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ABSTRACT 

The experimental autoimmune myocarditis (EAM) remains an urgent issue to be addressed. The high mobility group 
box-1 (HMGB1)-receptor for advanced glycation endproducts (RAGE) signaling acts imperatively in pathogenesis of 
myocarditis. The aim of this study was to evaluate the potential mechanism of various doses of propofol in enhancing the 
cardiac function of EAM rats and its role in regulating HMGB1-RAGE signal transduction. Fifty rats were randomly and 
equally assigned to Control, EAM, low-dose propofol (LDP), medium-dose propofol (MDP), and high-dose propofol 
(HDP) groups. Control group received phosphate-buffered saline (PBS) injection (1 mL, oral gavage). EAM, LDP, MDP, 
and HDP groups were induced with EAM via porcine myocardial protein injection. Following model establishment, 
LDP, MDP, and HDP were delivered consecutively at 25, 50, and 100 mg/kg, respectively. Echocardiography assessed 
cardiac function parameters, namely left ventricular end-systolic diameter (LVESD, mm), LV end-diastolic diameter 
(LVEDD, mm), LV fractional shortening (LVFS), LV ejection fraction (LVEF). The serum cytokine levels were 
measured. Myocardial tissue was harvested for histopathological examination by Hematoxylin-eosin staining and 
scoring. The expression of MMP-3, MMP-9, TIMP-1, IL-1β, and inducible nitric oxide synthase (iNOS) in myocardial 
tissue was determined. Western blotting assessed the protein level of HMGB1 and RAGE in myocardial tissue. 
Compared with the Control group, EAM group exhibited significantly increased values of LVESD and LVEDD, higher 
myocardial inflammation scores, and elevated TNF-α, IFN-γ, TGF-β1, IL-17, MMP-3, MMP-9, IL-1β, iNOS mRNA 
expression, and HMGB1 and RAGE protein expression (P≤0.05). In contrast, LVFS and LVEF values, IL-4 and IL-10 
levels, and TIMP-1 mRNA expression were significantly decreased (P≤0.05). However, compared with EAM group, 
MDP and HDP groups showed significantly reduced LVESD and LVEDD values, myocardial inflammation scores, and 
reduced TNF-α, IFN-γ, TGF-β1, IL-17, MMP-3, MMP-9, IL-1β, iNOS mRNA expression, and HMGB1 and RAGE 
protein expression (P≤0.05), while LVFS and LVEF values, IL-4 and IL-10 levels, and TIMP-1 mRNA expression were 

significantly increased (P≤0.05). Propofol improves cardiac function in EAM rats by modulating the balance between 
pro-inflammatory (Th1, Th17) and anti-inflammatory (Th2, Treg) responses and suppressing myocardial inflammation, 
an effect that may involve inhibition of the HMGB1-RAGE signaling pathway. 
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INTRODUCTION 

 Experimental autoimmune myocarditis (EAM) 
predominantly affects young adults, and immune 
dysfunction induced by viral infections is the primary 
pathogenic mechanism of EAM (Gajić et al., 2021). 
EAM causes myocarditis-related death in young patients, 
with over 30% of affected individuals progressing to 
heart failure (Tschöpe et al., 2021). Currently, no 
effective treatment exists for EAM, making the 
identification of therapeutic targets and effective drugs 
crucial. The cardiovascular system in rats closely 
resembles that of humans, and their immune system is 
well-developed, making them suitable for modeling the 
pathological process of human myocarditis. Rats have 

been widely utilized in research on myocarditis and other 
heart-related diseases, and in this work, EAM rat model 
was established to lay the groundwork for subsequent 
research. 
 Propofol is a widely utilized short-acting 
intravenous anesthetic, primarily acting by enhancing the 
inhibitory effects of γ-aminobutyric acid (GABA) to 
produce central nervous system depression, thus rapidly 
inducing and maintaining anesthesia (Burnett et al., 
2023). It has a fast onset, short duration of action, rapid 
recovery, and relatively mild suppression of the 
respiratory and circulatory systems, which has led to its 
extensive clinical application. In addition, propofol also 
exhibits anti-cancer and immune modulation properties. 
Studies noted that propofol can inhibit cell cycle-related 
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protein expression, blocking the G1 phase of tumor cells 
to suppress their proliferation (Sun et al., 2024). 
Furthermore, propofol can induce tumor cell apoptosis by 
triggering mitochondrial and death receptor pathways 
(Chang et al., 2022). In immune modulation, propofol 
regulates T cell activation and differentiation, suppressing 
Th1 cell activity while promoting Th2 cell activity to 
maintain immune balance (Yamamoto et al., 2024). Upon 
stimulation, NF-κB is activated and translocates into the 
nucleus, initiating the transcription and expression of a 
series of inflammation-related genes, thereby triggering 
an inflammatory response. Propofol suppresses NF-κB 
activation through multiple mechanisms, including 
inhibiting the phosphorylation of upstream signaling 
molecules and reducing its nuclear translocation, 
ultimately leading to decreased release of inflammatory 
mediators and attenuation of inflammation (Wu et al., 
2020). Inflammatory responses and oxidative stress play 
key roles in myocardial injury. Zhang et al. found that 
propofol treatment of human umbilical vein endothelial 
cell-derived microvesicles could inhibit oxidative stress 
and apoptosis in cells (Zhang et al., 2023). Huang et al. 
found that propofol could reduce the myocardial infarct 
area in diabetic myocardial infarction/reperfusion rats, as 
well as inhibit oxidative stress and myocardial cell 
apoptosis (Huang et al., 2022). Another study also 
confirmed that propofol could reduce doxorubicin-
induced myocardial cell apoptosis and mediate the 
PI3K/Akt signaling to exert myocardial protective effects 
(Zhang et al., 2022). Xie et al. (2024) further 
demonstrated that propofol could reverse 
lipopolysaccharide-induced cardiac structural changes 
and dysfunction, primarily by inhibiting oxidative stress 
and apoptosis in myocardial cells, thus offering 
cardioprotection in septic conditions (Xie et al., 2024). 
Briefly, besides its anesthetic properties, propofol also 
has anti-cancer, anti-inflammatory, and cardioprotective 
effects. Nevertheless, whether propofol can protect 
cardiac function in EAM still needs further investigation. 
 Propofol reduces the release of inflammatory 
cytokines and suppresses excessive immune system 
activation. It is thus hypothesized that propofol may 
modulate immune function through its anti-inflammatory 
properties by influencing immune cell activity and the 
secretion of cytokines. These immunomodulatory effects 
could ameliorate the inflammatory microenvironment in 
myocardial tissue, attenuate cellular damage and stress, 
and consequently indirectly inhibit the translocation of 
HMGB1 from the nucleus to the extracellular space, 
thereby reducing the activation of the HMGB1-RAGE 
signaling pathway. Based on this, the present work 
established an EAM rat model to analyze the effects of 
different doses of propofol to evaluate its effects on 
cardiac function, immune regulation, myocardial 
inflammatory response, and modulation of the HMGB1-
RAGE signaling in EAM rats. We aimed to understand 

the pathogenesis of EAM and the potential mechanisms 
of propofol in cardiac function protection in EAM. 

MATERIALS AND METHODS 

Experimental animals: Fifty male Sprague Dawley rats 
(7 weeks old, 250-270 g; Beijing Huafu Kang 
Biotechnology Co., Ltd., China) were recruited and 
housed in laboratory at 23-26°C, 55-60% relative 
humidity, and a 12-h light/dark cycle. The study was 
approved by the Ethics Committee of Jiashan County 
First People’s Hospital in accordance with all applicable 
guidelines and regulations. 

Animal grouping: The rats were randomly assigned to 
Control, EAM, low-dose propofol (LDP), middle-dose 
propofol (MDP), and high-dose propofol (HDP) groups 
(n=10). 
Control group: rats received 1 mL of PBS injection 
(Thermo Fisher Scientific, USA) into each of two 
inguinal regions. 
 EAM group: porcine myocardial protein 
(Sigma-Aldrich, USA) was first dissolved in 0.15 mol/L 
PBS, with concentration adjusted to 2 mg/mL. Porcine 
myocardial protein solution was emulsified with 
complete Freund’s adjuvant (Sigma-Aldrich, USA) at a 
1:1 ratio. The resulting emulsion was then injected into 
each of the two inguinal regions of the rats at 1 mL per 
site. After 7 consecutive days of injections, the success of 
model was evaluated by observing histopathological 
changes in myocardial tissue. Once the model was 
successfully established, rats were gavaged with 1 
mL/100 g of saline for 28 d. 
 LDP group: the same model as EAM group was 
utilized. After successful modeling, rats were gavaged 
with 25 mg/kg propofol for 28 d. 
 MDP group: the same model as EAM group was 
utilized. After successful modeling, rats were gavaged 
with 50 mg/kg propofol for 28 d. 
 HDP group: the same model as EAM group was 
utilized. After successful modeling, rats were gavaged 
with 100 mg/kg propofol for 28 d. 

Echocardiographic examination: Rats from each group 
were anesthetized with 30 mg/kg of 1% sodium 
pentobarbital (Sigma-Aldrich, USA) via intraperitoneal 
injection at 0, 1, 3, 7, 14, and 28 days after the start of 
gavage following successful modeling. Cardiac structural 
and functional changes were assessed using the IVIS 
Spectrum small animal ultrasound imaging system 
(Shanghai Ruifu Di Biomedical, China). The parameters 
evaluated included left ventricular end-systolic diameter 
(LVESD), LV end-diastolic diameter (LVEDD), LV 
fractional shortening (LVFS), and LV ejection fraction 
(LVEF). All echocardiographic examinations were 
performed and evaluated by experienced 
ultrasonographers, and the final values were obtained by 
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averaging the measurements from five consecutive 
cardiac cycles. The researchers responsible for image 
acquisition and data analysis were blinded to the 
experimental group assignments of the rats. 

Hematoxylin-eosin staining for histopathological 

observation: After treatment and the final 
echocardiographic examination, rats were euthanized, 
and hearts were harvested following thoracotomy. Hearts 
were longitudinally sectioned along the coronal plane 
into two halves. One portion was stored at-80°C for 
future use, and the other was fixed in 4% 
paraformaldehyde (Sigma-Aldrich, USA) at 25°C. After 
24 h of fixation in 4% paraformaldehyde, the heart tissue 
was dehydrated through successive immersions in 70%, 
80%, 90%, 95%, 100%, and 100% ethanol for 1 h each. 
Tissue was treated with xylene I and xylene II (Xiongda 
Chemical Co., Ltd., China) for 30min each to clear the 
tissue. Following this, the tissue was infiltrated with 
paraffin at 60°C for 2 h using melted paraffin (Shanghai 
Ruichu Biotechnology Co., Ltd., China). Once solidified, 
tissue was sectioned into 4 μm slices via an S700 paraffin 
microtome (Shenzhen Ruiwode Co., Ltd., China). 
Sections were deparaffinized in xylene and rehydrated 
via ethanol. Tissue was stained with hematoxylin 
(Solarbio Technology Co., Ltd., China) for 5min, 
differentiated and blued via 1% hydrochloric acid ethanol 
and ammonia solution for 3 s, respectively. Then, eosin 
(Solarbio Technology Co., Ltd., China) was utilized for 
staining for 5min. Sections were mounted with neutral 
resin (Sigma-Aldrich, USA) following dehydration with 
ethanol in gradient and cleaning with xylene. The 
histopathological changes in myocardial tissue were 
visualized under a BX53M microscope (Olympus, 
Japan). Five random fields were selected for 
inflammation scoring based on inflammatory cell 
infiltration and necrosis area percentage, with scores 
assigned as follows: 0-25% as 1 point, 25-50% as 2, 50-
75% as 3, and 75-100% as 4. The pathologists who 
performed the histological examination and scoring of 
myocardial tissue sections were blinded to the 
experimental group allocation of the samples to ensure 
objective evaluation of pathological features including 
myocardial inflammation severity, cellular infiltration, 
and tissue damage extent without investigator bias. 

Enzyme-linked immunosorbent assay: After the final 
administration and echocardiographic examination, blood 
was collected from abdominal aorta, left at 25°C for 
30min, centrifuged at 3000 rpm for 10min to separate the 
serum. Serum TNF-α, IFN-γ, IL-4, IL-10, TGF-β1, and 
IL-17 levels were measured with the ELISA kits 
(Shanghai Beyotime Biotechnology Co., Ltd., China). 
Each assay was performed in triplicate, and the average 
value was calculated. 

Real-time quantitative PCR detection: A portion of the 

heart tissue stored at-80°C was utilized for RNA 
extraction via Trizol method (Sigma-Aldrich, USA). 
cDNA was synthesized via R transcription kit (Solarbio 
Technology Co., Ltd., China). Using cDNA as a template, 
real-time quantitative PCR was performed for 
myocarditis-related genes following the protocol 
provided with the Real-Time Quantitative PCR kit 
(Solarbio Technology Co., Ltd., China). The primer 
sequences for the quantitative PCR were matrix 
metalloproteinase-3 (MMP-3) F: 5’-
ACATGGAGACTTTGTCCCTTTTG-3’, R: 5’-
TTGGCTGAGTGGTAGAGTCCC-3’; MMP-9 F: 5’-
GGACCCGAAGCGGACATTG-3’, R: 5’-
CGTCGTCGAAATGGGCATCT-3’; Tissue inhibitor of 
metalloproteinase-1 (TIMP-1) F: 5’-
CTTGGTTCCCTGGCGTACTC-3’, R: 5’-
ACCTGATCCGTCCACAAACAG-3’; IL-1β F: 5’-
TGTGATGAAAGACGGCACAC-3’, R: 5’-
CTTCTTCTTTGGGTATTGTTTG-3’; iNOS F: 5’-
ACCATGGAGCATCCCAAGT-3’, R: 5’-
CAGCGCATACCACTTCAGC-3’; β-actin F: 5’-
TGGCTCTAACAGTCC GCCTAG -3’, R: 5’-
CGTTGACATCCGTAAAGACC -3’. PCR conditions 
were: 95°C for 3min (pre-denaturation), 95°C for 30s 
(denaturation), 60°C for 30s (annealing), 72°C for 30s 
(extension) for 30 cycles, 72°C for 5min (final 
extension). Target gene relative levels were computed 
utilizing 2-ΔΔCT, with β-actin as internal reference. Each 
assay was implemented thrice to take average value. 
Western blotting: Heart tissue stored at-80°C was 
homogenized in RIPA lysis buffer (Sigma-Aldrich, USA) 
to extract total protein. Bicinchoninic acid kit (Sigma-
Aldrich, USA) determined protein concentration. After 
heat denaturation, the proteins were separated by SDS-
PAGE, transferred onto a PVDF membrane, which was 
then blocked with 5% non-fat dry milk at 25°C for 1 h. 
After washing, membrane was incubated overnight at 
4°C with primary antibodies against HMGB1, RAGE, 
and β-actin (Abcam, UK), each diluted 1:1000. After 
washing, the membrane was incubated with a secondary 
antibody, goat anti-mouse IgG (Abcam, UK), diluted 
1:5000, at 25°C for 2 h. After washing, the membrane 
was subjected to enhanced chemiluminescence (Thermo 
Fisher Scientific, USA) detection, and the results were 
visualized using the WD-9413C Gel Imaging System 
(Beijing Liuyi Biotechnology Co., Ltd., China). β-actin 
was utilized as internal reference protein, and target 
protein relative levels were computed employing Image 

J. Each experiment was performed thrice to take average 
value. 

Statistical analysis: Utilizing SPSS 23.0, data were 
denoted as mean ± standard deviation. One-way analysis 
of variance (One-way ANOVA) performed multiple-
group comparisons. When homogeneity of variance was 
confirmed for quantitative data, the least significant 



Lv et al.,   J. Anim. Plant Sci., 36 (1) 2026 

 19 

difference (LSD) method was subsequently employed for 
pairwise comparisons between groups. P≤0.05 was 
statistically significant. 

RESULTS 

Cardiac function: The differences in cardiac function 
parameters, including LVESD, LVEDD, LVFS, and 
LVEF, were evaluated across different groups of rats 
(Figure 1). The results indicated that negligible changes 
existed in the LVESD, LVEDD, LVFS, and LVEF 

parameters at different time points in Control group. In 
EAM group, LVESD and LVEDD significantly higher 
than those in Control group, while LVFS and LVEF were 
lower than Control group (P≤0.05). All measured 
parameters in LDP group showed improvement trends 
compared with the EAM group, but all were not 
considerable (P>0.05). Nevertheless, in MDP and HDP 
groups, LVESD and LVEDD were significantly smaller, 
and LVFS and LVEF were notably larger compared with 
the LDP group (P≤0.05). 

 

 
Figure 1. Contrast of cardiac function parameters among groups. (A) LVESD parameter; (B) LVEDD parameter; 

(C) LVFS parameter; (D) LVEF parameter. *
P≤0.05 vs. Control group; #P≤0.05 vs. EAM group (in 

Figures 1-5). 

 
Contrast of myocardial morphology among groups: 

The histopathological changes in myocardial tissue of 
rats were observed (Figure 2). The results revealed that 
the myocardial structure in Control group was intact, with 
regular arrangement of myocardial cells and fibers. In 
EAM group, the myocardial tissue exhibited disorganized 
cell arrangement, with observable pathological changes 
such as inflammatory cell infiltration, myocardial fiber 
rupture, and collagen fiber deposition. The myocardial 
structure in LDP group was somewhat improved when 
compared with the EAM group, although inflammatory 
cell infiltration, myocardial fiber rupture, and collagen 

fiber deposition were still present. The myocardial 
structure in MDP and HDP groups showed observable 
improvement, with HDP group’s myocardial structure, as 
well as the arrangement of myocardial cells and fibers, 
being almost indistinguishable from Control group. The 
myocardial inflammation score in EAM group 
significantly surpassed that in Control group (P≤0.05). 
Negligible difference in myocardial inflammation score 
was observed between LDP and EAM groups (P>0.05). 
However, the myocardial inflammation score in MDP and 
HDP groups was significantly lower to that in LDP group 
(P≤0.05). 
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Figure 2. Myocardial morphology observation and comparison among groups. (A) HE staining of myocardial 

tissue (200×); (B) Myocardial inflammation score. 

 
Contrast of serum cytokine levels among groups: The 
differences in serum cytokine levels among the different 
groups of rats were evaluated (Figure 3). The results 
indicated that serum TNF-α, IFN-γ, TGF-β1, and IL-17 
were significantly higher in EAM group compared with 
the Control group, while IL-4 and IL-10 were 
considerably lower in EAM group (P≤0.05). Negligible 
differences existed in serum cytokine levels between LDP 
and EAM groups (P>0.05). In contrast, serum TNF-α, 
IFN-γ, TGF-β1, and IL-17 in MDP and HDP groups were 
significantly lower to those in LDP group, while IL-4 and 
IL-10 were significantly higher in MDP and HDP groups 
compared with the Control group (P≤0.05). 

Contrast of myocardial inflammatory gene expression 

among groups: The differences in myocardial 
inflammation-related gene expression levels, including 
MMP-3, MMP-9, TIMP-1, IL-1β, and iNOS, were 
evaluated among different groups (Figure 4). Relative 
levels of MMP-3, MMP-9, IL-1β, and iNOS of EAM 
group significantly surpassed those in Control group, 
while TIMP-1 relative level was considerably lower in 

EAM group compared with the Control group (P≤0.05). 
Negligible differences existed between LDP and EAM 
groups in the levels of MMP-3, MMP-9, TIMP-1, IL-1β, 
and iNOS (P>0.05). MDP and HDP groups showed 
similar patterns compared to the LDP group. The relative 
levels of MMP-3, MMP-9, IL-1β, and iNOS were 
significantly inferior to MDP and HDP groups than in the 
LDP group, while the relative level of TIMP-1 was 
significantly higher (P≤0.05). 

Contrast of HMGB1-RAGE pathway protein 

expression among different groups: HMGB1 and 
RAGE protein levels of rats were assessed (Figure 5). 
HMGB1 and RAGE relative protein levels of EAM group 
significantly surpassed those in Control group (P≤0.05). 
Negligible differences existed between LDP and EAM 
groups in the relative levels of HMGB1 and RAGE 
proteins (P>0.05). In contrast, HMGB1 and RAGE 
relative protein levels in the myocardial tissue of MDP 
and HDP groups were notably inferior to those in LDP 
group (P≤0.05). 
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Figure 3. Contrast of serum cytokine levels among groups. 

 

 
Figure 4. Contrast of inflammatory gene level among various groups of rats. 
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Figure 5. Contrast of HMGB1-RAGE pathway protein levels in myocardial tissue among various groups of rats. 

(A) HMGB1; (B) RAGE. (C) The Western blot images after three repetitions. 

 

DISCUSSION 

 The porcine myocardial immunoglobulin 
injection method was utilized to establish an EAM rat 
model, and it was found that the LVESD and LVEDD 
values in the EAM rats were significantly increased, 
while the LVFS and LVEF values were notably 
decreased, and the myocardial inflammatory pathology 
score was also significantly elevated. This suggests that 
there are significant structural and functional changes in 
the heart of EAM rats. Furthermore, this study found that 
after administration of medium-and high-dose propofol, 
the LVESD and LVEDD values in the EAM rats were 
significantly reduced, while LVFS and LVEF values were 
significantly increased, and the myocardial inflammatory 
pathology score was significantly decreased. This 
indicates that propofol can improve the cardiac function 
of EAM rats and alleviate myocardial inflammation 
damage. The pathogenesis of EAM is still unclear. 
However, during the development of EAM, it can lead to 
myocardial cell death and fibrosis. In severe cases, this 
may progress to dilated cardiomyopathy and cause 
cardiac functional impairment (Frustaci et al., 2021; 
Farjoud Kouhanjani et al., 2024; Li et al., 2022). 
 EAM occurrence is related to changes in T cell 
subsets. In recent years, cytokines secreted by CD4+ T 

lymphocyte subsets have been differentiate into Th1 and 
Th2 cells. Th1 cells primarily secrete pro-inflammatory 
cytokines, and enhance the cellular immune response 
(Hohman et al., 2021). Th2 cells, which secrete anti-
inflammatory cytokines, help mediating humoral immune 
responses (Ruterbusch et al., 2020). A shift from Th2 to 
Th1 subsets can induce the onset and progression of 
autoimmune diseases (Shang et al., 2024; Rogozynski 
and Dixon, 2024). Elevated TNF-α, IFN-γ, TGF-β1, and 
IL-17 were observed in our study, while IL-4 and IL-10 
were reduced. This is due to Th1 cells activating 
macrophages and cytotoxic T cells by secreting TNF-α 
and IFN-γ, causing myocardial injury (Yu et al., 2023). 
High expression of Th17 cell cytokines can promote their 
differentiation and lead to Th17/Treg imbalance, 
exacerbating inflammatory response (He et al., 2020). 
This study found that after propofol oral administration, 
TNF-α, IFN-γ, TGF-β1, and IL-17 in peripheral blood of 
EAM rats were reduced, while IL-4 and IL-10 were 
increased. Propofol could regulate the Th1/Th2 
imbalance and maintain the balanced immune function 
(Yu et al., 2022). Similarly, Yu et al. found that propofol 
anesthesia exhibited a lower inhibitory effect on T 
lymphocytes compared with the sevoflurane and 
maintained immune function balance by preserving the 
Th1/Th2 ratio (Yu et al., 2022). Cui et al. found that 
propofol maintained Th17/Treg cell balance and exerted 
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inhibitory effects on lung cancer cell migration through 
the γ-aminobutyric acid A receptor (Cui et al., 2022). 
Another study confirmed that propofol injection reduced 
the extent of brain damage and maintained Th17/Treg cell 
balance by modulating IL-17 activity (Cui et al., 2021). 
In short, propofol can positively regulate the immune 
function and promote the restoration of Th1/Th2 shift and 
Th17/Treg imbalance, alleviating myocardial 
inflammation after EAM. 
 Our results showed that IL-1β and iNOS in 
myocardium of EAM rats were elevated, which echoes 
the findings of Tsuruoka et al. (Tsuruoka et al., 2020), 
indicating the presence of a marked inflammatory 
response in EAM rats. Additionally, after medium/high 
doses of propofol treatment, IL-1β and iNOS in the 
myocardium of EAM rats were considerably reduced. 
Propofol intravenous injection suppressed IL-1β 
expression in hippocampal tissue of sleep-deprived rats 
(Liu et al., 2024). Propofol enhanced the survival rate of 
human umbilical vein endothelial cells reduced by high 
glucose and inhibited iNOS expression (Shao et al., 
2022). In summary, propofol can alleviate myocardial 
inflammation in EAM by inhibiting inflammatory gene 
expression. Increased secretion and activity of MMP-3 
and MMP-9 can cause myocardial extracellular matrix 
degradation (Roczkowsky et al., 2022). TIMP-1 
maintains the stability of the myocardial extracellular 
matrix by inhibiting activity of MMP-9 (Nordeng et al., 
2022). Our results found increased MMP-3 and MMP-9 
but decreased TIMP-1, indicating the occurrence of 
extracellular matrix degradation in EAM rats, 
contributing to cardiac dysfunction. As reported, propofol 
intravenous injection during primary breast cancer 
resection significantly reduces MMP-3 and MMP-9 
levels (Galoș et al., 2020). Furthermore, when directly 
acting on glioma U87 cells, propofol inhibits Ki-67, 
MMP-2, and MMP-9 expression (Li et al., 2021). In our 
study, after gavage administration of medium/high 
propofol doses, MMP-3 and MMP-9 in EAM rats were 
reduced, while TIMP-1 was elevated. Hence, propofol 
can regulate the expression balance between MMP-3, 
MMP-9, and TIMP-1, thereby maintaining myocardial 
extracellular matrix stability after EAM. 
 After cells are subjected to harmful stimuli, 
HMGB1 is passively released into the extracellular space 
and signal surrounding cells, activating cellular immune 
functions (Foglio et al., 2022; He et al., 2023). RAGE 
activates downstream signaling mediating inflammatory 
responses (Lin et al., 2022). HMGB1-RAGE pathway 
can activate fibroblasts to promote collagen synthesis and 
deposition, causing myocardial fibrosis (Wang et al., 
2022). It can also regulate the expression of MMPs and 
TIMPs, participating in extracellular matrix remodeling 
(Malaviya et al., 2020). Monocyte/macrophage 
infiltration, Th17 cell activation, and pro-inflammatory 
factor generation are key features of EAM, and HMGB1 

promotes the development of EAM by facilitating the 
transformation of macrophages to the M1 type and 
promoting the proliferation of Th17 cells (Su et al., 
2016). In our study, HMGB1 and RAGE protein levels of 
EAM rats were elevated. However, after propofol 
treatment, these protein levels were reduced. Zhao et al. 
showed the same results, which demonstrated that 
propofol could inhibit the release of inflammatory 
mediators from cardiomyocytes in a concentration-and 
time-dependent manner induced by lipopolysaccharide 
(Zhao et al., 2021). In summary, propofol can reduce 
inflammatory damage in EAM myocardial cells by 
inhibiting HMGB1-RAGE signaling. 
 However, this study has several limitations, 
including the use of a rodent EAM model that may not 
fully replicate human disease, unexplored mechanisms of 
propofol's immunomodulatory effects, lack of dose-
response optimization and pharmacokinetic data, absence 
of long-term outcome assessment, exclusive use of male 
animals, and administration via oral gavage rather than 
the clinically relevant intravenous route. Additionally, the 
study did not examine all potentially relevant 
inflammatory pathways or include comparator drugs, and 
the sample size may limit subgroup analyses. While these 
limitations constrain immediate clinical translation, the 
findings provide a foundation for future research to 
validate propofol's therapeutic potential in autoimmune 
myocarditis. 

Conclusion: Propofol alleviated the inflammatory 
response in the myocardial tissue of EAM rats by 
modulating Th1/Th2 shift and Th17/Treg imbalance, and 
inhibiting the expression of inflammatory genes. At the 
same time, propofol can regulate the balance of MMPs 
and TIMPs expression to suppress ventricular remodeling 
in EAM rats. In conclusion, propofol exerts its beneficial 
effects on improving cardiac function in EAM rats by 
inhibiting HMGB1-RAGE signaling. These findings 
provide valuable insights into pathogenesis of EAM and 
provide insights for the development of new therapeutic 
targets and drugs for EAM treatment. 
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