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Abstract

Background
Through the detection of Notch/Treg/Th17 pathway related factors, to explore the effect of different
concentrations of Chinese medicine Xiaoyingdaotan Decoction on Hashimoto's thyroiditis mouse model.

Methods
To make the mouse model of Hashimoto's thyroiditis, and to administer the Chinese medicine
Xiaoyingdaotan Decoction of different concentrations by gavage. After the treatment, the expression of
serum Notch protein and Treg/Th17 cytokine levels in mice were detected. The quantitative data
conformed to the normal distribution with t test, and did not conform to the normal distribution with
Wilcoxon rank sum test.

Results
The serum Notch protein expression of mice in the model group was signi�cantly higher than that of the
other groups, and the difference was statistically signi�cant (P<0.001). Comparing the high-dose Chinese
medicine group with the low-dose Chinese medicine group and the model group, the level of the key
activation protein FOX-P3 in serum of Treg cells in mice was signi�cantly increased, and the difference
was statistically signi�cant (P<0.05). Compared with the model group, the serum TGF-β levels of each
group of traditional Chinese medicine were signi�cantly higher than that of the model group, and the
difference was statistically signi�cant (P<0.05). The levels of key activating proteins STAT3, RORγt and
IL-22 in serum of Th17 cells in each group of traditional Chinese medicine mice were signi�cantly lower
than those in the model group, with statistical differences (P<0.05).

Conclusion
Different concentrations of Chinese medicine Xiaoyingdaotan Decoction can down-regulate the
expression of Notch protein in HT mouse model, and can effectively regulate Treg/Th17 cytokines.

Impact Statement
For HT patients with subclinical hypothyroidism, about 5% of recessive patients develop overt
hypothyroidism every year, requiring life-long treatment with thyroid hormones. However, thyroid hormone
replacement therapy can only improve the patient's thyroid function, reduce the uncomfortable symptoms
caused by abnormal thyroid function, and make the thyroid volume smaller, but it cannot improve the
in�ammatory state and autoimmune response caused by Hashimoto's thyroiditis, and there is no way to
prevent the occurrence of hypothyroidism early. Traditional Chinese medicine has many researches on
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the treatment of this disease due to its advantages of convenience and low price, low side effects,
"preventing the disease" and individualized syndrome differentiation and treatment. However, most of
them are for improving the clinical symptoms of patients, and it is rarely studied on the molecular level
from animal experiments.

Introduction
Hashimoto’s thyroiditis (HT) was �rst described by Dr. Hashimoto Hakaru of Japan in 1912, and so
named. The onset of HT is insidious. The patients may have no obvious symptoms such as neck
compression and pain in the early stage, but they often feel fatigue and discomfort. Some HT patients
may also have autoimmune diseases such as type 1 diabetes[1], Sjogren’s syndrome[2], Polycystic Ovary 
Syndrome[3], Psoriasis[4], Multiple Sclerosis[5], and idiopathic thrombocytopenic purpura[6]. HT has a long
course and slow progress. The thyroid gland can gradually increase with the course of the disease.
Thyroid reserve capacity continues to decrease, and thyroid tissue is constantly damaged. When it
reaches a certain level, hypothyroidism gradually appears.

Many scholars have carried out experimental studies and believe that the Notch signaling pathway can
mediate immune in�ammatory response by regulating the levels of Regulatory T cells(Treg)/T helper cell
17(Th17) cytokines, thereby participating in a variety of autoimmune diseases and in�ammatory
diseases[7–10]. HT is considered to be the �rst disease of autoimmune origin. Therefore, Notch protein
may also promote the occurrence and development of HT by affecting the levels of Treg/Th17 cytokines.
In order to con�rm this conclusion, we created a mouse model of Hashimoto’s thyroiditis, used different
concentrations of Chinese medicine Xiaoyingdaotan Decoction to gavage the mice, and explored the
differences by detecting the expression of Notch protein and Treg/Th17 cytokines in the serum of mice.
To explore the effect of different concentrations of traditional Chinese medicine on mice, and to explore
whether the Notch protein pathway is involved in the pathogenesis of HT by affecting the Treg/Th17 cell
axis.

Materials And Methods
1.1 Experimental animals and groups

The animal experiment was approved by the Animal Experiment Department of Kunming Medical
University. Select 40 CBA/J female mice, weighing 18-20g. Forty CBA/J mice were randomly divided into
4 groups, namely the model group and the low, medium and high dose groups of Xiaoyingdaotan
Decoction, with 10 mice in each group.

1.2 Main drugs

Chinese medicine Xiaoyingdaotan Decoction Medicine composition: Prunella vulgaris 30g, Fritillaria 15g,
Bupleurum 10g, Oyster 30g, Panshanlong 30g, Deer horn cream 30g, Turmeric 15g, Roasted xiangfu 15g,
Angelica 15g, White peony 30g, Chuanxiong 15g , Licorice 10g.
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1.3 Experimental method

1.3.1 Modeling method 

Dissolve powdered porcine thyroglobulin (PTg) in a PBS solution and mix it with the same volume of
Freund’s complete adjuvant (CAF), fully emulsify it, and inject PTg 100μg/mouse subcutaneously into the
foot pad and back of the mouse. Once a week for 2 consecutive weeks. Boost immunization: start boost
immunization at the 4th week, mix PTg with the same volume of Incomplete Freund's Adjuvant (IAF), and
after fully emulsify, use the same method to inject PTg 100μg/mouse into the mouse's footpads and
back subcutaneously at multiple points again, once a week for 4 consecutive weeks[11].   

1.3.2 Method of administration 

After successful modeling, mice in the model group were given saline 0.1ml/10g by gavage. The dose of
traditional Chinese medicine was calculated according to the maximum dose taken by humans and the
body surface area of mice. The conversion relationship between 20g mouse and 70KG human was
0.0026:1. One dose of Chinese medicine Xiaoyingdaotan Decoction was added with 500ml of water, and
the drug solution was 300ml after decoction. The drug solution was heated and concentrated to 100ml to
prepare the drug solution for later use. The low-dose group was diluted with distilled water for 1 time and
the drug solution was administered at 0.1ml/10g·d, the middle-dose group was administered with the
drug solution 0.1ml/10g·d, the drug solution was heated and concentrated by 1 time in the high-dose
group and then administered at 0.1ml/10g·d. Each group was administered once a day for 6 weeks. 

1.3.3 Detection Indicator

Mouse serum Notch protein expression detection: ELISA method was used to detect the serum Notch
protein expression of mice in each group.

Detection of serum Treg cell-related transcription factor levels in mice: ELISA was used to detect the
levels of key Treg activation proteins FOX-P3, TGF-β, and IL-10 in each group of mice.

Detection of serum Th17 cell-related transcription factor levels in mice: ELISA was used to detect the
levels of key activating proteins STAT3, RORγt, IL-17 and IL-22 in serum of Th17 cells in each group.

1.4 Statistical analysis

Quantitative indicators were described in terms of mean±standard deviation. The quantitative data
conformed to the normal distribution with t test, and did not conform to the normal distribution with
Wilcoxon rank sum test. The hypothesis test uses a two-sided test uniformly, and the test statistics and
the corresponding P value are given. P≤0.05 as the difference is statistically signi�cant, and P≤0.01 as
the difference is statistically signi�cant.

Results
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2.1 Comparison of serum Notch protein expression of mice
in each group
It can be seen from Table.1 that the serum Notch protein expression between the 4 groups of mice was
compared in pairs. The serum Notch protein expression of mice in the model group was signi�cantly
higher than that of the other groups, and the difference was signi�cant (P<0.001); In addition, the other
groups were compared in pairs, and the difference was not statistically signi�cant (P>0.05).

It can be seen from Figure.1 that compared with the model group, the expression of Notch protein in the
other groups was signi�cantly reduced, and the difference was statistically signi�cant (P<0.001).

2.2 Comparison of key activation protein levels of serum Treg cells in each group of mice

It can be seen from Table.2 that the four groups of mice serum Treg cell key activation protein FOX-P3
levels were compared in pairs. There were statistical differences between the high-dose Chinese medicine
group and the low-dose Chinese medicine group, the model group (P<0.05). The serum TGF-β levels of
the 4 groups of mice were compared in pairs, and the difference was statistically signi�cant between the
model group and the high, medium, and low dose groups of Chinese medicine (P<0.05). There was no
statistically signi�cant difference in serum IL-10 levels between the 4 groups of mice (P>0.05).

It can be seen from Figure.2 that the serum FOX-P3 level of mice in the high-dose Chinese medicine group
was signi�cantly higher than that of the low-dose Chinese medicine group and the model group, and the
difference was statistically signi�cant (P<0.05).

It can be seen from Figure.3 that compared with the model group, the serum TGF-β level of the three
groups of traditional Chinese medicine was signi�cantly higher than that of the model group, and the
difference was statistically signi�cant (P<0.05).

It can be seen from Figure.4 that there was no statistical difference in the serum IL-10 levels of mice in
each group (P>0.05). Compared with the model group, the serum IL-10 levels of mice in the other groups
had a downward trend, but the difference was not statistically signi�cant.

2.3 Comparison of key activating protein levels of Th17 cells in serum of mice in each group

It can be seen from Table.3 that the 4 groups of mice serum Th17 cell key activation protein STAT3,
RORγt, IL-22 levels were compared in pairs, compared with the model group and the other three groups,
there were statistical differences (P<0.05). There was no signi�cant difference in serum IL-17 levels
among the 4 groups of mice (P>0.05).

It can be seen from Figures.5 that compared with the model group, the serum STAT3 levels of mice in the
3 groups of traditional Chinese medicine decreased signi�cantly, with statistical differences (P<0.05).
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It can be seen from Figures.6 that compared with the model group, the serum RORγt levels of mice in the
3 groups of traditional Chinese medicine decreased signi�cantly, with statistical differences (P<0.05).

It can be seen from Figures.7 that compared with the model group, the serum IL-22 levels of mice in the 3
groups of traditional Chinese medicine decreased signi�cantly, with statistical differences (P<0.05).

It can be seen from Figure.8 that there was no statistical difference in the serum IL-17 levels of mice in
each group (P>0.05). Compared with the model group, the serum IL-17 levels of mice in the other groups
had a downward trend, but the difference was not statistically signi�cant.

Discussion

3.1 Establishment of a mouse model of Hashimoto's
thyroiditis
In clinical practice, because there are not many patients with Hashimoto's thyroiditis that require surgical
treatment, and thyroid tissue is not easy to obtain, the research on the mechanism of Xiaoyingdaotan
Decoction from the human body cannot be further in-depth, so while clinical observation of patients,
choose In vivo studies of animals can increase persuasiveness. Rats are commonly used animals for
autoimmune thyroiditis models. At present, thyroglobulin (Tg) combined with Freund's adjuvant or high-
iodine water is commonly used in the world for experimental animal modeling. CBA/J mice are usually
used to establish animal models. At the same time, because female rats are more likely to induce
Hashimoto's thyroiditis, female CBA/J mice were selected as the research objects to detect the changes in
the levels of Notch protein, Treg, Th17 and other cytokines before and after treatment with traditional
Chinese medicine.

3.2 Protective Effect of Xiaoyingdaotan Decoction on HT Mouse Model

3.2.1 Effect of Xiaoyingdaotan Decoction on Notch Protein Expression in HT Mouse Model

The results of the study showed that the serum Notch protein expression between the 4 groups of mice
was compared in pairs. Compared with the model group of mice, the Notch protein expression of the
remaining groups was signi�cantly decreased, and the differences were statistically signi�cant. It showed
that different doses of Chinese medicine Xiaoyingdaotan Decoction could effectively down-regulate the
expression level of Notch protein.

3.2.2 Effect of Xiaoyingdaotan Decoction on Key Activated Protein Levels of Treg Cells in HT Mouse
Model

By analyzing and comparing the levels of key activating proteins FOX-P3, TGF-β and IL-10 in serum of
each group of mice, the results showed that the serum FOX-P3 level of mice in the high-dose group of
Chinese medicine was compared with that of the low-dose group and model of traditional Chinese
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medicine. There are statistical differences between the groups. It showed that the high-dose
concentration of Chinese medicine Xiaoyingdaotan Decoction was more effective to up-regulate the
serum FOX-P3 level in the HT mouse model compared with the lower-dose concentration of Chinese
medicine. Compared with the model group, the serum TGF-β levels of mice in each group of Chinese
medicine were signi�cantly increased, indicating that different doses of Chinese medicine
Xiaoyingdaotan Decoction could effectively up-regulate the serum TGF-β level of HT mouse models.
There was no signi�cant statistical difference in serum IL-10 levels between each group of mice,
indicating that the Chinese medicine Xiaoyingdaotan Decoction could not effectively up-regulate the
serum IL-10 levels in HT mouse models.

3.2.3 Effect of Xiaoyingdaotan Decoction on Key Activated Protein Levels of Th17 Cells in HT Mouse
Model

By analyzing and comparing the levels of key activating proteins STAT3, RORγt and IL-22 in serum of
Th17 cells in each group of mice, the results of the study showed that serum STAT3, RORγt and IL-22
levels of HT mouse models in each group of Chinese medicine were signi�cantly lower than those in the
model group. It showed that different doses of Chinese medicine Xiaoyingdaotan Decoction could
effectively down-regulate the serum STAT3, RORγt and IL-22 levels in HT mouse models. There was no
signi�cant difference in serum IL-17 levels between the 4 groups of mice. From the results of the study,
serum IL-17 levels of HT mouse models in each group of Chinese medicine had a downward trend
compared with the model group, but there was no statistical difference in this decline. It showed that
Xiaoyingdaotan Decoction could not effectively down-regulate the level of serum IL-17 in HT mouse
models.

The maturation of T cells in the thymus is a highly dynamic process that includes discrete steps of
lineage typing, T cell receptor (TCR) rearrangement and selection, which are related to the proliferation,
survival and mortality of various T cell subpopulations Related[12]. CD8+ T cells can express CD8
glycoprotein and can recognize their target cells by binding to major histocompatibility complex (MHC)
class I antigens[13]. CD4+ T cells can be further divided into various subtypes by their secreted cytokines
and speci�c transcription factors, such as Th1, Th2, Th17, Th22, Tfh and Treg[14]. With the deepening of
research, more and more studies have revealed the pathogenic role of Th17 and IL-17 in immune
response and autoimmune diseases, and found that Th17 cells play a more important role in the
pathogenesis of HT[15, 16]. Natural Treg derived from the thymus can secrete IL-35. IL-35 is an important
anti-in�ammatory factor that can induce the proliferation of Treg cells and produce FOX- P3 and reduce
the progression of in�ammatory diseases[17]. The function of Treg cells depends on the expression of
FOX-P3, and mainly exerts an immunosuppressive effect.

Some scholars compared AITD patients with healthy subjects, and found that the mRNA expression of
Th17 and its transcription factor RORγt in the peripheral blood of AITD patients was higher than that of
the healthy control group (P<0.05), especially in the HT subgroup (P<0.01), while the expression level of
Treg cells and its transcription factor FOX-P3 mRNA was signi�cantly reduced (P<0.05)[18]. Similarly,
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some scholars have tested the ratio of Treg and Th17 cells in PBMCs of HT patients and healthy
subjects, and found that the ratio of Treg/Th17 in the HT group was signi�cantly positively correlated
with serum TPOAb and TgAb titers. It showed that the imbalance of Treg/Th17 cell axis may be involved
in the autoimmune damage of HT, and it is positively correlated with thyroid autoantibody titer.

According to research reports, the Notch signaling pathway is involved in the pathogenesis of many
autoimmune diseases by affecting the balance of Treg/Th17 cells. Some scholars reported that the
Notch signaling pathway is involved in the pathogenesis of patients with preeclampsia by maintaining
the balance of Treg/Th17 cells[19]. Some scholars reported that the Notch1 signaling pathway is involved
in the pathogenesis of psoriasis vulgaris patients by regulating the immune imbalance of Treg/Th17[20].
Some scholars[21] reported that Notch/RBP-J/FOX-P3/RORγt pathway can play a role in the development
of aplastic anemia patients by regulating the balance of Treg/Th17. In addition, Notch signaling
regulates the Treg/Th17 cell axis and is also involved in immune thrombocytopenia[22], chronic hepatitis
C[23], allergic asthma[24], autoimmune uveitis[25], rheumatoid arthritis[26, 27] and other autoimmune
diseases. Therefore, Notch signaling pathway may also participate in the pathogenesis of HT by
affecting the balance of Treg/Th17 cells. Through animal experiments, we did observe the changes of
Notch protein and the key activation protein of Treg/Th17 cells in the serum of HT mouse model, thus
con�rming this inference.

In general, the Chinese medicine Xiaoyingdaotan Decoction of different doses and concentrations could
effectively down-regulate the serum Notch protein expression level in HT model mice; it could effectively
up-regulate the key activation protein levels of mouse serum Treg cells. Relatively speaking, high-dose
concentration of Chinese medicine Xiaoyingdaotan Decoction could effectively increase the level of
serum FOX-P3 in mice; Chinese medicine Xiaoyingdaotan Decoction of different concentrations could be
effective in mice serum Th17 cell key activation protein levels. Studies have con�rmed that Notch protein
could participate in the pathogenesis of HT by regulating Treg/Th17 cytokines, and has different
expression levels in HT mouse models. Although the Chinese medicine Xiaoyingdaotan Decoction could
regulate the Notch/Treg/Th17 pathway, studies have found that different concentrations of Chinese
medicines could play a regulatory role, and there was no signi�cant difference in this regulatory role.

Conclusion
Different concentrations of Chinese medicine Xiaoyingdaotan Decoction can down-regulate the
expression of Notch protein in HT mouse model, and can effectively regulate Treg/Th17 cytokines.

Abbreviations
CAF                Freund's complete adjuvant

HT                   Hashimoto's thyroiditis
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IAF                  Incomplete Freund's Adjuvant

PTg                  porcine thyroglobulin

Tg                    thyroglobulin

Th17                T helper cell 17

Treg                 Regulatory T cells
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       group

Indicator

model group low-dose
Chinese
medicine group

medium-dose
Chinese
medicine group

high-dose
Chinese
medicine group

FOX-P3(pg/ml) 87.09±12.75 90.68±25.66 99.62±26.59 162.89±59.58

P model group — 0.905 0.677 0.024

low-dose
Chinese
medicine group

— — 0.766 0.030

medium-dose
Chinese
medicine group

— — — 0.052

TGF-β(pg/ml) 3376.47±350.86 4848.01±589.75 4906.81±285.96 4881.01±661.56

P model group — 0.009 0.007 0.008

low-dose
Chinese
medicine group

— — 0.902 0.945

medium-dose
Chinese
medicine group

— — — 0.957

IL-10(pg/ml) 57.88±33.13 41.58±25.29 41.01±31.46 42.25±30.39

P model group — 0.511 0.497 0.529

low-dose
Chinese
medicine group

— — 0.982 0.978

medium-dose
Chinese
medicine group

— — — 0.960

Table.3 Comparison of key activating protein levels of Th17 cells in serum of mice in each group



Page 14/22

           group

Indicator

model group low-dose
Chinese
medicine
group

medium-dose
Chinese
medicine group

high-dose
Chinese
medicine
group

STAT3(pg/ml) 89.65±25.09 53.70±2.55 57.51±4.71 49.71±5.25

P model group — 0.003 0.006 0.001

low-dose Chinese
medicine group

— — 0.700 0.686

medium-dose
Chinese medicine
group

— — — 0.435

RORγt(ng/ml) 262.25±131.97 143.17±31.62 151.01±5.65 135.46±8.29

P model group — 0.024 0.032 0.017

low-dose Chinese
medicine group

— — 0.867 0.869

medium-dose
Chinese medicine
group

— — — 0.741

IL-17(pg/ml) 1159.00±919.60 657.44±209.31 663.32±233.69 481.67±113.35

P model group — 0.154 0.158 0.062

low-dose Chinese
medicine group

— — 0.986 0.603

medium-dose
Chinese medicine
group

— — — 0.592

IL-22(pg/ml) 332.31±47.66 44.45±23.37 44.51±38.28 75.65±47.75

P model group — 0.000 0.000 0.000

low-dose Chinese
medicine group

— — 0.999 0.373

medium-dose
Chinese medicine
group

— — — 0.374

 

Figures
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Figure 1

It can be seen from Figure.1 that compared with the model group, the expression of Notch protein in the
other groups was signi�cantly reduced, and the difference was statistically signi�cant (P<0.001).
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Figure 2

It can be seen from Figure.2 that the serum FOX-P3 level of mice in the high-dose Chinese medicine group
was signi�cantly higher than that of the low-dose Chinese medicine group and the model group, and the
difference was statistically signi�cant (P<0.05).
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Figure 3

It can be seen from Figure.3 that compared with the model group, the serum TGF-β level of the three
groups of traditional Chinese medicine was signi�cantly higher than that of the model group, and the
difference was statistically signi�cant (P<0.05).
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Figure 4

It can be seen from Figure.4 that there was no statistical difference in the serum IL-10 levels of mice in
each group (P>0.05). Compared with the model group, the serum IL-10 levels of mice in the other groups
had a downward trend, but the difference was not statistically signi�cant.
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Figure 5

It can be seen from Figures.5 that compared with the model group, the serum STAT3 levels of mice in the
3 groups of traditional Chinese medicine decreased signi�cantly, with statistical differences (P<0.05).
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Figure 6

It can be seen from Figures.6 that compared with the model group, the serum RORγt levels of mice in the
3 groups of traditional Chinese medicine decreased signi�cantly, with statistical differences (P<0.05).
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Figure 7

It can be seen from Figures.7 that compared with the model group, the serum IL-22 levels of mice in the 3
groups of traditional Chinese medicine decreased signi�cantly, with statistical differences (P<0.05).
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Figure 8

It can be seen from Figure.8 that there was no statistical difference in the serum IL-17 levels of mice in
each group (P>0.05). Compared with the model group, the serum IL-17 levels of mice in the other groups
had a downward trend, but the difference was not statistically signi�cant.


