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Abstract
Ulcerative colitis (UC) is a chronic inflammatory bowel disease of unknown etiology. Several conventional treatments for 
UC such as corticosteroids, immunosuppressive agents, tumor necrosis factor antagonist, integrin blockers, and interleukin 
antagonist, and salicylates are available but are associated with the various limitations and side-effects. None of the above 
treatments helps to achieve the ultimate goal of the therapy, i.e., maintenance of remission in the long-term. Natural rem-
edies for the treatment of UC show comparatively less side effects as compared to conventional approaches, and affordable. 
The current review presents details on the role of herbal drugs in the treatment and cure of UC. Google, PubMed, Web of 
Science, and Scopus portals have been searched for potentially relevant literature to get the latest developments and updated 
information related to use of natural drugs in the treatment of UC. Natural products have been used over centuries to treat 
UC. Some of the essential herbal constituents exhibiting antiulcerogenic activity include gymnemic acid (Gymnema sylves-
tre), shagoal (Zingiber officinale), catechin (Camellia sinensis), curcumin (Curcuma longa), arctigenin (Arctium lappa), and 
boswellic acid (Boswellia serrata). Although many plant-derived products have been recommended for UC, further research 
to understand the exact molecular mechanism is still warranted to establish their usefulness clinically.
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Introduction

According to the World Health Organization (WHO) 
report, more than 80% of the world’s population relies 
on the traditional system of medicine for their health 
problems (World Health Organization 2019). Traditional 
medicines, mainly herbal products, serve as a lead com-
pounds for identifying other bioactives as these have been 
used for thousands of years for treating various types of 
diseases and have the advantages of lower side effects, 
better availability and cost effectiveness (Choi et al. 2016; 
Huang et al. 2010; Lin et al. 2014). As the prevalence of 
chronic diseases, including cardiovascular system disor-
ders, diabetes, cancer, ulcerative colitis (UC), and acquired 
immunodeficiency syndrome (AIDS) is increasing day 
by day; herbal medicines have gained popularity in the 
healthcare system and have been recommended to be used 
globally for these diseases. Moreover, several clinical and 
pre-clinical studies have been conducted for evaluation of 
the effectiveness and safety of such herbal remedies (Choi 
et al. 2016; Quansah and Karikari 2016). The UC, a type 
of inflammatory bowel disease (IBD), generally affects 
the mucosal lining of colon resulting in inflammation and 
ulcers.

Epidemiology

The IBD is a collective term used for a group of chronic 
manifestations that affect the small and large intestine and 
is a common cause of gastrointestinal morbidity (Fruet 
et al. 2012; Zois et al. 2010). The risk factors for IBD 
involve the overproduction of free radicals and decreased 
antioxidant capacity (Aleisa et al. 2014; Parfenov 2012).

The two primary forms of IBD are UC and Crohn’s 
disease (CD). According to WHO, the prevalence of UC 
is estimated to be 200–250 per 100,000. It is more com-
mon in western countries and is increasing worldwide 
(Annaházi and Molnár 2014; Campbell et al. 2001; Porter 
et al. 2020). UC affects both sexes equally and can start at 
any age; however, the primary age of onset of the disease 
is 15–30 years (Annaházi and Molnár 2014).

Etiology

The exact cause of UC is not known to date. It is multi-
faceted disorder where genetic factors, infective agents,   
oxidative stress, dysfunction of immune regulation, over-
production of prostaglandin (PG) E2 and the loss of toler-
ance of the luminal microbiota are key contributors to the 
development of this disease (Awaad et al. 2013; De Almeida 
et al. 2013; Fruet et al. 2012; Zhang et al. 2006). Among 
all, oxidative stress contributes the most, in which interplay 
between reactive oxygen species (ROS) and reactive nitro-
gen species (RNS) is responsible for many physiological 
functions and colorectal pathological processes. Therefore, 
there has been an increase in interest in the potential uses 
of exogenous antioxidants to treat and prevent oxidative 
gastrointestinal disorders (Aleisa et al. 2014). UC is also 
initiated and promoted by release of inflammatory cytokines 
by macrophages, B-cells, and T-cells. Various pro-inflam-
matory cytokines involved in articular cartilage destruction 
are tumor necrosis factor-α (TNF-α), interleukin-1 (IL-1), 
IL-6, IL-8, granulocyte–macrophage colony-stimulating fac-
tor, and transforming growth factor-β) (TGF-β) (Patil and 
Moss 2008; Toshifumi 2003; Clinton 2009).

Symptoms of ulcerative colitis

The UC exhibits many characteristic features like chronic 
remitting, relapsing course, inflammatory nature, and 
unknown causes (Bamias et al. 2005; Hirten and Sands 
2021; Samanta et al. 2012; Hendrickson et al. 2002). Some 
other symptoms are fatigue, tiredness, fever, nausea, diar-
rhea, bloody stool, anorexia, weight loss, malaise, delayed 
growth, arthritis, and sometimes anemia (Sninsky 2010). 
Although the transformation of UC to CD is not frequent, 
the pathological finding performed during clinical studies 
confirmed the first case of the progress of UC to CD (Satish 
Chandra Yadav 2021).

Available treatment approaches 
for ulcerative colitis

The ultimate goals of currently used antiulcerogenic drugs 
are not only to control disease progression but also to induce 
a quick remission and to maintain it for a long time along 
while preventing complications of the disease itself, mini-
mize disability, and hence improving patient life and expec-
tancy (Annaházi and Molnár 2014; Hanauer 2008; Probert 
et al. 2014). The choice of therapy depends on the severity 
of the condition, i.e., the extent of colon involvement and its 
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localization. Further treatment depends upon the primary 
response of induction therapy (Meier and Sturm 2011; 
Theede et al. 2013; Sharma and Mishra 2014).

Therapy for UC consists of the following two steps: the 
first-line treatment is to induce remission (with induction 
agents) and resolve all inflammatory symptoms while the 
second is to maintain remission (with maintenance agents) 
(Nanda and Moss 2012; Dalal 2007). Most of these objec-
tives are achieved by the combination of salicylates (like 
mesalazine and olsalazine); immunomodulators (like aza-
thioprine, 6-mercaptopurine, cyclosporine, and methotrex-
ate); corticosteroids (like methylprednisolone, and pred-
nisolone); tumor necrosis factor signalling inhibitor (like 
infliximab, adalimumab and golizumab); integrin blocker 
(like vedolizumab, natalizumab etrolizumab); Janus kinase 
(JAK) inhibitor (like tofacitinib); and interleukin antago-
nist (like mirikizumab and ustekinumab) (Sands et al. 2014; 
Witaicenis et al. 2012). Along with the same, colectomy 
(surgical treatment) may be an alternative choice in case 
of life-threatening complications. The potential therapeutic 
agents for the treatment of UC and their targets are tabu-
lated in Table 1. In addition to conventional therapies, some 
unconventional treatments, including leukocytapheresis, 
inorganic nitrite or nitrate, and fecal bacteriotherapy, have 
been explored to treat UC (Yokoyama et al. 2014; Jädert 
et al. 2014; Borody et al. 2003).

Drawbacks of conventional treatment 
approaches

The pharmacological therapies used for UC are associated 
with one or more side effects, which render them unsuitable 
for regular use. The conventional therapy is the treatment 
regimen, which is widely accepted and used by most of the 
healthcare professionals. The main adverse effects reported 
after using conventional therapy of UC include fever, nau-
sea, headache, kidney damage, myopathy, myalgia, edema, 
neoplasia, congestive heart failure, tuberculosis, tremor, and 
hirsutism (Yokoyama et al. 2014). Side effects observed on 
using 5-aminosalicylates include bronchitis, arthralgia, 
headache, dizziness, abdominal cramps, and minor meta-
bolic disorders (Patil and Moss 2008; Miehlke et al. 2014). 
Corticosteroids, though effective for UC when immediate 
remission is required, are also not free from side effects. The 
significant adverse effects of corticosteroids include edema, 
moon face, acne, mood disturbances, adrenal suppression, 
congenital fetal abnormalities, cushingoid face, gastric 
ulceration, and osteoporosis. Moreover, their long-term use 
may cause ocular side effects because of steroid-induced cat-
aract and hyperglycemia, and chances of severe relapse have 
also been reported (Hanauer 2008; Kondamudi et al. 2013; 
Nunes et al. 2013). The safety profile of biologicals has also 

been studied. Their side effects include leukoencephalopa-
thy, hypersensitivity, myalgia, neoplasia, congestive heart 
failure, tuberculosis, and malaise (Sands et al. 2014; Kon-
damudi et al. 2013; Langan et al. 2007). The most common 
side effects of immunosuppressants are hepatitis, pancreati-
tis, bone marrow toxicity, and leukopenia (Meier and Sturm 
2011; Xu et al. 2004; Carter et al. 2004; Bamba et al. 2011).

Surgical treatment (colectomy) in UC offers a better 
quality of life in life-threatening complications untreatable 
with medical therapy. Risk of colorectal cancer, sexual dys-
function, female infertility, reoccurrence of inflammation, 
and psychological disorders are associated with colectomy 
(Ingrid Ordás et al. 2012; Coviello and Stein 2014).

Herbal approaches for the treatment 
of ulcerative colitis

Herbal products are being used worldwide for their thera-
peutic potential in various ailments. The phytoconstituents 
such as catechins, flavonoids, terpenes, alkaloids, anthocya-
nins, quinines, and anthoxanthins having anti-inflammatory 
and antioxidant effects, can modulate the expression of pro-
inflammatory signals and are considered potential agents for 
the treatment of UC (Zhang et al. 2006). All these agents act 
by multiple mechanisms, including suppression of TNF-α, 
IL-1β, cyclooxygenase (COX), lipoxygenase (LOX), and 
nuclear factor κB (NF-κB). Various bioactive principles of 
the plants, including gymnemic acid, shagol, catechin, cur-
cumin, glycyrrhizin, boswellic acid, aloein, arctigenin, and 
cannabidiol, have been successfully employed to treat UC 
(Huang et al. 2010; Borrelli et al. 2009; Sałaga et al. 2014; 
Arun et al. 2014; Hsiang et al. 2013; Brückner et al. 2012). 
The chemical structures of some active constituents respon-
sible for antiulcer activity have been represented in Fig. 1.

Aloin

Aloin, the active principle of Aloe vera (AV) (Liliaceae), 
is known for its various biological activities, including 
hepatoprotective, antioxidant, anti-ulcer, anti-arrhythmic, 
antibacterial, antidiabetic and anti-ageing, anticancer, anti-
inflammatory (Srinivas et al. 2013; Chandegara and Varsh-
ney 2013). Bioactive constituents present in aloe are anth-
raquinones (aloin, aloe-emodin, anthranol, and barbaloin), 
amino acids, hormones (auxin and gibberellins), steroids 
(cholesterol, campesterol, lupeol, and sitosterol) (Sahu et al. 
2013; KB et al. 2014; Langmead et al. 2004).

The role of aloe in the treatment of UC is mainly due 
to PGE2 and IL-8 secretion inhibition, which in turn, is 
responsible for its anti-inflammatory nature. It is further 
reported to inhibit ROS by phorbol 12-myristate 13-acetate 
(PMA) stimulated human neutrophils (Wan et al. 2014). 
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Protective and therapeutic effects of AV gel on UC in acetic 
acid (AA)-induced colitis in rats have been evaluated by 
Bahrami et al. Reduction in inflammation, ulcer score, and 
tissue damage in AV-treated (50 and 300 mg/kg AV gel) rats 
compared with negative control animals (treated with 2 mL 

water), proved the usefulness in UC (Fig. 2). Pre-treatment 
with AV gel (50 and 300 mg/kg AV gel) reduced inflam-
mation, lesions to serous layer and fibrosis and the results 
were found to be similar to positive control animals (treated 
with sulfasalazine 100 mg/kg) showed therapeutic effects 
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Fig. 2   Photomicrographs of the rat colon stained with hematoxylin 
and eosin stain (× 40). Photomicrographs of protective A AV 50 mg/
kg, B AV 300  mg/kg, C C+, D C−, and treatment groups, E AV 

50 mg/kg, F AV 300 mg/kg, G C+, H C− in colitis rats. AV, Aloe 
vera (Bahrami et al. 2020)
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in colitis animals (Bahrami et al. 2020). Hassanshahi et al. 
estimated the healing effect of AV gel in AA induced UC in 
rats. Histologically, it has been observed that AV gel treat-
ment reduced and healed colon tissue damages in induced 
colitis. Also, this gel reduced apoptosis in rat’s colon, which 
showed a considerable decrease in Bax messenger ribonu-
cleic acid (mRNA) expression and significantly increased 
B-cell lymphoma 2 (BCL-2) mRNA expressions. Further, 
the histopathological data have indicated protective effect 

of AV gel in colon, which was supported by reduced cell 
infiltration and appearance of normal tissue (Fig. 3) (Has-
sanshahi et al. 2020).

Arctigenin

Arctium lappa (AL) (Compositae), commonly known as 
Bardana or burdock, is widely used for various pharma-
cological activities such as diuretic, depurative, digestive, 

Fig. 3   Representative of the microscopic slide sections of the colon 
samples in rats: A Normal colon sample magnification (× 40), showed 
the normal structure of mucosa with an intact epithelial surface, 
submucosa, and muscular layer. B Normal colon sample, magnifica-
tion (× 100), showed the normal structure of layers. C Acetic acid-
induced colitis with no treatment, magnification (× 40), showed an 
inflammatory reaction, presence of ulcer, inflammation, edema, and 
diffuse infiltration of leukocytes in the submucosal layer. D Acetic 
acid-induced colitis with no treatment, magnification (× 200), showed 
inflammation in the submucosal layer with ulceration and edema. E 

Acetic acid-induced colitis + oral administration of sulfasalazine, 
magnification (× 40), revealed inflammatory reaction in the serosa 
layer. F Acetic acid-induced colitis + oral administration of sulfasala-
zine sample, magnification (× 100) revealed inflammatory reac-
tion with the dominance of lymphocyte and fewer neutrophils with 
tissue necrosis. G, H Acetic acid induced colitis + oral administra-
tion of aloe vera gel, magnification (× 40), and (× 100), revealed the 
improvement of inflammation and the normal tissue (Hassanshahi 
et al. 2020)
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anti-inflammatory, antiulcer, antioxidant, antimicrobial, 
antirheumatic, and antiallergic (De Almeida et al. 2013; 
Zhao et al. 2014; Al-Snafi 2014; Kenny et al. 2014; Wang 
et al. 2014; Predes et al. 2011; El-Kott and Bin-Meferij 
2015; Maghsoumi-Norouzabad et  al. 2016; Liu et  al. 
2014). Its antiulcer activity is attributed to arctigenin and 
other secondary metabolites like dicaffeoylquinic acid, 
caffeoylquinic acids, chlorogenic acid, and caffeic acid 
(Chen et al. 2004; Jiang et al. 2016; Carlotto et al. 2015; 
Liu et al. 2012; de Almeida et al. 2012). Onopordopic-
rin, a secondary metabolite of AL, also has a protective 
effect on gastric mucosa and can be an effective remedy 
for UC. Huang et al. investigated the protective role of 
AL in a dextran sodium sulphate (DSS)-induced murine 
model of UC. The alteration in mean body weight and 
disease activity index (DAI) of diseased and AL-treated 
animals was found to be significant. Moreover, the histo-
logical findings showed that AL treatment could prevent 
mucosal edema, submucosal erosions, ulceration, inflam-
matory cell infiltration, and colon damage (Fig. 4). In case 
of control animals, the architecture of colon was found to 
be normal, whereas, pre-treatment with AL showed slight 
cell infiltration without any abnormality of crypt cells. 
Therefore, AL can be considered as effective in suppress-
ing DSS-induced colitis and also for prevention of bloody 
diarrhea (Huang et al. 2010). The possible mechanism 
involved in protection is down regulation of inflamma-
tory mediators like IL-6, TNF-α, macrophage inflamma-
tory protein-(MIP)-2, monocyte chemo attractant pro-
tein (MCP)-1, mucosal vascular addressin cell adhesion 
molecule (MAdCAM)-1, intercellular adhesion molecule 
(ICAM)-1, T helper cell (Th) 1, Th17, inducible nitric 
oxide synthase (iNOS), mitogen-activated protein kinase 
(MAPK), and vascular cell adhesion protein (VCAM)-1 at 
both protein and mRNA levels in colonic tissues (Huang 
et al. 2010; Maghsoumi-Norouzabad et al. 2016).

Pomari et al. studied the effect of AL extract in treating 
UC. It has been found that AL elevates activities of anti-
oxidant enzymes glutathione (GSH), superoxide dismutase 
(SOD), reduces lipid peroxidation (LPO), and prevents the 
formation of ROS; hence it can effectively be used for the 
treatment of UC (Pomari et al. 2014).

Wu et al. evaluated the anti-colitis effect of arctigenin 
and arctiin in DSS-induced colitis in mice. The compara-
tive studies indicated that reduction in weight loss, DAI, 
and histological damage in the colon were better observed 
with arctigenin. Furthermore, arctigenin recovered the loss 
of intestinal epithelial cells (E-cadherin-positive cells) and 
decreased the infiltration of neutrophils myeloperoxidase 
(MPO)-positive cells and macrophages (CD68-positive 
cells) and also caused down-regulation of TNF-α, IL-6, 
MIP-2, MCP-1, MAdCAM-1, ICAM-1, and VCAM-1. The 
above findings clearly indicate that arctigenin, not arctiin, 

is the active ingredient of AL for attenuating colitis (Fig. 5) 
(Wu et al. 2014).

Boswellic acid

Boswellic acid (BA), obtained from Boswellia serrata, 
is a pentacyclic compound along with its various deriva-
tives such as acetyl-11 keto-β-boswellic acid (AKBA), and 
11-keto boswellic acid. The biological potential of BA and 
its various derivatives has been measured in the treatment 
of diseases like UC, asthma, bronchitis, laryngitis, cancer, 
inflammation, and pain (Iram et al. 2017; Anthoni et al. 
2006; Ebrahimpour et al. 2017). In clinical evaluation, BA 
has been reported to reduce ulcer index, ulcer area in patients 
suffering from UC and was found to be well tolerated with 
minor gastrointestinal tract (GIT) disturbances (Algieri et al. 
2015). Its anti-ulcer activity is attributed to the inhibition of 
pro-inflammatory enzymes such as COX-2, LOX-5, NF-ĸB, 
and leukotriene B4 (LTB4) (Ebrahimpour et al. 2017).

Chande et al. reported that in patients with collagenous 
colitis, B. serrata extract was found to be effective in amelio-
rating disease process as compared to placebo (Chande et al. 
2008). In another study, Catanzaro et al. evaluated the anti-
inflammatory activity of B. serrata extract (BSE) and AKBA 
in colonic epithelial cell monolayers exposed to hydrogen 
peroxide (H2O2) or interferon (INF)-γ, TNF-α, an in vitro 
model of intestinal inflammation. Pre-treatment with BSE 
and AKBA significantly reduced functional and morphologi-
cal alterations and the NF-κB phosphorylation induced by 
the inflammatory stimuli. Along with the same, BSE and 
AKBA also counteracted the increase of ROS caused by 
H2O2 exposure, therefore protecting the intestinal epithelial 
barrier from inflammatory damage and supported its use as 
a safe adjuvant for UC patients (Catanzaro et al. 2015). Roy 
et al. aimed to investigate the anti-inflammatory potential of 
AKBA against DSS-induced colitis in Swiss albino mice. 
Reduction in soreness and histopathological studies revealed 
that the chemo-protective effect of AKBA was attributed to 
anti-proliferation, apoptosis, and anti-inflammation (Fig. 6) 
(Roy et al. 2020).

Catechin

Camellia sinensis, known as tea, is the most commonly 
consumed beverage globally. Tea is the primary source of 
many active constituents, including gallic acid, caffeine, 
epigallocatechin, catechins, and polyphenol, responsible for 
many health benefits like antiulcer, antioxidative, antican-
cer, anticarcinogenic, antiarteriosclerotic, hepatoprotective, 
and antimicrobial effects (Koo and Cho 2004; Roccaro et al. 
2004; Olosunde et al. 2012; Pastore and Fratellone 2006; 
Lambert and Elias 2010; Ko et al. 2006; Osada et al. 2001; 
San Yeoh et al. 2016; Zanwar and Shende 2014; Donà et al. 
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2003; Hoensch and Oertel 2012; Lambert and Yang 2003; 
Yang et al. 2007; Ruhl and Everhart 2005; Hasegawa et al. 
2011; Fernando and Soysa 2015).

Efficacy of Persimmon-derived tannin, i.e., condensed 
catechin, has been evaluated on a murine model of UC 
using DSS as ulcerogen by Kitabattake et al. The reduction 

in disease activity and inflammation through alteration of the 
microbiota composition and immune response established it 
as a promising candidate for UC therapy (Kitabatake et al. 
2021).

Fig. 4   Histological analysis of mice. A Colon section from control 
(water treated) animals showing normal colon tissue architecture 
(HE, × 400); B Colon section from Arctium lappa L. (AL)-treated ani-
mals showing normal histological architecture with no inflammatory 
cell infiltration, edema or crypt abscesses (HE, × 400); C, D Colon 
section from dextran sulfate sodium (DSS)-treated animals showing 
severe submucosal erosion with edema, ulceration, inflammatory cell 

infiltration (indicated with arrows) and crypt abscesses as well as epi-
thelioglandular hyperplasia (C HE, × 200, D HE, × 400); E Colon sec-
tion from animals challenged with DSS after prior treatment with AL 
showing normal histological architecture with slight inflammatory 
cell infiltration and no submucosal edema or abnormality of crypt 
cells (HE, × 400). All the results are representative of three independ-
ent experiments (Huang et al. 2010)
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Liu et  al. explored the therapeutic potential of tea polyphenols in DSS-induced UC in mice, and the results 
indicated that they ameliorated intestinal inflammation and 
modulated gut microbiota (Liu et al. 2020).

Fig. 5   Effects of the ethanol extract of ALF on DSS-induced coli-
tis in mice. Mice were treated with 3.5% DSS in drinking water for 
7 days followed by drinking water for 3 days. ALE (25, 50, 100 mg/
kg) were administrated orally once a day for 10 consecutive days. 
Mice were sacrificed at day 10. A DAI as the average score of body 
weight loss, stool consistency and rectal bleeding was scored from 0 
to 4 (n = 7–8). B The colon length of each group at day 10 (n = 7–8). 

C The levels of MPO in colon (n = 7–8). D Histological changes of 
colon, characterized by distinct infiltration of inflammatory cells 
(arrow) and crypt destruction (solid circle) (magnification × 200). 
E Histological scores of colon from each group (n = 6). All data are 
presented as mean ± SEM. ##P < 0.01 vs. normal group, *P < 0.05, 
**P < 0.01 vs. DSS group. ALE ethanol extract of ALF, MES mesala-
zine (Wu et al. 2014)
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Curcumin

Curcumin (diferuloylmethane) is a primary natural poly-
phenol found in the rhizome of Curcuma longa L. (Zingib-
eraceae). It is used to manage oxidative and inflammatory 
conditions, metabolic syndrome, arthritis, anxiety, and 
hyperlipidemia (Aggarwal and Harikumar 2009; Jurenka 
2009; Anand et al. 2008). Chandan et al. investigated the 
efficacy of curcumin in ameliorating 2, 4, 6-trinitrobenzene 
sulfonic acid (TNBS)-induced colitis in mice. Results dem-
onstrated the improvement in both wasting and histopatho-
logical signs in murine experimental colitis (Chandan et al. 
2020; Sugimoto et al. 2002). Its postulated mechanism of 
action is suppression of NF-κB mediated IL-1β/TNF-α, 
which makes it an effective treatment option for inflamma-
tory disorders (Sugimoto et al. 2002). Toden et al. investi-
gated the anti-inflammatory activity of essential turmeric 
oils (ETO-curcumin) in an animal model of DSS-induced 
colitis against standard curcumin. ETO-curcumin improved 
DAI dose-dependently, while the anti-inflammatory efficacy 
of standard curcumin remained constant, suggesting that 
ETO-curcumin may provide superior anti-inflammatory effi-
cacy compared to standard curcumin. The up-regulation in 
gene expression of anti-inflammatory cytokines in the colon, 
i.e., IL-10, IL-11, and transcription factor of regulatory 

T-cells, i.e. Forkhead box P (FOXP)-3, further suggested 
that combined use of ETO and curcumin can afford better 
protection in UC (Fig. 7) (Toden et al. 2017).

Glycyrrhizin

Glycyrrhiza glabra (Fabaceae), known as licorice, has 
been used to treat various ailments such as gastritis, 
bronchitis, ulcer, constipation, adrenal insufficiency, and 
allergy (Kim et al. 2006; Dogan and Ugulu 2013). Along 
with glycyrrhizin, it also contains other bioactive princi-
ples like glycyrrhizic acid, glycyrol, and sterol (Damle 
2014). Liu et al. evaluated the protective effect of licorice 
flavonoids (LFs) in AA and DSS-induced colitis mouse 
model. Pre-treatment with LFs significantly reduced 
the wet weight/length ratio of the colon, percentage of 
the affected area, macroscopic and histological damage 
scores in both ulcer models. The LFs also decreased the 
oxidative stress and pro-inflammatory cytokines signifi-
cantly, upregulated nuclear factor erythroid 2-related fac-
tor (Nrf)-2 pathway, and down regulated NF-κB pathway 
(Liu et al. 2017). Liu et al. investigated the anti-ulcerative 
activity of lichochalcone A (LicA) in DSS-induced UC in 
the mouse. Reduction in damage score, MPO, and colon 
length in a dose-dependent manner compared to the ulcer 

Fig. 6   a Hematoxylin and eosin stain (H&E), b Masson’s trichrome 
(MT), and c Periodic acid-Schiff (PA) staining sections of con-
trol group colon with normal intact cross section structure. Panel 
d shows the AKBA treated tissue sections of colon H&E stained. 
Panel e colon section with MT stained. Panel f shows colon section 
PA stained with maintained histological structure. In Panel g the yel-
low arrow shows the infiltration of mixed leucocytes in cross section 

and H&E stained DSS treated colon. h DSS treated MT stained colon 
section with yellow arrow showing the infiltration of inflammatory 
cells. Panel i shows the DSS treated colon, PA stained specifying the 
mixed inflammatory cells infiltration sites in the tissue section. Panels 
j–l show the DSS + AKBA colon sections stained H&E, MT and PA. 
Yellow arrows represent the reduced infiltration of mixed inflamma-
tory cells and well maintained tissue architecture (Roy et al. 2020)
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control group suggested its role as an anti-inflammatory 
agent. Further decrease in mediators of oxidative stress 
and inflammatory cytokines, down regulation of NF-ĸB, 
and up regulation of Nrf2 clarify its role in treating UC 
(Fig. 8) (Liu et al. 2018). Glycyrrhizin acts by inhibiting 
nitric oxide (NO), NF-ĸB, IL-6, IL-1β, TNF-α, and sup-
pressing PGE2 level in lipopolysaccharide (LPS) stimu-
lated macrophage (Kim et al. 2006; Dogan and Ugulu 
2013).

Gymnemic acid

It is obtained from Gymnema sylvestre (GS) (Asclepia-
daceae), also known as Gurmur, which is native to India 
and also found in tropical forests of Africa, Australia, and 
Indonesia (Arun et al. 2014; David and Sudarsanam 2013; 
Gurav et al. 2007). Therapeutically, Gymnemic acid (GA) 
and its derivatives have been used to treat various diseases 
like diabetes, infection, inflammation, and oxidative stress 

Fig. 7   ETO-curcumin exerts 
superior anti-inflammatory 
effects compared to standard 
curcumin on DSS-induced 
inflammation at 50 mg/kg body 
weight. A Graphical representa-
tion of curcumin treatment strat-
egy. B Changes in individual 
categories of disease activity 
index (DAI) (top), body weight 
changes, stool consistency and 
stool bleeding (left–right). 
Changes in DAI (bottom). C 
Representative image of colons 
(left) and average colon length 
(right). D Spleen weight and 
E histology score on day 14. 
F Representative hematoxylin 
and eosin (H&E) staining of 
large intestine on day 14. × 100 
magnification (left) and × 400 
magnification (right). *P < 0.05, 
**P < 0.01, ***P < 0.001(Toden 
et al. 2017)
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(David and Sudarsanam 2013; Praveen et al. 2014; Ohm-
ori et al. 2005; Jain and Devi 2016; El Shafey et al. 2013; 
Thakur et al. 2012). Rahman et al. have determined the free 
radical scavenging activity of GA by the 2,2-diphenyl-1-pic-
ryl-hydrazyl-hydrate (DPPH) model and suggested that it 
can be used to treat oxidative stress-related diseases (Rah-
man et al. 2014). Aleisa et al. evaluated the potential of GS 
leaves\ extract in AA induced UC in Wistar rats against a 
standard drug, mesalazine. Pretreatment with GS showed the 
inhibition of thiobarbituric acid reactive species (TBARS) 
elevation and mucus content; GSH reduction and enzymatic 
level of SOD and catalase (CAT) were brought to normal 
in a dose-dependent manner. The histopathological screen-
ing indicated dose-dependent reparative epithelium changes 
in the colon of GS-treated animals. Further, GS exhibited 
reparative epithelial damage and healing of lymphoid follicle 

(Fig. 9). The anti-ulcerative activity of GS was attributed to 
inhibition of TNF-α, SOD, CAT, GSH, IL-1β, IL-6, PGE, 
and NO (Aleisa et al. 2014).

Lonicerin

Lonicerin obtained from Lonicera japonica Thunb. known 
as Japanese honeysuckle has been used as antibacterial, anti-
inflammatory, antiviral, antiendotoxin, blood fat reducing, 
and antipyretic (Shang et al. 2011). The protective role of a 
new polysaccharide isolated from L. japonica Thunb. (LPJ) 
against DSS-induced UC has been estimated in mice by 
Zhou et al. Further, its effects on intestinal flora and immune 
response were also studied. Significant increase in body 
weight, serum cytokines parameters (IL, TNF-α, and IFN-
γ), secretory immunoglobulin A (SIgA) concentration, and 

Fig. 8   Treatment with Lico A 
relieved colonic microscopic 
damages in mice with DSS-
induced UC. A Histological 
alteration of colonic mucosal. 
Histopathological sections were 
stained by H&E. Representa-
tive results are shown. Normal 
control (a); UC control (b) or 
Lico A, 20 mg/kg (c), 40 mg/kg 
(d) and 80 mg/kg (e). Original 
magnification × 200. B Histo-
pathological scores of colons. 
Five specimens were selected 
randomly for histopathological 
study. Data are expressed as the 
means and individual histo-
pathological scores, **P < 0.01 
(Liu et al. 2018)
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natural killer (NK) cells and cytotoxic lymphocyte (CTL) 
activities were observed in DSS-treated mice. Improvement 
in the number of intestinal probiotics (Bifidobacterium and 
Lactobacilli) and decrease in number of the pathogenic 
bacteria (Escherichia coli and Enterococcus) has been 
observed with LJP-treated rats in a dose-dependent manner 
(Zhou et al. 2021). Lee et al. explored the effect of butanol 
extract of L. japonica in reducing the DSS-induced colitis 
and crypt injury in mice. The effectiveness of L. japonica in 
alleviating colitis was observed in dose dependent manner 
and was also found to be comparable with standard control 
i.e. 5-amino salicylic acid (5-ASA) as no distortion of crypt 
and cell infiltration was observed in treatment control group 
animals (Fig. 10) (Lee et al. 2011). Park et al. investigated 
the prophylactic effects of LJP on DSS-induced colitis in 
BALB/c mice. The LJP caused inhibitory effects against 
colon shortening, weight loss, and histological damage in 
a dose-dependent manner. The extract of L. japonica (LJE) 
also down-regulated IL-1b, TNF-α, INF-γ, IL-6, IL-12, 
and IL-17. The down-regulation of histological score was 
observed in dose dependent manner in LJE treated animals. 
The protective effect of LJE against histological damage of 

colonic mucosal layer as relatively intact epithelium was 
observed as compared to DSS treated animals (Fig. 11) (Park 
et al. 2013). Lv et al. verified the potency of lonicerin in 
UC as it disrupts the NLRP3–ASC–pro-caspase-1 complex 
assembly dose-dependently and therefore alleviates colitis. 
Therefore, lonicerin can be considered as a potent anti-
inflammatory epigenetic agent and a novel approach to treat 
UC (Lv et al. 2021).

Shagoal

Ginger, Zingiber officinale Roscoe (Zingiberaceae), is a 
natural dietary rhizome with various biological properties 
and activities. The health benefits of ginger are attributed 
to numerous biological components, including gingerols, 
gingerdiols, shogaols, paradols, and zingerones. Further, 
shogaol, a primary active ingredient of ginger, exists in 
various forms such as 4-, 6-, 8-, 10-, and 12-shogaol (Gupta 
et al. 2021).

Guo et  al. (2021) investigated the therapeutic action 
of ginger in DSS-induced UC in male BALB/c mice and 
reported that ginger alleviated colitis-associated pathological 

Fig. 9   Histopathological sections of colons from rats stained with 
H&E (× 400). Colonic microscopic image of A normal rat colon from 
Cont group with intact mucosal layer and epithelial; B acetic acid 
(AA) treated rat colon with diffused active colitis, extensive damage 
including edema in submucosa and chronic inflammatory cells infil-

trate with widely ulcerating mucosa, and hemorrhages; C–E dose 
dependent reparative epithelial changes and ulcer healing with lym-
phoid follicle in colon of GS treated rats (50, 100 and 200  mg/kg, 
respectively); F attenuated cell damage with complete ulcer healing 
in MES treated group (Aleisa et al. 2014)
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changes and decreased the mRNA expression levels of IL-6 
and iNOS.

Zhang et al. (2017) explored the potency of orally admin-
istered siRNA-CD98/ginger-derived lipid vesicles (GDLVs) 
targeting specifically the colon tissues, which resulted in 
reduced expression of CD98 in colitis, thereby suggest-
ing the use of these nanovesicles for UC. Hassan and Has-
san explored the effect of shogoal in DSS-induced UC in 
BALB/c mice and compared their effect to that of an immu-
nosuppressant drug, 6-thioguanine. The reduction in DAI 
and the histopathological score of shogoal treated rats dem-
onstrated its beneficial role in treating UC. In Figs. 12 and 
13, the efficacy of different concentration of shogoal was 
shown in proximal and distal parts of colon, respectively. 
The positive control group (DSS-exposed animals without 
treatment) showed focal epithelial ulceration with transmural 
infiltration of inflammatory cells whereas intact epithelial 
surface with normal epithelial cells infiltration was observed 
in negative control group animals. Shogoal showed protec-
tive effect in dose dependent manner with mild infiltration of 
inflammatory cells. Further, the histological index score of 
the proximal colon of mice was found to be maximum i.e. 5 
for DSS-exposed animals without treatment and 0 for DSS-
exposed shogoal treated (40 mg/kg BW) animals (Fig. 12). 

However, the histological index score of the distal colon 
of mice was found to be maximum 6 and minimum 1 for 
DSS-exposed animals without treatment and DSS-exposed 
shogoal treated (40  mg/kg BW) animals, respectively 
(Fig. 13) (Hassan and Hassan 2018). It has been further 
documented that the antiulcerogenic activity of shagoal is 
due to the suppression of NF-kβ, TNF-α, and IL-1 β signal-
ling pathway (Hsiang et al. 2013; Banerjee et al. 2011).

Miscellaneous phytoconstituents

Tannins obtained from rhatany root (Krameria triandra), 
wine grape seed (Vitis vinifera), and Scotch pine bark (Pinus 
sylvestris) have also been used effectively for UC. Their effi-
cacy is directly related to the presence of proanthocyanidin. 
Higher the proanthocyanidin content; more is the ability 
to combat inflammation by inhibiting NF-κB p65 activ-
ity, decreased matrix metalloproteinase (MMP) production 
responsible for damage on GI mucosa (Clinton 2009). Cin-
namon oil also has a role in preventing colonic damage in 
a dose-dependent manner and has a considerable effect on 
body weight gain recovery (Bujňáková et al. 2013).

Bruckner et al. studied the effect of polyphenol epigal-
locatechin-3-gallate (EGCG) of tea in DSS-induced colitis 

Fig. 10   Microscopic study (original magnification × 50) of colons of mice with DSS-induced colitis treated with BuOH extracts of L. japonica. 
Treatment dose was 1 mg/kg, 10 mg/kg and 100 mg/kg, respectively, and 5-ASA was 100 mg/kg (Lee et al. 2011)
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mice. The reduced level of malondialdehyde (MDA) and 
MPO as well as enhanced expression of SOD, glutathione 
peroxidase (GPO), and pro-inflammatory cytokines have 
depicted its potential to treat UC (Brückner et al. 2012).

Liu et al. described the protective effect of a polysac-
charide from Rheum tanguticum as an antiulcerogenic 
agent in TNBS-induced UC in rats. Significant inhibition 
of NF-Κβ, Th1/Th2 cytokine production was observed in a 
dose-dependent manner (Liu et al. 2003, 2005, 2008, 2009).

The safety and efficacy of ethanolic extract of Scorzon-
era alexandrina were evaluated in Wistar albino rats with 
AA-induced colitis. The findings demonstrated a significant 
reduction in inflammation and acute colonic damage due 
to the presence of luteolin and luteolin 7-O-glycoside. The 
results were associated with the ROS scavenging property 
of the plant (Akkol et al. 2012; Donia 2016).

Witaicenis et al. (2012) explored the anti-inflammatory 
activity of 4-methylesculetin, a natural coumarin, obtained 
from Scopolia carniolica, in TNBS-induced colitis rat and a 
significant decline in the level of reduced IL-1β, TNF-α, and 
oxidative stress, confirmed its role as antiulcer agent. Typha 
angustifolia has been tested for its anti-inflammatory activ-
ity, and results have shown attenuation in GSH depletion 
and decrease in MPO, and alkaline phosphate (AP) activity 
because of which it can be used in UC (Fruet et al. 2012; 

Chen et al. 2017). The possible mechanism of AP involved 
in curing colitis may be attributed to its dephosphorylation 
of pro-inflammatory molecules such as LPS, flagellin and 
adenosine triphosphate, which are released from cells under 
stressed conditions during inflammation (Lukas et al. 2010; 
Bilski et al. 2017).

The role of cannabidiol (CBD), a non-psychotic com-
ponent of Cannabis sativa, was investigated in a murine 
model of dinitrobenzene sulfonic acid (DNBS)-induced 
colitis in rats by Borrelli et al., and the effect of CBD in the 
change of body weight and colon weight/colon length ratio 
was determined. Results indicated that treatment with CBD 
(1–10 mg/kg) significantly reduced the colonic damage asso-
ciated with DNBS administration. No significant change in 
COX-2 expression was observed; however, over-expression 
of iNOS, nitrile production, IL-1β, and IL-10 was found to 
be declined up to a considerable extent (Borrelli et al. 2009).

Kotakadi et al. estimated the effect of Ginkgo biloba 
extract (EGB) in amelioration of inflammatory injury in 
TNBS-induced colitis in rats with different doses. The 
inflammatory response was assessed by histology and 
measurement of MPO, GSH, TNF-α, and IL-1β levels in the 
colon mucosa. It significantly decreased the colonic MPO 
activity, TNF-α, and IL-1β levels. The increased GSH con-
centration was observed; hence it can be used to treat UC 

Fig. 11   Effects of the water extract of Lonicera japonica (LJE) on 
histological findings and score in dextran sulphate sodium (DSS)-
induced colitis. The images a–e are the representative histological 
findings of all groups: a normal, b DSS, c DSS þ LJE 20 mg/kg, d 
DSS þ LJE 100 mg/kg and e DSS þ LJE 500 mg/kg groups, cryptal 

grand, surface of the epithelium;, neutrophils. The graph shows the 
histological scores. The score of the normal group is zero. Values are 
means (n = 8 for each group), with their standard errors represented 
by vertical bars. Mean values were significantly different compared 
with the DSS group: *P < 0·05, **P < 0·01 (Park et al. 2013)
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due to its scavenging activity (Kotakadi et al. 2008). The 
antiulcer activity of many herbal products has been sum-
marized in Table 2.

Clinical data has depicted that patients with UC may have 
deficiency of many micronutrients such as vitamins and 
minerals due to loss of appetite, reduced absorption by the 
colon, and colonic diarrhea, and/or maybe due to different 
types of medication therapies. So, it is essential to overcome 
these deficiency states for which different kinds of nutra-
ceuticals can be used. The role of probiotics in UC has been 
explored, and it has been documented that these agents can 
be used alone or in combination with other anti-ulcer agents.

Different probiotics such as Lactobacillus salivarius, Lac-
tobacillus acidophilus, and Bifidobacterium bifidum along 
with mesalazine have been administered to UC patients for 
two years, and the response was evaluated according to the 
Modified Mayo Disease Activity Index. So, probiotics can 
help to avoid long-term use of corticosteroids in mild to 
moderate UC and can be used for induction of remission 
(Valdovinos et al. 2017; Palumbo et al. 2016; Mallon et al. 
2006; Shigemori and Shimosato 2017; Hevia et al. 2015).

The role of Escherichia coli Nissle (E. coli/EcN) in 
patients suffering from UC has been demonstrated, and it 
has been reported that E.coli is effective and safe in main-
taining remission in patients suffering from UC (Gallo 
et al. 2016; Fábrega et al. 2017; Scaldaferri et al. 2016).

A non-comparative clinical trial using a combination 
of probiotics (Bifidobacterium, lactobacillus, and strep-
tococcus), commonly known as VSL#3, has been carried 
out, and down expression of toll like receptor (TLR) 2 
and TLR4 was observed. Further, the intestinal epithelial 
up-regulation of protective IL-10 and down-regulation of 
IL-12, IL-17 and IL-23 has been achieved, which indicated 
its role in treatment of UC (Yao et al. 2017; Zhang et al. 
2016).

The impact of polysaccharides from Chrysanthemum 
morifolium Ramat on the gut microbiota was assessed in 
ulcerative rats. Physiological investigations recommended 
that Chrysanthemum polysaccharides had quite defensive 
consequences for UC. It decreases the level of pro-inflam-
matory cytokines (such as IL-23, IL-6, TNF-α, and IFN-λ) 
and increases the level of anti-inflammatory mediators (like 

Fig. 12   Microscopic view and the total histological index score of the 
proximal colon of mice in all groups of the current study. a Group 1 
(negative control): intact epithelium with normal epithelial cells infil-
tration (Sum score 0); b Group 2 (control + ve DSS exposure without 
treatment): focal epithelial ulceration (black arrows) with transmural 
infiltration of inflammatory cells (Sum score 5); c Group 3 (vehicle 
control group): intact epithelial surface with transmural infiltration 
of inflammatory cells (Sum score 4); d Group 4 (DSS exposure and 
6-TG treatment): intact epithelial surface with moderate infiltration of 

inflammatory cells in mucosa and submucosa (Sum score 2); e Group 
5 (DSS exposure and 20 mg/kg BW Shogaol treatment): intact epithe-
lium with mild infiltration of inflammatory cells in mucosa only (Sum 
score 1); f Group 6 (DSS exposure and 40 mg/kg BW Shogaol treat-
ment): intact epithelium with no inflammatory cells infiltration (Sum 
score 0). H&E stain; Black dash line indicated the extent of inflam-
matory cells infiltration; scale bar 100 μm. DSS dextran sodium sul-
fate, BW body weight, 6-TG 6-thioguanine (Hassan and Hassan 2018)
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IL-4, IL-10, IL-11), thus re-establishing the state of eubiosis 
and restoring the immune system (Yao et al. 2017).

The role of B. subtilis has been evaluated in DSS-induced 
UC in mice, and its efficacy has been assessed by performing 
alcian blue staining, cytokine level by enzyme linked immu-
nosorbent assay (ELISA), and microbiota composition. The 
effect is achieved by mucosal repairing and microbiota bal-
ance. Lactobacillus rhamnosus derived soluble protein acts 
by increasing mucus production in colonic epithelium. It 
causes thickening of mucus layer by modulating EGF factor 
(Zhang et al. 2016; Sun et al. 2016; Chapman et al. 2007).

Although many trials have been carried with phytocon-
stituents for UC (Table 3) but they were not able to establish 
much clinical efficacy due to a lack of data comparison with 
standard drugs. Hence, more studies need to be carried out 
to assess the role of natural compounds in UC. Along with 
the same, the safety profile of herbal products should also be 
done to determine toxic reactions and should be compared 
with conventional drugs. Moreover, the identification of 
active moieties in such products should be done to identify 
the new lead molecule.

Safety concerns of herbal products used 
in UC

Although, a large number of herbal products have been 
explored for treatment of UC but safety profile of herbs 
should be considered for being used in human beings. A 
double blind, randomized and placebo controlled study of 
AV gel was performed to evaluate its efficacy and safety in 
patients suffering from mild to moderate colitis. Forty four 
out patients were randomly chosen and AV gel or placebo 
treatment twice daily was given. The protective effect of 
AV gel was assessed by primary (clinical, sigmoidoscopic 
and histological remission) and secondary (colitis activity 
index, Baron score, histology score, C-reactive protein) 
outcomes. Adverse effects reported by patients were minor 
and were not directly correlated with consumption of AV 
gel as the side effects such as bloating, foot pain, sore 
throat, and acne were also reported by patients on placebo 
treatment, which advocated AV gel as safe for curing UC 
(Langmead et al. 2004).

Fig. 13   Microscopic view and the total histological index score of 
the distal colon of mice in all groups of the current study. a Group 1 
(negative control): intact epithelium with normal epithelial cells infil-
tration (Sum score 0); b Group 2 (control + ve DSS exposure with-
out treatment): extensive epithelial ulceration (black arrows) with 
transmural infiltration of inflammatory cells (Sum score 6); c Group 
3 (vehicle control group): focal epithelial erosion (black arrow) with 
transmural infiltration of inflammatory cells (Sum score 4); d Group 
4 (DSS exposure and 6-TG treatment): intact epithelial surface with 

moderate infiltration of inflammatory cells in mucosa and submucosa 
(Sum score 2); e Group 5 (DSS exposure and 20 mg/kg BW Shogaol 
treatment): intact epithelium with moderate infiltration of inflamma-
tory cells in mucosa and submucosa (Sum score 2); f Group 6 (DSS 
exposure and 40  mg/kg BW Shogaol treatment): intact epithelium 
with mild infiltration of inflammatory cells in the mucosa (Sum score 
1). H&E stain; Black dash line indicated the extent of inflammatory 
cells infiltration; scale bar 100 μm. DSS dextran sodium sulfate, BW 
body weight, 6-TG 6-thioguanine (Hassan and Hassan 2018)
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In another study, the sub-acute, acute and genotoxicity of 
A. vera soft gelatin capsules (ASC) were estimated in ICR 
male and female rats. The acute toxicity study was estimated 
at a dose of 15,000 mg/kg body weight, whereas for sub-
acute study, the blended dose in range of 832.5 to 3330 mg/
kg was used. No changes in body weight, behavior, bio-
chemical, histopathalogical parameters and mortality were 
observed, which indicated that lethal dose of ASC is above 
15,000 mg/kg. Genotoxicity of ASC was determined using 
Ames test (10,000 mg/kg) and no evidence of bone marrow 
micronucleus and testicular chromosome abnormality was 
found, hence can be considered safe on oral administration 
(Biancone et al. 2008).

In a recent study, the toxicity of AL fruit extract was 
determined in female Wistar rats using acute and repeated 
models. In acute toxicity study, the animals were adminis-
tered two different doses i.e. 1000 and 5000 mg/kg, whereas 

for sub-acute toxicity study, 300 mg/kg dose was given for 
a period of 4 weeks. As, no mortality was observed in ani-
mals, hence can be considered as safe therapeutic option 
(Yaghoubi et al. 2019).

The safety profile of B. serrata extract and AKBA was 
demonstrated as no alteration in intestinal cell viability, 
barrier functions and integrity of biomarkers was observed; 
therefore, these can be used as a safe adjuvant for UC 
patients (Catanzaro et al. 2015). The double-blind placebo 
controlled randomized study was performed in 108 outpa-
tients with CD and clinical remission and rate of relapse 
were determined after oral administration of B. serrata 
extract, Boswelan (3 × 2 capsule/day; 400 mg) for 52 days. 
The results indicated that B. serrata can be tolerated safely 
for treatment of IBD (Holtmeier et al. 2011).

No toxicity and mortality was observed in mice treated 
with different doses (700, 1400 and 2800 mg/kg) of C. 

Table 2   Phytoconstituents and their molecular targets

CAT​ catalase, COX-2 cycloxegenase-2, GSH glutathione, IFN-γ interferon-gamma, IL interleukin, LOX-5 lipoxegenase-5, LTB4 leukotriene B4, 
p38 MAPK P-38 mitogen-activated protein kinases, MCP-1 monocyte chemo attractant protein-1, MIP-2 macrophage inflammatory protein-2, 
MPO myeloperoxidase, NF-kβ nuclear factor-Kappa β, NO nitric oxide, PGE2 prostaglandin E2, ROS reactive oxygen species, Th1 type-1  T 
helper, Th2 type-2 T helper, SOD superoxide dismutase, TNF-α tumor necrosis factor-alpha

Phytoconstituent Chemical class Source Family Target References

Aloin Anthraquinones Aloe vera Liliaceae IL-8, PGE2, SOD, ROS Wan et al. (2014)
Apigenin Flavonoid Scorzonera alexandrina Asteraceae ROS, PGE2 Akkol et al. (2012)
Arctigenin Lignan Arctium lappa Compositae IL-6, TNF-α, MIP-2, 

MCP-1
Al-Snafi (2014), Huang 

et al. (2010)
Boswellic acid Pentacyclic terpene Boswellia serrata Burseraceae COX-2, LOX-5, NF-ĸB, 

LTB4

Ebrahimpour et al. (2017), 
Iram et al. (2017), Roy 
et al. (2020)

Cannabidiol Chromone Cannabis sativa Cannabaceae IL-1β, IL-10, NO, COX-2 Borrelli et al. (2009)
Catechin Polyphenol, flavanoid Camellia sinensis Theaceae TNF-α, IL-6, IL-γ, SOD Hasegawa et al. (2011), San 

Yeoh et al. (2016)
Curcumin Diferuloylmethane Curcuma longa Zingiberaceae MPO, IL-1 α, p38 MAPK Chandan et al. (2020)
Ginkgolides Flavonoids, glycosides Ginkgo biloba Ginkgoaceae MPO, TNF-α, IL-1β Kotakadi et al. (2008), 

Mustafa et al. (2006)
Glycyrrhizin Saponin Glycyrrhiza glabra Fabaceae IL-6, IL-10, TNF-α, NO, 

NF-ĸB
Kim et al. (2006)

Gymnemic acid Flavonoids Gymnema sylvestre Asclepiadaceae TNF-α, SOD, CAT​ Aleisa et al. (2014), Arun 
et al. (2014), David and 
Sudarsanam (2013)

Lonicerin Flavonoid Lonicera japonica Caprifoliaceae IL-1β, TNF-α, IL-6, IFN-
γ, IL-12, IL-17

Lv et al. (2021), Shang et al. 
(2011), Zhou et al. (2021)

4-Methyl esculetin Coumarin Scopolia carniolica Solanaceae IL-1β, TNF α, IFN-γ, 
IL-2, IL-8

Witaicenis et al. (2012)

Rheum tanguti-
cum polysac-
charide

Polysaccharide Rheum tanguticum Polygonaceae NF-kβ, Th1/Th2 Liu et al. (2003), Liu et al. 
(2005), Liu et al. (2008), 
Liu et al. (2009)

Shagoal Phenol Zingiber officinale Zingiberaceae NF-kβ, TNF-α, IL-1 β Banerjee et al. (2011), Guo 
et al. (2021), Hsiang et al. 
(2013), Kumar Gupta and 
Sharma (2014)

Typhaneoside Flavonoids Typha angustifolia Typhaceae MPO, GSH, NO, SOD Chen et al. (2017), Fruet 
et al. (2012)
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sinensis extract, indicating safety profile of tea (Olayinka 
et al. 2018). Further, genotoxicity study of catechin was 
estimated by micronucleus and big blue transgenic rodent 
mutation assays in ICR mice after single or multiple oral 
administration of catechin preparation and lack of significant 
mutagenic and clastogenic concern confirmed its potential 
and safety in human beings (Ogura et al. 2008).

Chandan et al. (2020) has shown promising effect of 
curcumin in TNBS induced UC and it was observed that 
curcumin at a dose of 0.75–7.5 g/kg/day did not cause any 
abnormality in mice. Acute and sub-acute toxicity of C. 
longa extract was evaluated at dose 30–240 mg/kg in Wistar 
rats using Organization for Economic Co-Operation and 
Development (OECD) 425 and 407 guidelines, respectively. 
No risk of toxicity was observed at any selected dose of 
curcumin, which suggested the safety of curcumin (Kamsu 
et al. 2019).

A large number of studies have indicated non-toxic nature 
of glycyrrhizin as it neither exhibit teratogenic nor muta-
genic effects and its daily recommended dose can be up to 
0.015–0.229 mg/kg of the body weight (Isbrucker and Bur-
dock 2006).

The acute toxicity of homeopathic preparation of Gurmur 
(G. sylvestre) was determined in Sprague Dawley rats. No 
significant difference was observed in haematological, bio-
chemical and histopathological parameters of placebo and 
Gurmur treated animals. Further, no mortality was observed 
in animals and can be recommended at a dose of 300 mg/kg 
body weight safely (Shukla et al. 2020).

Further, safety assessment of fermented Phylloporia ribis 
(Lonicera japonica Thunb) was performed in Sprague–Daw-
ley rats and no adverse effects were observed in animals 
in both acute and sub-chronic toxicity study, indicating its 
potential in treatment of UC (Lu et al. 2014).

Another double blind, randomized, controlled study 
indicating the efficacy of ginger capsule in UC patients was 
performed. The down-regulation of inflammatory mediators 
and high sensitivity of C-reactive protein (hs-CRP) showed 
protective effect in treatment of UC and can be given up to 
3 g/kg (Shayesteh et al. 2020).

Various reported studies have demonstrated that herbal 
products are an effective and safe option for treatment of UC.

Marketed herbal formulations for ulcerative 
colitis

A large number of herbal products such as Kutajghan vati, 
Vatsakadi churna, Arjuna capsule, and pitta balance capsule 
are mainly available in Indian market for the treatment of 
UC.

Kutajghan vati containing Kutaj (Holarrhena antidysen-
terica) is prescribed in dose of two tablets of 250 mg, twice 

a day. It is manufactured by various Indian pharmaceuti-
cal companies including Patanajali Ayurved Ltd., Haridwar 
(Uttarakhand) (Patanjali 2021), Baidyanath Ayurved Bhavan 
(Pvt) Ltd., Jhansi (Uttar Pradesh) (Baidyanath 2021).

Vatsakadi churna composed of Kutaj (H. antidysenter-
ica), Bilva (Aegle marmelos), and Saunf (Foeniculum vul-
gare) is used at a dose of one tablespoonful (3–6 g) twice a 
day. It is manufactured by pharmaceutical company Planet 
Ayurveda (Planet Ayurveda 2021a, b).

Arjuna capsule/tablet containing active constituent of 
Arjuna (Terminalia arjuna) is prescribed as two capsules 
of 500 mg each twice a day. It is manufactured by various 
Indian pharmaceutical companies like The Himalaya Drug 
Company (Himalaya 2021), Indian Herbo Pharma (Indian 
Herbopharma 2021), and Sona Health care (Sona Health 
Care 2021).

Pitta balance capsule prepared by pharmaceutical com-
pany Planet Ayurveda, is a very effective anti-ulcerogenic 
herbal preparation containing Praval pishti (coral calcium), 
Akik pishti (agate calcium), Jawar mohar pishti (calcium 
compound), Kamdudha rasa (calcium compound), Mukta 
pishti (pearl calcium), and Giloy satva (Tinospora cordifo-
lia). The recommended therapeutic dose of Pitta balance is 
one capsule of 675 mg twice a day (Planet Ayurveda 2021a, 
b).

Concluding remarks and future perspectives

Although numerous conventional and non-conventional 
treatment options are available for UC, all of these suffer 
from various drawbacks such as safety, efficacy, and high 
cost. Usually, the therapy of UC requires treatment and 
maintenance of reemission for the entire life period, so these 
side effects assume much more significance. Herbal prod-
ucts are alternative medicines used to relieve UC with much 
milder side effects as compared to those associated with the 
present medicine system. According to a study conducted 
by WHO, 80–85% of the world population relies on plant-
derived products that offer much promise for the treatment 
of UC but still require further investigation in preclinical and 
clinical fields to prove their safety, efficacy, and usefulness.

Funding  This work did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Data availability  Enquiries about data availability should be directed 
to the authors.

Declarations 

Conflict of interest  Authors confirm that there are no known conflicts 
of interest associated with this work.



428	 M. Gupta et al.

1 3

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Aggarwal BB, Harikumar KB (2009) Potential therapeutic effects of 
curcumin, the anti-inflammatory agent, against neurodegenera-
tive, cardiovascular, pulmonary, metabolic, autoimmune and 
neoplastic diseases. Int J Biochem Cell Biol 41:40–59. https://​
doi.​org/​10.​1016/j.​biocel.​2008.​06.​010

Akkol EK, Acıkara ÖB, Süntar I, Ergene B, Çitoğlu GS (2012) Ethnop-
harmacological evaluation of some Scorzonera species: in vivo 
anti-inflammatory and antinociceptive effects. J Ethnopharmacol 
140:261–270. https://​doi.​org/​10.​1016/j.​jep.​2012.​01.​015

Aleisa AM, Al Rejaie SS, Abuohashish HM, Ola MS, Parmar MY, 
Ahmed MM (2014) Pretreatment of Gymnema sylvestre revealed 
the protection against acetic acid-induced ulcerative colitis in 
rats. BMC Complement Altern Med 14:49. https://​doi.​org/​10.​
1186/​1472-​6882-​14-​49

Algieri F, Rodriguez-Nogales A, Rodriguez-Cabezas ME, Risco S, 
Ocete M, Galvez J (2015) Botanical drugs as an emerging strat-
egy in inflammatory bowel disease: a review. Mediat Inflamm. 
https://​doi.​org/​10.​1155/​2015/​179616

Al-Snafi A (2014) The pharmacological importance and chemical con-
stituents of Arctium lappa. A review. Int J Pharm Res Scholar 
3:663–670

Anand P, Sundaram C, Jhurani S, Kunnumakkara AB, Aggarwal BB 
(2008) Curcumin and cancer: an “old-age” disease with an 
“age-old” solution. Cancer Lett 267:133–164. https://​doi.​org/​
10.​1016/j.​canlet.​2008.​03.​025

Annaházi A, Molnár T (2014) Pathogenesis of ulcerative colitis and 
Crohn’s disease: similarities, differences and a lot of things we 
do not know yet. J Clin Cell Immunol 5:1–15. https://​doi.​org/​10.​
4172/​2155-​9899.​10002​53

Anthoni C, Laukoetter MG, Rijcken E, Vowinkel T, Mennigen R, Mul-
ler S, Senninger N, Russell J, Jauch J, Bergmann J (2006) Mecha-
nisms underlying the anti-inflammatory actions of boswellic acid 
derivatives in experimental colitis. Am J Physiol Gastrointest 
Liver Physiol 290:G1131–G1137. https://​doi.​org/​10.​1152/​ajpgi.​
00562.​2005

Arun LB, Arunachalam AM, Arunachalam KD, Annamalai SK, Kumar 
KA (2014) In vivo anti-ulcer, anti-stress, anti-allergic, and func-
tional properties of gymnemic acid isolated from Gymnema syl-
vestre R. Br. BMC Complement Altern Med 14:70. https://​doi.​
org/​10.​1186/​1472-​6882-​14-​70

Awaad AS, El-Meligy RM, Soliman GA (2013) Natural products in 
treatment of ulcerative colitis and peptic ulcer. J Saudi Chem Soc 
17:101–124. https://​doi.​org/​10.​1016/j.​jscs.​2012.​03.​002

Bahrami G, Malekshahi H, Miraghaee S, Madani H, Babaei A, 
Mohammadi B, Hatami R (2020) Protective and therapeutic 
effects of aloe vera gel on ulcerative colitis induced by acetic 
acid in rats. Clin Nutr Res 9:223–234. https://​doi.​org/​10.​7762/​
cnr.​2020.9.​3.​223

Baidyanath (2021) https://​www.​baidy​anath.​com/​kutja​ghan-​bati.​html. 
Accessed 11 Dec 2021

Bamba S, Tsujikawa T, Sasaki M, Fujiyama Y, Andoh A (2011) Immu-
nomodulators and immunosuppressants for Japanese patients 
with ulcerative colitis. ISRN Gastroenterol. https://​doi.​org/​10.​
5402/​2011/​194324

Bamias G, Nyce MR, Sarah A, Cominelli F (2005) New concepts in 
the pathophysiology of inflammatory bowel disease. Ann Intern 
Med 143:895–904. https://​doi.​org/​10.​7326/​0003-​4819-​143-​12-​
20051​2200-​00007

Banerjee S, Mullick H, Banerjee J, Ghosh A (2011) Zingiber officinale: 
‘a natural gold.’ Int J Pharma Bio-Sci 2:283–294

Bhuvana KB, Hema NG, Patil RT (2014) Review on Aloe vera. Int J 
Adv Res 2:677–691

Biancone L, Michetti P, Travis S, Escher JC, Moser G, Forbes A, Hoff-
mann JC, Dignass A, Gionchetti P, Jantschek G (2008) European 
evidence-bfased consensus on the management of ulcerative coli-
tis: special situations. J Crohn’s Colitis 2:63–92. https://​doi.​org/​
10.​1016/j.​crohns.​2007.​12.​001

Bilski J, Mazur Bialy A, Wojcik D, Zahradnik Bilska J, Brzozowski B, 
Magierowski M, Mach T, Magierowska K, Brzozowski T (2017) 
The role of intestinal alkaline phosphatase in inflammatory dis-
orders of gastrointestinal tract. Mediat Inflamm. https://​doi.​org/​
10.​1155/​2017/​90746​01

Borody TJ, Warren EF, Leis S, Surace R, Ashman O (2003) Treatment 
of ulcerative colitis using fecal bacteriotherapy. J Clin Gastro-
enterol 37:42–47. https://​doi.​org/​10.​1097/​00004​836-​20030​
7000-​00012

Borrelli F, Aviello G, Romano B, Orlando P, Capasso R, Maiello F, 
Guadagno F, Petrosino S, Capasso F, Di Marzo V (2009) Can-
nabidiol, a safe and non-psychotropic ingredient of the marijuana 
plant Cannabis sativa, is protective in a murine model of colitis. 
J Mol Med 87:1111. https://​doi.​org/​10.​1007/​s00109-​009-​0512-x

Brückner M, Westphal S, Domschke W, Kucharzik T, Lügering A 
(2012) Green tea polyphenol epigallocatechin-3-gallate shows 
therapeutic antioxidative effects in a murine model of colitis. 
J Crohn’s Colitis 6:226–235. https://​doi.​org/​10.​1016/j.​crohns.​
2011.​08.​012

Bujňáková D, Juhás Š, Faix Š (2013) The anti-translocation and 
anti-inflammatory effect of cinnamon oil in mice with TNBS 
induced colitis. Biologia 68:1000–1003. https://​doi.​org/​10.​2478/​
s11756-​013-​0231-1

Campbell BJ, Yu LG, Rhodes JM (2001) Altered glycosylation in 
inflammatory bowel disease: a possible role in cancer develop-
ment. Glycoconj J 18:851–858. https://​doi.​org/​10.​1023/a:​10222​
40107​040

Caprilli R, Cesarini M, Angelucci E, Frieri G (2009) The long jour-
ney of salicylates in ulcerative colitis: the past and the future. 
J Crohn’s Colitis 3:149–156. https://​doi.​org/​10.​1016/j.​crohns.​
2009.​05.​001

Carlotto J, da Silva LM, Dartora N, Maria Ferreira D, da Sabry D, 
Arquimedes Filho P, de PaulaWerner MF, Sassaki GL, Gorin 
PA, Iacomini M (2015) Identification of a dicaffeoylquinic acid 
isomer from Arctium lappa with a potent anti-ulcer activity. Tal-
anta 135:50–57. https://​doi.​org/​10.​1016/j.​talan​ta.​2014.​11.​068

Carter MJ, Lobo AJ, Travis SP (2004) Guidelines for the management 
of inflammatory bowel disease in adults. Gut 53:v1–v16. https://​
doi.​org/​10.​1136/​gut.​2004.​043372

Catanzaro D, Ranchan S, Orso G, Aqua SD, Brun P, Giron MC, Carrara 
M, Castagliuolo I, Ragazzi E, Capparota L, Montopoli M (2015) 
Boswellia serrata preserves intestinal epithelial barrier from 
oxidative and inflammatory damage. PLoS One 10:e0125375. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​01253​75

Chandan S, Mohan BP, Chandan OC, Ahmad R, Challa A, Tummala 
H, Singh S, Dhawan P, Ponnada S, Singh AB (2020) Curcumin 
use in ulcerative colitis: is it ready for prime time? A systematic 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.biocel.2008.06.010
https://doi.org/10.1016/j.biocel.2008.06.010
https://doi.org/10.1016/j.jep.2012.01.015
https://doi.org/10.1186/1472-6882-14-49
https://doi.org/10.1186/1472-6882-14-49
https://doi.org/10.1155/2015/179616
https://doi.org/10.1016/j.canlet.2008.03.025
https://doi.org/10.1016/j.canlet.2008.03.025
https://doi.org/10.4172/2155-9899.1000253
https://doi.org/10.4172/2155-9899.1000253
https://doi.org/10.1152/ajpgi.00562.2005
https://doi.org/10.1152/ajpgi.00562.2005
https://doi.org/10.1186/1472-6882-14-70
https://doi.org/10.1186/1472-6882-14-70
https://doi.org/10.1016/j.jscs.2012.03.002
https://doi.org/10.7762/cnr.2020.9.3.223
https://doi.org/10.7762/cnr.2020.9.3.223
https://www.baidyanath.com/kutjaghan-bati.html
https://doi.org/10.5402/2011/194324
https://doi.org/10.5402/2011/194324
https://doi.org/10.7326/0003-4819-143-12-200512200-00007
https://doi.org/10.7326/0003-4819-143-12-200512200-00007
https://doi.org/10.1016/j.crohns.2007.12.001
https://doi.org/10.1016/j.crohns.2007.12.001
https://doi.org/10.1155/2017/9074601
https://doi.org/10.1155/2017/9074601
https://doi.org/10.1097/00004836-200307000-00012
https://doi.org/10.1097/00004836-200307000-00012
https://doi.org/10.1007/s00109-009-0512-x
https://doi.org/10.1016/j.crohns.2011.08.012
https://doi.org/10.1016/j.crohns.2011.08.012
https://doi.org/10.2478/s11756-013-0231-1
https://doi.org/10.2478/s11756-013-0231-1
https://doi.org/10.1023/a:1022240107040
https://doi.org/10.1023/a:1022240107040
https://doi.org/10.1016/j.crohns.2009.05.001
https://doi.org/10.1016/j.crohns.2009.05.001
https://doi.org/10.1016/j.talanta.2014.11.068
https://doi.org/10.1136/gut.2004.043372
https://doi.org/10.1136/gut.2004.043372
https://doi.org/10.1371/journal.pone.0125375


429Natural compounds as safe therapeutic options for ulcerative colitis﻿	

1 3

review and meta-analysis of clinical trials. Ann Gastroenterol 
33:53. https://​doi.​org/​10.​20524/​aog.​2019.​0439

Chande N, McDonald JW, MacDonald JK (2008) Interventions for 
treating collagenous colitis. Cochrane Database of Syst Rev. 
https://​doi.​org/​10.​1002/​14651​858.​CD003​575.​pub6

Chandegara V, Varshney A (2013) Aloe vera L. processing and prod-
ucts: a review. Int J Med Aromat Plants 3:492–506

Chapman CG, Rubin DT (2014) The potential for medical therapy to 
reduce the risk of colorectal cancer and to optimize surveillance 
in inflammatory bowel disease. Gastrointest Endosc Clin N Am 
24:353–365. https://​doi.​org/​10.​1016/j.​giec.​2014.​03.​008

Chapman TM, Plosker GL, Figgitt DP (2007) Spotlight on VSL# 3 pro-
biotic mixture in chronic inflammatory bowel diseases. BioDrugs 
21:61–63. https://​doi.​org/​10.​2165/​00063​030-​20072​1010-​00007

Chen FA, Wu AB, Chen CY (2004) The influence of different treat-
ments on the free radical scavenging activity of burdock and 
variations of its active components. Food Chem 86:479–484. 
https://​doi.​org/​10.​1016/j.​foodc​hem.​2003.​09.​020

Chen P, Cao Y, Bao B, Zhang L, Ding A (2017) Antioxidant capacity 
of Typha angustifolia extracts and two active flavonoids. Pharm 
Biol 55:1283–1288. https://​doi.​org/​10.​1080/​13880​209.​2017.​
13008​18

Choi W, Choi CH, Kim YR, Kim SJ, Na CS, Lee H (2016) HerDing: 
herb recommendation system to treat diseases using genes and 
chemicals. Database. https://​doi.​org/​10.​1093/​datab​ase/​baw011

Clinton C (2009) Plant tannins: a novel approach to the treatment of 
ulcerative colitis. Nat Med J 1:1–4

Coviello LC, Stein SL (2014) Surgical management of nonpolypoid 
colorectal lesions and strictures in colonic inflammatory bowel 
disease. Gastrointest Endosc Clin N Am 24:447–454. https://​
doi.​org/​10.​1016/j.​giec.​2014.​04.​002

Dalal L (2007) Medical treatment of ulcerative colitis. J Assoc Physi-
cian India 55:635–640

Damle M (2014) Glycyrrhiza glabra (Liquorice)—a potent medicinal 
herb. Int J Herb Med 2:132–136

David BC, Sudarsanam G (2013) Antimicrobial activity of Gymnema 
sylvestre (Asclepiadaceae). J Acute Dis 2:222–225. https://​doi.​
org/​10.​1016/​S2221-​6189(13)​60131-6

de Almeida ABA, Luiz-Ferreira A, Cola M, Di Pietro ML, Batista 
LM, de Paiva JA, Trigo JR, Souza-Brito AR (2012) Anti-ulcer-
ogenic mechanisms of the sesquiterpene lactone onopordop-
icrin-enriched fraction from Arctium lappa L. (Asteraceae): 
role of somatostatin, gastrin, and endogenous sulfhydryls and 
nitric oxide. J Med Food 15:378–383. https://​doi.​org/​10.​1089/​
jmf.​2011.​0025

De Almeida ABA, Sanchez-Hidalgo M, Martín AR, Luiz-Ferreira 
A, Trigo JR, Vilegas W, dos Santos LC, Souza-Brito ARM, 
de la Lastra CA (2013) Anti-inflammatory intestinal activity 
of Arctium lappa L. (Asteraceae) in TNBS colitis model. J 
Ethnopharmacol 146:300–310. https://​doi.​org/​10.​1016/j.​jep.​
2012.​12.​048

Dogan Y, Ugulu I (2013) Medicinal plants used for gastrointesti-
nal disorders in some districts of Izmir province, Turkey. Stud 
Ethno-Med 7:149–161. https://​doi.​org/​10.​1080/​09735​070.​
2013.​11886​456

Donà M, Dell’Aica I, Calabrese F, Benelli R, Morini M, Albini A, 
Garbisa S (2003) Neutrophil restraint by green tea: inhibition 
of inflammation, associated angiogenesis, and pulmonary 
fibrosis. J Immunol 170:4335–4341. https://​doi.​org/​10.​4049/​
jimmu​nol.​170.8.​4335

Donia AERM (2016) Phytochemical and pharmacological studies 
on Scorzonera alexandrina Boiss. J Saud Chem Soc 20:S433–
S439. https://​doi.​org/​10.​1016/j.​jscs.​2013.​01.​001

Ebrahimpour S, Fazeli M, Mehri S, Taherianfard M, Hosseinzadeh 
H (2017) Boswellic acid improves cognitive function in a rat 

model through its antioxidant activity: neuroprotective effect 
of boswellic acid. J Pharmacopunct 20:10. https://​doi.​org/​10.​
3831/​KPI.​2017.​20.​001

El Kott AF, Bin Meferij MM (2015) Use of Arctium lappa extract 
against acetaminophen-induced hepatotoxicity in rats. Curr 
Ther Res 77:73–78. https://​doi.​org/​10.​1016/j.​curth​eres.​2015.​
05.​001

El Shafey AA, El-Ezabi MM, Seliem MM, Ouda HH, Ibrahim DS 
(2013) Effect of Gymnema sylvestre R. Br. leaves extract on 
certain physiological parameters of diabetic rats. J King Saud 
Univ Sci 25:135–141. https://​doi.​org/​10.​1016/j.​jksus.​2012.​11.​
001

Fábrega MJ, Rodríguez Nogales A, Garrido Mesa J, Algieri F, 
Badía J, Giménez R, Gálvez J, Baldomà L (2017) Intestinal 
anti-inflammatory effects of outer membrane vesicles from 
Escherichia coli Nissle 1917 in DSS-experimental colitis in 
mice. Front Microbiol 8:1274. https://​doi.​org/​10.​3389/​fmicb.​
2017.​01274

Fernando CD, Soysa P (2015) Extraction kinetics of phytochemi-
cals and antioxidant activity during black tea (Camellia 
sinensis L.) brewing. Nutr J 14:74. https://​doi.​org/​10.​1186/​
s12937-​015-​0060-x

Fruet AC, Seito LN, Rall VLM, Di Stasi LC (2012) Dietary interven-
tion with narrow-leaved cattail rhizome flour (Typha angustifo-
lia L.) prevents intestinal inflammation in the trinitrobenzene-
sulphonic acid model of rat colitis. BMC Complement Altern 
Med 12:62. https://​doi.​org/​10.​1186/​1472-​6882-​12-​62

Gallo A, Passaro G, Gasbarrini A, Landolfi R, Montalto M (2016) 
Modulation of microbiota as treatment for intestinal inflam-
matory disorders: an uptodate. World J Gastroenterol 22:7186. 
https://​doi.​org/​10.​3748/​wjg.​v22.​i32.​7186

Guo S et al (2021) Ginger alleviates DSS-induced ulcerative colitis 
severity by improving the diversity and function of gut microbi-
ota. Front Pharmacol. https://​doi.​org/​10.​3389/​fphar.​2021.​632569

Gupta M, Kapoor B, Gupta R, Singh N (2021) Plants and phytochemi-
cals for treatment of peptic ulcer: an overview. South Afr J Bot 
138:105–114. https://​doi.​org/​10.​1016/j.​sajb.​2020.​11.​030

Gurav S, Gulkari V, Duragkar N, Patil A (2007) Systemic review: phar-
macognosy, phytochemistry, pharmacology and clinical applica-
tions of Gymnema sylvestre R. Br. Pharmacogn Rev 1:338–343

Hanauer SB (2008) Evolving concepts in treatment and disease modi-
fication in ulcerative colitis. Aliment Pharmacol Ther 27:15–21. 
https://​doi.​org/​10.​1111/j.​1365-​2036.​2008.​03606

Hanžel J, D’Haens GR (2020) Anti-interleukin-23 agents for the treat-
ment of ulcerative colitis. Expert Opin Biol Ther 20:399–406. 
https://​doi.​org/​10.​1080/​14712​598.​2020.​16972​27

Hasegawa T, Akutsu K, Kishi Y, Nakamura K (2011) Constituents 
of the green tea seeds of Camellia sinensis. Nat Prod Commun 
6:371–374

Hassan SM, Hassan AH (2018) The possibility of using shogaol for 
treatment of ulcerative colitis. Iran J Basic Med Sci 21:943–949. 
https://​doi.​org/​10.​22038/​IJBMS.​2018.​28616.​6932

Hassanshahi N, Masoumi SJ, Mehrabani D, Hashemi SS, Zare M 
(2020) The healing effect of aloe vera gel on acetic acid-induced 
ulcerative colitis in rat. Middle East J Dig Dis 12:154–161. 
https://​doi.​org/​10.​34172/​mejdd.​2020.​177

Hendrickson BA, Gokhale R, Cho JH (2002) Clinical aspects and 
pathophysiology of inflammatory bowel disease. Clin Microbiol 
Rev 15:79–94. https://​doi.​org/​10.​1128/​CMR.​15.1.​79-​94.​2002

Hevia A, Delgado S, Sánchez B, Margolles A (2015) Molecular play-
ers involved in the interaction between beneficial bacteria and 
the immune system. Front Microbiol 6:1285. https://​doi.​org/​10.​
3389/​fmicb.​2015.​01285

https://doi.org/10.20524/aog.2019.0439
https://doi.org/10.1002/14651858.CD003575.pub6
https://doi.org/10.1016/j.giec.2014.03.008
https://doi.org/10.2165/00063030-200721010-00007
https://doi.org/10.1016/j.foodchem.2003.09.020
https://doi.org/10.1080/13880209.2017.1300818
https://doi.org/10.1080/13880209.2017.1300818
https://doi.org/10.1093/database/baw011
https://doi.org/10.1016/j.giec.2014.04.002
https://doi.org/10.1016/j.giec.2014.04.002
https://doi.org/10.1016/S2221-6189(13)60131-6
https://doi.org/10.1016/S2221-6189(13)60131-6
https://doi.org/10.1089/jmf.2011.0025
https://doi.org/10.1089/jmf.2011.0025
https://doi.org/10.1016/j.jep.2012.12.048
https://doi.org/10.1016/j.jep.2012.12.048
https://doi.org/10.1080/09735070.2013.11886456
https://doi.org/10.1080/09735070.2013.11886456
https://doi.org/10.4049/jimmunol.170.8.4335
https://doi.org/10.4049/jimmunol.170.8.4335
https://doi.org/10.1016/j.jscs.2013.01.001
https://doi.org/10.3831/KPI.2017.20.001
https://doi.org/10.3831/KPI.2017.20.001
https://doi.org/10.1016/j.curtheres.2015.05.001
https://doi.org/10.1016/j.curtheres.2015.05.001
https://doi.org/10.1016/j.jksus.2012.11.001
https://doi.org/10.1016/j.jksus.2012.11.001
https://doi.org/10.3389/fmicb.2017.01274
https://doi.org/10.3389/fmicb.2017.01274
https://doi.org/10.1186/s12937-015-0060-x
https://doi.org/10.1186/s12937-015-0060-x
https://doi.org/10.1186/1472-6882-12-62
https://doi.org/10.3748/wjg.v22.i32.7186
https://doi.org/10.3389/fphar.2021.632569
https://doi.org/10.1016/j.sajb.2020.11.030
https://doi.org/10.1111/j.1365-2036.2008.03606
https://doi.org/10.1080/14712598.2020.1697227
https://doi.org/10.22038/IJBMS.2018.28616.6932
https://doi.org/10.34172/mejdd.2020.177
https://doi.org/10.1128/CMR.15.1.79-94.2002
https://doi.org/10.3389/fmicb.2015.01285
https://doi.org/10.3389/fmicb.2015.01285


430	 M. Gupta et al.

1 3

Himalaya (2021) https://​himal​ayawe​llness.​in/​pages/​search-​resul​
ts-​page?​colle​ction=​all&​page=​1&​rb_​produ​ct_​type=​Tablet. 
Accessed 11 Dec 2021

Hirten RP, Sands BE (2021) New therapeutics for ulcerative coli-
tis. Annu Rev Med 72:199–213. https://​doi.​org/​10.​1146/​annur​
ev-​med-​052919-​120048

Hoensch H, Oertel R (2012) Anti-inflammatory effects of tea-flavo-
noids. Deutsch Med Wochenschr 137:2738–2740. https://​doi.​org/​
10.​1055/s-​0032-​13273​48

Holtmeier W et al (2011) Randomized, placebo-controlled, double-
blind trial of Boswellia serrata in maintaining remission of 
Crohn’s disease: good safety profile but lack of efficacy. Inflamm 
Bowel Dis 17:573–582. https://​doi.​org/​10.​1002/​ibd.​21345

Hsiang CY, Lo HY, Huang HC, Li CC, Wu SL, Ho TY (2013) Gin-
ger extract and zingerone ameliorated trinitrobenzene sulphonic 
acid-induced colitis in mice via modulation of nuclear factor-κB 
activity and interleukin-1β signalling pathway. Food Chem 
136:170–177. https://​doi.​org/​10.​1016/j.​foodc​hem.​2012.​07.​124

https://​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT02​865707. Accessed 13 
Dec 2021

https://​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT03​000101. Accessed 13 
Dec 2021

https://​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT04​749576. Accessed 13 
Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​NCT00​510978. Accessed 13 
Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT00​268164. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT00​374725. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT00​578799. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT00​889161. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT00​963287. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT01​037322. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT01​078935. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT01​320436. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT01​479660. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT01​496053. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT01​765439. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT01​783119. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT02​227602. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT02​267694. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT02​277223. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT02​365480. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT02​442960. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT02​488954. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT02​683733. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT02​683759. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT02​735941. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT02​962245. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT03​266484. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT03​415711. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT03​565939. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT03​798210. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT04​000139. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT04​006977. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT04​057547. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT04​102852. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT04​753775. 
Accessed 13 Dec 2021

https://​www.​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT04​223479. 
Accessed 13 Dec 2021

Huang TC, Tsai SS, Liu LF, Liu YL, Liu HJ, Chuang KP (2010) Effect 
of Arctium lappa L. in the dextran sulfate sodium colitis mouse 
model. World J Gastroenterol 16:4193–4199. https://​doi.​org/​10.​
3748/​wjg.​v16.​i33.​4193

Indian Herbopharma (2021) http://​india​nherb​ophar​ma.​com/​produ​ct/​
arjuna-​capsu​les. Accessed 11 Dec 2021

Ingrid Ordás LE, Talamini M, Baumgart DC, Sandborn WJ (2012) 
Ulcerative colitis. Lancet 380:1606–1619. https://​doi.​org/​10.​
1016/​S0140-​6736(12)​60150-0

Iram F, Khan SA, Husain A (2017) Phytochemistry and potential thera-
peutic actions of boswellic acids: a mini-review. Asian Pac J Trop 
Biomed 7:513–523. https://​doi.​org/​10.​1016/j.​apjtb.​2017.​05.​001

Isbrucker R, Burdock G (2006) Risk and safety assessment on the 
consumption of Licorice root (Glycyrrhiza sp.), its extract and 
powder as a food ingredient, with emphasis on the pharmacol-
ogy and toxicology of glycyrrhizin. Regul Toxicol Pharmacol 
46:167–192. https://​doi.​org/​10.​1016/j.​yrtph.​2006.​06.​002

Jädert C, Phillipson M, Holm L, Lundberg JO, Borniquel S (2014) 
Preventive and therapeutic effects of nitrite supplementation in 
experimental inflammatory bowel disease. Redox Biol 2:73–81. 
https://​doi.​org/​10.​1016/j.​redox.​2013.​12.​012

Jain N, Devi VK (2016) In vitro evaluation of once a day chronothera-
peutic drug delivery system of Gymnema sylvestre. Ind Crops 
Prod 88:58–64. https://​doi.​org/​10.​1016/j.​indcr​op.​2016.​02.​034

Jiang XW, Bai JP, Zhang Q, Hu XL, Tian X, Zhu J, Liu J, Meng WH, 
Zhao QC (2016) Caffeoylquinic acid derivatives from the roots 
of Arctium lappa L. (burdock) and their structure–activity rela-
tionships (sars) of free radical scavenging activities. Phytochem 
Lett 15:159–163. https://​doi.​org/​10.​1016/j.​phytol.​2015.​12.​008

Jurenka JS (2009) Anti-inflammatory properties of curcumin, a major 
constituent of Curcuma longa: a review of preclinical and clinical 
research. Altern Med Rev 14:141–153

Kamsu G, Fodouop S, Tagne R, Kodjio N, Fakam A, Gatsing D (2019) 
Evaluation of the acute and sub-chronic toxicity of the ethanolic 
extract of Curcuma longa (Zingiberaceae) in wistar albino rats. 
Mod Chem Appl 7:267

Kawakami K et al (2015) Effects of oral tacrolimus as a rapid induc-
tion therapy in ulcerative colitis. World J Gastroenterol 21:1880–
1886. https://​doi.​org/​10.​3748/​wjg.​v21.​i6.​1880

Kenny O, Smyth T, Walsh D, Kelleher C, Hewage C, Brunton N 
(2014) Investigating the potential of under-utilised plants from 
the Asteraceae family as a source of natural antimicrobial and 

https://himalayawellness.in/pages/search-results-page?collection=all&page=1&rb_product_type=Tablet
https://himalayawellness.in/pages/search-results-page?collection=all&page=1&rb_product_type=Tablet
https://doi.org/10.1146/annurev-med-052919-120048
https://doi.org/10.1146/annurev-med-052919-120048
https://doi.org/10.1055/s-0032-1327348
https://doi.org/10.1055/s-0032-1327348
https://doi.org/10.1002/ibd.21345
https://doi.org/10.1016/j.foodchem.2012.07.124
https://clinicaltrials.gov/ct2/show/record/NCT02865707
https://clinicaltrials.gov/ct2/show/record/NCT03000101
https://clinicaltrials.gov/ct2/show/record/NCT04749576
https://www.clinicaltrials.gov/ct2/show/NCT00510978
https://www.clinicaltrials.gov/ct2/show/record/NCT00268164
https://www.clinicaltrials.gov/ct2/show/record/NCT00374725
https://www.clinicaltrials.gov/ct2/show/record/NCT00578799
https://www.clinicaltrials.gov/ct2/show/record/NCT00889161
https://www.clinicaltrials.gov/ct2/show/record/NCT00963287
https://www.clinicaltrials.gov/ct2/show/record/NCT01037322
https://www.clinicaltrials.gov/ct2/show/record/NCT01078935
https://www.clinicaltrials.gov/ct2/show/record/NCT01320436
https://www.clinicaltrials.gov/ct2/show/record/NCT01479660
https://www.clinicaltrials.gov/ct2/show/record/NCT01496053
https://www.clinicaltrials.gov/ct2/show/record/NCT01765439
https://www.clinicaltrials.gov/ct2/show/record/NCT01783119
https://www.clinicaltrials.gov/ct2/show/record/NCT02227602
https://www.clinicaltrials.gov/ct2/show/record/NCT02267694
https://www.clinicaltrials.gov/ct2/show/record/NCT02277223
https://www.clinicaltrials.gov/ct2/show/record/NCT02365480
https://www.clinicaltrials.gov/ct2/show/record/NCT02442960
https://www.clinicaltrials.gov/ct2/show/record/NCT02488954
https://www.clinicaltrials.gov/ct2/show/record/NCT02683733
https://www.clinicaltrials.gov/ct2/show/record/NCT02683759
https://www.clinicaltrials.gov/ct2/show/record/NCT02735941
https://www.clinicaltrials.gov/ct2/show/record/NCT02962245
https://www.clinicaltrials.gov/ct2/show/record/NCT03266484
https://www.clinicaltrials.gov/ct2/show/record/NCT03415711
https://www.clinicaltrials.gov/ct2/show/record/NCT03565939
https://www.clinicaltrials.gov/ct2/show/record/NCT03798210
https://www.clinicaltrials.gov/ct2/show/record/NCT04000139
https://www.clinicaltrials.gov/ct2/show/record/NCT04006977
https://www.clinicaltrials.gov/ct2/show/record/NCT04057547
https://www.clinicaltrials.gov/ct2/show/record/NCT04102852
https://www.clinicaltrials.gov/ct2/show/record/NCT04753775
https://www.clinicaltrials.gov/ct2/show/record/NCT04223479
https://doi.org/10.3748/wjg.v16.i33.4193
https://doi.org/10.3748/wjg.v16.i33.4193
http://indianherbopharma.com/product/arjuna-capsules
http://indianherbopharma.com/product/arjuna-capsules
https://doi.org/10.1016/S0140-6736(12)60150-0
https://doi.org/10.1016/S0140-6736(12)60150-0
https://doi.org/10.1016/j.apjtb.2017.05.001
https://doi.org/10.1016/j.yrtph.2006.06.002
https://doi.org/10.1016/j.redox.2013.12.012
https://doi.org/10.1016/j.indcrop.2016.02.034
https://doi.org/10.1016/j.phytol.2015.12.008
https://doi.org/10.3748/wjg.v21.i6.1880


431Natural compounds as safe therapeutic options for ulcerative colitis﻿	

1 3

antioxidant extracts. Food Chem 161:79–86. https://​doi.​org/​10.​
1016/j.​foodc​hem.​2014.​03.​126

Kim JK, Oh SM, Kwon HS, Oh YS, Lim SS, Shin HK (2006) Anti-
inflammatory effect of roasted licorice extracts on lipopolysac-
charide-induced inflammatory responses in murine macrophages. 
Biochem Biophys Res Commun 345:1215–1223. https://​doi.​org/​
10.​1016/j.​bbrc.​2006.​05.​035

Kitabatake M, Matsumura Y, Ouji-Sageshima N, Nishioka T, Hara 
A, Kayano SI, Ito T (2021) Persimmon-derived tannin amelio-
rates the pathogenesis of ulcerative colitis in a murine model 
through inhibition of the inflammatory response and altera-
tion of microbiota. Sci Rep 11:7286. https://​doi.​org/​10.​1038/​
s41598-​021-​86608-1

Ko CH, Li K, Ng PC, Fung KP, Li CL, Wong RPO, Chui KM, Gu 
GJS, Yung E, Wang CC (2006) Pro-oxidative effects of tea and 
polyphenols, epigallocatechin-3-gallate and epigallocatechin, on 
G6PD-deficient erythrocytes in vitro. Int J Mol Med 18:987–994. 
https://​doi.​org/​10.​3892/​ijmm.​18.5.​987

Kondamudi PK, Malayandi R, Eaga C, Aggarwal D (2013) Drugs as 
causative agents and therapeutic agents in inflammatory bowel 
disease. Acta Pharm Sin B 3:289–296. https://​doi.​org/​10.​1016/j.​
apsb.​2013.​06.​004

Koo MW, Cho CH (2004) Pharmacological effects of green tea on the 
gastrointestinal system. Eur J Pharmacol 500:177–185. https://​
doi.​org/​10.​1016/j.​ejphar.​2004.​07.​023

Kotakadi VS, Jin Y, Hofseth AB, Ying L, Cui X, Volate S, Chumanev-
ich A, Wood PA, Price RL, McNeal A (2008) Ginkgo biloba 
extract EGb 761 has anti-inflammatory properties and amelio-
rates colitis in mice by driving effector T cell apoptosis. Carcino-
genesis 29:1799–1806. https://​doi.​org/​10.​1093/​carcin/​bgn143

Kumar Gupta S, Sharma A (2014) Medicinal properties of Zingiber 
officinale Roscoe—a review. J Pharm Biol Sci 9:124–129. https://​
doi.​org/​10.​9790/​3008-​09551​24129

Lambert JD, Elias RJ (2010) The antioxidant and pro-oxidant activi-
ties of green tea polyphenols: a role in cancer prevention. Arch 
Biochem Biophys 501:65–72. https://​doi.​org/​10.​1016/j.​abb.​2010.​
06.​013

Lambert JD, Yang CS (2003) Mechanisms of cancer prevention by tea 
constituents. J Nutr 133:3262S-3267S. https://​doi.​org/​10.​1093/​
jn/​133.​10.​3262S

Langan RC, Gotsch PB, Krafczyk MA, Skillinge DD (2007) Ulcerative 
colitis: diagnosis and treatment. Am Fam Phys 76:1323–1330

Langmead L, Feakins R, Goldthorpe S, Holt H, Tsironi E, De Silva A, 
Jewell D, Rampton D (2004) Randomized, double-blind, pla-
cebo-controlled trial of oral aloe vera gel for active ulcerative 
colitis. Aliment Pharmacol Ther 19:739–747. https://​doi.​org/​10.​
1111/j.​1365-​2036.​2004.​01902.x

Lee KH, Whang KS, Rhee KH (2011) Effects of Lonicera japonica 
Thunb. on dextran sulfate sodium-induced experimental colitis 
in mice. J Med Plants Res 5:5437–5443. https://​doi.​org/​10.​5897/​
JMPR

Lin LT, Hsu WC, Lin CC (2014) Antiviral natural products and herbal 
medicines. J Tradit Complement Med 4:24–35. https://​doi.​org/​
10.​4103/​2225-​4110.​124335

Liu L, Wang ZP, Xu CT, Pan BR, Mei QB, Long Y, Liu JY, Zhou SY 
(2003) Effects of Rheum tanguticum polysaccharide on TNBS-
induced colitis and CD4+ T cells in rats. World J Gastroenterol 
9:2284–2288. https://​doi.​org/​10.​3748/​wjg.​v9.​i10.​2284

Liu L, Mei QB, Wang ZP, Zhou YM, Zhang H, Long Y, Liu JY (2005) 
The effects of Rheum tanguticum polysaccharide on the polariza-
tion of Th1 and Th2 cells in TNBS-induced colitis in murine. Int 
J Biomed Sci 1:23–32

Liu L, Guo Z, Lv Z, Sun Y, Cao W, Zhang R, Liu Z, Li C, Cao S, 
Mei Q (2008) The beneficial effect of Rheum tanguticum poly-
saccharide on protecting against diarrhea, colonic inflammation 
and ulceration in rats with TNBS-induced colitis: the role of 

macrophage mannose receptor in inflammation and immune 
response. Int Immunopharmacol 8:1481–1492. https://​doi.​org/​
10.​1016/j.​intimp.​2008.​04.​013

Liu L, Yuan S, Long Y, Guo Z, Sun Y, Li Y, Niu Y, Li C, Mei Q (2009) 
Immunomodulation of Rheum tanguticum polysaccharide (RTP) 
on the immunosuppressive effects of dexamethasone (DEX) on 
the treatment of colitis in rats induced by 2, 4, 6-trinitrobenzene 
sulfonic acid. Int Immunopharmacol 9:1568–1577. https://​doi.​
org/​10.​1016/j.​intimp.​2009.​09.​013

Liu J, Cai YZ, Wong RNS, Lee CKF, Tang SCW, Sze SCW, Tong Y, 
Zhang Y (2012) Comparative analysis of caffeoylquinic acids 
and lignans in roots and seeds among various burdock (Arctium 
lappa) genotypes with high antioxidant activity. J Agric Food 
Chem 60:4067–4075. https://​doi.​org/​10.​1021/​jf205​0697

Liu W, Wang J, Zhang Z, Xu J, Xie Z, Slavin M, Gao X (2014) In vitro 
and in vivo antioxidant activity of a fructan from the roots of 
Arctium lappa L. Int J Biol Macromol 65:446–453. https://​doi.​
org/​10.​1016/j.​ijbio​mac.​2014.​01.​062

Liu DY, Gao L, Zhang J, Huo XW, Ni H, Cao L (2017) Anti-inflamma-
tory and anti-oxidant effects of licorice flavonoids on ulcerative 
colitis in mouse model. Chin Herb Med 9:358–368. https://​doi.​
org/​10.​1016/​S1674-​6384(17)​60116-3

Liu D, Huo X, Gao L, Zhang J, Ni H, Cao L (2018) NF-κB and Nrf2 
pathways contribute to the protective effect of Licochalcone A 
on dextran sulphate sodium-induced ulcerative colitis in mice. 
Biomed Pharmacother 102:922–929. https://​doi.​org/​10.​1016/j.​
biopha.​2018.​03.​130

Liu Y, Wang X, Chen Q, Luo L, Ma M, Xiao B, Zeng L (2020) Camel-
lia sinensis and Litsea coreana ameliorate intestinal inflamma-
tion and modulate gut microbiota in dextran sulfate sodium-
induced colitis mice. Mol Nutr Food Res 64:1900943. https://​
doi.​org/​10.​1002/​mnfr.​20190​0943

Lu L, Fan Y, Yao W, Xie W, Guo J, Yan Y, Yang F, Xu L (2014) 
Safety assessment of the fermented Phylloporia ribis (Lonicera 
japonica Thunb.) mycelia by oral acute toxicity study in mice 
and 90-day feeding study in rats. Food Chem Toxicol 69:18–24. 
https://​doi.​org/​10.​1016/j.​fct.​2014.​03.​044

Lukas M, Drastich P, Konecny M, Gionchetti P, Urban O, Cantoni F, 
Bortlik M, Duricova D, Bulitta M (2010) Exogenous alkaline 
phosphatase for the treatment of patients with moderate to severe 
ulcerative colitis. Inflamm Bowel Dis 16:1180–1186

Lv Q, Xing Y, Liu J, Dong D, Liu Y, Qiao H, Zhang Y, Hu L (2021) 
Lonicerin targets EZH2 to alleviate ulcerative colitis by 
autophagy-mediated NLRP3 inflammasome inactivation. Acta 
Pharm Sin B 11:2880–2899

Maghsoumi-Norouzabad L, Alipoor B, Abed R, Eftekhar Sadat B, 
Mesgari-Abbasi M, Asghari Jafarabadi M (2016) Effects of Arc-
tium lappa L. (Burdock) root tea on inflammatory status and 
oxidative stress in patients with knee osteoarthritis. Int J Rheum 
Dis 19:255–261. https://​doi.​org/​10.​1111/​1756-​185X.​12477

Mallon P, McKay D, Kirk S, Gardiner K (2006) Probiotics for induc-
tion of remission in ulcerative colitis. Cochrane Database Syst 
Rev. https://​doi.​org/​10.​1002/​14651​858.​CD005​573.​pub2

Meier J, Sturm A (2011) Current treatment of ulcerative colitis. World 
J Gastroenterol 17:3204–3212. https://​doi.​org/​10.​3748/​wjg.​v17.​
i27.​3204

Meijs S, Gardenbroek TJ, Sprangers MA, Bemelman WA, Buskens 
CJ, D’Haens GR, Löwenberg M (2014) Health-related quality 
of life and disability in patients with ulcerative colitis and proc-
tocolectomy with ileoanal pouch versus treatment with anti-TNF 
agents. J Crohn’s Colitis 8:686–692. https://​doi.​org/​10.​1016/j.​
crohns.​2013.​12.​011

Miehlke S, Madisch A, Kupcinskas L, Petrauskas D, Böhm G, Marks 
HJ, Neumeyer M, Nathan T, Fernández-Bañares F, Greinwald R 
(2014) Budesonide is more effective than mesalamine or placebo 

https://doi.org/10.1016/j.foodchem.2014.03.126
https://doi.org/10.1016/j.foodchem.2014.03.126
https://doi.org/10.1016/j.bbrc.2006.05.035
https://doi.org/10.1016/j.bbrc.2006.05.035
https://doi.org/10.1038/s41598-021-86608-1
https://doi.org/10.1038/s41598-021-86608-1
https://doi.org/10.3892/ijmm.18.5.987
https://doi.org/10.1016/j.apsb.2013.06.004
https://doi.org/10.1016/j.apsb.2013.06.004
https://doi.org/10.1016/j.ejphar.2004.07.023
https://doi.org/10.1016/j.ejphar.2004.07.023
https://doi.org/10.1093/carcin/bgn143
https://doi.org/10.9790/3008-0955124129
https://doi.org/10.9790/3008-0955124129
https://doi.org/10.1016/j.abb.2010.06.013
https://doi.org/10.1016/j.abb.2010.06.013
https://doi.org/10.1093/jn/133.10.3262S
https://doi.org/10.1093/jn/133.10.3262S
https://doi.org/10.1111/j.1365-2036.2004.01902.x
https://doi.org/10.1111/j.1365-2036.2004.01902.x
https://doi.org/10.5897/JMPR
https://doi.org/10.5897/JMPR
https://doi.org/10.4103/2225-4110.124335
https://doi.org/10.4103/2225-4110.124335
https://doi.org/10.3748/wjg.v9.i10.2284
https://doi.org/10.1016/j.intimp.2008.04.013
https://doi.org/10.1016/j.intimp.2008.04.013
https://doi.org/10.1016/j.intimp.2009.09.013
https://doi.org/10.1016/j.intimp.2009.09.013
https://doi.org/10.1021/jf2050697
https://doi.org/10.1016/j.ijbiomac.2014.01.062
https://doi.org/10.1016/j.ijbiomac.2014.01.062
https://doi.org/10.1016/S1674-6384(17)60116-3
https://doi.org/10.1016/S1674-6384(17)60116-3
https://doi.org/10.1016/j.biopha.2018.03.130
https://doi.org/10.1016/j.biopha.2018.03.130
https://doi.org/10.1002/mnfr.201900943
https://doi.org/10.1002/mnfr.201900943
https://doi.org/10.1016/j.fct.2014.03.044
https://doi.org/10.1111/1756-185X.12477
https://doi.org/10.1002/14651858.CD005573.pub2
https://doi.org/10.3748/wjg.v17.i27.3204
https://doi.org/10.3748/wjg.v17.i27.3204
https://doi.org/10.1016/j.crohns.2013.12.011
https://doi.org/10.1016/j.crohns.2013.12.011


432	 M. Gupta et al.

1 3

in short-term treatment of collagenous colitis. Gastroenterology 
146:1222–1230. https://​doi.​org/​10.​1053/j.​gastro.​2014.​01.​019

Miehsler W, Novacek G, Wenzl H, Vogelsang H, Knoflach P, Kaser 
A, Dejaco C, Petritsch W, Kapitan M, Maier H (2010) A dec-
ade of infliximab: the Austrian evidence based consensus on the 
safe use of infliximab in inflammatory bowel disease. J Crohn’s 
Colitis 4:221–256. https://​doi.​org/​10.​1016/j.​crohns.​2009.​12.​001

Mustafa A, El Medany A, Hagar HH, El Medany G (2006) Ginkgo 
biloba attenuates mucosal damage in a rat model of ulcerative 
colitis. Pharmacol Res 53:324–330. https://​doi.​org/​10.​1016/j.​
phrs.​2005.​12.​010

Nanda K, Moss AC (2012) Update on the management of ulcera-
tive colitis: treatment and maintenance approaches focused on 
MMX® mesalamine. Clin Pharmacol 4:41–50. https://​doi.​org/​
10.​2147/​CPAA.​S26556

Nunes T, Barreiro de Acosta M, Marin Jiménez I, Nos P, Sans M 
(2013) Oral locally active steroids in inflammatory bowel dis-
ease. J Crohn’s Colitis 7:183–191. https://​doi.​org/​10.​1016/j.​
crohns.​2012.​06.​010

Ogura R, Ikeda N, Yuki K, Morita O, Saigo K, Blackstock C, Nishiy-
ama N, Kasamatsu T (2008) Genotoxicity studies on green tea 
catechin. Food Chem Toxicol 46:2190–2200. https://​doi.​org/​10.​
1016/j.​fct.​2008.​02.​016

Ohmori R, Iwamoto T, Tago M, Takeo T, Unno T, Itakura H, Kondo K 
(2005) Antioxidant activity of various teas against free radicals 
and LDL oxidation. Lipids 40:849–853. https://​doi.​org/​10.​1007/​
s11745-​005-​1447-4

Olayinka OL, Khalil EAG, Atunwa S, Abdullaahi A, Salawu M, 
Ogunwale K, Olalere F, Lawal S, Majeed A, Olutunde O (2018) 
Safety and toxicity of aqueous leaf extracts of Camellia sinensis, 
Parquetina nigrescens and Telfairia occidentalis in mice. Afr J 
Pharm Pharmacol 12:208–220. https://​doi.​org/​10.​5897/​AJPP2​
017.​4879

Olosunde OF, Abu Saeed K, Abu Saeed MB (2012) Phytochemical 
screening and antimicrobial properties of a common brand of 
black tea (Camellia sinensis) marketed in Nigerian environment. 
Adv Pharm Bull 2:259. https://​doi.​org/​10.​5681/​apb.​2012.​040

Osada K, Takahashi M, Hoshina S, Nakamura M, Nakamura S, Sugano 
M (2001) Tea catechins inhibit cholesterol oxidation accompany-
ing oxidation of low density lipoprotein in vitro. Comp Biochem 
Physiol Part C Toxicol Pharmacol 128:153–164. https://​doi.​org/​
10.​1016/​s1532-​0456(00)​00192-7

Palumbo V, Romeo M, Marino Gammazza A, Carini F, Damiani P, 
Damiano G, Buscemi S, Lo Monte A, Gerges-Geagea A, Jurjus 
A (2016) The long-term effects of probiotics in the therapy of 
ulcerative colitis: a clinical study. Biomed Pap Med Uni Palacy 
Olomouc Czech Repub 160:372–377. https://​doi.​org/​10.​5507/​
bp.​2016.​044

Parfenov A (2012) Inflammatory bowel disease and pregnancy. Exp 
Clin Gastroenterol 3:80–86

Park SC, Jeen YT (2015) Current and emerging biologics for ulcera-
tive colitis. Gut Liver 9:18–27. https://​doi.​org/​10.​5009/​gnl14​226

Park JW, Bae H, Lee G, Hong B-G, Yoo HH, Lim SJ, Lee K, Kim J, 
Ryu B, Lee BJ (2013) Prophylactic effects of Lonicera japonica 
extract on dextran sulphate sodium-induced colitis in a mouse 
model by the inhibition of the Th1/Th17 response. Br J Nutr 
109:283–292. https://​doi.​org/​10.​1017/​S0007​11451​20011​22

Pastore RL, Fratellone P (2006) Potential health benefits of green 
tea (Camellia sinensis): a narrative review. Explore J Sci Heal 
2:531–539. https://​doi.​org/​10.​1016/j.​explo​re.​2006.​08.​008

Patanjali (2021) https://​www.​patan​jalia​yurved.​net/​search/​kutaj​ghan. 
Accessed 11 Dec 2021

Patel SS, Patel MS, Goldfarb M, Ortega A, Ault GT, Kaiser AM, Sena-
gore AJ (2013) Elective versus emergency surgery for ulcera-
tive colitis: a National Surgical Quality Improvement Program 

analysis. Am J Surg 205:333–338. https://​doi.​org/​10.​1016/j.​
amjsu​rg.​2012.​10.​014

Patil SA, Moss AC (2008) Balsalazide disodium for the treatment of 
ulcerative colitis. Expert Rev Gastroenterol Hepatol 2:177–184. 
https://​doi.​org/​10.​1586/​17474​124.2.​2.​177

Planet Ayurvea (2021a) https://​store.​plane​tayur​veda.​com/​search?​q=​
Vatsa​kadi&​type=​produ​ct. Accessed 11 Dec 2021

Planet Ayurveda (2021b) https://​store.​plane​tayur​veda.​com/​search?​q=​
pitta+​balan​ce&​type=​produ​ct. Accessed 11 Dec 2021

Pomari E, Stefanon B, Colitti M (2014) Effect of plant extracts on 
H2O2-induced inflammatory gene expression in macrophages. 
J Inflamm Res 7:103–112. https://​doi.​org/​10.​2147/​JIR.​S61471

Porter RJ, Kalla R, Ho GT (2020) Ulcerative colitis: Recent advances 
in the understanding of disease pathogenesis. 9 Fac Rev 1294. 
https://​doi.​org/​10.​12688/​f1000​resea​rch.​20805.1

Praveen N, Thiruvengadam M, Yang Y, Kim S, Murthy H, Chung I 
(2014) Production of gymnemic acid from hairy root cultures 
of Gymnema sylvestre R. Br. as influenced by polyunsaturated 
fatty acids (PUFAs) and their antioxidant activity. Ind Crops Prod 
54:54–61

Predes FS, Ruiz AL, Carvalho JE, Foglio MA, Dolder H (2011) Anti-
oxidative and in vitro antiproliferative activity of Arctium lappa 
root extracts. BMC Complement Altern Med 11:25. https://​doi.​
org/​10.​1186/​1472-​6882-​11-​25

Probert C (2013) Steroids and 5-aminosalicylic acids in moderate 
ulcerative colitis: addressing the dilemma. Ther Adv Gastroen-
terol 6:33–38. https://​doi.​org/​10.​1177/​17562​83X12​461395

Probert CS, Dignass AU, Lindgren S, Pool MO, Marteau P (2014) 
Combined oral and rectal mesalazine for the treatment of mild-
to-moderately active ulcerative colitis: rapid symptom resolution 
and improvements in quality of life. J Crohn’s Colitis 8:200–207. 
https://​doi.​org/​10.​1016/j.​crohns.​2013.​08.​007

Quansah E, Karikari TK (2016) Potential role of metabolomics in the 
improvement of research on traditional African medicine. Phy-
tochem Lett 17:270–277. https://​doi.​org/​10.​1016/j.​phytol.​2016.​
08.​004

Rahman MM, Habib MR, Hasan MA, Al Amin M, Saha A, Mannan A 
(2014) Comparative assessment on in vitro antioxidant activities 
of ethanol extracts of Averrhoa bilimbi, Gymnema sylvestre and 
Capsicum frutescens. Pharmacogn Res 6:36–41. https://​doi.​org/​
10.​4103/​0974-​8490.​122915

Roccaro AS, Blanco AR, Giuliano F, Rusciano D, Enea V (2004) 
Epigallocatechin-gallate enhances the activity of tetracycline in 
staphylococci by inhibiting its efflux from bacterial cells. Antimi-
crob Agents Chemother 48:1968–1973. https://​doi.​org/​10.​1128/​
AAC.​48.6.​1968-​1973.​2004

Roy S, Hari S, Banerjee A, Kannan R, Jothimani G, Raghavan V, 
Pathak S (2020) A study on the effects of acetyl-11-keto-β-
boswellic acid against dextran sodium sulfate induced acute 
and chronic colitis in swiss albino mice. J Appl Biotechnol Rep 
7:224–232. https://​doi.​org/​10.​30491/​jabr.​2020.​237056.​1245

Ruhl CE, Everhart JE (2005) Coffee and tea consumption are associ-
ated with a lower incidence of chronic liver disease in the United 
States. Gastroenterology 129:1928–1936. https://​doi.​org/​10.​
1053/j.​gastro.​2005.​08.​056

Sahu PK, Giri DD, Singh R, Pandey P, Gupta S, Shrivastava AK, 
Kumar A, Pandey KD (2013) Therapeutic and medicinal uses 
of Aloe vera: a review. Pharmacol Pharm 4:599. https://​doi.​org/​
10.​4236/​pp.​2013.​48086

Sałaga M, Lewandowska U, Sosnowska D, Zakrzewski P, Cygankie-
wicz A, Piechota-Polańczyk A, Sobczak M, Mosinska P, Chen C, 
Krajewska W (2014) Polyphenol extract from evening primrose 
pomace alleviates experimental colitis after intracolonic and oral 
administration in mice. Naunyn Schmiedebergs Arch Pharmacol 
387:1069–1078. https://​doi.​org/​10.​1007/​s00210-​014-​1025-x

https://doi.org/10.1053/j.gastro.2014.01.019
https://doi.org/10.1016/j.crohns.2009.12.001
https://doi.org/10.1016/j.phrs.2005.12.010
https://doi.org/10.1016/j.phrs.2005.12.010
https://doi.org/10.2147/CPAA.S26556
https://doi.org/10.2147/CPAA.S26556
https://doi.org/10.1016/j.crohns.2012.06.010
https://doi.org/10.1016/j.crohns.2012.06.010
https://doi.org/10.1016/j.fct.2008.02.016
https://doi.org/10.1016/j.fct.2008.02.016
https://doi.org/10.1007/s11745-005-1447-4
https://doi.org/10.1007/s11745-005-1447-4
https://doi.org/10.5897/AJPP2017.4879
https://doi.org/10.5897/AJPP2017.4879
https://doi.org/10.5681/apb.2012.040
https://doi.org/10.1016/s1532-0456(00)00192-7
https://doi.org/10.1016/s1532-0456(00)00192-7
https://doi.org/10.5507/bp.2016.044
https://doi.org/10.5507/bp.2016.044
https://doi.org/10.5009/gnl14226
https://doi.org/10.1017/S0007114512001122
https://doi.org/10.1016/j.explore.2006.08.008
https://www.patanjaliayurved.net/search/kutajghan
https://doi.org/10.1016/j.amjsurg.2012.10.014
https://doi.org/10.1016/j.amjsurg.2012.10.014
https://doi.org/10.1586/17474124.2.2.177
https://store.planetayurveda.com/search?q=Vatsakadi&type=product
https://store.planetayurveda.com/search?q=Vatsakadi&type=product
https://store.planetayurveda.com/search?q=pitta+balance&type=product
https://store.planetayurveda.com/search?q=pitta+balance&type=product
https://doi.org/10.2147/JIR.S61471
https://doi.org/10.12688/f1000research.20805.1
https://doi.org/10.1186/1472-6882-11-25
https://doi.org/10.1186/1472-6882-11-25
https://doi.org/10.1177/1756283X12461395
https://doi.org/10.1016/j.crohns.2013.08.007
https://doi.org/10.1016/j.phytol.2016.08.004
https://doi.org/10.1016/j.phytol.2016.08.004
https://doi.org/10.4103/0974-8490.122915
https://doi.org/10.4103/0974-8490.122915
https://doi.org/10.1128/AAC.48.6.1968-1973.2004
https://doi.org/10.1128/AAC.48.6.1968-1973.2004
https://doi.org/10.30491/jabr.2020.237056.1245
https://doi.org/10.1053/j.gastro.2005.08.056
https://doi.org/10.1053/j.gastro.2005.08.056
https://doi.org/10.4236/pp.2013.48086
https://doi.org/10.4236/pp.2013.48086
https://doi.org/10.1007/s00210-014-1025-x


433Natural compounds as safe therapeutic options for ulcerative colitis﻿	

1 3

Samanta AK, Torok VA, Percy NJ, Abimosleh SM, Howarth GS 
(2012) Microbial fingerprinting detects unique bacterial com-
munities in the faecal microbiota of rats with experimentally-
induced colitis. J Microbiol 50:218–225. https://​doi.​org/​10.​1007/​
s12275-​012-​1362-8

San Yeoh B, Olvera RA, Singh V, Xiao X, Kennett MJ, Joe B, Lambert 
JD, Vijay Kumar M (2016) Epigallocatechin-3-gallate inhibition 
of myeloperoxidase and its counter-regulation by dietary iron and 
lipocalin 2 in murine model of gut inflammation. Am J Pathol 
186:912–926. https://​doi.​org/​10.​1016/j.​ajpath.​2015.​12.​004

Sands BE, Feagan BG, Rutgeerts P, Colombel JF, Sandborn WJ, Sy 
R, D’Haens G, Ben-Horin S, Xu J, Rosario M (2014) Effects of 
vedolizumab induction therapy for patients with Crohn’s dis-
ease in whom tumor necrosis factor antagonist treatment failed. 
Gastroenterology 147:618–627. https://​doi.​org/​10.​1053/j.​gastro.​
2014.​05.​008

Satish Chandra Yadav BZ (2021) Transformation of ulcerative colitis 
to Crohn’s disease: a case report and literature review. Med Case 
Rep 1:1–6. https://​doi.​org/​10.​36648/​2471-​8041.7.​1.​162

Scaldaferri F, Gerardi V, Mangiola F, Lopetuso LR, Pizzoferrato M, 
Petito V, Papa A, Stojanovic J, Poscia A, Cammarota G (2016) 
Role and mechanisms of action of Escherichia coli Nissle 1917 
in the maintenance of remission in ulcerative colitis patients: 
an update. World J Gastroenterol 22:5505–5511. https://​doi.​
org/​10.​3748/​wjg.​v22.​i24.​5505

Shang X, Pan H, Li M, Miao X, Ding H (2011) Lonicera japonica 
Thunb.: ethnopharmacology, phytochemistry and pharmacol-
ogy of an important traditional Chinese medicine. J Ethnop-
harmacol 138:1–21. https://​doi.​org/​10.​1016/j.​jep.​2011.​08.​016

Sharma S, Mishra N (2014) Microparticles as controlled drug 
delivery carrier for the treatment of ulcerative colitis: a brief 
review. Saudi Pharm J 24:458–472. https://​doi.​org/​10.​1016/j.​
jsps.​2014.​10.​001

Shayesteh F, Haidari F, Shayesteh AA, Mohammadi-Asl J, Ahmadi-
Angali K (2020) Ginger in patients with active ulcerative coli-
tis: a study protocol for a randomized controlled trial. Trials 
21:278. https://​doi.​org/​10.​1186/​s13063-​020-​4193-7

Shigemori S, Shimosato T (2017) Applications of genetically modi-
fied immunobiotics with high immunoregulatory capacity for 
treatment of inflammatory bowel diseases. Front Immunol 
8:22. https://​doi.​org/​10.​3389/​fimmu.​2017.​00022

Shukla A, Muhammed IK, Sheshala R, Mhaisker IU, Rampal K 
(2020) Acute toxicity evaluation of homeopathic preparation 
of Gymnema sylvestre and analysis of its chemical constituents. 
J Appl Biol Biotechnol 8:33–37. https://​doi.​org/​10.​7324/​JABB.​
2020.​80405

Sninsky CA (2010) New research in ulcerative colitis: optimizing 
5-ASA administration for efficacy and adherence. Gastroen-
terol Hepatol 6:4–16

Sona Health Care (2021) https://​sonah​ealth​care.​com/​index.​php?​
route=​produ​ct/​searc​h&​search=​arjuna capsule. Accessed 11 
Dec 2021

Soon S, Jennifer C, Hubbard J, Wrobel I, Sauve R, Sigalet DL, Kaplan 
GG (2014) Rising post-colectomy complications in children with 
ulcerative colitis despite stable colectomy rates in United States. 
J Crohn’s Colitis 8:1417–1426. https://​doi.​org/​10.​1016/j.​crohns.​
2014.​05.​002

Srinivas RL, Lakshmi SM, Shama SN, Reddy GK, Prasanna K (2013) 
Medicinal plants as anti-ulcer agents. J Pharmacogn Phytochem 
2:91–97

Sugimoto K, Hanai H, Tozawa K, Aoshi T, Uchijima M, Nagata T, 
Koide Y (2002) Curcumin prevents and ameliorates trinitroben-
zene sulfonic acid-induced colitis in mice. Gastroenterology 
123:1912–1922. https://​doi.​org/​10.​1053/​gast.​2002.​37050

Sun J, Shen X, Li Y, Guo Z, Zhu W, Zuo L, Zhao J, Gu L, Gong J, Li 
J (2016) Therapeutic potential to modify the mucus barrier in 

inflammatory bowel disease. Nutrients 8:44. https://​doi.​org/​10.​
3390/​nu801​0044

Targownik LE, Bernstein CN (2013) Infectious and malignant com-
plications of TNF inhibitor therapy in IBD. Am J Gastroenterol 
108:1835–1842. https://​doi.​org/​10.​1038/​ajg.​2013.​294

Thakur GS, Sharma R, Sanodiya BS, Pandey M, Prasad G, Bisen PS 
(2012) Gymnema sylvestre: an alternative therapeutic agent for 
management of diabetes. Pharm Sci Tech Res 2:001–006. https://​
doi.​org/​10.​7324/​JAPS.​2012.​21201

Theede K, Dahlerup JF, Fallingborg J, Hvas CL, Kjeldsen J, Munck 
LK, Nordgaard-Lassen I (2013) Biologic therapy in inflamma-
tory bowel disease. Dan Med J 60:C4652

Toden S, Theiss AL, Wang X, Goel A (2017) Essential turmeric oils 
enhance anti-inflammatory efficacy of curcumin in dextran sul-
fate sodium-induced colitis. Sci Rep 7:814. https://​doi.​org/​10.​
1038/​s41598-​017-​00812-6

Toshifumi H (2003) Pathogenesis and treatment of ulcerative colitis. 
Jpn Med Assoc J 46:257–262

Valdovinos M, Montijo E, Abreu A, Heller S, González-Garay A, Bac-
arreza D, Bielsa-Fernández M, Bojórquez-Ramos M, Bosques-
Padilla F, Burguete-García A (2017) Consenso mexicano sobre 
probióticos en gastroenterología. Rev Gastroenterol Méx 82:156–
178. https://​doi.​org/​10.​1016/j.​rgmx.​2016.​08.​004

Vilar P, de Carpi JM, Acuña CE, Masiques ML (2007) Infliximab in 
paediatric inflammatory bowel disease. J Crohn’s Colitis 1:2–9. 
https://​doi.​org/​10.​1016/j.​crohns.​2007.​07.​001

Wan P, Chen H, Guo Y, Bai AP (2014) Advances in treatment of 
ulcerative colitis with herbs: from bench to bedside. World J 
Gastroenterol 20:14099–14104. https://​doi.​org/​10.​3748/​wjg.​
v20.​i39.​14099

Wang P, Wang B, Chung S, Wu Y, Henning SM, Vadgama JV (2014) 
Increased chemopreventive effect by combining arctigenin, 
green tea polyphenol and curcumin in prostate and breast can-
cer cells. RSC Adv 4:35242–35250. https://​doi.​org/​10.​1039/​
C4RA0​6616B

Witaicenis A, Luchini AC, Hiruma-Lima CA, Felisbino SL, Garrido-
Mesa N, Utrilla P, Gálvez J, Di Stasi LC (2012) Suppression 
of TNBS-induced colitis in rats by 4-methylesculetin, a natural 
coumarin: comparison with prednisolone and sulphasalazine. 
Chem Biol Interact 195:76–85. https://​doi.​org/​10.​1016/j.​cbi.​
2011.​11.​004

World Health Organization (2019) https://​www.​who.​int/​health-​topics/​
tradi​tional-​compl​ement​ary-​and-​integ​rative-​medic​ine#​tab=​tab_1. 
Accessed 13 Dec 2021

Wu X, Yang Y, Dou Y, Ye J, Bian D, Wei Z, Tong B, Kong L, Xia Y, 
Dai Y (2014) Arctigenin but not arctiin acts as the major effec-
tive constituent of Arctium lappa L. fruit for attenuating colonic 
inflammatory response induced by dextran sulfate sodium in 
mice. Int Immunopharmacol 23:505–515. https://​doi.​org/​10.​
1016/j.​intimp.​2014.​09.​026

Xu CT, Meng SY, Pan BR (2004) Drug therapy for ulcerative colitis. 
World J Gastroenterol 10:2311–2317. https://​doi.​org/​10.​3748/​
wjg.​v10.​i16.​2311

Yaghoubi M, Rastegar T, Amin G (2019) Safety assessment of Arctium 
lappa L. fruit extract in female Wistar rats: acute and repeated 
oral toxicity studies. Res J Pharmacogn 6:39–48. https://​doi.​org/​
10.​22127/​rjp.​2019.​84317

Yang CS, Lambert JD, Ju J, Lu G, Sang S (2007) Tea and cancer pre-
vention: molecular mechanisms and human relevance. Toxicol 
Appl Pharmacol 224:265–273. https://​doi.​org/​10.​1016/j.​taap.​
2006.​11.​024

Yao P, Tan F, Gao H, Wang L, Yang T, Cheng Y (2017) Effects of pro-
biotics on Toll-like receptor expression in ulcerative colitis rats 
induced by 2, 4, 6-trinitro-benzene sulfonic acid. Mol Med Rep 
15:1973–1980. https://​doi.​org/​10.​3892/​mmr.​2017.​6226

https://doi.org/10.1007/s12275-012-1362-8
https://doi.org/10.1007/s12275-012-1362-8
https://doi.org/10.1016/j.ajpath.2015.12.004
https://doi.org/10.1053/j.gastro.2014.05.008
https://doi.org/10.1053/j.gastro.2014.05.008
https://doi.org/10.36648/2471-8041.7.1.162
https://doi.org/10.3748/wjg.v22.i24.5505
https://doi.org/10.3748/wjg.v22.i24.5505
https://doi.org/10.1016/j.jep.2011.08.016
https://doi.org/10.1016/j.jsps.2014.10.001
https://doi.org/10.1016/j.jsps.2014.10.001
https://doi.org/10.1186/s13063-020-4193-7
https://doi.org/10.3389/fimmu.2017.00022
https://doi.org/10.7324/JABB.2020.80405
https://doi.org/10.7324/JABB.2020.80405
https://sonahealthcare.com/index.php?route=product/search&search=arjuna
https://sonahealthcare.com/index.php?route=product/search&search=arjuna
https://doi.org/10.1016/j.crohns.2014.05.002
https://doi.org/10.1016/j.crohns.2014.05.002
https://doi.org/10.1053/gast.2002.37050
https://doi.org/10.3390/nu8010044
https://doi.org/10.3390/nu8010044
https://doi.org/10.1038/ajg.2013.294
https://doi.org/10.7324/JAPS.2012.21201
https://doi.org/10.7324/JAPS.2012.21201
https://doi.org/10.1038/s41598-017-00812-6
https://doi.org/10.1038/s41598-017-00812-6
https://doi.org/10.1016/j.rgmx.2016.08.004
https://doi.org/10.1016/j.crohns.2007.07.001
https://doi.org/10.3748/wjg.v20.i39.14099
https://doi.org/10.3748/wjg.v20.i39.14099
https://doi.org/10.1039/C4RA06616B
https://doi.org/10.1039/C4RA06616B
https://doi.org/10.1016/j.cbi.2011.11.004
https://doi.org/10.1016/j.cbi.2011.11.004
https://www.who.int/health-topics/traditional-complementary-and-integrative-medicine#tab=tab_1
https://www.who.int/health-topics/traditional-complementary-and-integrative-medicine#tab=tab_1
https://doi.org/10.1016/j.intimp.2014.09.026
https://doi.org/10.1016/j.intimp.2014.09.026
https://doi.org/10.3748/wjg.v10.i16.2311
https://doi.org/10.3748/wjg.v10.i16.2311
https://doi.org/10.22127/rjp.2019.84317
https://doi.org/10.22127/rjp.2019.84317
https://doi.org/10.1016/j.taap.2006.11.024
https://doi.org/10.1016/j.taap.2006.11.024
https://doi.org/10.3892/mmr.2017.6226


434	 M. Gupta et al.

1 3

Yokoyama Y, Matsuoka K, Kobayashi T, Sawada K, Fujiyoshi T, 
Ando T, Ohnishi Y, Ishida T, Oka M, Yamada M (2014) A large-
scale, prospective, observational study of leukocytapheresis for 
ulcerative colitis: treatment outcomes of 847 patients in clinical 
practice. J Crohn’s Colitis 8:981–991. https://​doi.​org/​10.​1016/j.​
crohns.​2014.​01.​027

Zanwar AABS, Shende PS (2014) Epigallocatechin-3-gallate inhibition 
of myeloperoxidase and its counter-regulation by dietary iron 
and lipocalin 2 in murine model of gut inflammation disease. 
Elsevier, New York

Zhang S, Zhao X, Zhang D (2006) Cellular and molecular immu-
nopathogenesis of ulcerative colitis. Cell Mol Immunol 3:35–40

Zhang HL, Li WS, Xu DN, Zheng WW, Liu Y, Chen J, Qiu ZB, Dorf-
man RG, Zhang J, Liu J (2016) Mucosa-reparing and micro-
biota-balancing therapeutic effect of Bacillus subtilis alleviates 
dextrate sulfate sodium-induced ulcerative colitis in mice. Exp 
Ther Med 12:2554–2562. https://​doi.​org/​10.​3892/​etm.​2016.​3686

Zhang M, Wang X, Han MK, Collins JF, Merlin D (2017) Oral admin-
istration of ginger-derived nanolipids loaded with siRNA as a 
novel approach for efficient siRNA drug delivery to treat ulcera-
tive colitis. Nanomedicine 12:1927–1943. https://​doi.​org/​10.​
2217/​nnm-​2017-​0196

Zhao J, Evangelopoulos D, Bhakta S, Gray AI, Seidel V (2014) Antitu-
bercular activity of Arctium lappa and Tussilago farfara extracts 
and constituents. J Ethnopharmacol 155:796–800. https://​doi.​org/​
10.​1016/j.​jep.​2014.​06.​034

Zhou X, Lu Q, Kang X, Tian G, Ming D, Yang J (2021) Protective 
role of a new polysaccharide extracted from Lonicera japonica 
Thunb. in mice with ulcerative colitis induced by dextran sul-
phate sodium. BioMed Res Int 2021:10. https://​doi.​org/​10.​1155/​
2021/​88786​33

Zois CD, Katsanos KH, Kosmidou M, Tsianos EV (2010) Neurologic 
manifestations in inflammatory bowel diseases: current knowl-
edge and novel insights. J Crohn’s Colitis 4:115–124. https://​doi.​
org/​10.​1016/j.​crohns.​2009.​10.​005

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.crohns.2014.01.027
https://doi.org/10.1016/j.crohns.2014.01.027
https://doi.org/10.3892/etm.2016.3686
https://doi.org/10.2217/nnm-2017-0196
https://doi.org/10.2217/nnm-2017-0196
https://doi.org/10.1016/j.jep.2014.06.034
https://doi.org/10.1016/j.jep.2014.06.034
https://doi.org/10.1155/2021/8878633
https://doi.org/10.1155/2021/8878633
https://doi.org/10.1016/j.crohns.2009.10.005
https://doi.org/10.1016/j.crohns.2009.10.005

	Natural compounds as safe therapeutic options for ulcerative colitis
	Abstract
	Introduction
	Epidemiology
	Etiology
	Symptoms of ulcerative colitis
	Available treatment approaches for ulcerative colitis
	Drawbacks of conventional treatment approaches
	Herbal approaches for the treatment of ulcerative colitis
	Aloin
	Arctigenin
	Boswellic acid
	Catechin
	Curcumin
	Glycyrrhizin
	Gymnemic acid
	Lonicerin
	Shagoal
	Miscellaneous phytoconstituents

	Safety concerns of herbal products used in UC
	Marketed herbal formulations for ulcerative colitis
	Concluding remarks and future perspectives
	References




