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A B S T R A C T

Total glucosides of paeony (TGP), an active mixture extracted from paeony root, has anti-inflammatory and
immunoregulatory effects and is widely used for the treatment of autoimmune diseases such as rheumatoid
arthritis. However, the role of TGP in autoimmune hepatitis (AIH) is still unknown. In this study, we aimed to
investigate the effect of TGP in autoimmune liver disease (AILD) patients and in concanavalin A (Con A)-induced
experimental autoimmune hepatitis (EAH). Changes in biochemical parameters of AILD patients showed that
treatment with TGP exerts significant protective effects on liver function, as reflected by decreased levels of
serum alanine transaminase, aspartate transaminase, γ-glutamyl transpeptidase and total bilirubin. In EAH mice,
we found that pretreatment with TGP reduced the levels of serum liver enzyme levels, histopathological damage
and hepatocyte apoptosis. Importantly, flow cytometry analysis showed that pretreatment with TGP reduced the
infiltration of mature dendritic cells in the liver. In vitro, TGP pretreatment ameliorated the Con A-induced
mitochondrial membrane potential decline, reactive oxygen species increase, and apoptosis increase in hepa-
tocytes. In addition, the levels of Bax, Cleaved Caspase-3 and cytoplasmic Cytochrome C decreased during this
process, whereas those of Bcl-2 and mitochondrial Cytochrome C increased. Therefore, TGP might decrease
hepatocyte apoptosis through the mitochondrial apoptotic pathway. Moreover, the maturation of bone marrow
dendritic cells was also inhibited by TGP treatment. In conclusion, TGP treatment ameliorates AIH by regulating
hepatocyte apoptosis and DC maturation. TGP is a potential compound for AIH treatment.

1. Introduction

Autoimmune hepatitis (AIH), an autoimmune liver disease (AILD),
is a chronic autoimmune-mediated inflammation of the liver par-
enchyma characterized by elevated aminotransferase levels, positive
serum autoantibodies, high immunoglobulin G (IgG) levels, interface
hepatitis and plasma cell infiltration in liver tissue [1]. AILD includes
AIH, primary biliary cholangitis (PBC), primary sclerosing cholangitis
(PSC) and overlap syndrome (OS). It has been reported that the pre-
valence of AIH is increasing among women [2]. Without diagnosis or
timely treatment, AIH patients quickly develop liver failure, liver cir-
rhosis and even liver cancer [3]. In clinical practice, corticosteroids
alone or in combination with immunosuppressants is the current in-
ternationally recommended treatment for AIH [4,5]. However, some

patients with AIH have no response or a poor response to conventional
treatment or stop treatment due to adverse reactions to glucocorticoids
or immunosuppressants [6]. Therefore, it is necessary to identify new
and safe immunomodulatory drugs for AIH.

Total glucosides of paeony (TGP), an active mixture extracted from
paeony root, has anti-inflammatory and immunoregulatory effects [7].
Studies over the past few years have shown that TGP alleviates auto-
immune diseases such as rheumatoid arthritis (RA), systemic lupus er-
ythematosus (SLE) and primary Sjögren's syndrome (pSS) [8–10].
However, the effect of TGP in AIH has not yet been investigated. Cur-
rently, the main mechanism of AIH is considered to involve the com-
bined action of genetic and environmental factors, resulting in persis-
tent hepatocyte injury caused by the immune system targeting liver
autoantigens [11]. Dendritic cells (DCs), as antigen-presenting cells,
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play a central role in immune tolerance [12]. A study showed that
abnormal immune activation in AIH patients is closely related to DC
maturation [13]. In addition, TGP has been shown to attenuate the
maturation of DCs via TLR4/5 signaling in ovalbumin-immunized mice
[14]. Nevertheless, the effect of TGP on DCs has not been investigated
in AIH.

In this study, we sought to evaluate the effect of TGP in AILD pa-
tients and in concanavalin A (Con A)-induced experimental auto-
immune hepatitis (EAH). Our data showed that TGP pretreatment re-
duced hepatic injury in the patients and attenuated Con A-induced liver
injury through the mitochondrial apoptotic pathway. In addition, the
number of mature DCs decreased with TGP pretreatment. These data
suggest that TGP is a compound potentially useful for the treatment of
AIH.

2. Materials and methods

2.1. AILD patients

Eighteen patients with AILD including mild AIH patients and PBC
patients with features of AIH were enrolled in West China Hospital. The
inclusion criteria: (1) Patients were diagnosed with AIH and without
indication of immunosuppressive therapy; Liver biopsy showed mild
interface hepatitis; (2) Patients were diagnosed with PBC, not fulfilling
PBC-AIH overlap syndrome according to Paris criteria, without mod-
erate or severe interface hepatitis on liver biopsy. The clinical char-
acteristics of the patients are listed in Table 1. All individuals agreed to
participate in the trial, and assigned informed consent. This study had
been registered in Chinese Clinical Trial Registry (Registration number:
ChiCTR-IIR-17011926)

2.2. Animals

Female C57BL/6 mice (8–10 weeks; 18−22 g) were purchased from
the Laboratory Animal Center of Chongqing Medical University
(China). The mice were maintained in a specific-pathogen-free facility
and fed a standard laboratory diet before the experiments. TGP capsules
(Ningbolihua Pharmaceutical Co., Ltd, China) were diluted in 0.5 %
CMC-Na. Con A was obtained from Sigma-Aldrich (USA). The mice
were divided randomly into 3 groups: normal control (NC) group, Con
A group and TGP group (n = 6 each). Given that the TGP dose for
humans is 1800 mg/d, which is equivalent to 234 mg/kg for mice, and

that the drug absorption rate is different, we conducted a pre-experi-
ment with TGP 468 mg/kg, 936 mg/kg and 1872 mg/kg on mice re-
spectively. Considering the protective effect of 936 mg/kg TGP on Con
A mice and the tolerance of mice to the drug, this dose was used for the
next experiment. As shown in Fig. 2 A, TGP (936 mg/kg) was ad-
ministered by gavage once daily for 3 days. The mice in the Con A
group and the NC group were given the same volume of vehicle (CMC-
Na). Thereafter, the mice in the Con A model and TGP treatment groups
were injected intravenously with Con A (20 mg/kg). The NC group was
injected with the same volume of normal saline and sacrificed 12 h
later.

2.3. Liver aminotransferase assay

Eyeball blood samples were collected, and then serum was sepa-
rated after centrifugation at 1000 × g for 10 min. Alanine transaminase
(ALT) and aspartate transaminase (AST) were performed with an au-
tomatic biochemical analyzer (Instrument laboratory Aeroset-2000,
USA).

2.4. Histopathological analysis

Liver tissues were acquired 12 h after Con A injection. The samples
were fixed in 4 % paraformaldehyde for 48 h and then embedded in
paraffin. The sections were mounted on slides, deparaffinized in xylene,
rehydrated in decreasing concentrations of ethanol and subjected to
hematoxylin and eosin (H&E), terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL) and immunochemistry (IHC) staining.
Brown cells by microscopy were determined to be positive cells, and
positive areas were calculated by the software ImageJ.

2.5. Hoechst staining and apoptosis analysis by flow cytometry (FCM)

Apoptotic cells exhibit certain morphological characteristics, in-
cluding cell body shrinkage, chromatin condensation and apoptotic
body formation. The normal human hepatic cell line LO2 (2−4 × 105)
was seeded in 6-well plates; 12 h later, the cells were pretreated with
TGP 50 μg/mL and then Con A 10 μg/mL for 24 h. As the MTT assay
showed that TGP 50 μg/mL had protective effect on LO2 cells as
compared with cells treated with Con A alone, we used this dose for cell
experiments (data not shown). Subsequently, the cells were harvested,
washed twice with phosphate-buffered saline (PBS) and fixed in

Table 1
Clinical Characteristics of the AILD patients recruited.

Number Age Gender ALT AST ALP GGT TB IgG ANA
(IU/L) (IU/L) (IU/L) (IU/L) (μmol/L) (g/L) (X)

1 78 F 121 173 174 140 19.5 26.8 320
2 60 F 135 135 179 304 20.9 20.5 100
3 50 F 73 79 81 29 14.8 12.8 ±
4 66 F 181 96 100 66 17.6 18.8 320
5 63 M 22 30 220 70 12.5 18.7 ±
6 66 F 73 89 237 113 19.3 16.4 3200
7 56 F 74 86 256 71 18.1 20.1 1000
8 48 M 127 105 171 294 43 15.9 1000
9 50 F 55 80 224 124 19.2 23.6 320
10 51 F 127 123 187 141 16 17.3 1000
11 46 F 59 88 158 33 38.5 17.5 3200
12 63 F 45 49 161 102 13.9 16.1 1000
13 41 F 94 65 155 112 14.1 29.7 1000
14 43 F 158 126 216 222 28.3 20.8 100
15 44 F 38 37 90 74 11 16.2 1000
16 57 F 61 62 298 174 18 16.2 1000
17 53 F 117 97 359 184 31.6 15.3 1000
18 43 F 73 59 341 257 25 11 320

Abbreviations (normal values): ALT, alanine aminotransferase (< 40IU/L); AST, aspartate transaminase (< 35IU/L); ALP, alkaline phosphatase (50-135IU/L); GGT,
γ-glutamyl transpeptidase (< 45IU/L); TB, total bilirubin (5−28 μmol/L);IgG, immunoglobulin G (8–15.5 g/L); ANA, antinuclear antibody (0–100 X).
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methanol for 15 min. Finally, the cells were stained with Hoechst 33258
solution (KeyGEN BioTECH, China) in accordance with the manu-
facturer’s instructions, and the nuclear morphology of the cells was
imaged under a fluorescence microscope. In addition, an Annexin V-
FITC apoptosis detection kit (KeyGEN BioTECH, China) was used to
confirm that TGP reduced Con A-induced hepatocyte apoptosis. After
treatment as previously described, LO2 cells were washed twice with
ice-cold PBS, then stained with 5 mL of Annexin V-FITC and 5 mL of
propidium iodide (PI) for 10 min. The apoptosis state was assessed by
FCM, and the data were analyzed with FlowJo software.

2.6. Detection of mitochondrial membrane potential (ΔΨm) and reactive
oxygen species (ROS)

To detect changes in ΔΨm and ROS, 10 μM rhodamine 123 (Rh123)
and 2′,7′-dichlorodihydrofluorescein diacetate (DCFH-DA) diluted in
PBS was incubated with LO2 cells with different doses of TGP (50 μg/
mL) and Con A (10 μg/mL) for 30 min at 37 °C in the dark. Finally, the
stained cells were washed with PBS and analyzed by FCM. In addition,
JC-1 is an ideal fluorescent probe that is widely used to assess ΔΨm. JC-
1 can easily penetrate cells and healthy mitochondria. The green
fluorescent JC-1 probe exists in monomeric form at low ΔΨm; at high
ΔΨm, JC-1 forms red fluorescent "J-aggregates." After treatment, the
cells were incubated at 37 °C for 1 h; 5 mg/L JC-1 (Beyotime Biotech,
China) was added, and the cells were then washed twice with PBS.
Finally, the cells were observed at 490 nm excitation and 530 nm
emission for green and 540 nm excitation and 590 nm emission for red
and imaged by microscopy.

2.7. Western blotting analysis

Total protein was extracted from cryopreserved liver tissues of mice
and LO2 cells using radioimmunoprecipitation assay buffer (Boster

Biological Technology Co., Ltd, China) with protease and phosphatase
inhibitors (Selleckchem, USA). Mitochondrial and cytoplasmic proteins
were separated with the mitochondrial protein extraction kit (KeyGEN
BioTECH, China). The proteins (usually 30 μg) were separated by so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and then transferred to polyvinylidene difluoride (PVDF) membranes.
After incubation with primary antibodies (anti-Bax (Cell Signaling
Technology; 1:1000); anti-Bcl-2 (Cell Signaling Technology; 1:1000);
anti-Cleaved Caspase 3 (Cell Signaling Technology; 1:1000)；anti-
Cytochrome C (Proteintech; 1:1000); anti-GAPDH (ZSGB-BIO; 1: 1000);
anti-β-actin (ZSGB-BIO; 1:1000); COX IV (GeneTex; 1:1500)) at 4 °C
overnight, the membranes were washed and incubated with secondary
antibodies (ZSGB-BIO, 1: 3000). The bands were detected by ECL Plus
Western Blotting Substrate (Bio-Rad, USA). Monoclonal GAPDH and β-
actin antibodies were used as loading controls for total or cytoplasm
protein and COX IV for mitochondrial protein.

2.8. FCM analysis

After sacrifice, the liver tissue of mice was digested by collagenase
IV (Gibco, USA) and single-cell suspension prepared. The cells were
stained with antibodies against CD11c, MHCII, and CD4. In vitro, bone
marrow-derived DCs (BMDCs) were prepared using previously de-
scribed methods [15]. Immature DCs were generated from BMDCs and
cultured with GM-CSF (Novoprotein, China), IL-4 (Novoprotein, China)
and β-mercaptoethanol (β-ME, Sigma-Aldrich, USA). The BMDCs were
treated with lipopolysaccharide (LPS 100 ng/mL) and TGP (50 μg/mL)
for 24 h. Cells were then stained with fluorophore-conjugated anti-
mouse MHCII, CD11c and CD80 antibodies (Biolegend, USA) and were
detected by FCM.

Fig. 1. Changes in laboratory parameters of autoimmune liver disease (AILD) patients are observed after treatment with total glucosides of paeony (TGP).
(A) Serum levels of alanine transaminase (ALT) before and after TGP treatment with TGP. (B) Aspartate transaminase (AST). (C) Total bilirubin (TB). (D) γ-glutamyl
transpeptidase (GGT). (E) Alkaline phosphatase (ALP). (F) Immunoglobulin G (IgG).
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Fig. 2. TGP pretreatment attenuates he-
patocyte apoptosis in Con A-induced liver
injury.
(A) Study design. (B) Serum ALT and AST
levels. (C) H&E staining displayed ne-
crotic areas in liver tissues from mice
(original magnification, ×200). (D) The
proportion of apoptotic cells was assessed
by a TUNEL assay (original magnifica-
tion, ×200). (E) Protein expression of
Bax, Bcl-2 and Cleaved Caspase-3 in liver
tissue. (F) The immunohistochemical
analysis was conducted to measure the
expressions of Bax, Bcl-2 and Cleaved
Caspase-3 in liver tissue. *P< 0.05,
**P< 0.01, ***P<0.001 compared to
the NC group; #P<0.05, ##P<0.01,
###P<0.001 compared to the Con A
group.
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2.9. Statistical analysis

All experiments were performed at least three times. The data are
presented as mean± standard error. A two-tailed Student's t-test was
used for the statistical analysis. Statistically significant p values are
labeled as follows: * p<0.05; ** p< 0.01; *** p<0.001; # p< 0.05;
## p<0.01; ###p<0.001.

3. Results

3.1. Changes in laboratory parameters of AILD patients are observed after
TGP treatment

The clinical characteristics of AILD patients are shown in Table 1.
There was a preponderance of female and middle-aged or elderly par-
ticipants. All patients took 600 mg of TGP 3 times a day. One of the
patients developed mild diarrhea but gradually recovered. The levels of
serum ALT, AST, alkaline phosphatase (ALP), γ-glutamyl transpeptidase
(GGT), total bilirubin (TB) and IgG were measured before and after TGP
treatment for 3 months. As shown in Fig. 1, the levels of serum ALT,
AST, GGT and TB in AILD patients decreased markedly with TGP
treatment.

3.2. TGP pretreatment attenuates hepatocyte apoptosis in Con A-induced
liver injury

To investigate the effect of TGP pretreatment on Con A-induced
liver injury, the serum ALT and AST levels in the mice were measured.
In addition, H&E staining and TUNEL assays were also performed. The
results showed that compared with the NC group, Con A treatment
significantly increased the levels of serum ALT and AST compared with
those in the NC group. However, TGP treatment induced a marked
reduction in ALT and AST release (Fig. 2B). As shown in Fig. 2C, ex-
tensive necrotic areas and increased inflammation were observed in
liver tissues from mice treated with Con A alone. However, TGP
treatment reduced these effects. Moreover, the level of apoptosis in
liver tissue was assessed by the TUNEL assay. The positive areas in the
Con A group were significantly larger than those in the NC group.
However, in the TGP pretreatment group, the proportion of apoptotic
cells decreased significantly (Fig. 2D). Furthermore, we analyzed
apoptosis-related proteins, including B‑cell lymphoma‑2 (Bcl‑2),
Bcl‑2‑associated X protein (Bax), and Caspase‑3 in the liver tissue via
western blotting. Compared with the Con A group, expression of Bcl-2,
which is known to be an antiapoptotic protein, was dramatically in-
creased but that of Bax and Cleaved Caspase-3 in the TGP group was
decreased (Fig. 2F). The IHC results coincided with those of western
blotting. These results suggest that TGP pretreatment effectively re-
duces hepatocyte apoptosis in Con A-induced liver injury.

3.3. TGP decreases hepatocyte apoptosis through the mitochondrial
apoptotic pathway in vitro

The results of animal experiments were further explored in vitro.
Inhibition of Con A-induced LO2 cells apoptosis by TGP treatment was
detected by Hoechst 33258 staining. After LO2 cells were treated with
Con A for 24 h, several apoptotic bodies were observed. However, the
number of apoptotic bodies in LO2 cells in the TGP pretreatment group
was lower than that in the Con A group (Suppl. Fig. 1). To further
confirm the above result, LO2 cells were double-labeled with Annexin
V-FITC/PI, and the level of apoptosis was assessed by FCM. The average
apoptosis rate in the Con A group was higher than that in the NC group.
TGP treatment significantly decreased the apoptosis rate (Fig. 3A).
Taken together, these results show that TGP decreases Con A-induced
hepatocyte apoptosis.

To further investigate the mechanism, we next detected changes in
ΔΨm by staining with the fluorescent JC-1 probe and by FCM after

staining with the fluorescent dye Rh123. JC-1 staining showed a de-
crease in red fluorescence and an increase in green fluorescence in Con
A-treated LO2 cells. Compared with the Con A group, the TGP-pre-
treated group displayed an increase in red fluorescence and a decrease
in green fluorescence (Fig. 3B). FCM analysis of Rh123-stained cells
showed that TGP pretreatment ameliorated the Con A-induced ΔΨm
loss (Fig. 3C). The level of ROS is greatly affected when mitochondrial
function is suppressed [16]. We further assessed the level of ROS in LO2
cells by DCFH-DA staining. Pretreatment with TGP reduced the ROS
level imbalance in hepatocytes stimulated with Con A (Fig. 3D). Fur-
thermore, we analyzed the expression of Bax, Bcl-2 and Cleaved Cas-
pase-3 in LO2 cells via western blotting. Compared with the Con A
group, the TGP group exhibited increases in Bcl-2 expression and the
Bcl-2/Bax ratio but a decrease in Bax and Cleaved Caspase-3 expression
(Fig. 3E). Importantly, subcellular isolation and western blotting ana-
lysis showed that the level of Cytochrome C (Cyt-c) protein in the cy-
toplasm of the LO2 cells in the TGP group was significantly lower than
that of the Con A group cells but that the mitochondrial level was
higher (Fig. 3F). These results suggest that TGP treatment ameliorates
Con A-induced hepatocyte apoptosis by inhibiting the mitochondrial-
mediated apoptosis pathway.

3.4. TGP pretreatment ameliorates EAH by regulating the proportion and
maturation of DCs in vivo and in vitro

As DCs and CD4+ T cells play vital roles in the process of AIH, we
analyzed the number of DCs and CD4+ T cells by FCM. In vivo, the FCM
data indicated that the maturation of DCs was inhibited by TGP treat-
ment, as evidenced by lower levels of MHCII and CD80 in the TGP
group than in the Con A group (Fig. 4A). In addition, we found that the
number of CD4+ T cells increased in the Con A group, which was in
accordance with previous studies. However, CD4+ T cells decreased
greatly in TGP pretreatment group (Fig. 4B). These results suggest that
TGP ameliorates Con A-induced EAH by reducing DC numbers and
suppressing maturation. In vitro, we assessed expression of CD11c,
CD80 and MHCII by FCM to investigate the effect of TGP treatment on
LPS-stimulated BMDC maturation. As shown in Fig. 4C, compared with
the LPS group, the TGP-treated group showed inhibition of BMDC
maturation, as reflected by a decrease in MHCII and CD80 levels.

4. Discussion

Autoimmune hepatitis (AIH) is a chronic, progressive inflammatory
liver disease that can lead to liver cirrhosis and liver failure [17]. The
etiology of AIH has not been fully elucidated. Nevertheless, it has been
shown that the initiation of AIH is due to a loss of self-tolerance to
hepatic autoantigens. Due to the dysregulation of immunomodulatory
function, the immune system targets liver autoantigens, causing an
uncontrollable immune response, resulting in persistent damage to the
liver [18]. An improved understanding of the pathophysiology of AIH
has led to significant improvements in the treatment of AIH. The animal
model of AIH provides an important tool for patients to develop and
evaluate new treatment options. The Con A-induced EAH model is
widely accepted to be an effective animal model of human AIH. This
(20 mg/kg Con A for 12 h) animal model mimics the pathogenesis and
characteristics of clinical AIH [19]. In this study, a female C57BL/6
mouse EAH model was used to evaluate the therapeutic effect of TGP on
inflammation and to further explore the mechanism of TGP in this
process. In addition, because hepatocytes are the main cell type da-
maged in AIH, we chose LO2 cells to investigate the protective effect of
TGP on hepatocytes in vitro. Some previous studies also have used Con
A to stimulate hepatocytes to explore the detailed mechanisms [20].
Similarly, Con A (10 μg/mL for 24 h) was used to cause apoptosis of
hepatocytes in this study.

First, we evaluated the effect of TGP on liver injury. Serum ami-
notransferase measurement, liver H&E staining and TUNEL assay
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Fig. 3. TGP decreases hepatocyte
apoptosis through the mitochondrial
apoptotic pathway in vitro.
(A) Apoptosis rate of LO2 cells re-
vealed by Annexin V-FITC/PI double
labeling. (B) For JC-1, compared with
the Con A group, the TGP-pretreated
group displayed an increase in red
fluorescence and a decrease in green
fluorescence. (C) Flow cytometric
analysis showed that TGP pretreat-
ment ameliorated the Con A-induced
ΔΨm loss. (D) Pretreatment with TGP
reduced the ROS level imbalance in
hepatocytes stimulated with Con A. (E)
Protein expression of Bax, Bcl-2 and
Cleaved Caspase-3 in LO2 cells. (F)
Protein expression of Cyt-c in the mi-
tochondria and cytoplasm of LO2 cells.
*P< 0.05, **P< 0.01, ***P<0.001
compared to the NC group; #P<0.05,
##P<0.01, ###P<0.001 com-
pared to the Con A group.
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results indicated that TGP pretreatment effectively reduced hepatocyte
apoptosis in Con A-induced liver injury. Thereafter, we studied the ef-
fect of TGP on the apoptosis pathway in vitro. Hoechst 33258 and
Annexin V-FITC/PI staining showed that TGP treatment decreased he-
patocyte apoptosis caused by Con A. Accumulating evidence shows that
mitochondrial dysfunction leads to apoptosis and that apoptosis is re-
lated to a decrease in mitochondrial membrane potential ΔΨm [21].
Destruction of mitochondrial membrane permeability and loss of ΔΨm
are important events in the inherent apoptosis pathway. In the present
study, we found a marked reduction in ΔΨm in LO2 cells treated with
Con A, and TGP treatment ameliorated this reduction. In addition, ROS
are mainly produced in mitochondria. An increase in ROS may lead to
apoptosis because of oxidative stress [22]. Con A treatment produced
an increase in ROS in LO2 cells, a possible reason for the increased
apoptosis. However, TGP ameliorated this imbalance. Moreover, to
further understand the exact mechanism of TGP-mediated hepatocyte
apoptosis reduction, the expression levels of intrinsic apoptosis

signaling regulators, such as Bax, Bcl-2 and Cleaved Caspase-3, were
measured. Anti-apoptotic Bcl-2 and pro-apoptotic Bax play important
roles in mitochondrial-dependent apoptosis [23,24]. Caspase-3 is an
important effector protease that is cleaved and activated during apop-
tosis [25]. The results of this study show that the TGP-mediated
apoptosis reduction was accompanied by a decrease in Bax and Cleaved
Caspase-3 levels and an increase in Bcl-2 and the Bcl-2/Bax ratio.
Furthermore, the release of Cyt-c from mitochondria is an important
event in the process of apoptosis, which activates caspases [26]. We
successfully isolated mitochondrial and cytoplasmic proteins and de-
tected the expression level of Cyt-c, showing that TGP-mediated
apoptosis reduction was accompanied by a decrease in cytoplasmic Cyt-
c and an increase in mitochondrial Cyt-c. Therefore, the mitigation of
apoptosis by TGP may be achieved through the intrinsic mitochondrial-
dependent pathway.

In addition, DCs play a vital role in the onset and progression of the
immune response, leading to inflammation and tissue damage [27,28].

Fig. 4. TGP pretreatment ameliorates EAH by regulating the proportion and maturation of DCs in vivo and in vitro.
(A) Maturation of DCs in mice. (B) Number of CD4+ T cells in mice. (C)Maturation of BMDCs in the three groups. *P<0.05, **P< 0.01, ***P<0.001 compared to
NC group; #P<0.05, ##P<0.01, ###P<0.001 compared to Con A group.
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Immature DCs originate from bone marrow progenitor cells and are
located in peripheral tissues, and their function is low due to low ex-
pression levels of MHCII and chemokine proteins [29]. In response to
dangerous or invasive antigens, immature DCs develop into mature
DCs, expressing high levels of MHCII to activate T cells and alter the
immune response [30,31]. In light of the critical role of mature DCs in
immune-mediated inflammation, we investigated whether TGP treat-
ment inhibits DC maturation in mice and LPS-stimulated BMDCs and
found that it does. The levels of the DC maturation markers MHCII and
CD80 were decreased in the TGP group both in vivo and in vitro.

5. Conclusion

In summary, our present study demonstrates that TGP treatment
inhibits liver injury in AIH, and that this effect may be due to impaired
DC maturation. These findings provide a theoretical basis for the fur-
ther investigation of the mechanisms of TGP in AIH treatment.
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