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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-α, IL-1β, IL-6, IL-8, IL-23, NF-κB, NO), reducing the 
activity of MPO, MDA, IFN-γ, and iNOS. This review may offer valuable reference for UC-related studies on the compounds from 
natural medicines. 
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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 
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 
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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, 
steroids and some biologics. However, all of them can easily 
lead to significant loss of patient compliance, and potential 
toxic or side effects [1-2]. 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 
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 [3]. 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 [4]. 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 

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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Fig. 1  Chemical structures of the major compounds effective on UC extracted from traditional Chinese medicines 

 

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 [5]. Moreover, luteolin inhibits 
DSS-induced NF-κB-dependent enterocyte COX-2 expression. 
In vitro studies have shown that luteolin blocked TNF-α in-
duced COX-2 gene expression and Prostaglandins E2 (PGE2) 
enzyme secretion in HT29 cells, and sensitizes HT29 cells to 
TNF-α induced caspase-3 processing/activity and DNA frag-
mentation which is associated with the blockade of TNF-α 
induced NF-κB 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-κB 
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-κB activation 
(EGFP expression) in mononuclear cells from the colonic 
lamina propria, while cecal EGFP expression was attenuated [6]. 
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-κB p65, while 

IκBα levels were increased. Baicalin treatment effectively 

alleviated DSS-induced chronic UC, and the protective 

mechanisms may involve the inhibition of IL-33 expression 

and subsequent NF-κB activation [7]. Moreover, baicalin 

regulates immune balance and relieves the UC-induced 

inflammation reaction by promoting the proliferation of CD4+ 

and CD29+ cells and modulates immunosuppressive pathways 
[8]. Additionally, baicalin simultaneously down-regulates the 

expression of migration inhibitory factor (Mφ), quantity of 

Mφs, and levels of Mφ-related cytokines, including macro-

phage chemotactic factor-1 (MCP-1, CCL2) and macrophage 

inflammatory protein-3α (MIP-3α) in UC rats [9]. 

Cardamonin 
Cardamonin is a naturally occurring chalcone found in 

high concentration in conventional Chinese medicines, such 
as roots of Alpinia katsumadai Hayata [10]. It is reported to 
have protective effects such as anti-inflammation [11] and in-
hibition of NO release and iNOS expression [12]. In vivo, car-
damonin reduced the levels of myeloperoxidase (MPO), 
iNOS, NF-κB, TNF-α, and MDA. Immunohistochemistry 
revealed the down-regulation of COX-2 and caspase-3 lev-
els [13]. 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 (Allium cepa L.), grapes 
(Vitis vinifera L.) and red wine. Myricetin has several beneficial 
effects, including anti-inflammatory [14], antioxidant [15], an-
algesic and anticarcinogenic effects [16-17]. 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-1β and IL-6 were significantly de-
creased. The anti-colitis effects of myricetin may be attributed to 
its anti-inflammatory and antioxidant actions [18]. 

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 
japonica Thunb., Crataegus pinnatifida Bge., and Eucommia 
almodies Oliv.. 

Some study showed that CGA reduced MPO, TNF-α levels 
and scavenge intracellular ROS by inhibiting H2O2-induced 
IL-8 production in Caco-2 cells in the colon tissue, and signi-
ficantly suppressed nuclear factor NF-κB transcriptional activity, 
nuclear translocation of the p65 subunit, and phosphorylation 
of IκB kinase (IKK), lead to the upstream of IKK, and the 
suppression of protein kinase D (PKD) [19-21]. CGA attenuated 
the weight loss, increased DAI, and suppressed the serious 
cellular injury and inflammatory intestinal diseases via sup-
pressing the secretions of IFN-γ, TNF-α, and IL-6 and colonic 
infiltration of F4/80+ macrophages, CD177+ neutrophils, and 
CD3+ T-cells by inhibiting the active NF-κB 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 [19]. 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 [22]. 
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 IκBα expression re-
sulted in decreasing the expression levels of iNOS and COX-2, 
and in vitro inhibiting the nuclear translocation of p65-NF-κB 
in RAW264.7 macrophages in colonic mucosa [23]. 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-α, IL-1β, 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-κB, NF-κB, 
3-kinase (PI3K, p85β), HIF-1α, p70 ribosomal protein S6 
kinase (p70S6K1), and RPS6 protein in LPS-treated 
CCD-18Co cells in vitro [24]. 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, Igf1 and pik3cv [25]. 
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 [26]. These protective effects were associ-
ated with a reduced level of NF-κB p65 subunit in the nucleus 
and changes in the expression of IκBα. 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-κB 
signaling pathway [27]. 
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-κB p65 in DSS-treated colon tissues [28].  
Ursolic acid  

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

UA inhibited phosphorylation of IRAK1, TAK1, IKKβ, 
and IκBα as well as activation of NF-κB and MAPKs in 
LPS-stimulated macrophages. It suppressed LPS-stimulated 
IL-1β, IL-6, TNF-α, 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-κB activation in mice. It may ame-
liorate colitis by regulating NF-κB and MAPK signaling 
pathways via the inhibition of LPS binding to TLR4 on im-
mune cells [29]. 

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 [30-31]. 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-α, IL-1β, IL-6, and MPO in 
the inflamed colons [32]. 
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-



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

– 85 – 

fects [33]. 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-1β [34-35], the levels of JAK1, IL-6R, and 
phosphorylated STAT3; triptolide prohibited Rac1 protein 
(Rho GTP-bound) activity and blocked cyclin D1 and CDK4 
expression, thereby leading to G1 arrest [36]. Furthermore, 
triptolide decreased extracellular matrix (ECM) deposition 
and collagen production in the colon, and inhibited the ex-
pression of collagen Iα1 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 [33].  
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-1β, TNF-α, 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-γt (key transcription factor of 
Th17 cells) and STAT3 in the colon tissues [37-38]. 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-IκBα, p-p65 proteins, cytochrome c 
oxidase subunit (COX)-2 and NF-κB, and increased the ex-
pression of peroxisome proliferator-activated receptor 
(PPAR)-γ, thereby alleviating colon injury [39]. Another an-
drographolide derivative CX-10 (a hemi chemical synthesized 
from andrographolide) reduced the expression of IL-6 and 
TNF-α and the activity of MPO in colonic tissues, and the 
expression of NF-κB, p65 and p-IκBα proteins, while in-
creasing the expression of IκBα and regulated down the 
phosphorylation of p38 mitogen-activated protein kinase 
(MAPK), ERK and JNK [40]. 
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-α, IL-1β, 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 [41]. 

Phenols 

Curcumin 
Turmeric belongs to the family Zingiberaceae and has 

been used as medicine in India and China for thousands of 
years [42]. Curcumin, a natural hydrophobic polyphenol de-
rived from the rhizomes of turmeric (Curcuma longa L.) [43], 
is known for its multiple pharmacologic activities [44] in 
NF-κB-mediated inflammation, oxidative stress-mediated 
inflammation, and ER stress-mediated apoptosis and inflam-
mation [45]. Curcumin has recently received increasing atten-
tion for UC therapy because it efficiently down-regulates 
inflammatory cytokines, scavenges free radicals, and pro-
motes mucosal healing [46-48]. In vivo, curcumin can be a 
therapeutic agent for blocking NF-κB activation [49], 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 [50]. Moreover, for the therapeutic effect of curcumin on 
DSS- induced ulcerative colitis, the expression levels of 
TNF-α 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-α [51]. Further-
more, curcumin plus soy oligosaccharide was reported to 
decrease TNF-α and IL-8 expression and reduce colonic mu-
cosa inflammation and tissue damage [52]. 
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 [53].  

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 [54]. 
In vitro, 6-gingerol can attenuate colitic symptoms evoked by 
dextran sulfate sodium, significantly elevated superoxide dis-
mutase activity, decrease malondialdehyde levels and mye-



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

– 86 – 

loperoxidase activity in the colon tissue, and markedly reduce 
the content of TNF-α and IL-1β in the serum [53]. 

6-shogaol, which can be extracted from Zingiber offici-
nale Rose., has proved to have antioxidative, anti-inflam-
matory, and anticarcinogenic properties [55-57]. It is recently 
demonstrated that a specific population of ginger-derived 
nanoparticles (NPs) may effectively reduce colitis [58-60]. 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-α, 
IL-6, IL-1β, and iNOS) and anti- inflammatory (Nrf-2 and 
HO-1) factors in vivo [61].  
Paeonol 

Paeonol, 20-hydroxy-40methoxyacetophenone, is the 
main active component isolated from Cynanchum paniculatum 
and Aaeoina suffruticosa [62-63]. Paeonol has shown significant 
anti-inflammation [64-66], anti-tumor [67-68], and anti-oxidant 
properties [69]. 

Paeonol was reported to reduce the activity of myelo-
peroxidase in the colon and inhibit the proliferation of iNOS, 
the expression of iNOS-mRNA induced by TNF-α+IFN-γ, 
and the activation of NF-κB 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 paeonol and 
its metabolite were related to the blocking of the 
MAPK/ERK/p38 signaling pathway [70]. Moreover, paeonol 
can reduce the levels of IL-17 and IL-6 in rat serum and in-
creased the levels of TGF-β1 and inhibit colitis inflammation 
by regulating the balance of Treg/Th17 via downregulating 
Th17 cells and upregulating Treg cells [71]. 
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 [72]. 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-α, IL-6, NO, MPO, 
and MDA were reduced, whereas antioxidant enzymes 
showed increased activity. Furthermore, the effects of inhib-
ited NF-κB 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-κB pathway [73].  
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 [74].  

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 [75]. 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 H2O2. In addition, berberine 
attenuates the T helper (Th)1/Th2/Th17 response and pro-
motes Treg response in UC and leads to increased TNF-α, 
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) [76-78]. 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-α, as well as nuclear NF-κB and 
Janus kinase (JAK)2 phosphorylation by DSS; and more sig-
nificantly inhibited lymphocyte TNF-α secretion [79]. Moreover, 
combination of berberine and 5-ASA therapy has less serious 
toxic effects on the spleen [80]. 
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-α, IL-1β, 
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 [81]. Moreover, matrine can protect 
the colonic mucosa by reducing the overexpression of colonic 
mucosa proteins NOD2 and NF-κB p65 and decreasing IL-6 
level [82]. Oxymatrine might attenuate UC by regulating the 
β2-adrenocepto (β2AR)-β-arrestin2-NF-κB and the delta opi-
oid receptor (DOR)-β-arrestin1-Bcl-2 signal transduction 
pathway. The expression of NF-κB p65, DOR, β-arrestin1 and 
Bcl-2 protein and mRNA were significantly decreased while 
the expressions of β2AR and β-arrestin2 were significantly 
increased [83-84]. Oxymatrine ameliorated UC through pro-apo-
ptotic, down-regulating the Th1 and Th17 cells differentiation 
via phosphoinositide 3-kinase (PI3K)/AKT pathway [85]. 
Theophylline 

Theophylline (1, 3-dimethyl-2, 6-dioxypurine), which 
can be extracted from Viridis tea and Camellia crassicolumna 
[86], is a non-specific phosphodiesterase inhibitor. Theophy-
lline showed anti-inflammatory activity both in vitro and in 
vivo [57, 87-88]. In vivo, studies showed that theophylline attenu-
ated the response to allergen [89] and reduced bronchial mu-
cosal eosinophils in patients with mild asthma [90]. Moreover, 
theophylline treatment also reduced myeloperoxidase (MPO) 
activity and tumor necrosis TNF-α, IL-1β and IL-6 concentra-
tions in the inflamed colon [91].  

Quinones 

Tanshinone IIa  
Tanshinone IIa, 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 IIa 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 [51]. Moreover, tan-
shinone IIa 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 [92]. In vitro, tanshinone IIa 
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 IIa induced 
CYP3A4 mRNA and protein expression in LS174T cells and 

HepG2 cells to inhibit the mRNA expression of inflammatory 
mediators such as TNF-α, IL-6, iNOS, and MCP [93]. 
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-κB and STAT-3. Study 
showed that shikonin can reduce the activation of NF-κB, the 
expression of cyclooxygenase-2, inducible nitric oxide syn-
thase, and myeloperoxidase activity, as well as pSTAT-3, 
TNF-α and IL-1β while promoting the production of IL-6 and 
present the cytotoxic in DSS-induced UC mice in vitro and in 
vivo [94-95]. 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)-β1 induction, without interfering 
with IEC-18 cell proliferation [96]. 
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 β-glu-
cosidase and microbial β-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 [97].  

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-1β, and TNF-α. 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-κB p65 and the suppression 
of NLRP3 expression in RAW264.7 macrophages [98].  

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 
(TLR5) and NF-κB p65. In vitro, emodin showed that 
down-regulation of the expression of antibody TLR5 and 
MyD88, up-regulation of the expression of antibody IκB, and 
decreased the release of IL-8 in inflagellin-stimulated HT-29 
cells [99].  

Chrysophanol decreased DAI and attenuated the body 
weight loss by inhibiting the production of IL-6, PGE2 and 
the expression of COX-2 levels in DSS-induced colitis in vivo, 
and decreasing NF-κB (p65) and caspase-1 activation in 
LPS-stimulated mouse in vitro [100]. 
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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) [101]. 

It has been reported that TC has the anti-inflammatory effect 

against TNBS-induced colitis [102].  

TC could decrease MPO activity, TNF-α, IFN-γ and IL-1β 

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-α, IL-1β, IFN-γ and MPO [103].  

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. [101]. 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 [104-105]. 

It is reported that TUDC can reduce the number of MPO, 

and significantly suppress the secretion of TNF-α, IL-1β, and 

IFN-γ in TNBS-induced colitis, which was estimated that this 

effect might be associated with the expression of these cyto-

kines, including TNF-α, IL-1β, IFN-γ and MPO [106].  

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 [107], 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 [108]. 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-α, interferon (IFN)-γ, 
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-κB signaling. The protective effect of 
indirubin/isatin combination therapy was superior to that of 
single-agent treatment [109-110]. Besides, isatin inhibited the 
increase of PGE2 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 [111]. 
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 [112-114]. In addition, BR was re-
ported to be a potent anti-inflammatory agent by inhibition of 
protein synthesis [115]. 

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-κB 
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-κB signaling pathway [116]. 
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 
IκB and induced inhibition of the nuclear translocation of 
nuclear factor (NF)-κB-p65 in the colonic mucosa. These 
findings suggested that allicin exerted clinically useful anti- 
inflammatory effects through the suppression of the NF-κB 
and IL-6/p-STAT3Y705 pathways [117]. 
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, anti-angiogenesis, and 
reduction of tissue damage [118-119]. 
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Previous studies demonstrated that resveratrol exhibited 

anti-inflammatory effects on colitis in mice via antioxidant 

activities [118]. Recently, two reports shown that resveratrol has 

excellent therapeutic efficacy on UC by reducing neutrophilic 

exudate, inhibiting adhesion molecules, and regulating cyto-

kine levels [120-121]. It was found that resveratrol can regulate 

the rebalancing of Treg/Th17, increase TGF-β1 and IL-10 

levels, decrease IL-6 and IL-17 levels, and inhibit hypoxia- 

mTOR-HIF-1α-Th17 and IL-6-STAT3-HIF-1α-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-1α/ mTOR signaling pathway [122]. 

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-α, IL-1β, IL-6, 

IL-8, IL-23, NF-κB, NO), reducing the activity of MPO, 

MDA, IFN-γ, 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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