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Abstract. Chronic lymphocytic thyroiditis (CLT), also known 
as Hashimoto's thyroiditis, is an autoimmune disease in which 
the thyroid gland is gradually destroyed. To date, only a 
limited number of agents can effectively suppress thyroiditis 
development in CLT patients. The aim of the current study was 
to investigate the protective effect of emodin on experimental 
autoimmune thyroiditis (EAT) in mice, which is considered 
an excellent model for CLT. NaI was used to induce the EAT 
model in non‑obese diabetic (NOD) mice. An ELISA method 
was employed to detect the TgAb level (thyroid inflammation) 
in the serum of the EAT mice. The T cell subsets in periph-
eral blood and spleen were detected by flow cytometry. The 
histopathological study revealed that the thyroid inflammatory 
cell infiltration was significantly reduced by emodin compared 
with the model group. In addition, ELISA assays indicated that 
the NaI‑induced serum TgAb upregulation was dramatically 
revered by emodin. Moreover, the level of serum IFN‑γ and 
the cell populations of CD3

+CD4
+IL‑4+, CD3

+CD4
+ IFN‑γ+, 

CD3
+CD8

+IL‑4+, CD3
+CD8

+ IFN‑γ+ T cells in peripheral 
blood monocytes and splenic lymphocytes were significantly 
increased by NaI in the model group compared with in the 
normal group. Nevertheless, this type of increase was mark-
edly attenuated by emodin. To conclude, the EAT model was 
successfully established by treating NOD mice with NaI. 
Emodin indicated an inhibitory effect on the autoimmune 
response that was significantly different in EAT compared 
with control mice. Furthermore, the anti‑inflammatory action 
of emodin on EAT mice may be mediated via the inhibition of 
the secretion of IFN‑γ and the cell numbers of CD3

+CD4
+IL‑4+, 

CD3
+CD4

+ IFN‑γ+, CD3
+CD8

+IL‑4+ and CD3
+CD8

+ IFN‑γ+ 
T cells in the peripheral blood monocytes and splenic lympho-
cytes. Therefore, the data may offer valuable insight on the 
efficacy of treatment of CLT with emodin.

Introduction

Chronic lymphocytic thyroiditis (CLT) or Hashimoto's 
thyroiditis (HT) is a frequent disease characterized by auto-
immune effects on the thyroid that are induced by the attack 
of cell‑mediated immune process and various antibodies (1). 
CLT is related to specific thyroid malignancies and autoim-
mune thyroid diseases, such as papillary thyroid carcinoma 
(PTC) (1,2). Iliadou et al provided evidence to support that 
adolescents and children who are born with CLT are susceptible 
to the familial PTC or other thyroid cancer with invasive char-
acteristics (3). Children with CLT often show some common 
clinical manifestations including weight gain, weakness, cold 
intolerance and fatigue (4). Currently, symptomatic therapy 
is the only available method to treat CLT and as a result the 
development of new fundamental treatments for this disease 
is essential (4). Certain studies have shown that the imbalance 
between Th1 (such as IFN‑γ) and Th2 cytokines, such as IL‑4 
and IL‑10 play an important role in regulating CLT (4).

Experimental autoimmune thyroiditis (EAT) in animal 
models has been used to simulate human CLT (5). EAT can 
represent human CLT to some extent (5). EAT animal models 
can be induced by treatment with different materials. Certain 
reports have demonstrated that EAT can be induced in NOD 
mice by administration of NaI. This condition can also be 
induced by immunization with human thyroglobulin with 
Freund's adjuvant in CBA/J mice (6‑9). Recently, EAT animal 
models have frequently been used in the majority of studies 
in order to simulate CLT and identify the proper mechanism 
involved in CLT. Using the EAT animal model, green tea 
polyphenols and modified Haizao Yuhu decoction were shown 
to be effective in the treatment of CLT (6,8). To the best of our 
knowledge, the efficacy of the therapeutic treatment used for 
CLT is limited. Thus, there is an increased requirement for 
effective and novel treatments for CLT.

As one of the active ingredients in Rheum palmatum, 
emodin, namely 1,3,8‑trihydroxy‑6‑methylanthraquinone is a 
naturally effective anthraquinone derivative. Emodin is also 
found in other plants such as Cassia obtusifolia, Aloe vera, 
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Polygonum multiflorum and Polygonum cuspidatum (10). It 
has been shown that emodin has various pharmacological 
effects, including antitumor, anti‑oxidative, liver protective, 
antifungal, antibacterial, antiviral and immunosuppressive 
activities (11‑13). Among those activities of emodin, the immu-
nosuppressive activity has been of particular interest. In vitro 
studies have shown that emodin can induce apoptosis in 
human T cells by increasing activated caspase‑3, ‑4 and ‑9 (14). 
Another study suggested that emodin ameliorated the prolifer-
ation of peripheral blood mononuclear cells via the regulation 
of the balance between Th1 and Th‑2 cytokines (10). Qiu et al, 
reported that emodin may act as a novel mTOR inhibitor, 
which inhibits alloimmunity via the reduction of the produc-
tion of alloantibody, thus lowering the maturation process of 
dendritic cells and the regulation of both CD8+CD122+ and 
CD4+FoxP3+ Tregs  (15). Taken collectively these studies 
suggest that emodin could be considered an emerging and 
effective immunosuppressant.

CLT is a disease, which is closely related to the imbal-
ance of the immune system. CD3 T‑lymphocytes, T helper 
lymphocytes (CD4) and cytotoxic T‑lymphocytes (CD8) were 
considered to play a vital role in the regulation of CLT (16). 
To the best of our knowledge, there is no report regarding the 
effect of emodin on CLT. In the present study, the mechanism 
of action of emodin with regard to CLT was investigated using 
the EAT animal model. The data suggested that emodin may 
be useful in the treatment of CLT. Furthermore, we sought to 
investigate the underlying mechanisms involved in the treat-
ment of CLT by emodin.

Materials and methods

Drugs and reagents. Fetal bovine serum (FBS, 10270‑106) 
and RPMI‑1640 (12633012) medium were purchased from 
Gibco (Thermo Fisher Scientific, Inc., Waltham, MA USA). 
Primary antibodies against CD3 (100217), CD4 (100412), CD8 
(100703), IFN‑γ (582825) and IL‑4 (504105), were obtained 
from Biolegend (Biolegend, Inc., San Diego, CA USA). TgAb 
ELISA kit was from Shanghai QiaoYu Biomedical Science and 
Technology Co., Ltd. (Shanghai, China). TBD Lymphocyte 
separation medium (LTS1092) was from Tianjin TBDscience 
Co., Ltd. (Tianjin, China). Disposable heparin tubes for human 
vein blood sampling (310122,2016) were obtained from 
Jiangsu Kangjie Medical Devices Co., Ltd. (Jiangsu, China). 
The remaining commercial available reagents were all of 
analytical grade.

Animals and treatment. 7 week‑old non‑obese diabetic (NOD) 
mice were purchased from Vital River (Beijing, China). 
Following acclimation for 1  week under environmentally 
controlled conditions (food and water ad libitum, tempera-
ture 21‑25˚C, relative humidity 40‑60%, 12  h dark/light 
cycles), the animals were randomly divided into two groups, 
namely the normal group (n=3) and the model group (n=12). 
The animals in the normal and the model groups were 
allowed access to deionized water and/or 0.05% NaI solution 
(containing 0.64 g NaI per liter) for 5 weeks separately. From 
the fifth week, 9 animals (3 mice/group) in the model group 
were randomly selected and were orally provided 15, 75 or 
150 mg/kg emodin daily for 3 weeks. The remaining animals 

were administered orally normal saline daily for 3 weeks. All 
the animal procedures were approved by the First Affiliated 
Hospital of Zhejiang Chinese Medical animal experimental 
ethics committee (201708791).

Serum preparation. In the end of experiment, the animals 
were weighed and blood was obtained from the ophthalmic 
vein. Following natural coagulation at room temperature for 
10 to 20 min, the blood samples were centrifuged at 3,000 x g 
for 20 min at 4˚C. The supernatants were carefully collected 
and stored at ‑80˚C until further use.

Peripheral blood mononuclear cell (PBMC) separation. 
The blood collected on the last day was mixed with EDTA 
for anticoagulation. Following mixing with the same volume 
of Hank's solution, the blood was carefully added on top of 
2 ml of lymphocyte separation medium. The mixture was 
centrifuged at 2,000 x g for 15 min. The cells that were in 
the interface were collected and mixed with 4 to 5 ml of 
Hank's solution. Following sufficient mixing, the samples 
were centrifuged at 1,500 x g for 5 min and the supernatant 
was discarded. The samples were finally washed twice and the 
residue that remained was the fraction that contained PBMC.

Separation of spleen lymphocytes. Following blood collection, 
the animals were sacrificed by pure CO2. The flow rate of 
CO2 was 1 l/min. The spleens of the sacrificed animals were 
collected under aseptic conditions. The spleen was grinded 
using 5 ml of mouse lymphocyte separation medium in a 
section screen cloth. The cell suspension was transferred into 
1 ml of RPMI‑1640 medium in a centrifuge tube. The mixture 
was centrifuged at 2,200 x g for 20 min at room temperature. 
The lymphocytes in the middle of the centrifuge tube were 
gently gathered and washed twice using PBS. The lympho-
cytes were resuspended in RPMI‑1640 containing 10% FBS 
and counted.

Serum TgAb ELISA assay. The serum protein level of TgAb 
was detected using a TgAb ELISA kit according to the manu-
facturer's instruction. The serum samples in all groups were 
diluted 5 times by sample diluent. Subsequently, 100 µl of the 
serum samples was added to a 96‑well plate and incubated 
with the appropriate biotin conjugated antibodies at 37˚C for 
120 min. The 96‑well plate was washed 5 times with wash 
solution. A total of 50 µl of substrate A and B were added to 
the 96‑well plate separately and the samples were incubated 
at 37˚C for 30 min in the dark. The reaction was terminated 
by addition of 50 µl of the stop solution to the 96‑well plate. 
The optical density (OD) was determined using a microplate 
reader (Thermo Fisher Scientific, Inc., Waltham, MA, USA). A 
standard curve of TgAb was prepared according to the manu-
facture's instructions. All standards and samples were run in 
duplicate.

Detection of T cells in PBMC and spleen lymphocytes. 
PreCP‑Cy5.5‑labeled anti‑CD3, APC‑conjugated anti‑CD4, 
FITC‑conjugated anti‑CD8 and PE‑conjugated Isotype Ctrl 
were purchased from Biolegend. The single cell suspension of 
PBMC and spleen lymphocytes was surface‑marked with anti-
bodies of each subpopulation at room temperature for 30 min. 
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Following washing with PBS and fixation with 4% parafor-
maldehyde, the cells were resuspended in permeabilization 
solution (0.1% saponin and 0.5% brefeldin A added in PBS). 
Intracellular staining of CD3, CD4 and CD8 was measured 
according to the instructions provided by the manufacturer. The 
difference in the population of CD3+CD4+ and/or CD3+CD8+ 

T cells in each group was analyzed by flow cytometry (FCM) 
using intracellular staining (BD Biosciences, Franklin Lakes, 
NJ, USA). The CellQuest software (BD Biosciences) was used 
to analyze the data collected in the experiment.

Detection of of IFN‑γ and IL‑4 in T cells of the spleen 
lymphocyte population. APC‑CY7‑A‑conjugated anti‑IL‑4 
and PE‑CY7‑conjugated anti‑IFN‑γ were both purchased from 
Biolegend. PBMC and spleen lymphocytes were treated with 
50 ng/ml phorbol ester and 1 µg/ml ionomycin for 6 h at 37˚C in 
a humidified atmosphere containing 5% CO2. Prior to the first 
hour of incubation, brefeldin A (BFA, 10 µg/ml) was added. 
The cells were collected, washed with PBS twice and incubated 
with antibodies of each subpopulation at room temperature 
for 30 min. Following washing with PBS, the cells were fixed 
with 4% paraformaldehyde and resuspended in permeabiliza-
tion solution (0.1% saponin and 0.5% BFA added in PBS). The 
cells were subsequently incubated with intracellular cytokine 
staining antibodies at room temperature for 30 min, washed 
and finally resuspended in cold staining buffer. The percent-
ages of CD3+CD4+IFN‑γ+, CD3+CD4+IL‑4+, CD3+CD8+ 
IFN‑γ+ and CD3+CD8+IL‑4+T cells in each sample of the three 
groups were analyzed by flow cytometry. CellQuest software 
(BD Biosciences) was used to analyze the data collected in the 
experiment.

Histopathology of the thyroid. The animals were sacrificed 
with pure CO2 (1 l/min) and the neck sections were dissected 
immediately. The thyroid was rapidly stripped below the 
thyroid cartilage. Following washing by cold saline, the 
thyroid was fixed in 4% formaldehyde solution for at least 
24 h. The thyroid was subsequently embedded in paraffin and 
4 µm slices were used and stained by hematoxylin and eosin 
(H&E). The areas of the inflammatory cell and the thyroid 
were estimated by Image‑pro Plus. The inflammatory ratio 
equals to the area of the inflammatory cell divided by the area 
of the thyroid. The evaluation process of this area was based 
on previous studies (17). The incidence of histological abnor-
malities consistent with EAT was graded as the function of the 
mononuclear cell thyroid infiltration as follows: degree 0 refers 
to normal thyroid, degree 1 refers to interstitial accumulation 
of inflammatory cells distributed between two or more folli-
cles, degree 2 refers to one or two foci of inflammatory cells 
reaching at least the size of one follicle, degree 3 refers to 10 
to 40% of the thyroid replaced by inflammatory cells, degree 
4 refers to more than 40% of the thyroid replaced by inflam-
matory cells. The inflammatory ratio was used to evaluate the 
percentage of the thyroid cells replaced by inflammatory cells. 
The estimation of the inflammatory ratio (%) was performed 
as follows: the number of inflammatory cells/ the total cells in 
this view x100. The slides were scored in a blinded manner. 
The mean scores were calculated by counting 10 different 
fields for each group under a light microscope with the same 
method. The details of this methodology are shown in Table I.

Statistical analysis. The data were analyzed by GraphPad 
Software, Inc. (La Jolla, CA, USA; Version 5). All values were 
expressed as mean ± standard deviation. Comparisons between 
groups were analyzed using one‑way ANOVA analysis 
followed by Dunnett's post hoc test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Histopathology of thyroid inflammation. The examination of 
the thyroid follicles by optical microscopy revealed normal 
morphology. The size of the normal thyroid was consistent. 
The normal thyroid epithelial cells were grown as a monolayer 
in a cuboidal shape or a column (Fig. 1). Following treatment 
by NaI, the structure of the thyroid follicle was destroyed. 
The epithelial cells were compressed and the mesenchyme 
was reduced. An apparent mononuclear cell infiltration was 
noted in the model group (Fig. 1). According to the histopatho-
logical evaluation, thyroid inflammation was evident in the 
model group to a higher extent compared with that noted in 
the normal group. In addition, the comparison of the low dose 
and/or high dose of emodin, with the middle dose treatment 
(75 mg/kg emodin) suggested that this treatment exerted the 
best anti‑inflammatory effect on EAT mice (Table II). Hence, 

Table I. Details of standard for evaluation for inflammatory 
condition of the thyroid.

Histopathology degree	 Inflammatory ration (%)

0	 0 (normal thyroid)
1	 <1
2	 1‑10
3	 10‑40
4	 >40

Table II. Pathological grading of thyroid in experimental 
autoimmune thyroiditis non‑obese diabetic mice after different 
treatment in each group.

		  Thyroid
Group	 n	 pathological grade

Normal group	 3	 0 
Model group	 3	 4.001

15 mg/kg emodin	 3	 3.00
75 mg/kg emodin 	 3	 2.002

150 mg/kg emodin 	 3	 3.00
P1	 /	 <0.001
P2	 /	 <0.001

Thyroid pathological grade was based on the results of histopa-
thology. Slides were scored in a blinded manner. Mean scores were 
calculated by counting 10 different fields for each group under a light 
microscope with the same method. P1<0.001, Model group vs. normal 
group; P2<0.001, 75 mg/kg emodin vs. model group.
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75 mg/kg of emodin was selected as the optimum dose for the 
following experiments.

Emodin attenuated the expression of TgAb in NaI‑induced 
EAT mice. TgAb is only located in the thyrocytes and is not 
secreted in the blood under normal condition unless in cases 
of chronic inflammation (3). During chronic inflammation, the 
immune system is stimulated to excrete TgAb for the produc-
tion of relative antibodies. Therefore, TgAb, a type of serum 
thyroid autoantibody, was considered a special biomarker for 
the diagnosis of CLT. In the present study, TgAb levels in the 
serum were measured by ELISA (17,18). The TaAb protein 
levels in EAT NOD mice of the model group were signifi-
cantly increased compared with those noted in the normal 
group (Fig. 2). The expression of this protein was dramatically 
decreased by emodin partly via the reduction of the TgAb 
protein levels. In addition, the isotype control itself had no 
effect on the relative population of CD3+CD4+T cells derived 
from PBMC and spleen lymphocytes in the EAT NOD mice.

Emodin suppressed the  rela t ive  popula t ion of 
CD3+CD4+T  cells of PBMC and spleen lymphocytes in 
EAT NOD mice. In EAT NOD mice (model group), the rela-
tive population of CD3+CD4+T cells in PBMC and spleen 
lymphocytes was markedly increased compared with the 
normal group, which indicated that EAT may be related to 
the high level of CD3+CD4+T cells (Fig. 3A and B). In addi-
tion, emodin significantly decreased the relative population of 
CD3+CD4+T cells in PBMC and spleen lymphocytes, which 
indicated that emodin could lower the EAT level partly by 
reducing the relative population of CD3+CD4+T cells in PBMC 
and spleen lymphocytes (Fig. 3A and B).

Emodin reduced the relative population of CD3+CD8+T cells 
of PBMC and spleen lymphocytes in EAT NOD mice. The 
relative population of CD3+CD8+T cells of PBMC and spleen 
lymphocytes was increased in the model group compared with 
the normal group, suggesting that EAT may be related to the high 
level of CD3+CD8+T cells (Fig. 4A and B). However, treatment 
with emodin reduced significantly the relative population of 
CD3+CD8+T cells in the PBMC and spleen lymphocytes compared 
with the model group, which suggests that emodin attenuated the 
severity of EAT partly by decreasing the relative population of 
CD3+CD8+T cells in PBMC and spleen lymphocytes.

Figure 1. Effect of emodin on the thyroid gland of EAT NOD mice. (A) Normal group: animals were allowed access to water and were treated with saline. 
Model group: Animals were administered 0.05% iodine deionized water and treated with saline. Emodin group: animals were administered 0.05% iodine 
deionized water and treated with 75 mg/kg emodin. Subsequently, tissues obtained from treated mice were stained with hematoxylin and eosin. n=3 in each 
group. (10x magnification, scale bar: 100 µm). (B) The Inflammatory ratio in each group was quantified. **P<0.01 vs. normal group; ##P<0.01 vs. model group. 
Mean ± standard deviation from three independent experiments. EAT, experimental autoimmune thyroiditis; NOD, non‑obese diabetic.

Figure 2. A total of 75 mg/kg emodin attenuated the protein levels of TgAb 
in EAT NOD mice induced by NaI. The protein levels of TgAb in each group 
after different treatment. The protein levels of TgAb were measured using 
an ELISA kit. ***P<0.001 vs. normal group; ###P<0.001 vs. model group. 
Mean  ±  standard deviation from three independent experiments. EAT, 
experimental autoimmune thyroiditis; NOD, non‑obese diabetic.
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Emodin decreased the  rela t ive  popula t ions  of 
CD3+CD4+IFN‑γ+ and CD3+CD4+IL‑4+T cells of PBMC and 
spleen lymphocytes in EAT NOD mice. Following treatment 
with NaI, the relative frequencies of CD3+CD4+IFN‑γ+ and 
CD3+CD4+IL‑4+T cells of PBMC and spleen lymphocytes 

were increased in NOD mice of the model and the emodin 
groups compared with the normal group (Fig. 5A and B). 
Treatment with emodin decreased the relative populations of 
CD3+CD4+IFN‑γ+ and CD3+CD4+IL‑4+T cells of PBMC and 
spleen lymphocytes (Fig. 5A and B). The data suggested that 

Figure 3. A total of 75 mg/kg emodin suppressed the relative population of CD3+CD4+ T cells of PBMC and spleen lymphocytes in EAT mice. Following 
treatment with 0.05% iodine water, animals with EAT were observed. The blood and spleen of all the animals (Isotype ctrl, normal, model or 75 mg/kg emodin 
group, n=3 in each group) were collected. PBMC and spleen lymphocytes were separated according to the method mentioned above. The relative population of 
CD3+CD4+T cells of PBMC and spleen lymphocytes was analyzed by Flow cytometry. The relative population of (A) CD3+CD4+T cell of PBMC and (B) spleen 
lymphocytes. ***P<0.001 vs. normal group; ###P<0.001 vs. model group. Mean ± standard deviation from three independent experiments. PBMC, peripheral 
blood mononuclear cell; EAT, experimental autoimmune thyroiditis.
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emodin lowered the EAT level partially by reducing the rela-
tive populations of CD3+CD4+IFN‑γ+ and CD3+CD4+IL‑4+T 
cells of PBMC and spleen lymphocytes.

Emodin down‑regulated the relative populations of 
CD3+CD8+IFN‑γ+ and CD3+CD8+IL‑4+ T cells of PBMC and 
spleen lymphocytes in EAT NOD mice. In NaI‑induced EAT 
NOD mice, the relative frequencies of CD3+CD8+IFN‑γ+T 
and CD3+CD8+IL‑4+T cells of PBMC and spleen lymphocytes 

were found to be higher in the model and the emodin 
groups compared with the normal group (Fig. 6A and B). 
The number of CD3+CD8+IFN‑γ+ and CD3+CD8+IL‑4+T 
cells of PBMC and spleen lymphocytes in the emodin 
group was lower compared with the model group, which 
indicated that emodin improved the EAT level partially by 
decreasing the relative populations of CD3+CD8+IFN‑γ+ and 
CD3+CD8+IL‑4+T cells of PBMC and spleen lymphocytes 
(Fig. 6A and B).

Figure 4. A total of 75 mg/kg emodin reduced the relative population of CD3+CD8+T cells of PBMC and spleen lymphocytes in EAT mice. The relative 
population of CD3+CD8+T cells in PBMC and spleen lymphocytes was analyzed by flow cytometry. The relative population of (A) CD3+CD8+T cells of PBMC 
and (B) spleen lymphocytes. ***P<0.001 vs. normal group; ###P<0.001 vs. model group. Mean ± standard deviation from three independent experiments. PBMC, 
peripheral blood mononuclear cell; EAT, experimental autoimmune thyroiditis.
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Discussion

CLT and Graves' disease are the main two types of autoimmue 
thyroid disease. Previous studies in CLT demonstrated that 
this disease is related to the production of TgAb and thyroid 

polyoxidase antibodies and the infiltration of monocytes in the 
thyroid tissues (19). CLT is influenced by a variety of factors 
including circumstance and heredity. The exact mechanism 
that underlies CLT is still unknown (19). In the present study, 
the effect of emodin on CLT was investigated by establishing 

Figure 5. A total of 75 mg/kg emodin decreased the relative populations of CD3+CD4+IFN‑γ+ and CD3+CD4+IL‑4+ T cells of PBMC and spleen lympho-
cytes in EAT mice. PBMC and spleen lymphocyte were treated with 50 ng/ml phorbol ester and 1 µg/ml ionomycin for 6 h. The relative populations of 
CD3+CD4+IFN‑γ+T cells and CD3+ CD4+IL‑4+T cells in PBMC and spleen lymphocytes were analyzed by flow cytometry. The relative populations of 
(A) CD3+CD4+IFN‑γ+ and CD3+ CD4+IL‑4+T cells of PBMC and (B) spleen lymphocytes. **P<0.01, ***P<0.001 vs. normal group; #P<0.05, ##P<0.01 vs. model 
group. Mean ± standard deviation from three independent experiments. PBMC, peripheral blood mononuclear cell; EAT, experimental autoimmune thyroiditis.
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an EAT animal model via administration of NaI in NOD 
mice. Based on the histopathological evaluation results and 
the levels of TgAb, the animal model was successfully estab-
lished. Emodin could effectively regulate CD3+CD4+ and 
CD3+CD8+ T cells in both PMBC and spleen lymphocytes. 

Th1 and Th2 cytokines were balanced following treatment 
with emodin.

The dose of 75 mg/kg/d was selected in the present study 
as the optimum dose. Emodin was reported to be effective in 
inhibiting the mutation of dendritic cells, reducing the action 

Figure 6. A total of 75 mg/kg emodin down‑regulated the relative populations of CD3+CD8+IFN‑γ+ and CD3+CD8+IL‑4+T cells of PBMC and spleen lympho-
cytes in EAT mice. The relative populations of CD3+CD8+IFN‑γ+ and CD3+CD8+IL‑4+T cells in PBMC and spleen lymphocytes were analyzed by flow 
cytometry. The relative populations of (A) CD3+CD8+IFN‑γ+ and CD3+CD8+IL‑4+T cells of PBMC and (B) spleen lymphocytes. **P<0.01, ***P<0.001 vs. 
normal group; #P<0.05, ##P<0.01 vs. model group. Mean ± standard deviation from three independent experiments. PBMC, peripheral blood mononuclear cell; 
EAT, experimental autoimmune thyroiditis
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of lymphocytes and regulating the balance between Th1 and 
Th2 cytokines  (10). Following treatment with emodin, the 
degree of severity of EAL in NOD mice was attenuated. The 
type of cytokines was important for the differentiation of the 
Th cells (17,20). Th1 cells are considered the differentiation 
cells derived from primary CD4+ T cells following induction 
by IFN‑γ. In turn, IFN‑γ is secreted by Th1 cells  (17,20). 
The expression of HLA‑II type antigen in thyroid epithelial 
cells could be enhanced by IFN‑γ. The over‑expression 
of the antigen triggers the production of autoimmunity. 
Subsequently, various monocytes and T lymphocytes are 
activated. Furthermore, the entrance of these activated cells in 
the thyroid causes an enhancement in cell toxicity and triggers 
antibody production (17,20).

Previous studies could not reach a consensus with regard 
to the effect of cellular and humoral immunities in CLT. It 
has been suggested that the up‑regulated levels of IFN‑γ 
could disrupt the balance between Th1 and Th2 cytokines 
and increase the levels of Th1. Cellular immunity was consid-
ered to be the main factor responsible for the development 
of CLT (21,22). However, other studies have proposed that 
cellular immunity and humoral immunity are equally impor-
tant in regulating CLT (23). Following treatment with NaI, 
the populations of CD3+CD4+IFN‑γ+ and CD3+CD8+IFN‑γ+T 
cells in PBMC and spleen lymphocytes were significantly 
increased in NOD mice, which suggested that Th1 cells 
participated in the regulation of CLT. Furthermore, the popu-
lations of CD3+CD4+IL‑4+ and CD3+CD8+IL‑4+T cells in 
PBMC and spleen lymphocytes were also increased to some 
extent in NOD mice, which suggested that Th2 cells were 
active in regulating CLT. It was reported by Yu that Th1 and 
Th2 play distinct roles during the stages of CLT (24). Th1 and 
Th2 cells are involved in the primary stage of inflammatory 
response and in the maintenance stage of CLT, whereas only 
Th2 cytokines may be involved in the maintenance stage of 
CLT. The data reported in the present study are consistent 
with previous investigations.

Following treatment with emodin, the populations of 
CD3+CD4+IFN‑γ+, CD3+CD8+IFN‑γ+, CD3+CD4+IL‑4+ and 
CD3+CD8+IL‑4+T cells in PBMC and spleen lymphocytes 
were markedly reduced in EAT NOD mice, which suggested 
that emodin was effective for the treatment of CLT. Based on 
this evidence, emodin was suggested as an effective protein 
involved in cellular and humoral immunities. In the present 
study, the effect of emodin on the regulation of CLT was 
demonstrated using an EAT NOD mice model. The possible 
mechanism of this action was further studied. This is the 
first study to report the effects of emodin on CLT and the 
data provide evidence to support the further clinical use 
of emodin. In conclusion, emodin shows promise for the 
treatment of CLT and can be investigated further in future 
studies.
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