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Abstract: Chronic enteritis with inflammatory characteristics is a persistent and recurring inflammation of the intestinal tract,
resulting from a myriad of causative factors. Currently, the customary pharmacological treatments for inflammatory bowel dis-
ease (IBD) encompass aminosalicylic acid, glucocorticoids, antibiotics, and other pharmacological agents; however, many of
these agents elicit deleterious effects and do not provide a sustainable solution to the issue of recurring symptoms. Therefore, the
development of novel medicines for the prevention and cure of IBD holds vast importance. As crude drug constituents, single
components of conventional Chinese medicine have the potential to not just mimic their parent drugs but also circumvent the
knotty issues of complicated pharmacological ramifications and interpretation faced by their multi-component counterparts. As a
result, this write-up outlines the chemical attributes of different mono-constituents of traditional Chinese medicine, namely gin-
senoside, puerarin, glycyrrhizin, quercetin, and berberine, along with their exploration and employment in the treatment of IBD.
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Introduction

The traditional Chinese medicine (TCM) has a rich history and is
renowned for its unique approach to treating various ailments, in-
cluding enteritis. Enteritis, an inflammation of the intestines, of-
ten leads to discomfort and discomfort for patients. The applica-
tion of typical Chinese medicine monomers in the anti-inflam-
matory treatment of enteritis has garnered significant attention
due to their potential therapeutic benefits.

Inflammatory bowel disease (IBD) mainly refers to chronic, in-
flammatory diseases occurring in the gastrointestinal tract. There
are two subtypes of IBD: one is Ulcerative colitis (UC) and the
other is Crohn's disease (CD)™. The two subtypes are distin-
guished mainly by the location of the lesion. The lesion sites of
UC were mainly concentrated in the rectum and colon, and the
main clinical features were abdominal pain, diarrhea, intestinal
mucosal inflammation, and hematochezia™™. Compared with UC
and CD, UC and CD occur at any part of the gastrointestinal
tract, mainly at the end of the colon and ileum, and the clinical
symptoms are mainly abdominal pain, diarrhea, fever, anemia,
etc. With the rapid development of the global economy and sci-
ence and technology, young people's lives and work pressure
have increased dramatically. Poor living habits and poor diets
with high oil and fat further lead to the frequent occurrence of
IBD among young and middle-aged people in developed and

even developing countries®.,

# Correspondence: Juan Li. E-mail: lijuan@ihep.ac.cn. Address: CAS Key Laboratory for
Biomedical Effects of Nanomaterial and Nanosafety, Institute of High Energy Physics,
Chinese Academy of Science (CAS) Beijing 100049, China.

Received 11 January 2024; Revised 4 February 2024; Accepted 28 March 2024, Avail-
able Online 16 April 2024

DOI: 10.54457/DR.202401003

© The Author(s) 2024. This is an open access article under the CC BY 4.0 license (https:/
creativecommons.org/licenses/by/4.0/).

Enteritis-Associated Inflammation

IBD is an autoimmune ailment that displays protracted progres-
sion, frequent relapses, and arduous remission, constituting one
of the autonomous predispositions of colorectal carcinogenesis.
Hence, it fundamentally impairs the well-being of the afflicted in-
dividuals. In recent years, more and more scholars have begun to
explore the pathogenesis and inducement of IBD. Although cur-
rent studies cannot fully explain the specific pathogenesis of IBD,
a large number of research results show that the occurrence of
IBD mainly involves the following factors:

(1) Genetic factors: With the development of gene testing and
metabolomics, more and more scholars have begun to pay atten-
tion to the gene sequence associated with IBD and the role of
heredity in IBD™. Some studies have found that the CADI5
(NOD2) gene can lead to the occurrence of IBD in Asia. Mean-
while, recent studies have found that lung surface activity associ-
ated with protein D(SFTPD), HSP70-2, IL-23R, IL-8, TNFSF 15,
IRGM, and other genes are closely related to the occurrence of
IBD. At the same time, it was found that the region encoding the
human leukocyte antigen gene in chromosome 6 has obvious spe-
cificity in the genetic pathogenesis of IBD, and it was found that
the probability of developing IBD in the same family increases
with the closeness of the blood relationship.

(2) Environmental factors: Through epidemiological investiga-
tions and studies in various places, it is found that smoking, diet
structure, and habits are the most common environmental factors
that lead to IBD. Smoking: According to the study, smoking is
one of the biggest independent hazards of IBD, which can cause
further aggravation of the disease, increase the duration of the
disease and the number of attacks, and increase the risk of surgic-
al operation. The mechanism of action may be that carbon
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monoxide produced by smoking can damage the expansion of mi-
crovessels, resulting in intestinal tissue ischemia and chronic in-
flammation; Diet: Eating habits high in fat and cholesterol, as
well as irregular eating habits, increase the risk of IBD. In anim-
al studies, the risk of IBD increases with dietary intake of satur-
ated fatty acids.

(3) Other intestinal diseases and intestinal flora: The occur-
rence of IBD is often accompanied by the destruction of the in-
testinal barrier and the disruption of the balance of intestinal
flora. Therefore, changes in the composition and proportion of in-
testinal microorganisms can lead to the occurrence of IBD. At the
same time, studies have shown that increasing the content of pro-
biotics in the intestine and improving the microenvironment in
the intestine can alleviate the occurrence of IBD.

(4) Immune factors: The occurrence of IBD is closely related
to intestinal and intestinal mucosal immunity. Intestinal im-
munity is a complex immune defense system, in which the pres-
ence of intestinal mucosal barrier structure, intestinal-associated
lymphoid tissue, and intestinal mucosa can prevent the entry of
pathogenic microorganisms and other harmful substances, and
ensure the normal immune tolerance of the body. At the same
time, the innate and adaptive immunity of the intestine are closely
related to the occurrence of IBD. It is found that the decrease of
IL-22 + innate lymphoid cells (ILCs) in the mucosa can lead to
the occurrence of IBD. Meanwhile, studies have found that the
increase of Th17 cells in children patients is related to the occur-
rence of IBD. Th17 cells can promote the development of IBD by
releasing pro-inflammatory factors such as IL-17 and IL-22, and
promote the release of TNF-o and IL-6 by intestinal epithelial
cells and macrophages.

According to Traditional Chinese Medicine, the emergence of
inflammatory enteritis is not solely limited to the intestine; it also
holds a profound connection with the five visceral organs.
Among them, the spleen stands as the primary organ of dysfunc-
tion within the zang-fu system, maintaining a close association
with the remaining organs. The majority of spleen-related ail-
ments are attributed to dampness and heat, inappropriate dietary
habits, emotional distress, and excessive fatigue. The dampness is
considered endogenous, manifesting primarily through the stag-
nation of Qi, blood collagalories stasis, and even Zang-fu defi-
ciency.

The application of TCM in the IBD anti-inflammatory
treatment

In the clinical treatment of IBD, steroids, and antibiotics are
mainly used to alleviate the condition, and patients usually need
to take medication for life or even surgery. At the same time, the
use of steroids and antibiotics in clinical treatment not only eas-
ily leads to adverse reactions such as metabolic disorders and
obesity, but is also prone to drug resistance, toxic and side ef-
fects, antibiotic residues, and other problems, endangering public
health safety. With the deepening of relevant research, more and
more scholars have confirmed that natural products such as TCM
have extensive biological activities and can play a good role in
antibacterial™® and anti—inﬂammatory[4], anti-tumor, and treat-
ment of various systemic diseases'®. TCM disease prevention and

control is mainly based on the holistic and integrated treatment of
diseases through multi-component, multi-pharmacological ef-
fects, multi-target, and other TCM formulations. However, due to
the complex active ingredients of TCM, unclear pharmacological
effects, and low oral availability, the modernization and interna-
tionalization of TCM are seriously restricted”. Therefore, TCM
monomers with specific curative effects and a single active in-
gredient can be extracted from Chinese herbs. It has become an
effective alternative means to treat IBD.

This paper primarily adopts the viewpoint of TCM monomer
as listed in Table 1. Based on the research progress of the applic-
ation of TCM monomers in enteritis at home and abroad, the
chemical properties, effects, and mechanisms of TCM monomers
were introduced in this paper, providing a reference for promot-
ing the practical clinical application of TCM monomers in IBD.

Ginsenosides

Ginsenosides are important active ingredients in ginseng, belong-
ing to triterpenoids. Ginsenosides have been proven to have vari-
ous therapeutic effects such as anti-oxidation, anti-inflamma-
tion, anti-allergy, and anti-tumor. Ginsenosides are mainly di-
vided into Rh2™, Rb1, Rb2, Rg3, Re, CK, and so on according to
their structural differences”, among which ginsenosides Rg3 is
the first class of new anticancer drugs in China”'”. In the study of
IBD, it was found that ginsenosides Rg3 (20 mg/kg, 40 mg/kg)
could regulate the expression of Th1 and Th2 cells, inhibit the ex-
pression of TNF-a and IL-6-related cytokines, and promote the
expression of IL-10 cells. Studies have shown that ginsenoside
Rd can promote autophagy and explain NLRP-3 inflammasome
through the AMPK-ULK1-p62 signaling pathway, reduce the se-
cretion of IL-1P by macrophages, and inhibit the occurrence of
IBD. In the mouse IBD disease model, ginsenoside Rh2 was
found to promote TGF-P expression, increase mRNA expression
and protein phosphorylation of TGF- B receptor I, and signific-
antly increase the phosphorylation of downstream targets
SMAD?2 and SMAD3, inhibit the occurrence of enteritis, and in-
hibit the expression of TGF-B"!. The therapeutic effect of ginsen-
oside Rh2 was decreased. Ginsenosides Rd, Rbl, and CK can
also relieve intestinal tissue injury, inflammatory cell infiltration,
and pro-inflammatory factor release by regulating NF-kB and
MAPK signaling pathways™.

Glycyrrhizin
Glycyrrhiza uralensis Fisc, as the "king of medicines", has been
recorded in Chinese herbal medicine books in successive dyn-
asties. It has the effects of tonifying the spleen and qi, moisten-
ing the lungs relieving cough, clearing heat, and detoxifying™.

According to the chemical composition, licorice is divided in-
to: triterpenoids glycyrrhizic acid and glycyrrhetinic acid, flavon-
oids glycyrrhizin, glycyrrhizin flavones, alkaloids  tetrahy-
droquinoline compounds, and licorice extract is also listed as safe
and non-toxic substances by the US FDA. In IBD research, gly-
cyrrhizin and glycyrrhizin were studied more. Glycyrrhizin forms
a white crystalline powder, which has a special sweet taste and is
insoluble in oil. It can be dissolved in hot water and becomes
sticky after cooling.

Studies suggest that endoplasmic reticulum stress promotes ex-
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Table 1. Chemical formula of Chinese medicine monomer.

TCM Source Chemical Formula Structural Formula
HOQ
Hon, "'-.JOH
OH
Ginsenoside-Rg1 Ginseng CoH7,044 ’
HO'

Glycyrrhizic acid Glycyrrhiza uralensis Fisch C4He2046
Puerain Pueraria lobata Ci2H180+4
Baicalin Scutellaria baicalensis Georgi C,H5044
Juglone Walnut CioHsO;
Chlorogenic acid Lonicera japonica Thunb C16H1509
Berberine Coptis chinensis Franch CyH1sNO,

Note: In this table, we present the sources, chemical formulas, and structural formulas of the seven traditional Chinese medicine (TCM) monomers discussed in the paper. For
instance, berberine is derived from Coptis chinensis Franch with a chemical formula of C,,H;{NO,.

cessive activation of intestinal NF-kB, which in turn leads to im-
munoinflammatory injury and apoptosis of intestinal epithelial
cells, thus destroying the intestinal mucosal barrier and causing
IBD. Therefore, by using H,O, stimulation to establish the ERS

model of cells, glycyrrhizin was found to inhibit apoptosis caused

by hydrogen peroxide, and at the same time inhibit the decreased
expression of phosphorylated protein kinase-like ER kinase (p-
PERK) and NF-kB. In addition, glycyrrhizic acid can also inhibit
the abnormal expression of tight junction protein in intestinal epi-
thelial cells and promote the growth of mucosal cells.
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Puerarin

It is recorded in "On Febrile Diseases" that Gegen Qinlian decoc-
tion is often used for ulcerative colitis and diarrheal irritable
bowel syndrome of spleen and stomach damp-heat syndrome. Pu-
erarin is the main active ingredient and quality standard of puer-
aria in Chinese Pharmacopoeia. In mouse experiments, puerarin
can restore the change of colon length induced by DSS, reduce
the expression of IL-6, IL-1B, and TNF-a in serum, increase the
expression of intestinal epithelial cup cell compact linking pro-
tein (ZO-1) and Muc2, enhance the abundance of intestinal flora
in mice, improve diarrhea, relieve colitis, and improve the qual-
ity of intestinal flora. At the same time, puerarin can also play an
anti-inflammatory role in alleviating colitis by regulating trypto-
phan, niacin, lysine, and other metabolic pathways.

Baicalin

Baicalin (BG) is a kind of flavonoid chemical extracted from the
dried root of scutellaria baicalin. At room temperature, baicalin is
a pale yellow powder with a bitter taste! . The compound is al-
most insoluble in water but slightly soluble in chloroform and ni-
trobenzene. Baicalin has significant biological activity, which can
inhibit bacteria, reduce inflammation, clear heat, and relieve fire,
and has the effects of anti-thrombosis, hemostasis, fetal peace,
and cholesterol reduction’. Baicalin has been proven to play a
good role in the prevention and treatment of chronic migraine
diseases, rheumatoid arthritis, epilepsy, liver cancer, and other
diseases.

Studies on baicalin in IBD diseases have found that baicalin
(80 mg/kg) can relieve the decrease of body weight and change of
colon length in mice induced by DSS, and baicalin can effect-
ively reduce the expression of protein and mRNA in Fascin, an
actin-binding protein Fascin. Fascin Fascin has fascin as a can-
didate biomarker and a potential therapeutic target for multiple
cancers. The high expression of fascin can promote tumor inva-
sion and migration.

Therefore, this study believed that baicalin can effectively im-
prove colitis injury in mice and inhibit the occurrence of colon
cancer to a certain extent. In the study on the specific mechanism
of baicalin in enteritis, it has been found that baicalin can inhibit
the release of inflammatory factors, restore the intestinal flora
barrier, and alleviate the occurrence of IBD by regulating
MLCK/pMLC2 and MPD-NOD?2 signaling pathways'*..

Juglone

Juglone the scientific name 5-hydroxy-1, 4-naphthoquinone, is a
naphthoquinone compound extracted from the immature outer
peel of walnut and its isotope black walnut, easily soluble in eth-
anol, ether, and slightly soluble in hot water. It has antibacterial,
anti-tumor, antiviral, and other pharmacological activities'..

In vivo and in vitro experiments in animal models demon-
strated that juglone at a dose of 150 mg/kg can significantly re-
duce the expression levels of TNF-0, MPO, and TLR-4, inhibit
the expression of IL-1p and TNF-a, and improve the occurrence
of IBD by reducing inflammatory cytokines and neutrophil infilt-
ration.

Chlorogenic acid
Chlorogenic acid is one of the main antibacterial and antiviral

pharmacological components extracted from honeysuckle.
Chlorogenic acid is soluble in ethanol, and acetone is slightly sol-
uble in ethyl acetate!].

Chlorogenic acid has a wide range of biological activities,
which have been proven to be antibacterial, antiviral, blood pres-
sure lowering, blood lipid-lowering, anti-aging, and other func-
tions. Studies have shown that chlorogenic acid can inhibit the
expression of MLCK, inhibit the depolymerization of F-actin,
and at the same time, alleviate the damage of intestinal mucosal
barrier and relieve TNBS-induced enteritis by up-regulating the
expression of tight junction proteins Occludin and Claudin -1 on
the cell membrane!"”.

Berberine

Berberine is an alkaloid isolated from Coptis chinensis. It is the
main active component of Coptis chinensis antibacterial'”. Ber-
berine is a yellow needle-like crystal with a bitter taste!'". Berber-
ine is mainly absorbed in the gastrointestinal tract. Studies have
shown that after oral administration of 25 mg/kg berberine in rats
for 15 minutes, the maximum concentration of berberine is 16.74
ng/ml. The plasma concentration rapidly decreases within 12
hours but remains at an extremely low plasma concentration of
36 hours.

Berberine is one of the most commonly used traditional
Chinese medicine ingredients in the treatment of inflammatory
enteritis. It mainly treats enteritis through antibacterial, anti-in-
flammatory, analgesic, antioxidant, and protecting the intestinal
epithelial barrier. Firstly, the infection of harmful bacteria in the
intestine is a key factor in inducing IBD, and berberine, as a pos-
itively charged compound, can directly interact with LPS in the
bacterial cell wall and cell surface proteins, thereby interfering
with harmful bacterial metabolism. It can also inhibit bacterial
DNA replication, RNA transcription, and protein expression!”.
Secondly, in the TNBS-induced CD model, berberine can reduce
TNF by inhibiting the expression of Thl7-related cytokines- a-
The expression of IL-23 and IL-6 can also inhibit Th1 differenti-
ation by inhibiting p38 mitogen-activated protein kinase (MAPK)
and JNK activation”™. Meanwhile, berberine can alleviate pain
caused by IBD in patients, and research has shown that berberine
can pass through mouse m-berberine and mouse m-opioid recept-
ors (u- MOR and 6- The (DOR) dependent effect reverses the ex-
cessive movement, secretion, and pain induced by diarrhea in-
duced irritable bowel syndrome (IBS-D), and increases the ex-
pression of MOR and DOR in mouse gut and rat embryonic cor-
tical neurons'' "'\, At the same time, berberine has antioxidant ef-
fects, which can inhibit oxidative stress, increase the activity of
intracellular antioxidant enzymes, reduce the occurrence of intra-
cellular lipid peroxidation, and enhance the defense ability of an-
tioxidant enzymes™**".

In Fig. 1, we have mapped seven TCM monomers involved in
signaling pathways or targets in the treatment of enteritis. For ex-
ample, the main targets of Puerain are IL-6,IL-1p and TNF-o.

Conclusions and prospects
Inflammatory enteritis, as a disease that is difficult to cure, has a

long course, and the incidence is increasing in modern society,
which constantly troubles patients and clinical treatment. Al-
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Fig. 1. TCM commonly utilized in clinical treatment for IBD and their effective mechanisms of action.

though the amino acid hydrochlorate and steroid hormone used in
clinical medicine can alleviate the disease to a certain extent, the
side effects, complications, and threats to public health security
can not be ignored. TCM monomer has the advantages of clear
chemical structure, obvious efficacy, small toxicity, and low raw
materials, not only in inflammatory enteritis but also in other dis-
eases to show good disease resistance and broad application pro-
spects. Therefore, this paper presents the research progress of
seven TCM monomers including Ginsenosides in enteritis at
home and abroad. These seven traditional Chinese medicines all
show good disease resistance in animal disease models and have
a good effect in the treatment of enteritis. However, most tradi-
tional Chinese medicine monomers still lack practical clinical
studies, and sufficient clinical experimental data are needed to
evaluate the effectiveness of traditional Chinese medicine
monomers in the treatment of IBD. Therefore, it is hoped that
some scholars can conduct deeper studies on this.
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