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Abstract: Portulaca oleracea L. (POL) has a long history of medicinal use worldwide, and numerous clinical and experimental
studies demonstrated the therapeutic effects of POL and its active ingredients in the treatment of Ulcerative colitis (UC). In this review,
we summarized the underlying mechanisms and roles of POL in UC treatment based on experimental and clinical studies. The research
articles cited in this study were obtained by employing specific keywords, such as “purslane”, “IBD”, “UC”, “inflammation”, “gut
microbiota”, and “intestinal barrier”, in PubMed, Web of Science, Google Scholar, and China National Knowledge Infrastructure
databases. Clinical studies found that both POL monotherapy and POL traditional Chinese medicine compound are effective in treating
UC. Meanwhile, experimental studies found that POL intervenes in UC by regulating intestinal flora, repairing mucosal barrier, and
regulating immune response. Increasing evidence suggests the therapeutic potential of POL in UC treatment.
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Introduction

Ulcerative colitis (UC) is a lifelong chronic non-specific inflammatory bowel disease (IBD), characterized by bloody mucous
stools, abdominal pain, diarrhea, and tenesmus. UC lesions primarily occur in the colon and rectum and are limited to the
mucosa and submucosa." The incidence of UC is increasing worldwide, with an estimated global prevalence of 5 million
cases in 2023." Epidemiological studies found that the incidence and prevalence of UC in some Asian countries had
increased by 1.5 to nearly 20-fold in the past four decades.* Current therapeutic agents for UC include 5-aminosalicylic acid,
glucocorticoids, immunosuppressants, biologics, and small-molecule agents. However, these drugs are insufficient at targeting
the complex pathophysiology of UC, which is highly variable and susceptible to comorbidities, such as infections, thrombosis,
and risk of carcinoma.’

Traditional Chinese medicine (TCM) preparations have multi-component, multi-target, multi-pathway characteristics,
which allow for a comprehensive treatment of several diseases with fewer adverse effects. Therefore, in recent years, TCM has
become a research hotspot for the identification of novel drugs for UC treatment.® In TCM, UC is categorized under “Jiu Li”
and “Chang Pi”, which are characterized by dampness and heat in the intestines and an imbalance of qi and blood, during the
active stage. According to TCM, dampness—heat syndrome of the large intestine is the most common type of UC, which can be
treated by clearing heat and transforming dampness and regulating qi and harmonizing blood.”*
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Portulaca oleracea L. (POL) is a representative anti-dysentery TCM herb that is known to clear heat, transform
dampness, remove toxins, cool the blood, and stop bleeding. It is cooling and sour and is consumed as a food and
medicinal herb. It is also known as a “natural antibiotic”. Additionally, POL has been recorded to treat heat toxic blood
dysentery in the TCM books, “Tai Ping Sheng Hui Fang” and “Jing Xiao Chan Bao”.’ Modern pharmacological studies
found that POL contained flavonoids, alkaloids, fatty acids, terpenoids, polysaccharides, vitamins, sterols, proteins,
minerals, and other components, which have anti-inflammatory, immunomodulatory, antibacterial, antiviral, antioxidant,
anticarcinogenic, nephroprotective, hepatoprotective, gastrointestinal (GI) protective, metabolic, muscle relaxant, anti-
asthmatic, and antioxidant properties.'’

In this review, we summarized the mechanisms of action and clinical research progress of POL in the treatment of UC
and indicated directions for subsequent research on the role of POL in UC treatment.

Overview of POL
History of POL in the Treatment of Dysentery

POL, belonging to the Amaranthaceae family, is an annual herb with reddish stems and alternate leaves. It is widely
distributed, especially in the tropical and subtropical regions.'' It is used in many countries as a food source as well as a
traditional medicine for relieving a wide range of ailments, including GI disorders, respiratory disorders, and liver
inflammation.'*'* Moreover, Pedanius Dioscorides (40-90 AD), known as the father of pharmacology, described POL
(under the name “andrachne™) as an astringent in De Materia Medica and recorded it as a treatment for dysentery.'* In
China, POL was first described in the “Collected Notes on the Materia Medica (Ben Cao Jing Ji Zhu)” as having curative
effects of clearing heat, removing toxins, dissipating blood, and resolving swelling. Additionally, POL has been recorded
to treat infantile malnutrition and dysentery in the “Food Therapy Materia Medica (Shi Liao Ben Cao)” and heat toxic
blood dysentery in “Tai Ping Sheng Hui Fang” and “Jing Xiao Chan Bao”. In the Chinese Pharmacopoeia, POL has been
recorded to treat heat toxic blood dysentery, swollen welling-abscess and clove sores (Figure 1).

Book Title: De Materia Medica  Book Title: Dietary therapy Book Title: Tai Ping Sheng Hui

Country: Greek Materia Medica Fang
Year: 50BC Country: China Country: China
Year: 713AD Year: 978AD

N

1)
el
e
i
L
Book Title: Bencao Jing Jizhu Book Title: Jing Xiao Chan Bao Book T'iﬂe‘ Phar@acopo?ia of the
Country: China Country: China People's Rep.ubhc of China
Year: 500AD Year: 852AD Country: China

Year: 2020AD

Figure | Historical texts documenting the use of Portulaca oleracea L. (POL) in the treatment of dysentery.
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Active Ingredients of POL

POL primarily contains flavonoids, alkaloids, organic acids, and terpenoids. Kaempferol, myricetin, rutin, luteolin,

quercetin, apigenin (API), genistin, and genistein are some of the flavonoids isolated from stems, leaves, and roots of

POL." Norepinephrine, dopamine, dopa, uracil, thymine, adenosine, allantoin, N, N-dicyclohexylurea, and N-trans-

feruloyltyl tyrosine (dominated by isoquinoline-like structures and indole-like structures of the parent nucleus) as well as

cyclic dipeptide alkaloids and amides are a few alkaloid compounds found in POL.'® o-Linolenic acid, palmitic acid,

p-coumaric acid, linoleic acid, stearic acid, ferulic acid, oleic acid, caffeic acid, and oxalic acid are some organic acids

found in POL.!” Purslane monoterpene, lupeol, eleutheroside A, taraxerol, oleanolic acid, and cycloartenol are some

terpene constituents reported in POL.'" Other pharmacological compounds found in POL include trans-p-coumaric acid,

7-hydroxycoumarin, bergapten, isopimpinellin, scopoletin, lutein, p-carotene, melatonin, and vitamin C (Table 1).'*'
Table 1 Active Compounds Isolated from POL and Their Structural Formulas
Classification Chemical Part of plant Molecular Structural Formula Reference
component Formula
Flavonoids Kaempferol Whole plant Ci5Hi006 OH [20]
HO. I 0. O
OH
OH o
Apigenin Leaf and stem Ci5H,00s5 o f [20]
Ho/‘iuj\‘\
OH
OH o
Myricetin Whole plant CsH,00g [20]
OH
O | o
HO o O
OH
OH
Rutin Cy7H30016 [ 21
Luteolin Whole plant CisH 00 OH 9 [20]
O | on
HO o O
OH
Quercetin Whole plant C5H,007 [20]
OH I
OH
HO' o O
OH
(Continued)
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Table | (Continued).

Classification Chemical Part of plant Molecular Structural Formula Reference
component Formula
Genistin Whole plant C31H20010 [22]
Genistein Whole plant Ci5H 005 OH [22]
OH o
HO (0)
Alkaloids Noradrenalin Stem, leaf and seed | CgH,; NO; o [23]
HO:@\‘?)/\NHZ
oH
Dopamine Stem, leaf and seed CgH | |NO, [24]
HO
HO NH,
Dopa rer /\/\/\/V\/\/\/\(\/‘EA)\/\/\/\/\/\/\/\/ [25]
Uracil Aerial parts C4HsN,O, H [26]
O, N 0}
HN /
Thymine Aerial parts CsHgN,O, [26]
AN
(0] N [e]
H
Adenosine Whole plant CioH3NsO4 NH, [25]
”lﬁ\>
LA
Z bs.
o
HO .
", —~OH
HO
Allantoin C4H¢N4O; o 271
HN o
N
H H NH,
(Continued)
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Table | (Continued).
Classification Chemical Part of plant Molecular Structural Formula Reference
component Formula
N, N-dicyclohexylurea C3H4N,O [27]
[e]
: ‘N)J\N’ :
H H
N-trans- Aerial part CgHoNO, [28]
feruloyltyramine o /\/O/OH
/Ow "
H
HO
Organic acids a-Linolenic acid Leaf CgH300, [29]
o
- - - 'OH
Palmitic acid Leaf C¢H3,0, [30]
[o]
/\/\/\/\/\/\/\)‘\OH
p-Coumaric acid Whole plant CyHgO3 o [25]
X OH
HO
Linoleic acid Leaf CigH3,0, 311
o
WWOH
Stearic acid CigH3¢0, (30]
o
/\/\/\/\/\/\/\/\)I\OH
Ferulic acid Whole plant CoH 004 o [25]
o]
- OH
HO
Oleic acid Leaf CigH340; [30]
o
WWW/\)I\OH
(Continued)
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Table | (Continued).

Classification Chemical Part of plant Molecular Structural Formula Reference
component Formula
Caffeic acid Aerial part CoHgOy4 [32]
Oxalic acid Leaf C,H,04 [33]
Terpenoids Lupeol Aerial part C30Hs500 [34]
Eleutheroside A C35HgoO% [15]
Taraxerol C3oH500 [15]
Oleanolic acid C3oH4803 [15]
Cycloartenol C30Hs500 [15]
(Continued)
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Table | (Continued).

Classification Chemical Part of plant Molecular Structural Formula Reference
component Formula
Other 7-Hydroxycoumarin CoHeO3 (18]
compounds HO o (o]
Bergapten Ci2HgO4 [1e]
Isopimpinellin Ci3H100s (33]
/
Scopoletin Leaf CioHgO4 (18]
HO 0. O
\o /
B-Carotene CaoHse [30]
~ N S N
Melatonin Leaf Ci3H16N;0, > [29]
HN/<
o.
~ \
N
H
Vitamin C Leaf CeHgOs 31
HO
OH
\
0 abs
o ¢ OH
OH
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Mechanisms of Action of POL in UC Treatment

UC has a complex pathogenesis, which is influenced by multiple risk factors, including genetic susceptibility, mucosal
barrier defects, dysregulated immune response, intestinal flora dysbiosis, persistent inflammatory interactions, and
environmental stress.'° Several studies have shown that POL might intervene in UC by modulating the above pathways.

POL Mediates UC Treatment by Regulating the Intestinal Flora

Several studies have found that intestinal flora dysbiosis played an important role in the pathogenesis of UC. The intestinal
microbiota is a complex and rich ecosystem. Microorganisms settle in the nutrient-rich environment of the colon and provide
energy and nutrients to the host, protect the host, and regulate the host’s immune system.>” *° Feng et al*' and Zhou et al*?
found that treatment with 0.3 mL of 0.5 g/mL P. oleracea polysaccharide (POP) significantly increased the abundance of
intestinal Bifidobacteria and Lactobacilli and significantly decreased the abundance of Enterobacteriaceae and Enterococcus
in dextran sulfate sodium (DSS)-induced UC mice. Additionally, they found that POP treatment increased the level of anti-
inflammatory cytokine interleukin (IL)-10 in the intestinal mucosa and reduced endotoxin content in the peripheral blood and
the levels of pro-inflammatory cytokines, tumor necrosis factor (TNF)-a, and IL-6 in UC mice. In addition, they found that
POP treatment attenuated the DSS-induced colonic histopathological changes in UC mice. Ren et al** found that POL-
Cinnamomum cassia Presl treatment significantly regulated the 5% DSS-induced Bifidobacteriacea, Moryella,
Lachnospiraceae-ND-3007-group, Bacteroidales-BS11-gut-group, Coriobacteriales, Negativibacillus, Jeotgalicoccus, and
Rikenellaceae-RC9-gut-group. Moreover, intestinal flora analysis revealed that POL-Cinnamomum cassia Presl treatment
partially restored intestinal flora structure and reduced intestinal inflammation.

Myricetin is a natural dietary flavonoid with a wide range of pharmacological activities, including antioxidant, anti-
inflammatory, anticarcinogenic, and antiproliferative activities.** Moreover, it maintains the composition of Firmicutes
and Actinomycetes in the intestinal flora. Myricetin-3-O-B-d-lactose sodium salt (M10) has been demonstrated to be
highly effective in preventing DSS-induced chronic inflammation of colonic tissues and intestinal flora dysbiosis in
mice.*> Quercetin supplementation was found to inhibit Citrobacter rodentium-induced inflammation in mice by
inhibiting pro-inflammatory cytokines, such as IL-17, TNF-a, and IL-6; increasing the abundance of Bacteroides,
Bifidobacterium, Lactobacillus, and Clostridium; and significantly decreasing the abundance of Fusobacterium and
Enterococcus.*® Notably, melatonin was found to exert anti-colitis effects by recognizing bacteria through toll-like
receptor (TLR)-4, regulating bacteria through adenosine monophosphate, and altering goblet cells.*’ Vitamin C supple-
mentation was found to attenuate acute inflammation and subchronic inflammation during early recovery from colon
cancer by modulating inflammatory mediators and cytokines and regulating the abundance of inflammation-associated
gut bacteria.”® However, vitamin C deficiency increased inflammatory cell infiltration and oxidative stress.*’

Elkhayat et al reported that the ethanolic extract of POL exhibited antimicrobial activity against both Gram-positive
and Gram-negative bacteria.** Moreover, previous studies have shown that the ethanolic extract of POL modulated
bacterial proliferation and growth, thereby down-regulating the levels of IL-1, —6, and —17; TNF-a; interferon (IFN)-y;
and nuclear factor kappa B (NFkB).’*! Ning et al obtained extracts of P. oleracea macromolecules (POEM) (>10 kDa)
and small molecules (POES) (<1 kDa) by membrane separation and found that POEM contained higher protein content,
while POES contained higher organic acid and alkaloid content.”> Additionally, they found that POEM alleviated DSS-
induced UC in mice by regulating the antioxidant capacity and intestinal flora. Zhu et al found that P. oleracea L-derived
exosome-like nanoparticles (PELNs) showed excellent stability and safety in the GI tract and exhibited affinity for the
inflammation site in mice colon. Moreover, they found that oral administration of PELNs maintained intestinal flora
diversity and homeostasis, enhanced the growth of Lactobacillus reuteri, elevated the levels of indole derivatives,
activated aryl hydrocarbon receptor (AhR) in conventional CD4" T cells, down-regulated Zbth7b gene expression, and
reprogrammed the conversion of conventional CD4" T cells into double-positive CD4"CD8" T cells (Figure 2A).>

POL Mediates UC Treatment by Repairing the Mucosal Barrier

The intestinal mucosal barrier is composed of intestinal mucosal epithelium, intestinal mucus, intestinal flora, secretory
immunoglobulins (sIg), and intestine-associated lymphoid tissues, including biological, chemical, mechanical, and
immune barriers.>* The four barriers maintain the stability of intestinal mucosal barrier function (MBF) and the integrity
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Figure 2 (A) P. oleracea L. alleviates intestinal inflammation by regulating gut microbiota in mice. (B) P. oleracea L. alleviates ulcerative colitis (UC) by repairing the mucosal
barrier. (C) The active components of P. oleracea L., including quercetin, B-carotene, and Oleracein E, alleviate UC by regulating the inflammatory response and immune
system through related signaling pathways. (D) P. oleracea L. alleviates UC by regulating apoptosis, autophagy, endoplasmic reticulum stress, and other pathways.

of intestinal mucosa by effectively identifying and eliminating harmful substances both inside and outside the intestines.
Impaired intestinal MBF is considered to play a central role in the development and progression of UC.>> Apigenin
(API), a POL flavonoid, ameliorates DSS-induced murine experimental colitis by inhibiting canonical and non-canonical
inflammasome signaling pathways.’® Additionally, a study found that API-Mn(II) loaded sodium hyaluronate nanopar-
ticles (prepared by incorporating API in Mn®" framework and subsequently coated with hyaluronic acid) significantly
improved the damaged colonic tissues and repaired the intestinal barrier by mediating inflammatory factors, attenuating
the damage to tight junctions, increasing cellular density, and narrowing cellular gaps.’” M10, prevents DSS-induced UC
by inhibiting colonic mucosal cell necrosis and remodeling the intestinal barrier.’® Dai et al found that POP increased the
slg-A content of intestinal mucosa, improved colonic histopathological changes, and exerted therapeutic effects against
DSS-induced UC in mice.’® Additionally, POP exerts therapeutic effects against UC by reducing the expression of
caspase-3 and caspase-8 in colonic epithelial cells, regulating epithelial cell apoptosis, and promoting mucosal repair.*’
Ning et al found that POP maintained intestinal retinol and short-chain fatty acid levels, promoted colonic B-cell
proliferation and differentiation, and increased intestinal IgA expression, thereby improving the intestinal barrier and
maintaining intestinal homeostasis.®' Finally, purslane juice was found to improve DSS-induced UC by decreasing the
expression of NOD-like receptor protein 3 inflammasomes to inhibit cellular pyroptosis and by up-regulating the
expression of tight junction proteins to repair intestinal barrier dysfunction (Figure 2B).%*

POL Mediates UC Treatment by Regulating the Immune Response

Studies on the immune response and inflammatory pathways in UC have shown that the imbalance between pro-
inflammatory and anti-inflammatory cytokines mediated UC development. The induction of C-reactive proteins, IFN-
v, lipopolysaccharide (LPS), and TNF-o can induce M1 polarization of macrophages during the active phase of a
disease.®® The M1 macrophages release pro-inflammatory cytokines and chemokines, such as IL-1, IL-6, IL-8, IL-18, IL-

Drug Design, Development and Therapy 2024:18 heeps: 5939

Dove:


https://www.dovepress.com
https://www.dovepress.com

Liu et al Dove

12, IL-23, TIFN-y, inducible nitric oxide synthase, and reactive oxygen intermediates, which participate in acute
inflammatory responses and disrupt the intestinal mucosal barrier, as well as mediate cellular immunity and intervene
in disease prognosis.®*®> During intestinal injury, large amounts of neutrophils are rapidly recruited to the site of injury,
where they trigger the recruitment of other immune cells, consequently generating an over-immune response, which is
associated with the aggravation of intestinal inflammation and mucosal damage in the early stages of UC.%*®” In contrast,
macrophage polarization leads to the accumulation and release of various pro-inflammatory factors or regulatory anti-
inflammatory cytokines in the local intestinal segments of IBD lesions to exert biological effects.®® Studies have shown
that M2 macrophages primarily secreted anti-inflammatory factors, such as IL-10, transforming growth factor-f, and
arginase 1, which induced Th2-type immune response, suppressed inflammatory response, and promoted tissue repair and
tumor progression.®®

Several studies have shown that the active ingredients of POL could play a preventive and therapeutic role against the
onset, development, drug resistance, and other related processes of UC by modulating the inflammatory response and the
immune system (Figure 2C). Studies have found that quercetin, which was abundant in POL, could inhibit LPS-induced
production of IL-6, TNF-o, and IL-8, thus exerting an anti-inflammatory effect.®” Additionally, a study found that
quercetin treatment partially restored DSS-induced loss of epithelial integrity in C57BL/6 mice by inducing tight junction
proteins via AhR-mediated anti-inflammatory mechanisms. Moreover, quercetin restores innate and adaptive intestinal
immune system homeostasis by down-regulating neutrophil and macrophage activity and by shifting the Th17/ T-cell
(Treg) ratio in favour of the Treg subpopulation, respectively.”” Meanwhile, B-carotene exhibits anti-inflammatory
functions by inhibiting LPS-induced secretion of macrophage inflammatory factors, such as IL-1f, IL-6, and TNF-a,
via down-regulating the expression of NF-kB p65 protein in the NF-kB pathway.”' Myricetin exerts anti-inflammatory
effects in UC mice by increasing Treg proliferation, decreasing Th1 and Th17 cell proliferation, and promoting immune
cell homeostasis.”> Huang et al demonstrated that Oleracein E (OE) significantly increased catalase activity, decreased
myeloperoxidase (MPO) activity, and decreased IL-1pB, IL-6, and TNF-a levels in LPS-induced Caco-2 cells and 2,4,6-
trinitrobenzene sulfonic acid (TNBS)-induced UC rats.”® In addition, OE may reduce the level of oxidative stress by
activating the nuclear factor erythroid 2-related factor 2 (Nrf2)/heme oxygenase-1 pathway, thereby improving intestinal
mucosal barrier damage. Previous studies have found that genistein and lupeol mediated the anti-inflammatory effects
against IBD by promoting M1 to M2 polarization of macrophages. Intriguingly, lupeol promotes M1 to M2 polarization
of infiltrating macrophages by inhibiting IRF5 and possibly other transcription factors critical for M1-type polarization
via a specific receptor and down-stream signaling pathways, such as p38 MAPK.”*"* In addition, genistein flavonoids
reduce serum cytokine expression levels, reduce MPO activity, and significantly down-regulate COX-2 protein expres-
sion levels in TNBS-induced UC rats.”® Zhou et al found that POL might mediate its therapeutic effects against UC by
restoring Thl and Th2 homeostasis, which further led to a significant decrease in IFN-y expression and a significant
increase in IL-10 expression in the colon of TNBS-induced UC rats.”” Vanden Braber et al found that microencapsulated
genistein significantly attenuated intestinal inflammation and tissue damage in mice and restored the expression of IL-10,
which was a key factor in mucosal homeostasis.”®

Among the immunomodulatory factors, oxidative stress is considered to be one of the main mechanisms associated
with the pathophysiology of IBD.”® Studies have found that chronic intestinal inflammation was associated with the
overproduction of reactive oxygen and nitrogen species.®® Induced oxidative stress injury disrupts intracellular home-
ostasis, which may lead to intestinal flora disorders, dysregulated immune response, altered MBF, abnormal autophagy,

and intestinal fibrosis, thus further exacerbating intestinal inflammation.®'-*

Quercetin, a constituent of POL, protects
against indomethacin-induced oxidative stress and GI inflammation through its antioxidant and anti-inflammatory
properties.® Luteolin significantly attenuates disease activity index colon shortening, and histological damage in DSS-
induced UC mice by activating Nrf2-mediated antioxidant activity.**

A few studies found that POPs could regulate TNF-a/NF-«kB and IL-6/signal transducer and activator of transcription
3 (STAT3) signaling pathways and reduce soluble IL-6 receptor-alpha (sIL-6Ra) and glycoprotein 130 levels, as well as
colonic MPO and NF-«B levels in rats. Additionally, POPs can attenuate sIL-6Ra—IL-6-induced inflammatory responses;
inhibit p-STAT3, COX-2, and ikB-alpha expression; and inhibit CXC chemokine ligand 1 and its receptor CXC

chemokine receptor 2, thereby decreasing neutrophil recruitment to the inflammatory sites and reducing UC
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symptoms.®>** Ai et al found that API inhibited inflammation and inflammation-induced carcinogenesis under normal
conditions by regulating the STAT3/NF-kB signaling pathway.®

Bian Yifei found that the aqueous POL extract played an anti-inflammatory role by inhibiting the expression of
inflammatory factors, such as TNF-a, IL-1B, and IL-6, and TLR4/NF«kB pathway proteins. In addition, quercetin and
cannabinol, the active ingredients of POL, inhibit the expression of TLR4/NFkB/MAPK/STAT pathway proteins in LPS-
induced rat microvascular endothelial cells.””

A study reported that IL-17 levels in peripheral blood monocytes were associated with the severity of IBD.”' By
using cyberpharmacological analysis, Chen et al found that combination treatment with pannotoginseng and purslane
regulated the IL-17, TNF, and proteoglycan signaling pathways and exerted a preventive effect against the onset,
progression, and resistance of UC.”

Other Mechanisms of Action of POL in UC Treatment

Studies have found that the active components in POL exhibited anti-inflammatory effects by reducing the release of
inflammatory transmitters, such as TNF-a, by inhibiting MAPK.*** Zhang et al used network pharmacology to screen
10 active ingredients of POL, including arachidonic acid, B-sitosterol, kaempferol, luteolin, isobetaine, and quercetin, and
found 62 core targets, which were closely associated with cancer, viral infection, IBD, and immune regulation.
Additionally, the study found that 17 of core targets played a multi-targeted, multi-pathway role in alleviating UC
through anti-inflammatory, antioxidant, and cell proliferation and apoptosis regulation, including multidrug resistance-
associated protein 4, serum albumin, IFN gamma, inhibitor of NFkB kinase subunit alpha, MPO, nitric oxide synthase,
inducible, nuclear receptor subfamily 1 group I member 2, peroxisome proliferator-activated receptor gamma, TNF,
xanthine dehydrogenase/oxidase.”” Yang et al found that POP mediated UC treatment by regulating the TLR4/MyD88/
NF-kB signaling pathway in DSS-induced UC mice.”*

In experiments, some active ingredients of POL were found to be associated with the MAPK signaling pathway and
important inflammatory transmitters, such as TNF, IL-1f, IL-4, and IL-6. Additionally, the anti-inflammatory effects of
POL components, such as 1-carbomethoxy-f-carboline, luteolin, kaempferol, quercitrin, and cis-N- feruloyl-3’-methox-
ytyramine, were also confirmed in these studies.’®” Ma et al suggested that POL might mediate its therapeutic effects in
UC by regulating the mTOR signaling pathway based on network pharmacology analysis.” The mTOR is a serine/
threonine protein kinase consisting of mTORC1 complexes and mTORC2 complexes. The mTORC1 and mTORC2
complexes form a signaling pathway with other proteins, respectively, to regulate cell growth, proliferation, and survival,
as well as organismal growth and internal homeostasis based on external signals.'® Additionally, the mTOR signaling
pathway participates in autophagy, which is essential for UC pathogenesis.

Numerous studies have indicated that endoplasmic reticulum stress (ERS)-induced autophagy synergistically pro-
moted UC pathogenesis by targeting intestinal epithelial cells (IECs).'”" A study found that POL extracts attenuated
ERS-induced autophagy of IECs through the protein kinase R-like endoplasmic reticulum kinase/eukaryotic initiation
factor 2a0/Beclinl/microtubule-associated protein light chain 311 pathway, thereby mediating its therapeutic effects in
UC.'"? M10 significantly increases the number of CD8" and CD4" T lymphocytes and reduces macrophage phagocy-
tosis, thereby attenuating ERS-induced autophagy and apoptosis and preventing chronic inflammation and colorectal
tumorigenesis.'”> Melatonin slows the progression of UC-associated colorectal cancer by modulating autophagy and
Nrf2 signaling pathways.'®* Another study found that POL extract alleviated UC in mice by modulating inflammatory

response, apoptosis, and PPAR-y levels (Figure 2D). '0>1%¢

Clinical Studies of POL in UC Treatment

POL Monotherapy

Liu et al found that treatment with POL capsules (n = 6, 0.35 g/capsule, tid po) and traditional Chinese herbal colitis
enema solution rapidly alleviated clinical UC symptoms, repaired colonic mucosa, and reduced inflammatory response,
without any adverse reactions.'”’'°° Clinical observations revealed that this combination treatment was safer and more
effective than Sulfasalazine Tablets (91.42% vs 76.47).'"
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POL Compounds

Clinical studies have found that the combination of compound POL decoction (containing POL 150 g, Granatum 100 g,

Elaeagnus angustifolia Linn. 300 g, Cichorium intybus L. 20 g, etc.) and compound Rhizoma coptidis decoction could
obtain ideal therapeutic effects in the treatment of colitis, especially when consumed in the earlier stages of UC.''® Wang
et al found that a self-made POL decoction (containing POL 30 g, Sargentodoxa cuneata (Oliv). Rehd. and E. H. Wilson
in C. S. Sargent 20 g, Taraxacum mongolicum Hand.-Mazz. 10 g, Fraxini Cortex10 g, etc.) showed a cure rate of 80.5%
and a total effective rate of 95.1% when used as the primary treatment for 41 UC cases.''' These results suggest that this
formula is simple and easy to implement and is reliable for the treatment of mild and moderate chronic UC, with a low
rate of recurrence. Pan et al found that a POL decoction, POL as a sovereign medicine (containing POL 30 g, Hedyotis
diffusa 20 g, Codonopsis Radix 12 g, Poria 10 g, Atractylodes macrocephala 10 g, etc.) internal and POL enema showed
a total effective rate of 93.75% when used to treat 32 UC cases.''? A clinical study found that treatment with POL enema
alone showed a total effective rate of 84.21% in 38 UC cases.''> Another study found that Jingfang and Purslane
decoction (containing POL 30 g, Gentianae Macrophyllae Radix 30 g, Nepeta cataria L. 15 g, and Saposhnikoviae Radix
15 g) showed a total effective rate of 95.7% in 68 UC cases, suggesting that this prescription improves intestinal function
and has immunoregulatory and antibacterial effects.'"*

However, the existing clinical studies on POL monotherapy and its combination therapy in the treatment of UC are
small-scale, single-center studies. Therefore, more standardized, scientific, and rigorous clinical trials are needed to
provide evidence-based reports on the role of POL in UC treatment. In addition, previous studies have indicated that POL

had a certain degree of nephrotoxicity, making it necessary to standardize its optimal dosage in clinical applications.'"”

Conclusion

POL has a long history of use as food and medicine, and it shows significant efficacy in the treatment of UC. In addition
to inhibiting IEC apoptosis, POL inhibits the release of inflammatory factors and promotes colonic mucosal repair in UC
rats. TCM POL effectively improves the pathological state of intestinal mucosa in UC patients, thereby relieving their
clinical symptoms and promoting mucosal healing. This review summarizes the mechanisms of action and clinical
research progress of P. oleracea L. in the treatment of UC, indicating the novel targets and more effective treatment
modalities for UC. Despite these promising findings, further research is essential to optimize POL’s clinical application.
As a herbal medicine, POL is a chemical entity formed by the polymerization of multiple components, but the active
ingredients or active molecular groups of various herbs have not been clearly defined, the interactions between various
components in herbal medicines are not clear, and its toxic effects are of concern. In addition, clinical data describing the
mode of action of the naturally active compounds of POL are still lacking. Therefore, long-term clinical studies assessing
the safety and efficacy of POL as a potential treatment against UC remain necessary.
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