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Acute radiation enteritis (ARE) is a common complication with radiotherapy for pelvic and abdominal malignancy. This research is
designed to investigate the efficacy of Tong-Xie-Yao-Fang (TXYF) on ARE and to explore the underlying mechanisms by
microarray analysis. The ARE rat model was established by a single abdominal irradiation with a gamma-ray dose of 10Gy.
Next, the ARE rats were treated with distilled water, TXYF, and glutamine by gavage for 7 consecutive days according to the
scheduled groups. For each group, the jejunal tissue was taken at 6 h after gastric lavage. The morphology of intestinal tissue was
observed by hematoxylin and eosin (H&E) stain under a light microscope. The height of the villus and the thickness of the
whole layer of the TXYF-treated groups were significantly ameliorative than that of the model control group. The transcriptome
analysis was produced using the Agilent SurePrint G3 Rat GE V2.0 microarray. A total of 90 differentially expressed genes
(DEGs), including 48 upregulated genes and 42 downregulated genes, were identified by microarray and bioinformatics analysis.
Protein–protein interaction (PPI), Gene Ontology (GO), and Kyoto Encyclopedia of Genes and Genomes (KEGG) were
conducted to explore the possible mechanisms of DEGs taking part in the TXYF-mediated therapeutic process for ARE. In
conclusion, we reveal that TXYF has a protective effect on the intestinal tissue of rats with ARE and summarize several DEGs,
suggesting the possible mechanisms of TXYF-mediated efficacy for ARE.

1. Introduction

In recent years, the clinical consensus for radiation ther-
apy of tumors has been reached, and treatment is stan-
dardized gradually [1, 2]. However, with the growing
incidence of tumors and the increasing popularity of radio-
therapy, increasing numbers of patients inevitably develop
acute radiation enteritis (ARE) after radiation therapy for
pelvic and abdominal malignancies [3]. ARE is a common
intestinal complication during and after radiotherapy for
abdominal and pelvic malignancies. Clinical manifestations

of ARE commonly include abdominal pain, diarrhea, bloody
stool, even sepsis, systemic inflammation, and multiple organ
dysfunction syndromes, threatening patients’ lives [4, 5].
However, there is no standardized treatment for ARE, and
symptomatic support is the main treatment at present.

Although western medicine treatment can achieve cer-
tain effects in clinical practice, the overall effect is still not sat-
isfactory. As one of China’s traditional medical treasure
houses, traditional Chinese medicine has unique advantages
in the treatment of gastrointestinal diseases [6–8]. Tong-
Xie-Yao-Fang (TXYF) is one of the classic prescriptions of
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traditional Chinese medicine, which consists of four herbal
drugs: Rhizoma Atractylodis Macrocephalae, Radix Paeoniae
Alba, Pericarpium Citri Reticulatae, and Radix Saposhniko-
viae. This prescription has been widely applied to clinical
treatment for gastrointestinal diseases in China, including
rectal ulcer syndrome and irritable bowel syndrome [9–11].
Li et al. applied the UPLC-MS/MS method to identify eleven
bioactive components of TXYF, including 1 lactone, 2 mono-
terpene glucosides, 1 alkaloid, 5 flavonoids, and 2 chro-
mones, revealing the pharmacological mechanism of TXYF
[12]. However, whether TXYF has efficacy on ARE and its
potential mechanisms remain largely unclear.

In this study, we established a physiologically relevant
ARE rat model and observed the efficacy of TXYF on ARE
by evaluating the pathological morphology of the small intes-
tinal mucosa after irradiation and treatment. We further
explore the potential mechanisms of TXYF treating ARE
based on transcriptome analysis and bioinformatics analysis.

2. Methods and Materials

2.1. Reagents and Instruments. TXYF was prepared with Rhi-
zoma Atractylodis Macrocephalae, Radix Paeoniae Alba,
Pericarpium Citri Reticulatae, and Radix Saposhnikoviae,
which were purchased from theWuxi Hospital of Traditional
Chinese Medicine and composed in 6 : 4 : 3 : 2 proportions.
Raw components were soaked in a 10 times volume of dis-
tilled water for 0.5 h and boiled twice, first for 1.5 h and then
for 1 h. Two of the boiled ingredients were filtered, mixed
together, and concentrated in a 1 : 1 ratio (100% concentra-
tion) and stored at 4°C for later use. TXYF was diluted in dis-
tilled water to a concentration of 4.92 g/mL and stored at
room temperature before use.

The following reagents were used: glutamine (ST083;
Beyotime Biotechnology, China), PBS buffer (C0221A; Beyo-
time Biotechnology, China), and distilled water (GB19298;
Watsons, China). The following instruments were used: lin-
ear accelerator (Elekta, Sweden), light microscope (Nikon,
Japan), and histotome (LEICA, Germany).

2.2. Animal Model. Forty-eight Sprague-Dawley (SD) male
rats weighing 200-220 g (NO.201805475) were purchased
from Changzhou Cavens Animal Co. Ltd (Changzhou,
China). All rats were housed in Animal Experiment Center
of Wuxi People’s Hospital (SYXK(SU)2015-0004) main-
tained at constant temperature and humidity with a 12/12 h
light/dark cycle according to the guidelines established by
the Animal Core Facility of Nanjing Medical University. A
total of 48 SD rats were randomly divided into four groups:
A-D. Group A (n = 12) was given no treatment, while group
B (n = 12), group C (n = 12), and group D (n = 12) under-
went the whole abdominal irradiation at a single dose of
10Gy. On the day 1 after irradiation, group A and group B
were given distilled water, while group C was given TXYF
(4.92 g/100 g) and group D were given glutamine
(0.3 g/100 g) by gavage for 7 consecutive days. The volume
of medicine was 2mL/100 g/d, and the same volume of dis-
tilled water was given to groups A and B. The rats were
euthanized by an excessive overdose of anesthetic sodium

pentobarbital injection. For each group, the jejunal tissue
was taken at 6 h after gastric lavage, and the morphology of
intestinal tissue was observed by hematoxylin and eosin
(H&E) staining (KenGEN BioTECH, Nanjing, China) under
a light microscope. Three sections extracted from each sam-
ples were checked. The sections were independently evalu-
ated by two pathologists. All experimental procedures were
approved by the Supervisory Committee of Nanjing Medical
University Animal Council.

2.3. RNA Extraction and Microarray Scanning. Three sam-
ples were extracted randomly from groups B and C,
respectively. Total RNA was extracted from these six jeju-
nal tissue samples by using the mirVana™ isolation kit
(Ambion, Austin, TX, USA), quantified by the NanoDrop
ND-2000 (Thermo Scientific), and the RNA integrity was
assessed using Agilent Bioanalyzer 2100 (Agilent Technolo-
gies). The sample labeling, microarray hybridization, and
washing were performed based on the manufacturer’s stan-
dard protocols. Briefly, total RNA was transcribed to
double-strand cDNA, then synthesized into cRNA, and
labeled with Cyanine-3-CTP (OE BioTECH, Shanghai,
China). The labeled cRNAs were hybridized onto the Agilent
SurePrint G3 Rat GE V2.0 microarray. After washing, the
arrays were scanned by the Agilent Scanner G2505C (Agilent
Technologies).

2.4. Microarray Data Analysis. Feature extraction (ver-
sion10.7.1.1, Agilent Technologies) was used to analyze array
images to get raw data. GeneSpring (version13.1, Agilent
Technologies) was employed to finish the basic analysis with
the raw data. To begin with, the raw data were normalized
with the quantile algorithm. The probes that at least 100%
of the values in any 1 out of all conditions have flags in
“Detected” were chosen for further data analysis. Differential
probes were then identified through fold change (FC) as well
as P value calculated with t-test. The threshold set for up- and
downregulated genes was the FC ≥ 1:5 and the P value ≤ 0.05.
Afterward, hierarchical clustering was performed to display
the distinguishable probes’ expression pattern among sam-
ples. Finally, Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) analysis were applied to
determine the roles of differentially expressed genes (DEGs)
according to differential probes.

2.5. Protein–Protein Interaction (PPI) Network Construction.
The protein–protein interaction (PPI) network was con-
structed using the STRING database (https://string-db.org/)
to load all the DEGs [13]. For all other parameters, the
default settings were used. ∗.tsv format network files were
loaded into the plug-in cytoHubba based on the Cytoscape
software [14]. We defined the top 5 genes with the highest
prediction scores calculated by the MCC algorithm. Besides,
the network diagram of PPI was visualized with Cytoscape.

2.6. Statistical Analysis. All statistical analyses were per-
formed on IBM SPSS Statistics 25.0. Most of the data were
analyzed by Student’s t-test or one-way ANOVA followed
by Tukey’s test. All data are presented asmeans ± SDs of five
independent experiments if not noted. For all analyses,
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differences were considered statistically significant if P values
were less than 0.05.

3. Results

3.1. Establishment of the Rat Model for Irradiation-Induced
Acute Radiation Enteritis. There was no significant difference
in the mental state and food intake of the rats in each group
before irradiation. On the day 2 after irradiation, the rats in
groups B, C, and D had worse mental states and less food
intake than those in group A. Besides, ARE rats showed obvi-
ous diarrhea, while the control rats continued to defecate
normally. For each group, the jejunal tissue was taken at 6 h
after last gastric lavage, and H&E staining revealed dramatic
destruction in the intestinal of irradiated animals, whereas
the intestinal structure of control rats kept normal
(Figures 1(b) and 1(c)). Further quantitative analysis con-
firmed the successful establishment of the ARE rat model.
Compared with control rats, ARE rats receiving no treat-
ments exhibited significant decreasing in villus height, crypt
depth, mucosa, and full thickness (Figures 2(a)–2(d)). All
these results confirmed the occurrence of ARE in rats from
group B.

3.2. Efficacy of Tong-Xie-Yao-Fang on Acute Radiation
Enteritis. As we described before, on the day 2 after irradia-
tion, the rats in groups B, C, and D had worse mental states
and less food intake than compared with group A rats. On
the day 1 after irradiation, group A and group B were given
distilled water, while group C was given TXYF and group D
was given glutamine by gavage for 7 consecutive days. Gluta-
mine is an effective drug for ARE in both clinical practice and
laboratory according to previous publications [15, 16]. On
the day 7 after irradiation, the above symptoms of the rats

in group B still existed and no improvement was exhibited;
moreover, one rat died on day 3. However, the mental status
and the response to the outside of rats from groups C and D
were improved, and food intake was increased. H&E staining
and quantitative analysis confirmed significant increase in
the villus height and the full thickness in TXYF-treated rats,
although depth of crypt and thickness of mucosa had no
notable difference (Figures 1(b), 1(c), and 2(a)–2(d)). To
conclude, these findings suggested that TXYF has obvious
efficacy on ARE in vivo.

3.3. Quality Control of Microarray Analysis. To explore the
potential mechanism of TXYF-mediated efficacy for ARE,
we next performed transcriptome analysis of jejunal tissues
from groups B and C. Before the subsequent analysis, we
applied the relative logarithmic expression (RLE) boxplots
and principal component analysis (PCA) to control the qual-
ity of the microarray data. RLE boxplots revealed the symme-
try of the data was good, suggesting the quality of total RNA
was reliable (Figure S1). Through PCA analysis, the
distribution of samples was examined to verify the
rationality of the experimental design and the uniformity of
biological duplicate samples. As shown in Figure 3, samples
from the same group are distributed closely in the two-
dimensional (Figure 3(a)) or three-dimensional space
(Figure 3(b)), suggesting samples involved in this research
were representative and biological repetitive.

3.4. Identification of Differentially Expressed Genes. DEGs
were applied to Student’s t-test at univariate to check the dif-
ferential expression levels. We totally identified 115 differen-
tial probes with the FC ≥ 1:5 and the P value ≤ 0.05 as
potential candidates accounting for TXYF-induced efficacy
(Figures 4(a) and 4(b)). The heatmap of hierarchical

Normal group

(a)

ARE group

(b)

ARE+TXYF group

(c)

ARE+glutamine group

(d)

Figure 1: Difference in bowel morphology between four groups. Themorphology (×100) of intestinal tissue was observed by hematoxylin and
eosin (H&E) stain under a light microscope after seven days of irradiation. (a) Normal group; (b) acute radiation enteritis group; (c) ARE rats
treated with TXYF group; and (d) ARE rats treated with glutamine group. Bar = 100 μm.
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Figure 2: Quantitative analysis of bowel morphology changes between four groups. Bowel morphology changes of forty-eight rats were
analyzed by quantitative count. (a) Height of villus; (b) crypt depth; (c) mucosal thickness; and (d) intestine wall thickness.
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Figure 3: PCA score plots based on the microarray data. The distribution of DEGs for the samples from groups B and C in PCA. (a) The
distribution in two-dimensional space. (b) The distribution in three-dimensional space.
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clustering analysis was a useful tool to reveal the expression
differences of differential probes intuitively. We can see the
similarity of the differential probes abundance profiles
(Figure 4(c)), exhibiting a satisfactory discriminatory value
between the two groups. A total of 115 differential probes
corresponded to 90 functional DEGs, including 48 upregu-
lated probes and 42 downregulated probes. The list of 90
DEGs was shown in Table S1.

3.5. Protein–Protein Network Construction and Enrichment
Analysis.We searched those 90 DEGs in STRING and visual-
ized the network using Cytoscape (Figure 5(a)). Based on the
MCC algorithm, we extracted the top five genes (Alas2,

Hba1, Hba2, LOC689064, and Hbb-b1) showing the closest
connections with other genes, and Alas2 showed the closest
connections (Figure 5(b)).

GO enrichment analysis was next performed to predict
the functional roles of DEGs based on three aspects including
biological processes (BP), molecular functions (MF), and cel-
lular components (CC). Several functional roles of both
upregulated genes (Figure 6(a), Table S2) and
downregulated genes (Figure 6(b), Table S3) were
uncovered. With the KEGG enrichment analysis, a total of
eight pathways were identified, including three pathways
related to upregulated genes and five DEG pathways related
to downregulated genes (Table 1). Among all pathways, the
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Figure 4: Heatmap of clustering analysis of ARE rats and normal controls. (a) The raw data is normalized and converted into log base 2
logarithms, which are represented in a two-dimensional rectangular coordinate system plane as a scatter plot. (b) t test was used to
analyze the differential probes which represented as a volcano plot. (c) Cluster assay was used to analyze the expression of 115 differential
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top-ranking enriched terms were TNF signaling pathway for
downregulated genes, which is mostly associated with
inflammation among all pathways (Figure 7).

4. Discussion

The mechanism of ARE occurrence is very complicated.
Modern medicine holds the opinion that ARE is mainly
caused by reduced mitosis of mucosal crypts, destruction of
the intestinal mucosal barrier, and acute inflammation [17].
The intestinal epithelial tissue is renewed quickly, and it is
renewed every 3-5 days, and the sensitivity of human tissues
to radioactivity is proportional to its proliferative capacity
[18]. Therefore, the rapidly proliferating intestinal epithe-

lium is more sensitive to ionizing radiation and the risk of
damage is also relatively large. Radiation could cause the
mitosis of stem cells in the intestinal crypts to be inhibited,
or even stopped, and degeneration and necrosis occur, inter-
rupting the supply of cells to the villi, shortening the villi to
bareness, and even destroying the structural integrity of the
intestinal mucosa [19]. With the popularity of radiation ther-
apy for tumors, the incidence of ARE is increasing largely.
However, no standardized treatment has been established
for ARE in clinical practice up to date.

In this study, we established a physiologically relevant
ARE rat model. The jejunal mucosal villous was obvious
edema, accompanied by partial villous epithelial cells fall-
ing off and decreased crypt depth and inflammatory cell
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Figure 5: PPI network construction of DEGs. (a) PPI network of DEGs in the TXYF-treated group. (b) The genes with the top 5 prediction
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6 BioMed Research International



O
xy

ge
n 

tr
an

sp
or

t
Er

yt
hr

oc
yt

e d
ev

elo
pm

en
t

H
yd

ro
ge

n 
pe

ro
xi

de
 ca

ta
bo

lic
 p

ro
ce

ss
Re

sp
on

se
 to

 h
yd

ro
ge

n 
pe

ro
xi

de

C
ell

ul
ar

 d
ef

en
ce

 re
sp

on
se

Po
sit

iv
e r

eg
ul

at
io

n 
of

 ce
ll 

de
at

h
Po

sit
iv

e r
eg

ul
at

io
n 

of
 h

ist
on

e d
ea

ce
ty

lat
io

n
N

eg
at

iv
e r

eg
ul

at
io

n 
of

 ce
ll-

m
at

rix
 ad

he
sio

n
Pr

ot
ei

n 
he

te
ro

ol
ig

om
er

iz
at

io
n

C
el

lu
la

r r
es

po
ns

e t
o 

ca
dm

iu
m

 io
n

O
xy

ge
n 

ca
rr

ie
r a

ct
ic

ity
O

xy
ge

n 
bi

nd
in

g
H

em
e b

in
di

ng

Ir
on

 io
n 

bi
nd

in
g

Pe
ro

xi
da

se
 ac

tiv
ity

Ph
os

ph
at

id
yl

in
os

ito
l-3

,4
-b

isp
ho

sp
ha

te
 b

in
di

ng
SH

3/
SH

2 
ad

ap
to

r a
ct

iv
ity

Sc
av

en
ge

r r
ec

ep
to

r a
ct

iv
ity

N
uc

le
ot

id
e b

in
di

ng
C

op
pe

r i
on

 b
in

di
ng

H
em

og
lo

bi
n 

co
m

pl
ex

Bl
oo

d 
m

ic
ro

pa
rt

ic
le

Cy
to

so
lic

 sm
al

l r
ib

os
om

al
 su

bu
ni

t
Le

ad
in

g 
ed

ge
 m

em
br

an
e

Pr
es

sy
na

pt
ic

 ac
tiv

e z
on

e m
em

br
an

e
N

A
D

PH
 o

xi
da

se
 co

m
pl

ex
G

ua
ny

l-n
uc

le
ot

id
e e

xc
ha

ng
e f

ac
to

r c
om

pl
ex

A
nc

ho
re

d 
co

m
po

ne
nt

 o
f e

xt
er

na
l s

id
e o

f p
la

sm
a m

...

Ph
ag

oc
yt

ic
 cu

p
Re

pl
ic

at
io

n 
fo

rk

0

2

4

6

8

En
ric

hm
en

t s
co

re 10

12

Process
Function

Component
p value = 0.05

14

16

Statistics of GO Enrichement

(a)

Figure 6: Continued.

7BioMed Research International



infiltration, indicating the successful establishment of ARE
model. After the application of TXYF, the villi were more
complete, the mucosal edema was lighter, and the height
of villi and crypt depth were increased in experimental
rats, which significantly improved than those in the con-
trol group. Glutamine is an effective drug for ARE;
encouragingly, no notable difference in bowel morphology
was observed between the TXYF and glutamine group. It
is suggested that TXYF could reduce tissue damage and
accelerate intestinal repair, showing promising efficacy for
ARE in vivo.

In the past decades, vigorously developing high-
throughput sequencing technology and computer-aided
analytical methods have largely promoted the flourish of

big data applications [20–22]. As an effective research
strategy, transcriptome analysis has been widely used in
several aspects of clinical or basic medical research [23].
Due to the multiple active ingredients of compound Chi-
nese medicine, the mechanism of action tends to be com-
plex. At present, transcriptome analysis has been applied
to uncover mechanisms of compound Chinese medicine
in clinical practice [24].

To explore the potential mechanism of TXYF in treat-
ing ARE, six samples extracted from ARE rats and treated
with TXYF rats were submitted into transcriptome analy-
sis. Finally, we totally identified 90 DEGs, and we next
conducted the PPI network construction and enrichment
analysis with the DEGs by GO and KEGG pathway
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Figure 6: GO analysis of DEGs between groups C and D. GO enrichment analysis predicted the functional roles of target host genes based on
three aspects. (a) Upregulated genes. (b) Downregulated genes. Top 10 terms of BP, CC, and MF analyses are represented in this figure. Red:
BP; blue: MF; green: CC.
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analysis to get a better view of the overall DEGs in TXYF-
treated tissues. As the result showed, Alas2 exhibited the
closest connections with other genes. It has been shown
that growth hormone could increase Alas2 gene expression
in the rat brain [25, 26]. However, the roles of Alas2 in
ARE have not been defined.

GO enrichment analysis predicted the functional roles
of both upregulated and downregulated DEGs. With the
KEGG enrichment analysis, eight significant pathways
were identified. Among all pathways, top-ranking enriched

terms were Malaria and TNF signaling pathway for upreg-
ulated and downregulated genes, respectively. As one of
inflammation-associated pathways, the roles of TNF sig-
naling pathway in ARE have not been investigated. As
we all know, inhibition of TNF pathways could suppress
inflammation, and TXYF treatment downregulated Tab3,
Bcl3, and Tnfaip3 gene expression, inhibiting TNF path-
way to some extent. Overall, further research should be
performed to explore the potential mechanisms of TXYF
treating ARE.

Table 1: KEGG analysis of dysregulated genes in ARE and ARE+TXYF groups.

Term_ID Term_description P value

Upregulated genes

path:rno05144 Malaria 1.06E-10

path:rno05143 African trypanosomiasis 4.82E-10

path:rno00860 Porphyrin and chlorophyll metabolism 0.005

Downregulated genes

path:rno04668 TNF signaling pathway 2.40E-04

path:rno04657 IL-17 signaling pathway 0.005

path:rno04064 NF-kappa B signaling pathway 0.006

path:rno04621 NOD-like receptor signaling pathway 0.016

path:rno04614 Renin-angiotensin system 0.047
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Figure 7: An overview of TNF pathway. Tab3, Bcl3, and Tnfaip3 were downregulated and had potential inhibited effects on TNF pathway.
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5. Conclusion

In summary, we observe that TXYF has promising efficacy on
ARE. Further research reveal several DEGs in the jejunal tis-
sues in response to TXYF treatment, suggesting the possible
mechanisms of TXYF-mediated efficacy for ARE. We hope
to establish the theoretical basis of TXYF-based treatment
for radiation enteritis.
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