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Abstract

BACKGROUND

The prevention and treatment of Hirschsprung-associated enterocolitis (HAEC) is a
serious challenge in pediatric surgery. Exploring the mechanism of HAEC is conducive

to the prevention of this disease.

AIM
To explore the possible mechanism of glycyrrhizic acid (GA) and its therapeutic effect
on HAEC.

METHODS
We developed a model of enteritis induced by trinitrobenzenesulfonic acid (TNBS) in
zebrafish, and treated it with different concentrations of GA. We analyzed the effect of

GA on the phenotype and inflammation of zebrafish.

RESULTS

After treatment with TNBS, the area of the intestinal lumen in zebrafish was
significantly increased, but the number of goblet cells in the intestinal lumen was
significantly reduced, but these did not increase the mortality of zebrafish, indicating
that the zebrafish enteritis model was successfully developed. Different concentrations
of GA protected zebrafish with enteritis. In particular, high concentrations of GA were
important for the prevention and control of HAEC because it significantly reduced the
intestinal luminal area, increased the number of goblet cells in the intestinal lumen, and

reduced the levels of interleukin (IL)-1p and IL-8.

CONCLUSION

GA significantly reduced the intestinal luminal area, increased the number of intestinal
goblet cells, and decreased IL-1f and IL-8 in zebrafish, and is important for prevention

and control of HAEC.
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Core Tip: As an important late-stage inflammatory mediator, high mobility group box 1
protein (HMGBI) is involved in the occurrence, development and outcome of many
chronic inflammatory diseases and autoimmune diseases. Glycyrrhizic acid (GA) is the
most widely used HMGBI inhibitor, which can directly bind to HMGBI1 and inhibit its
chemotactic and mitotic activity. Here, we constructed a zebrafish Hirschsprung-
associated enterocolitis (HAEC) model and used different concentrations of GA for
intervention. Through the intervention study, we understood the effects of HMGB1
inhibitors-GA on the phenotype and inflammatory state of HAEC zebrafish, and the

study results provided a new reference for the prevention and treatment of HAEC.

INTRODUCTION

Hirschsprung’s disease (HD), also known as congenital aganglionosis, is a congenital
disorder of intestinal motilitylll. Hirschsprung-associated enterocolitis (HAEC) is the
most common and most serious complications of HDI2l. The clinical manifestations of
HAEC are mainly hyperpyrexia, abdominal distension and foul-smelling watery stools.
In more serious cases, vomiting, intestinal bleeding, lethargy, and shock may occur(34.
The incidence of HAEC is reported to be 20%-58%, the recurrence rate is up to 50%, and
the case fatality rate is 1%-30%[5¢l. HAEC is a serious challenge in pediatric surgery, and
can occur and recur at any stage of human development from infancy to adulthood.

At present, the pathogenesis of HAEC is not clear. Previous studies have suggested

that HAEC is caused by mechanical obstruction from the proximal colon, and that
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HAEC occurs only in this position. However, in recent years, it was reported in studies
that up to 40% of children with HD still develop HAEC after definitive operation for
Hirsch-sprung disease. Histopathological studies have shown that HAEC can occur in
areas of the intestine with both ganglion and non-ganglion cells, and that there are
persistent inflammatory lesions in the intestine after enterostomy, indicating that the
lack of ganglion cells is not the only cause of HAEC/7?l. Current theories suggest that
the factors causing HAEC mainly include intestinal mechanical obstruction, intestinal
infection, intestinal mucosal barrier damage, increased activity of prostaglandin EI,
changes in mucin composition, and past medical history of HAEC. However, none of
these theories can fully explain the cause of HAEC. Hence, understanding the
mechanism or pathogenic signaling pathway of HAEC and interrupting activation of
that pathway may be an effective way to prevent and treat HAEC.

High mobility group box 1 (HMGB1) is a highly conserved non-histone nuclear
protein prevalent in eukaryotic cells. The amino acid sequence homology between
human and rodents is 98 %[10l. Toll-like receptor 4 (TLR4) is not only a signal of danger
released by the body to recognize microbial infection, inflammation or damage in
intestine, but an important pattern recognition receptor that mediates innate immunity
and induces adaptive immunity. Its role in the inflammatory response of intestinal
tissue has attracted much attention, but its mechanism and regulation have yet to be
studied1112]. In recent years, studies have found that HMGBI1 is an important mediator
of inflammation involved in the occurrence and development of many chronic
inflammatory and autoimmune diseases. One of the key endogenous ligands of TLR4
regulates the inflammation and abnormal immune response mediated by the TLR4
signaling pathwayl'>4], TLR4 plays an important role in the occurrence and
development of enteritis, but what role it plays and whether regulating the
HMGB1/TLR4 pathway can improve the chronic inflammatory response of the
intestine has rarely been reported[!317]. In order to understand the relationship between
the HMGB1/TLR4 pathway and HAEC, we used glycyrrhizic acid (GA), an inhibitor of
HMGB], to explore the role and possible mechanisms of HMGB1 in HAEC, with the
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aim of providing a theoretical and experimental basis for the prevention and treatment

of HAEC.

MATERIALS AND METHODS

Experimental materials

AB type wild zebrafish were purchased from the China Zebrafish Resource Center;
Alcian blue solution from Shanghai Aladdin Biochemical Technology Co. Ltd; GA
ammonium salt from Shanghai Yuanye Biotechnology Co. Ltd; dimethyl sulfoxide
(DMSO) from Beijing Solarbio Science & Technology Co. Ltd; trinitrobenzenesulfonic
acid (TNBS) from Dalian Meilunbio Co. Ltd; NaCl, KCl, calcium chloride dihydrate and
magnesium sulfate heptahydrate from Sinopharm Chemical Reagent Co. Ltd;
refrigerator by Qingdao Haier Co. Ltd; light incubator from Shanghai Yiheng Scientific
Instrument Co. Ltd; pipette from Eppendorf; stereo microscope and stereo fluorescence

microscope from Nikon.

Construction of TNBS model

CZ59 and CZ1211ret type adult zebrafish were selected for mating, and 3 d post-
fertilization (dpf) zebrafish embryos were obtained. Healthy zebrafish embryos with
fluorescent phenotype were selected and incubated in embryo medium supplemented
with 75 pg/mL TNBS for 5 d. Finally, 8 dpf zebrafish with enteritis were obtained. This

study was approved by Institutional Animal Care and Use Ethics Committee.

Alcian blue staining

First, larvae were anesthetized, and fixed in 4% paraformaldehyde (PFA) for 12 h at 4
°C in a refrigerator. We removed PFA, and soaked the larvae in a mixture of 0.5 mL
0.5% KOH and 3% H>O: for 2 h, and washed three times with 0.5 mL phosphate buffer
solution-tween-20 (PBST). The larvae were washed with acid alcohol and stained with
Alcian blue for 24 h. Larvae were washed three times with acid alcohol. Lastly, they
were washed once with 75% alcohol, 50% alcohol, 25% alcohol, and PBS.
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GA administration

Eight days post-fertilization, zebrafish with enteritis were divided into different groups
and placed in Petri dishes. They were treated with different concentrations of GA for 3
d (from 8 to 11 dpf) and dressing was changed every day. The grouping was performed
according to the pre experimental results, as follows: (1) Model control group (DMSO)
included 50 zebrafish in two Petri dishes; (2) Research group with low concentration of
GA (DMSO + 1.25 pg/mL GA) included 50 zebrafish in two Petri dishes; (3) Research
group with medium concentration of GA (DMSO + 12.5 pg/mL GA) included 50
zebrafish in two Petri dishes; (4) Research group with high concentration of GA (DMSO
+ 50 pg/mL GA) included 50 zebrafish in two Petri dishes; and (5) Blank control group
(E3 solution) included 50 zebrafish in two Petri dishes.

The following solutions were prepared for each group as follows. Research group
with high concentration of GA: 10 mg GA ammonium salt was added to 500 mL DMSO
for solution 1, and 60 pL solution 1 was added to 24 mL E3. Research group with
medium concentration of GA: 100 mL solution 1 was added to 300 mL DMSO for
solution 2, and 60 pL solution 2 was added to 24 mL E3. Research group with low
concentration of GA: 40 mL solution 2 was added to 360 mL DMSO for solution 3, and
60 pL solution 3 was added to 24 mL E3. Model control group: 60 pL DMSO was mixed
with 24 mL E3. Blank control group: 24 mL E3.

Counting and photography of different phenotypes after GA administration

After 3 d of GA administration, each group of zebrafish was divided into two
categories: Normal phenotype and intestinal lumen enlargement according to the
degree of malformation, and the proportion of different phenotypes in each group was
counted. The intestinal lumen of zebrafish was photographed using a stereo microscope
and stereo fluorescence microscope. The intestinal luminal area of each zebrafish was
calculated, and the number of fluorescent neutrophils and fluorescence intensity in the

same area were identified.
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Photography of goblet cells of the intestine stained with Alcian blue solution after GA
administration

Collection of zebrafish for research: 10 larvae were selected from each group. Alcian
blue staining: Selected larvae were anesthetized and fixed in 4% PFA at 4 °C for 24 h.
We removed PFA, and soaked the larvae in a mixture of 0.5 mL 0.5% KOH and 3%
H>O; for 2 h. We washed the larvae three times with PBST. After addition of 200 pL
acidic alcohol and an equal amount of Alcian blue solution, the larvae were incubated
overnight at 4 °C. The larvae were washed again three times with PBST. Photography
and counting: The goblet cells were stained with Alcian blue solution, and the number

was counted to determine the damage to the intestinal mucosa.

Preliminary analysis of the effect of GA on zebrafish with HAEC by transcriptoine
sequencing

Baby fish were collected after 3 d of GA treatment. Altogether 16 tubes of fish were
collected, with four tubes from each group and 10 fish in each tube. Beads and 500 pL
Trizol were added to three tubes of each group. The total RNA of the fish was extracted,
and the concentration of total RNA was measured. Quantitative polymerase chain

reaction (QPCR) was used to analyze expression of genes of interest.

Statistical analysis

The area and fluorescence intensity of the intestinal lumen were analyzed using Image J
software. GraphPad Prism 8 software was used for data analysis. One-way ANOVA
was used to compare the means of groups. P < 0.05 indicated statistically significant

differences.

RESULTS
Observation of phenotypes of control group and zebrafish exposed to TNBS
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By observing the phenotypes of zebrafish in the control group and research group,
compared with the former, the area of the intestinal lumen of the latter was increased
(Figure 1A). The area of the intestinal lumen of the two groups of zebrafish was

significantly different (Figure 1B) (P < 0.05).

Mortality of zebrafish in the research and control groups
There was no significant difference in mortality between the research and control
groups, and the survival rate of zebrafish was not increase after being exposed to TNBS

(Figure 2). A concentration of 75 pg/mL TNBS was safe.

Comparison of the number of goblet cells in the intestinal lumen of zebrafish
Compared with zebrafish in the control group, the research groups had a significantly

increased number of goblet cells in the intestinal lumen (P < 0.05) (Figures 3A and 3B).

Proportion of two phenotypes in zebrafish of all groups

After 3 d of GA administration, the phenotypes in each group were divided into two
categories according to the degree of malformation: Normal phenotype and intestinal
luminal enlargement (Figures 4A and 4B). The proportion of phenotypes in each group
is shown in Table 2. Comparison between the blank control and model control groups
revealed that TNBS induced colitis in zebrafish (Figure 4C). It can be seen from the
DMSO + 50 pg/mL GA group that GA had a protective effect against TNBS-induced

colitis.

Photography of intestinal lumen of zebrafish after GA administration using stereo and
stereo fluorescence microscopy

After 3 d of GA administration, the intestinal lumen of zebrafish was photographed
using stereo and stereo fluorescence microscopes (Figure 5A), and the number of
fluorescent neutrophils and fluorescence intensity in the same area were identified. The

area of the intestinal lumen of zebrafish in the blank control group was substantially
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different from that of zebrafish in the model control group (P = 0.0024), indicating that
TNBS induced colitis in zebrafish (Figure 5B). Comparison between the research group
with a medium concentration of GA (P = 0.0292) and the research group with a high
concentration of GA (P < 0.0001) revealed that GA had a protective effect against TNBS-
induced colitis. No difference was found in the number of fluorescent neutrophils and

fluorescence intensity in the intestinal lumen of zebrafish of all groups (Figures 5C and

5D).

Alcian blue staining of zebrafish after GA administration

After 3 d of GA administration, the zebrafish were stained with Alcian blue solution
(Figure 6A). The number of goblet cells in the intestinal lumen of zebrafish was
counted. There was a significant difference in the number of goblet cells in the intestinal
lumen of zebrafish in the blank control group (P < 0.0001) and the model control group,
indicating that TNBS induced colitis in zebrafish (Figure 6B). Comparison between the
model control group and research groups with low, medium and high concentrations of
GA (P = 0.0449, P = 0.0104, and P = 0.0003, respectively) showed that GA had a
protective effect against TNBS-induced colitis, which was significantly embodied in the

research group with high concentration of GA.

Preliminary analysis of the effect of GA on zebrafish with HAEC by transcriptoine
sequencing

Baby fish were collected after 3 d of GA administration. The total RNA of the fish was
extracted, and the concentration measured. qPCR was used to analyze expression of the

genes of interest.

Quality test of RNA extracted from larvae after 3 d of GA administration

The concentration of RNA extracted from larvae after 3 d of GA administration was
214584 ng/pL (blank control group), 451.88 ng/pL (model control group), 374.74
ng/pL (DMSO + 1.25 pg/mL GA group), 140.052 ng/pL (DMSO + 12.5 pg/mL GA
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group), and 139.372 ng/pL (DMSO + 50 pg/mL GA). A260/A280 ratio was over 1.8,
which indicated that the RNA was pure. According to the electrophoresis results
(Figure 7), two RNA bands were observed. RNA was not degraded and it was pure.

Therefore, subsequent experiments were performed.

Gene expression detected by qPCR after 3 d of GA administration

There was a significant difference in the expression of IL-1p between the blank control
group (P = 0.0005) and model control group, indicating that TNBS induced colitis in
zebrafish (Figures 8A and 8B). Significant differences in the expression of IL-1p were
also found between the model control group and research groups with low, medium
and high concentrations of GA (P = 0.0259, P = 0.0021, and P = 0.0161, respectively),
which revealed that GA had a protective effect against TNBS-induced colitis. There was
a significant difference in the expression of IL-8 between the blank control group (P =
0.0440) and the model control group, indicating that TNBS was able to induce colitis in
zebrafish (Figures 8C and 8D). Significant differences in the expression level of IL-8
were also found between the model control group and research groups with low,
medium and high concentrations of GA (P = 0.0023, P = 0.0045, and P = 0.0004,
respectively), which suggested that GA had a protective effect against TNBS-induced

colitis.

DISCUSSION

HAEC is a complication that can occur both preoperatively and postoperatively, and is
a common cause of death in children with HD. With the deepening of research on
HAEC, the main theories on its etiology have gradually transitioned from mechanical
obstruction, infection, and mucin abnormalities to intestinal mucosal
immunodeficiency, damaged defense barriers, and abnormal gene expression, but there
is still no clear explanation of its pathogenesis!’820l. As a protein widely distributed in
the nucleus, HMGBI1, under normal conditions, plays a role in the replication,

transcription, recombination and repair of DNA to maintain the structural stability of
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the nucleosomes/?!l. When stimulated by inflammatory mediators, HMGBI1 is actively
secreted by immune cells such as mononuclear phagocytes and neutrophils, and the
damaged and dead cells also passively release HMGB1 extracellularly/?2l. Extracellular
HMGBI binds to corresponding cell surface receptors and exerts biological effects.
TLR4 is a transmembrane receptor in the immune system that activates downstream
signaling molecules (for example, nuclear factor-kB) by recognizing pathogen-
associated molecular patterns, and eventually release inflammatory factors like IL-1p[23],

The human gastrointestinal neuroendocrine regulatory system consists of two parts:
The intestinal endocrine cells and the enteric nervous system. Intestinal endocrine cells
make up 1% of all intestinal cells and can produce large amounts of hormones/ peptides
with at least 15 species. These hormones act through cells, neurons, blood, or synaptic
transmission. The enteric nervous system is regulated by the central nervous system
and the autonomic nervous system, which regulates intestinal homeostasis by its
interaction with endocrine cellsl?!l. Zebrafish have a similar intestinal structure with
enteric nervous system and intestinal endocrine cells. Depending on the morphology
and gene expression, the intestines of zebrafish can be divided into foregut, midgut and
hindgut. The intestinal nerve cells of zebrafish are present between the circular and
longitudinal muscle layer. There are finger-like cellular protrusions (also called
filopodia) in the intestine of zebrafish!?], which consist of various types of differentiated
intestinal cells, such as enterocytes, intestinal goblet cells, and intestinal endocrine
cellsi?®l. In this study, a TNBS-induced enteritis model in zebrafish was constructed in
order to explore the relationship between the HMGB1/TLR4 pathway and HAEC.

The regulation of HMGBI1 to intervene in the occurrence and development of
HMGB1-associated diseases has become a research hotspot. Inhibitors of HMGB1 such
as HMGB1 A-Box, ethyl pyruvate, and GA can interfere with the expression and
function of HMGBI in different waysl?2, which provides a new strategy for the
prevention and treatment of HMGBI1-related diseases. GA is one of the most effective
HMGBI inhibitors(??l. Niu et all3! have reported that GA can slow the progression of
black lung by regulating HMGB1. Zhang et allPll scholars have found that GA can
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alleviate lung inflammation and fibrosis in mice. In addition, another study showed that
derivatives of GA also have significant anti-inflammatory activity[32. In this study, by
constructing a TNBS-induced enteritis model in zebrafish and treating them with GA,
we found that different concentrations of GA had protective effects against TNBS-
induced enteritis, which was shown by the reduced intestinal luminal area of zebrafish
and increased number of goblet cells in the intestinal lumen. qPCR showed that GA
reduced the levels of IL-1p and IL-8 in zebrafish, which is similar to the results of Zhou
et all®], who showed that GA reduced IL-1P level in patients with osteoarthritis, thereby

alleviating inflammation.

CONCLUSION

The prevention and treatment of HAEC is a serious challenge in pediatric surgery.
Exploring the mechanism of HAEC is conducive to the prevention of this disease. In
this study, a TNBS-induced enteritis model in zebrafish was developed, and zebrafish
were treated with different concentrations of GA. The effects of GA on the phenotype
and inflammation of zebrafish were analyzed, and showed that different concentrations
of GA had a protective effect on zebrafish with enteritis. In particular, high
concentrations of GA significantly reduced the intestinal luminal area of zebrafish,
increased the number of goblet cells in the intestinal lumen, and reduced the levels of
IL-1p and IL-8. These findings provide a theoretical and experimental basis for the

prevention and treatment of HAEC.

ARTICLE HIGHLIGHTS

Research background

Hirschsprung’s disease (HD)-associated enterocolitis (HAEC) is the most common and
serious complication of HD. The intestinal structure of zebrafish is similar to that of
humans. The zebrafish model can effectively fill the gap between in vitro and
mammalian experiments, and improve the existing drug research and development

process.
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Research motivation
At present, the pathogenesis of HAEC is not clear. Therefore, clarifying the pathogenic
mechanism or characteristic pathogenic pathway of HAEC and blocking the vicious

cycle of the pathogenic pathway may be an effective way to prevent and treat HAEC.

Research objectives
This study aimed to explore the therapeutic effect and possible mechanism of action of
glycyrrhizic acid (GA) on HAEC, and provide an important theoretical and

experimental basis for the prevention and treatment of HAEC.

Research methods

In this study, fish fry at 3 d post-fertilization (dpf) were treated with trinitrobenzene
sulfonic acid (TNBS), and 8 dpf enteritis model fish were obtained after 5 d of
continuous treatment between 8 and 11 dpf, and changed daily for 3 d. To analyze the
effect of GA on the phenotype and inflammatory status of zebrafish, zebrafish can be
divided into normal phenotype and intestinal enlargement phenotype according to

malformation.

Research results

In zebrafish, the intestinal luminal area of TNBS-treated zebrafish was increased
compared with that of TNBS-untreated zebrafish. Although TNBS increased the
number of goblet cells in the intestinal lumen and promoted intestinal inflammation,
TNBS treatment did not decrease the survival rate of zebrafish. After GA treatment, the
intestinal luminal area, number of goblet cells in the intestinal lumen, and levels of

interleukin (IL)-1p and IL-8 were significantly changed.

Research conclusions
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TNBS was used to construct a zebrafish enteritis model, and different concentrations of
GA were used to treat enteritis. In the analysis of the effects of GA on the phenotype
and inflammatory state of zebrafish, different concentrations of GA had protective

effects on zebrafish with enteritis.

Research perspectives
The protective effect of GA on zebrafish enteritis was confirmed, but its specific

mechanism still needs to be further explored.
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