsup) wnaify ssuournbery
[26] -lW [eWISAUL SUJATIR],  PUR ISEPISOIN|S-F JO SIANUANOR I ONPIY ul SSA (/M) %S J0RIXS QIeqNUY pasnpui-§Sa 1 winpuigpd wnayy -ue adA)-qreqnupy
syoam ¢ 10] (d1
‘_8Y-3W §°L) INOV o1 o/ gTVe
SON KQ pamo|[0] ‘sAep (_8y3w gL J[ewdy pao
[s6] DUE 07| “G-4{N_JO UONEAI L 9} 30MpaY L 10§ SSA (/M) %S’ 1 puE §°¢) uuoyIYS  NPUl-SSA/NOV SOt W
$SaNSs dA11epIXO Sunadie], g2-N JO uoneAnde ay} pue ANANOR Isep ¢ Aep uo pue | R (IR0Y) butodyona piqauLy
uoneuwnueyul Sunade],  -rxoredoaAt ‘G1-] pue v- N ‘€-IVLSd s Aepuo (| _By-Sw gz pue o/ TV S[RUWRY DONZ 12 "qALS UOZIYLOAIALD
[v6] su01d Suragie], ‘7-aseuaZAX00[9AD JO UOLSSIAXS ) 0NPAY Sunjuup w §Sd %S 71 ST9) uuoys paonpur-§sq wnpiiadsoyry uoNys
YXd JO uoneAndesuRn skep / 10J Iatem skep [ 01
s 3 AQ pajeIpaw sem uo1ssaudxa uilold P ISIP “A[112)S 10} (;_p-;_ 88w g 10 3/971vd dew
[gg]  ~SdX0Qu3B BulgeInsay VNRIW #FE A0 200pu] W SSA (1/4) %t 01 “G) BI[PUOUsUBL  pRonpuI-SS(l
suio01d Sunagie], ’ ’ ’ ’ '
SSaIS QATJEPIXO Surjadie], SOY pue OJIA Jo uononpoid asearod(g ot
(sjiydoxmnou) pajerpaw Jorem  sAep / 10) (,_8Y-5w 007) 2/971vg aew ] D24D]OS DIAIDS
[z6] aKooununur Sunadie], Ajqrssod snIjoo AIojeUNUBIUT AJBIAS[[Y  SUDYULIP UT SS(T %€ B[] QUOUTYSULR] paonpul-SSq 08¢ vziyiongiu DIAIDS B[] QUOUTSUE],
suon Spu0d3s (¢ 10§ SJRI IRISIA QJBW
UoHRWIIR[JUL SULRBIR],  -RHUIOUOD 9= PuB J[-T] D-INLONPRY  snue dyj ojur uonnjos  sAep ¢ J0J (,_SY-Jw 0§ INpe ut uonnjos RULUN[OJISSEID BI[[dWE))
[sz1] ssems aaneprxo Sunogie], A1ATIOR QJIA 29Ny OTJ0R PIOR 04 W T 10 O ‘0T) sujAydoay | pIoe onaoy B3 SIPLIA aurjAydoayy,
. 1300pur Jo (Juoumyean Jo uomneInp) [epow QUIDIPAW ISAUTY)
3o HHSIUEHO Ananae pajioday uoneInp pue 350 aso( puB [ewIUy wolj 2IN0S punodwo)

ponunuo)

—03 —



CAO Si-Yu, et al. / Chin J Nat Med, 2019, 17(2): 81-102

(Aemuyred Sureudis
Sunoesm]) Aemyped £ 1yL

LTYI/321] Jo aoueleq oy} a1e[n3ay
Sauy01Ao Alojewwejuiold asearnaq
U0)AD AIOJBWWIR[JUL-1JUR 9SBIIOU|

201w

SARD ¥ 10} 9/91vd 294-uds

-01-ATH 24} JO uonIqrujuy £IVLS pue JOIu Aep 1od (| Sy.3wr gg1  -oyyed oyroadg
[zzi] uonewwejul Sunage], DT-ATH “LT-TI ‘9-TL JO S[2AR] 95BA103(] skep £ 10J SSA %S 05) [O1RIAASY paonpul-§Sq " BISJTUIA STIA JOIBIDASY
€IVLS
JO uoneAnse paonpuj-§Sa syl 1qryu]
g- N JO uoIssaidxa ay} 2onpay
san
-IATIOR YD PUe XdDH TV ‘dOS Y} 218Ad[q
DV PRNPU-SSA/INOV
Ur QN JO [2AQ] 21enuapy
Kemyied SOUI0JA0 AJojetuuejur-o1d
Sureusis Sunagie], JO S[9A9] YN YW 3y} 20npay
uopewwejul Sunadie], OdIN  SABp UDADS 10} I13]BM SARD [ I 9/97ve
[T1] ssans eaneprxo SuneSIe], pue g9(10) JO ANANSE/UOISsaIdXa o) 2onpay  SUDULID UT SS( %6'T  10J (,_8Y-5W (1) UIol[y paonput-§Sd I PR eI Uy
Aemyred
Sul[euS1s gy- AN PYUL-H AL U1 HqIyu]
S[2A9] Xd-HSO pue qOS dueyuy
SO YN PUB OdIN 9oNpay
Kemyied uononpold 74O sreloewy sAep
Surpeusis Sunade], (- pue -] Jo suononpoid o) aseasou] sAep SATINOASUOO UDASS 10] Qo1
$SaNSs dA11epIXO Sunadie], 9-1] pue SALINDISUOD UDAIS Aep © 90u0 (_8Y-5w | 2/971vg aew
[o11]  uonewuweyus SunsSiel,  J1-T1 4-NAI - ANLJO S|9A3[ 3y Aenuany 10} §SA (/M) %€ S0 §T°0) [oyesnug pONPUI-SSA  HIN(T)PoruvAD, Daoiig [ojesnig
S[eA’] HSO Jo uonapdap ot se ) uononpul SIjod 910§9q
oM se A)1ATOR XJ-HSD ‘PY-HSD asearou] (4/4) Touema Y T PUe T ‘8% TL I
KUALOE (JOS JO 9SEBAIOAD SYI JUIAdLY  %e0S W ST'0 UL PAAJos  (A|[eJ0 | 53w ¢z pue s1es HM
[rrtl S[9A9] ¥ D JO dSBAIOUT Ay} NqIYU] SIPSWOL 'SANL  SL'8L°STL 9 °E) unes]  paonpui-SENL,
UOTRIUI [[30 T, 1) 9ssaiddng -
S|199 |, Asope|n3al sAep / 10J 1oJem  SABD £ JOJ (,_SY-8w 0t 9/T4LSD BmE
[oz1] BuISSaIAXO-£dXO:f JO UONBIOUID AR AW gy Uy §5] 94 007) WqnUpU]  PaOMPUI-SSC]
OT-TI PUe -1 JO S[9AR] A1) 2sEIOU]
Adounw unagie], Sureusis gx- N Hquyu| oI
[o11] uopewwejul Sunadie], Z-11 pue d-(N[) uoJapIul “0- IN.L skep [ Joy sorem  sAep £ 103 ((_8y-Sw Q]) 9/79LSD dew
[601] ssens sanepixo Sunage], JO SI2AQ[ pue “ANALIOR OIN U} asB2I09T  Sunjuup ul SSA %E urjesI/uIqnIIpu| paonpur-§Sa ] briopouy vafod1puy unes! pue urgnupu|
SARp [ ATt 7] $O124D SNSAN)
SSANS DATJEPIXO SUNABIE], OdN 001 J0F (88w 09 0t 0T) o/qreq orew (101AND)
[901]  uoneunueryur Sunogre], “A-NIT ‘91T “0-ANLL JO S[2AR] 95Ba10a(] SANTL (4/4) %S T IB[OYIAXO02pOSINOINE]  PIONPUI-SAN], D) Snuviaqiy s0jo.4puajag  2e[OYOAX0POSINOINe],
. 130npul jo (Juawean jo uopenp) [apowr QUIDIPIW ISAUIYD)
3o WISHIBLOIN AUAROE papodoy uoneInp pue 350 aso( puB [ewIUy wolj 2IN0S punoduiody

ponunuo)



CAO Si-Yu, et al. / Chin J Nat Med, 2019, 17(2): 81-102

w0yd pue

uonduosuen sua3 Fulagie] €IVLS-d _Tuw3n gg pue 0T 01
ssans 2Aneprxo Sunade]  pue MO ‘VLI-TI ‘€Z-T1 JO uorssardxa asearou]  pamo[[o} parean-aid ur (sONED) 'seaN (Fung)
[2€] UOTEUIIB[JUT SUNASIe] S[[20 LTy 1 Jo uorssardxa ayendar-dn | _TwSn ¢ pue ¢ ‘01  SI[99 Te[dNUOUOW Poo[q [ereydiiag pponotund siydp.8o.puy  aprjoydeiSoIpuy
surjord SuneSie] uotssardxa (D pue 1 Y7L 10Y8¥
Aemyied uononpsuen UL[OAD pand0[q pue AiAnde uiajold [ovy UqIYold < .
Jeusis Sunosie], € IVLS powloydsoyd pue [y josiasy T ] moan: oﬁwm
[¢gr]  uoneunmepul Sunasiey o “¢1-T1 “49-"TT “9~T1 JO UON193S Y} 20nPY 1000170t 010 S[[30 T 098D PUB 08FMS  F NOOH 1pofjrm wniBiiapdii] oprjondiiy
surjord SumeSie] uotssardxa SONI pue g-X(O) ssaiddng
SSAIs 2ATIEPIXO Sunage] uononpoid ON pue 70 5ea1dd(]
(sAemuyjed Surjeusis skemiped Suleudis MdVIA pue gx- 4N Jen3ay
Sunazie]) FA 1L 0 8¢d “SINT MAd
Sutpurq SJTJ0 UONIQIUL  “gAT YT “TIVILJo uone[Aioydsoyd st qruyug o
l62] uonrwe L Sunddie| 9-11 “¢1-11 “0-AN.L JO uoissaidxa ayy nquyuj Towr 0z 01 ° $0eydoIoRIN [BOUOILID]  DONZ 13°QIIS SDULILJD SHII0)) 1oy 01081
S[199 1S]qOIqLOAW
(<2l SIXE YOLW/ LMV -d 1-4D1 2UP HQIU| spoenxd ¥ T8 ] 10[00 078 [-(])))) UBWN}
urayoxd
9SdY PuE “(13950Ld) aseury 9 wajoxd fewosoqu S 11 6T-LH
wajoid Sunasie] 0Ld “D1-41H “(gs8d “MEId) ASBU-€ ‘GH-AN ONSBIQOIQIOAW 551 44 ‘(OIS SYDULILIO SHUI0))
g Kemyed vononpsuen ‘g IN-d Jo sjaas] uorssardxs uajod oy ssaxddng 10v1X2 0SUB 0D81-ADD UOJ0S UBLIE IS pysngo. snidapons
[ez] reusSts Sunogre], - AN-$9d Jo uorssaidxa sy aseanaq Y ¢ 10§ ,_TwW-31 0070 saSeydoroewW £ 97 MV 1 wrgputpd wnayyy PIoE d1[[eD)
‘S[PAS] VAR[W 0-ANLT. PUe T-XOO) SE [[aMm Se °g-]] pue L Towr oo or-(Oadn
[621] uonewwejul Suld3IR]  9-7] JO UOLRIUIIUOD PUE UOISSAAXS SUdT SuIsealdap pue (S ‘s aur 120 [eyRyNda puUnSAU] "AL[Q) SIPOUID DIMUIOINT
Aemiped uononpsuen D14 59199dSs UASAXO0 9AT}OBAI JO [9AS] A} 2ONPAY Uz 10§ ‘989 vpifippuuid sn3avin.?)
[eusis Sunlagie], (Sureusis gx-JAN -ad Jo uoissaiddns ‘quny, |, vorodpl paaonio]
[871]  ssams aaneprxo SunaSme], p1a) vononpoid g-T1 peonpur-iof nqryuy O°H PUE,_T-Joum | S[[99 Z-098)) “quny ], po,v4odp{ P42o10T  PIOR OTUASOION))
uonewwejul unddie], J1-11 pue 9-] “0- N.L 3582103(]
(Aemyped vononpsuen uonepesdap pue uonejAroydsoyd ng-1 2onpaYy (,_Tw3n 1)
[eug1s Swagie] ) 7-XOD pue SON! ‘G1-11 ‘9-T11 0-ANL enuany apueyddesAjodody| uowepILd
[11] uoneance gx-IN Suppolg TADd pue ON Jo uogonpoxd uqiyup  utuowepIes (KW 1199 L' $9TMVY eieke toppunstpy vuadyy 1Apoun
Sulpulq YNA-4VD/SVD
pue uononpur SONI paIe[nLs-SN.AT payqruuy (,_Tur.3ni
SSAIs 2ATIEPIXO Sunage] SIRIXA JEAAU PUE S[[2D |y 5o o Kjododi]
VNG 0 Suipuiq - pajenuns-§dT ul SUpulg-yNG €3N PaNquul . . SoSRydoJoRW SULINW L HOT MV
[z1] 101087 UONdInSURD Gunadie], uo1ssa1dXa SONT PUB aseajoI QN NqIyu[ CIUCUIEDIE®) saAoouow uewny [-JrL. eIRARL] 1DpDUnSIDY DIy uuowepIe))
SONRI £ 1V1S/P1VLS-d nayu
101do0a1 SumjeSie] OIBI 9 [V1.S/9IV.1S-d aseasouy
uononpsue - IN/g>- IN-d pue
[eugis Bunedie]  pLVLS/FIVLS-d “€-V.IVD/AG-1 JO sones aseaina(]
uopRwWR Ul SUASIR], 139-1, pue ¢dxoq ‘OUOY
9-11 “6-11 “A-NdI JO uoissaidxa apn3aiumoq L
[L21] vorssaxdxa 10108y o111 11owr 0% 0701 °¢ 3UAB YETTI
[8] uondusuen Suneandy  pue [4-101 “b-TI 4-NI jo uorssaidxa spendaxdny | _T-joum o ‘07 *01 °S S[190 T+6TAD+PD 181090 SISUaIpoIng DLIDJJAINIS ureoreg
3o WISIUBYIIN AHADOER panioday UONBNUAU0/3SO( uswioads/|[eD 20In0§ sweN

(SITPNIS DIt X2 /04714 1]) SHI[OD A BIIIN UO JADIIJI SIUIPIU saury) woay spunodwo)) 7 AqeL,

— 05 —



CAO Si-Yu, et al. / Chin J Nat Med, 2019, 17(2): 81-102

urajord SunoaSie]
SS21)S JALEBPIXO Sunddie|,

uoneAIR
1-asedseo pue (od) go-IN 9SBaI03(]
S[9A9] ZT-XOD Jo uoissaxdxa

ey apuionfjo wnayy
Jred
X9 WIXBIA] WHOHRSUD] Wnayy

[oo1] uonewwejul Sulldgie]  ayl pue z4nd ‘9-11 Jo uononpoid ay) uqryu| L T-owr 0z ‘T sageydosoew panodie-n], 1 winpugpd wnayy [ourydosAi)
8-11 JO 2se9[21 3} IsLAI( ‘[eg aypuionfjo unayy
go1 Apoqniue Jo uorssardxe oy aje[nsal-dn Jreq
UOTBUIIB[JUT SUNASIE] SSAAIN PUB S'TL ~T-oum o8 S[199 (6Z1LH) Teroynde X0 WNXBN wmnonndun) wnaify]
[66] urajord Sunade] Apoqnue Jo uorssaidxa af) ajenSar-umo(J “OF ‘0T°01 ‘S °s'T OTUOTOO PAULIOJSURI) UBTUNE] 1 uniputiod winayyy urpowg
7-XOD pue SONI Jo suorssardxa urajord
ay ssasddns pue uononpoid ON 0Npay ‘lreq appuonfjo wnayy
urajord SunoSie] uorssardxe ¢ IN Jo uorssaxddns oy pue god ‘Jreq
SSons 9AnepIXo SunaSe] - N JO S[9A9] uonejAloydsoyd ayp oonpay S[[90 X9 WIXBIN wnonndun) wnayyy
[86] uorewwRJul SundsIe], 0-INLL PUB ‘g1-11 “9-1] 3sL2193(] L T-lowr oz pue ‘¢ ‘| a3eydosorw asnow £ F97 MV Y 1 wimppuigpd wnayy uRyy
S[190 [erypds
[eunsajul Sunagie],
(ewAzuo) urajord SuneSie] S[190 i1 d 81-(0d1) ‘Jsuygof
[96] (14-4D1) Jojoey  [erjoyds jeunsul Jo UONRISIW ) dUBYUH - LOWn 1°0-0°1 SUILTI2D [BLSYIAS [BUSIIUL SYL ‘W1 (S[A0Y) putoyona vrqaully
uonewwR[jul SUNASIe], ¢ asedses onoydodenue ay Jqryug S[[99 7-098)) BPWOUIOIBOOUIDPR "00N7Z 19 ‘qaIS
[s6] uorssardxa ouad SunaSie] Z-10¢ onoidodeoid ap sonpuy L T1oum 96 1—0¢ [e19010[09 [erjayds uewn(| uoZIYL0413 {42 wnp.Li2dsoysny uoyIys
S[[90 LyL1ST 10 _T-[own o7
X d Jo Sunsdre], JdDA PUB ‘SONI SI0TRIpaw 01 °S “§'T “s[190 ghdoH Joy
[ocT] vopewweul SuheSie], AIojewRuI JO uorssa1dxa vNYW ayl pqryup 110w oy 10 0T 01 °S $'T SI180 L 1ST pue s[[30 gHdoy
(qydonnau) (0-ANLL pue OSIN
AAoounwun 3undde],  ‘O1-T1 9-11 ‘J1-T1) SeuIolAd A1ojetuwe[jul . "] D24D}OS DIAIDS
[z6]  ssans aanepixo Sunagie], ay) pue SOY JO S[9A3] Ay ssaxddng UL PIAJOSSIP “,_"Tw-8w O spiydonnan 08 vziyaton I DIYDS B[] SUOUIYSUR],
(ewouroreooudpE
Upg 10§ (_T-[OWW/'7)  UO[OD UBLUNY WO PIALIDP dUI [[39
[8L] UONN[OS OPLIOJYO JULIAQIRE RIS UB) 2INYNO [190 Z-00VD) .
[-OZ uiajoid Awey ‘uo(q eunrddse IeA
urdjord Sunagre], (£.1) wonoun( 1ySn a3 3pN[O90 puL dNPAY Tu8w 00T :snuas ‘youes] sisusuryo sndo)
[og] 1199 sunwun unage], uoneaijord 94o0oydwA| oyl yqryuy V0T €°T°€0 Aooydws] :89109ds) pwoziy. siprydo)) QULIdQIAT
904l
VAN JO UOIBIIUIDUOD I} PISLAId] aul| [[99 [e1jayida [euIISOIUL QULINIA
§S011S 2ANEPIXO SUNLTIE, AjAnoe 10 pue XJ-HSD ‘JOS dseardu] L9TMvVY
[eL] uoneweyul Sunage] UONBATIOR - IN UO 193] JqIyu] JTjow o1 1 170 aury 120 a3eydorortr SULINIA] P (37T) nyo2102 p1oVIY uryoareardyg
uoBRWWEIUI SUnegIe],
101d2031 a1e]0F
Jo uorssaidxa atp soueyUq SONT 2se2199(] -~ Tw-3 0001 S[[90
[19]  Aupqera (o0 sy ueway F1-T1°9-T1 "0-ANLL 958103 “00S 00T ‘001 ‘0S  9¢-u0]od pue a3eydorew L y97 SO 2 puLdHfjo 42q1Suty Joesos-9
uonoe
[o¢] 2andasroou-nue Suilase], 1 Ad¥.L duelquiaw Hqryu| LTowuw o ¢ g SI122 €6219H ] DEUOT PUIRIIN)) unndIny
o WISIUBYIN AAnoe pauoday UOIJBIIUOUO0/3S0(] uswioads/|[eD 20In0g sweN

panumuo))

— 906 —



CAO Si-Yu, et al. / Chin J Nat Med, 2019, 17(2): 81-102

Previous studies demonstrated that resveratrol exhibited
anti-inflammatory effects on colitis in mice via antioxidant
activities ['"®. Recently, two reports shown that resveratrol has
excellent therapeutic efficacy on UC by reducing neutrophilic
exudate, inhibiting adhesion molecules, and regulating cyto-
kine levels %1211 Tt was found that resveratrol can regulate
the rebalancing of Treg/Thl7, increase TGF-f1 and IL-10
levels, decrease IL-6 and IL-17 levels, and inhibit hypoxia-
mTOR-HIF-10-Th17 and IL-6-STAT3-HIF-10-Th17 pathways.
The therapeutic efficacy of resveratrol in UC was dose-depen-
dent and closely associated with the regulation of Treg/Th17

balance and the HIF-1a/ mTOR signaling pathway [,

Discussion and Future Prospects

The detailed information on the above-mentioned com-
pounds from TCM effective on UC, both in vivo and in vi-
tro/ex vivo studies, are shown in Tables 1 and 2. The anti-UC
activities are mainly focus on targeting inflammation or oxi-
dative stress, which is associated with increasing the levels of
anti-inflammatory cytokine (IL-4, IL-10, SOD), suppressing
the levels of pro-inflammatory cytokines (TNF-a, IL-1p, IL-6,
IL-8, IL-23, NF-«B, NO), reducing the activity of MPO,
MDA, IFN-y, and iNOS. In additional to regular anti-inflam-
matory mechanism, some compounds may lower the ulce-
ration of the intestinal mucosa and extent of neutrophil infil-
tration, or inhibit the downregulation of TJ protein ZO-1 and
E-cadherin, which also present their anti-inflammation activi-
ties in inflammatory colons of ulcerative colitis.

In conclusion, these natural active compounds in various
Chinese medicines present favorable effects on experimental
UC models, most of which are found to be active in anti-
inflammation or anti-oxidation with oral administration to
avoid severe toxic or side effects. TCM, with their unique,
mild, and long-term effectiveness on UC, might benefit this
inflammatory bowel disease, with further efforts on the inves-
tigations on their drugability. However, the majority of the
compounds are used in the acute experimental colitis (from 3
to 15 days), except triptolide (20 weeks). Since the clinical
UC has been found to be a long-term recurrent disease, the
applicability of these compounds still needs further investiga-
tion and evaluation, before they are practically employed with
medication purpose.
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