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TiaochangXiaoliu decoction inhibits azomethane (AOM)/dextran
sulfate sodium (DSS)-induced colorectal cancer by regulating
immune response
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Background: TiaochangXiaoliu decoction (TXD) has an anti-tumor effect in clinical practice. We further
investigated the role of TXD in colorectal cancer (CRC).

Methods: Mouse models of CRC were induced by azomethane (AOM)/dextran sulfate sodium (DSS),
with sixty male C57BL/6 mice randomly divided into six groups (10 mice/group): a control group, AOM/
DSS group, TXD at low dose (L-dose) group, middle dose (M-dose) group, high dose (H-dose) group, and
Celecoxib (Cel) group. The colorectum, serum, and plasma of mice in each group was collected following
sacrifice to record the number of tumors. HE staining was utilized for observing pathological damage
to colorectal tissues, ELISA used for detecting INF-y, IL-2, and TNF-a expression in serum, and flow
cytometry used for measuring the proportion of CD4", CD8", CD4"/CDS8", and NK cells in plasma.
Results: Compared with the control group, the AOM/DSS group showed tumor masses in the colorectum
and different degrees of pathological damage in the intestine. AOM/DSS induction also resulted in an
increase in INF-y, IL-2, and TNF-a expression in serum, and a decrease in the percentages of CD4", CDS",
CD4"/CD8', and NK cells(P<0.05). In comparison with the AOM/DSS group, with the increase of TXD
dose, the number of tumors decreased significantly, and intestinal structure and mucosal inflammatory
cell infiltration also improved. Further, in comparison with the AOM/DSS group, all three doses of TXD
and celecoxib caused an increase in the contents of CD4', CD8’, CD4/CD8", and NK cells in plasma. In
addition, in the M-dose, H-dose, and Cel groups, INF-y, IL-2, and TNF-a expression showed a marked
decrease, and the reduction in these two groups treated with TXD was dose-dependent.

Conclusions: TXD leads to a marked reduction in the number of tumors and inflammatory cell infiltration
in CRC mice. This decoction significantly decreased the levels of INF-y, IL-2, and TNF-a in serum, and
increased the contents of CD4", CD8", CD4"/CD8’, and NK cell in the plasma of mice with AOM/DSS-
induced CRC.

Keywords: TiaochangXiaoliu decoction (TXD); azomethane (AOM)/dextran sulfate sodium (DSS); colorectal

cancer (CRC); immune response; tissue damage

Submitted Aug 10, 2021. Accepted for publication Sep 29, 2021.
doi: 10.21037/jgo-21-580
View this article at: https://dx.doi.org/10.21037/jgo-21-580

© Journal of Gastrointestinal Oncology. All rights reserved. 7 Gastrointest Oncol 2021;12(5):2223-2231 | https://dx.doi.org/10.21037/jgo-21-580


https://crossmark.crossref.org/dialog/?doi=10.21037/jgo-21-580

2224

Introduction

Colorectal cancer (CRC) is a common malignant tumor
of the digestive tract, ranking third in incidence and
mortality of cancers worldwide (1). Generally, 5-10% of
CRC is hereditary, usually caused by familial adenomatous
polyposis, while more than 90%are sporadic tumors (2).
Most CRC patients have developed to middle and advanced
stages at diagnosis, and those with advanced invasion and
metastasis have a 5-year survival rate of less than 10% and
a high mortality rate, seriously threatening human health
(3,4). In addition, in patients with advanced CRC with
metastasis, the most common distant metastasis occurs in
the liver, accounting for 60% (5). Currently research on
CRC mostly focus on new therapies that are simpler and
more effective, or the development of new drugs to improve
the overall survival rate and quality of life of CRC patients.

Chronic inflammation is closely related to the
development of CRC, and “inflammation-aberrant crypt-
adenoma-cancer” is the basic path for the occurrence of
colitis-related CRC (6). The risk of developing CRC in
patients with inflammatory bowel disease (IBD) without
effective treatment is 20 times higher than that of normal
subjects (7). The difference in this risk suggests a pivotal
role of inflammation in the development of CRC, and the
control of “inflammation-cancer transformation” is of great
significance for its prevention and treatment.

Traditional Chinese medicine plays an increasingly
critical role in the prevention and treatment of CRC.
Such as the Gegen Qinlian decoction, which has been
revealed with the potential to enhance immunity and
protect intestinal barrier function of CRC patients (8).
Tiaochang Xiaoliu decoction (TXD) is a classical
prescription commonly utilized for the clinical treatment of
cancers, which is composed of nine herbs including Dang
Shen (Radix Codonopsis), Bai Zhu (Rhizoma Atractylodis
Macrocephalae), Huang Qi (Radix Astragali seu Hedysari),
Yi Yi Ren (Semen Coicis), Dou Kou Ren (Fructus Ammomi
Rotundus), Bai Hua She She Cao (Herba Hedyotis), E Zhu
(Rhizoma Curcumae), San Qi (Radix Notoginseng), and
Zhi Gan Cao (Radix Glycyrrhizae Preparata). While studies
have shown that TXD can reduce the recurrence rate of
colorectal adenoma (9), the mechanism remains unclear. In
order to explore the underlying mechanism, azomethane
(AOM)/dextran sodium sulfate (DSS) administration was
utilized to induce a mouse model for the investigation of
the effect of TXD on CRC and its mechanism, potentially
providing a new treatment for the disease. We present the
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following article in accordance with the ARRIVE reporting
checklist (available at https://dx.doi.org/10.21037/jgo-21-580).

Methods
Experimental animals

Prior to formal experimentation, 60 healthy SPF male
C57BL/6 mice aged 6 weeks old and weighing 18-22 g were
obtained from the Guangdong Medical Laboratory Animal
Center and adaptively fed for 14 days. This study was
approved by the Animal Ethics Committee of Guangzhou
University of Chinese Medicine (No. 2021000617), in
compliance with Experimental Animal Center, Guangzhou
University of Chinese Medicine guidelines for the care and
use of animals.

Experimental drugs

TXD composed of Radix Codonopsis 15 g, Rhizoma
Atractylodis Macrocephalae 15 g, Radix Astragali seu Hedysari
15 g, Semen Coicis 30 g, Fructus Ammomi Rotundus 10 g,
Herba Hedyotis 30 g, Rhizoma Curcumae 15 g, Radix
Notoginseng 10 g, and Radix Glycyrrhizae Preparata
5 g, was obtained from the pharmacy of the Sun Yat-
sen Memorial Hospital, Sun Yat-sen University, and was
identified by appraisers in the pharmacy department of
the Hunan Cancer Hospital. The materials were soaked in
warm water 3-5 cm above the surface of the drugs for 1 h,
then boiled in high heat and fried in low heat for 30 min,
following by a filtration step when the medicines were still
at a high temperature. The residue was decocted twice as
a previous procedure, and the solution from these three
treatments was mixed and filtered. Finally, in a constant
temperature water bath, the concentration of crude drugs
was adjusted to 3.6 g/mL, and the decoction was stored at
4 °C for later use.

Establishment of AOM-DSS model and grouping

The mice were randomly divided into six groups of 10.
In the control group, mice were treated with the same
amount of solvent. In the AOM/DSS group, mice were
intraperitoneally injected with AOM (10 mg/kg; Sigma,
USA) on the first day of the first week, then fed with
drinking water supplemented with 2.5% DSS (Beijing
Coolaber, China) for 1 week, followed by normal drinking
water for 2 weeks, with 3 weeks as a cycle, which was
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repeated three times (10). On the basis of AOM/DSS
treatment, drug intervention was performed in the low
(L), middle (M), and high (H) dose groups according
to the reference (9). Specifically, at the same time as the
intraperitoneal injection of AOM, mice of the L, M,
and H groups were intragastrically administered with
TXD for 10 weeks at a dosage of 0.07 mL/day/mouse,
0.14 mL/day/mouse, 0.28 mL/day/mouse, respectively.
In the Celecoxib (Cel) group, at the same time as the
intraperitoneal injection of AOM, mice were intragastrically
administered with celecoxib (20 mg/kg/day) (Sun Yat-
sen Memorial Hospital, Sun Yat-sen University, China)
for 10 weeks. Mice in the control and AOM/DSS groups
were sacrificed by cervical dislocation on the last day of
the 9" week, and those in the other four groups on the
last day of the 10™ week. The condition of tumors in mice
was observed, and the number of tumors was recorded.
Colorectal, serum, and plasma samples were collected from
the mice for subsequent index assays.

HE staining

Mouse colons were fixed in 10% formalin and dehydrated
with different concentrations of ethanol, followed by
paraffin embedding. The embedded colons were cut into
5-pm sections using a microtome and placed in xylene to
dissolve paraffin, then soaked with ethanol from high to
low concentrations, and finally placed in deionized water.
Hematoxylin staining solution was utilized for staining,
and hydrochloric acid-ethanol solution for differentiation.
Subsequently, the sections were rinsed in water for 20 min
for bluing, following which they were rapidly dehydrated
and mounted after being stained with eosin stain. Mouse
colon tissues were observed using an ordinary light
microscope (11).

ELISA

According to the instructions of INF-y, IL-2, and TNF-a
ELISA kits (Wuhan Colorful Gene Biological Technology
Co., LTD., China), the standards were gradient diluted
to draw the standard curve. Mouse serum was added to
96-well plates coated with anti-INF-y, IL-2, or TNF-a
antibodies, respectively, along with the standards at different
concentrations. Following a 30 min reaction, chromogenic
substrate was added, and subsequently a reaction
termination solution was also added. On completion of the
rinsing step, the 96-well plates were placed in a microplate
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reader for detecting the absorbance value (450 nm), thus
calculating the levels of INF-y, IL-2, and TNF-a in the
serum of each mouse (12).

Flow cytometry

The cTth cell surface molecules were recognized by the
following anti-mouse monoclonal antibodies: CD3 PerCP,
CD4 FITC, CDS8 PE, and CD (16+56)-PE, and CD3+,
CD4*, CD8", and NK cells and the corresponding isotype
control antibodies were identified. The specific steps were as
follows: First, 10 pLL of antibody was added into 100 pL of
anticoagulant and placed in the dark at ambient temperature
for 10 min after being fully mixed on the shaker. Then,
500 pL of red blood cell lysate was added, mixed, and placed
in the dark at ambient temperature for 20 min. Next, the
supernatant was aspirated after centrifugation at 3,000 r for
5 min, followed by an addition of 500 pL of buffer. After
being mixed, the sample was detected by flow cytometry for
determining the percentage of CD4’, CD8*, CD4"/CDS8",
and NK cells in mouse plasma (13).

Statistical analysis

The experimental data were statistically analyzed using
SPSS 22.0 software. T-test was adopted for comparison
between groups, while one-way analysis of variance was
used for comparison among multiple groups. The results
were expressed as mean = standard deviation (SD), and a
statistically significant difference was suggested if P<0.05.

Results
TXD reduces AOM/DSS-induced CRC

Colorectal tissues were collected from mice in each group,
and no tumors were observed in the control group, while
different numbers of tumor masses were observed in the
tissues of the other five groups (Figure 1A). Specifically,
in comparison with the AOM/DSS group, the number of
tumors in the L-dose, M-dose, H-dose, and Cel groups was
significantly decreased, and the decrease in the groups treated
with TXD was concentration-dependent (Figure 1B).

HE staining results (Figure 1C) revealed normal structure
of the colon and no inflammatory cell infiltration in the
control group. However, in the AOM/DSS group, darker
nuclear staining was found in glandular epithelial cells
of tumor tissue in the colonic mucosa, indicating well-
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Figure 1 Effect of Tiaochang Xiaoliu Decoction on AOM/DSS-induced colorectal cancer. (A) Colorectal tissues of mice in each group; (B)

number of tumors in the rectum of mice in each group; (C) HE staining for observing the pathological damage to colorectal tissues of mice

in each group. **,

differentiated adenocarcinoma. Additionally, increasing
neovascularization at the edges of tumors, and inflammatory
cell infiltration in mucosa and submucosa of some colonic
tissues could be seen in the AOM/DSS group. The
condition was similar in the L-dose group and M-dose
group, with tumor tissue in colonic mucosa, and a small
amount of necrotic tissue in the middle of tumor. The
H-dose group showed tumor tissue in colonic mucosa, but
with less atypia, and the structural change of colon was
not obvious in most cases. In the Cel group, tumor tissue
was also observed in colonic mucosa and the glands were
arranged neatly in most cases, only presenting as atypical
hyperplasia. Additionally, the mice of the Cel group showed
inflammatory cell infiltration in mucosa and submucosa.

Collectively, TXD could effectively inhibit CRC induced
by AOM/DSS in a dose-dependent manner.

© Journal of Gastrointestinal Oncology. All rights reserved.

P<0.01 vs. control group; * P<0.05 vs. ADM/DSS group. ADM/DSS, azomethane/dextran sulfate sodium.

TXD Improves AOM/DSS-Induced inflammation in mice

ELISA results (Figure 2) showed that IL-2, INF-y, and
TNF-a expression in the serum of mice in the AOM/DSS
group were significantly higher than those in the control
group. Further, in comparison with the AOM/DSS group,
their expression showed a marked decrease in M-dose,
H-dose and Cel groups in a concentration-dependent
manner. Collectively, TXD could significantly inhibit the
inflammation in mice induced by AOM/DSS.

TXD promotes the expression of immune cells in mice with
colitis-related CRC

As shown in the flow cytometry results (Figure 34,3B), in
comparison with the control group, the percentages of
CD4', CD8", CD4'/CD8" and NK cells in the plasma of
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Figure 2 Effect of Tiaochang Xiaoliu decoction on AOM/DSS-induced inflammation. ELISA was utilized to detect the INF-y, IL-2, and
TNF-a expression in the serum of mice in each group. **, P<0.01 vs. control group; ¥, P<0.05 and *, P<0.01 vs. ADM/DSS group. ADM/
DSS, azomethane/dextran sulfate sodium.
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Figure 3 Effect of Tiaochang Xiaoliu decoction on immune cells in mice with colitis-related colorectal cancer. (A) Flow cytometry was
utilized to detect the changes of NK cells and CD4"/CD8" cells in the plasma of cells; (B) rate of cell apoptosis. **, P<0.01 vs. control group;
* P<0.01 vs. ADM/DSS group. ADM/DSS, azomethane/dextran sulfate sodium.
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the AOM/DSS group were markedly decreased. Further, in
comparison with the AOM/DSS group, all three doses of
TXD and celecoxib caused an increase in the CD4/CD8"
cell content in plasma, and the contents of CD4", CD8" and
NK cells in plasma significantly increased in the M-dose,
H-dose and Cel groups, with the increase in the M-dose and
H-dose groups concentration-dependent. No significant
difference was identified between the H-dose and Cel groups.

Collectively, TXD could effectively improve immune
function which was inhibited by AOM/DSS.

Discussion

CRC is a malignant tumor with a high frequency and yearly
increasing incidence in China (14). Even in developed
countries with advanced medical technology, the disease
remains a serious threat to human health (15). Studies
have found that the pathogenesis of CRC is closely related
to chronic intestinal inflammation, which induces tumor
transformation of colonic epithelial cells and promotes
cell proliferation and invasion, leading to the infiltration
of immune cells and soluble mediators, and ultimately
providing a favorable microenvironment for tumor
development (16,17). Accumulating evidence suggests that
patients with IBD have a high risk of CRC (18,19), and
the relief of intestinal inflammation has been considered a
critical strategy for the prevention and treatment (20,21).
From the perspective of traditional Chinese medicine,
deficiency of spleen qi is the cause of the occurrence and
development of CRC, and the subsequent internal retention
of water results in phlegm-dampness and stagnant toxicity
in the colon, and consequently cancer. Deficiency of spleen
qi and kidney was reported as the pathological base of
malignant tumors, and the combination of phlegm stasis
and heat-toxicity is an important pathogenesis of CRC (22).
Emodin could suppressed carcinogenesis-associated
intestinal inflammation and prevents AOM/DSS-induced
intestinal tumorigenesis and progression (23). Quercetin
was found with the similar functions on AOM/DSS-induced
CRC (24). All above indicated that the anti-inflammatory
agents have the potential for the treatment and prevention
of CRC. TXD is a special prescription for CRC, with effects
of invigorating the spleen and supplementing qi, eliminating
dampness, removing blood stasis, and detoxicating. Modern
pharmacology suggests the prescription of invigorating
spleen and supplementing invigorating qi can achieve anti-
tumor effects by improving the immune status of the body
and epithelial-mesenchymal transition of tumors (25,26).
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The prescription of blood circulation promotion for
removing blood stasis and of detoxicating, can inhibit tumor
angiogenesis and improve the immune status of the body,
inhibiting tumors (27).

The active components of Radix Codonopsis, such as
saponin and polysaccharide, are effective in improving
inflammation and immune regulation (28,29). Polyphenols,
which are the active ingredient in Semen Coicis, can
enhance immunomodulation, anti-tumor, anti-oxidation,
and anti-inflammation (29). The active ingredients in
Radix Astragali seu Hedysari, such as polysaccharides,
saponins, and flavonoids, function in immune regulation
and in the inhibition of tumors. For example, Astragalus
polysaccharides could significantly inhibit S180 sarcoma
by increasing the expression of CD4" T cells in peripheral
blood while decreasing that of CD8" T cells, and up-
regulating IL-2 expression while down-regulating IL-4
expression, indicating that its effect was achieved through
regulating immunity (30). Chou ez 4l. (31) applied Qingshu
Yiqi decoction with Rhizoma Atractylodis Macrocephalae
as the major component, to treat mice with Lewis lung
carcinoma, and found it prevented weight loss and reduced
the secretion of IL1p, IL6 and TNF-a by macrophages,
exhibiting an anti-tumor and anti-inflammation effect.
Polysaccharides of Herba Hedyotis were reported to
improve immune function and inhibit CRC cell HT29
proliferation in immunosuppressed mice (32,33), and
through the JAK/STAT pathway, Rhizoma Curcumae
could effectively inhibit tumor growth and promote the
development and differentiation of the spleen in rats with
lung cancer (34). Radix Notoginseng oral liquid combined
with pneumatic compression therapy improved plasma
prothrombin time, activated partial thromboplastin time,
and stabilized platelet levels, achieving improvement in
the blood hypercoagulable state of cancer patients, and
reduction of the incidence of lower extremity deep venous
thrombosis (35). Chen er al. (36) found that glycyrrhiza
polysaccharide in Radix Glycyrrhizae Preparata could
accelerate the growth of mice and improve immune function
by promotion the function of organs such as the spleen
and thymus. In addition, Radix Glycyrrhizae Preparata was
seen to contain many flavonoids, which have an inhibitory
effect on the proliferation of hepatoma cells, leukemia cell
HL-60, and human fibrosarcoma cell HT-1080 (37).

The AOD/DSS model has been widely accepted, since
AOD could induce the DNA mutations and DSS could
induce intestinal inflammation (38). In this model the
pathological processes leading to cancer are similar to
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those in humans CRC pathogenesis, including mucosal
inflammation, and epithelial hyperplasia and dysplasia (39).
In this study, a mouse model induced by AOM/DSS was
adopted for investigation of the effects of TXD on CRC, to
provide a reference basis for clinical treatment. The results
showed that TXD reduced the number of tumors and the
degree of inflammatory cell infiltration, decreased TNF-a,
INF-y, and IL-2 expression in serum, and increased the
content of CD4", CD8*, CD4"/CD8", and NK cells in
plasma in a concentration-dependent manner, indicating

that TXD was effective for CRC.

Conclusions

In summary, TXD leads to marked reduction in the number
of tumors and inflammatory cell infiltration in mouse
models of CRC, and a significant increase in the content
of immune cells in plasma in a concentration-dependent
manner. The efficacy of TXD may be related to the nine
kinds of active ingredients in the prescription, and its
specific mechanism remains to be further studied.
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