
Summary. Autophagy activation can alleviate sepsis-
induced organ injuries. Rapamycin (Rap) has emerged as 
an autophagy regulator in multiple forms of organ 
injuries. This study aimed to assess whether Rap protects 
rats from cecal ligation and puncture (CLP)-induced 
sepsis through autophagy-mediated inactivation of the 
NLRP3 inflammasome. Rats were allocated to the sham, 
CLP, Rap (10 mg/kg), or 3-Methyladenine (3-MA) (15 
mg/kg) groups. A rat CLP model was established. The 
survival of rats and lung wet-to-dry weight ratio in each 
group was assessed. Blood biochemical indexes and 
oxidative stress-related factors were analyzed with an 
automatic biochemical analyzer. The bacterial counts of 
blood and organs were monitored. The degrees of 
myeloperoxidase of the ileum, inflammation-related 
indexes, and pathological changes in the tissues were 
detected by ELISA and hematoxylin-eosin staining. The 
levels of NLRP3 inflammasome and autophagy-related 
factors were analyzed by Western blot. Rap increased the 
survival and SOD activity, and repressed ALT, AST, 
BUN, SCr, MDA, and inflammation-related marker 
levels in CLP rats, it also restrained the bacterial counts 
of blood, lung, liver, and kidney in CLP rats; the effects 
of 3-MA on CLP rats on the above-mentioned indicators 
were opposite to those of Rap. Additionally, Rap 
alleviated the pathological injury of the lung, liver, and 
kidney, which was the opposite to the effect of 3-MA on 
CLP rats. Furthermore, Rap mitigated the ASC, Pro-
caspase 1, and NLRP3 levels and increased the Beclin-1 
levels and the LC3II/LC3I ratio in the organ tissues. 
Collectively, autophagy activation can mitigate organ 
damage by suppressing the NLRP3 inflammasome in 
sepsis rats. 
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Introduction 
 
      Sepsis is a life-threatening organ dysfunction 
resulting from the body’s dysregulated response to 
infection, which is characterized by rapid onset, high 
clinical mortality, high cost, and continuous increase 
(Font et al., 2020). The major difference between sepsis 
and ordinary infection is that the body has abnormal or 
dysregulated reactions and organ dysfunction, which is a 
common acute and critical disease in intensive care units 
and one of the main causes of death in critically ill 
patients (Arvaniti et al., 2022). According to global 
statistics, more than 40 million patients suffer from 
sepsis in 2017, and mortality rates related to ICU-treated 
sepsis is as high as 41.9% (Fleischmann-Struzek et al., 
2020; Rudd et al., 2020). The use of antibiotics and 
fluids in sepsis in its early stages can ameliorate the 
prognosis, but when these treatments fail, the mortality 
from septic shock still exceeds 40% (Levy et al., 2015; 
Seymour et al., 2017). Therefore, it is critical to identify 
potential adjuvant treatments for patients with sepsis. 
      It was proven that an increase in inflammatory 
factors, free radicals, and mitochondrial damage in 
sepsis, all lead to an increase in autophagy, which 
exhibits a significant modulatory role in sepsis (Han et 
al., 2021). The beneficial effect of autophagy activation 
in sepsis has been demonstrated in many animal models 
and cell experiments (Chung et al., 2017; Kimura et al., 
2017; Sun et al., 2018). Autophagy is intimately related 
to inflammation and immunity, as well as the NLRP3 
inflammasome (Qiu et al., 2019). Autophagy restrains 
the body’s inflammatory response and alleviates tissue 
inflammatory damage by impeding the activation of the 
NLRP3 inflammasome (Cao et al., 2019). It is well 
known that proinflammatory cytokines, such as TNF-α, 
IL-1β, and IL-6, contribute to organ damage in patients 
with sepsis; inhibition of proinflammatory cytokines 
attenuates sepsis-related organ damage and ameliorates 
survival outcomes (Fatani et al., 2018; Al-Harbi et al., 
2019; Zhao et al., 2019). Therefore, how to avoid 
damage to target organs caused by a “cytokine storm” is 
the current research hotspot. 
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      Rapamycin (Rap) is a macrolide compound and a 
specific negative regulator of mammalian target of Rap 
(mTOR) signaling, which can impede mTOR signaling 
and facilitate autophagy (Takeuchi et al., 2005). A study 
suggested that the utilization of Rap to promote the 
activation of autophagy during sepsis could lessen the 
damage to cardiomyocytes and hepatocytes caused by 
sepsis, and notably ameliorate the survival rate of animal 
models of sepsis (Hsieh et al., 2011). 3-Methyladenine 
(3-MA), an autophagy inhibitor, lessened the Wnt 
pathway in diabetic retinas (Ye et al., 2021). The effect 
of 3-MA on multiple organ damage in sepsis remains 
unclear. Moreover, there are few studies on autophagy 
preventing multiple organ damage and inflammatory 
response in sepsis by regulating the NLRP3 
inflammasome, and further studies are needed to prove 
the inhibition effect of autophagy on the NLPR3 
inflammasome in the pathophysiology of sepsis. 
      In this study, cecal ligation and puncture (CLP) was 
applied to establish a rat model of sepsis. The effects of 
Rap on multiple organizations of CLP rats were 
discussed regarding liver and kidney function damage, 
the histopathology of lung, liver, and kidney, NLRP3 
inflammasome, and autophagy-related protein changes. 
This study offers a scientific basis for the investigation 
of sepsis pathogenesis and offers a novel idea for the 
treatment of sepsis. 
  
Materials and methods 
 
Ethics statement 
 
      All animal manipulations were reviewed and ratified 
by the Institutional Animal Care and Use Committee. 
All animal experiments were performed following 
protocols approved by the Ethics Committee of Zhejiang 
Eyong Pharmaceutical Research and Development 
Center (SYXK (Zhe) 2021-0033).  
 
Animals 
 
      Male Sprague-Dawley (SD) rats (n=44), weighing 
220-230 g, were procured from Shanghai Jihui 
Laboratory Animal Care Co., Ltd. with the certificate 
number SCXK (Hu) 2017-0012. All animals were 
acclimatized for seven days under the standard 
conditions (20±2°C, humidity 60±10%, and light/dark 
cycle for 12h). 
 
Establishment of a rat CLP model 
 
      All rats were randomized into the sham group, CLP 
group, CLP+Rapamycin (Rap, V900930, Sigma-
Aldrich, USA) group, and CLP+3-Methyladenine (3-
MA, M9281, Sigma-Aldrich, USA) group, with 14 rats 
in each group. CLP surgery was carried out as follows 
(Chen et al., 2019): deep anesthesia was performed with 
isoflurane (induced at 4% and maintained at 3%). We 
made a 2 cm incision in the abdominal midline of SD 

rats and then ligated the midpoint between the cecum 
valve and the cecum with a sterile 4-0 surgical suture. 
After that, we used a no. 21 needle to puncture the 
ligated cecum twice. Finally, the laparotomy incision 
was sutured layer by layer. SD rats in the sham group 
underwent the same procedures except ligation and 
puncture. All rats were resuscitated with normal saline 
after surgery. 
 
Drug treatment 
 
      One hour after CLP, SD rats in the CLP+Rap group 
and 3-MA group were intraperitoneally injected with 
Rap at 10 mg/kg and 3-MA at 15 mg/kg for one day, 
respectively (Han et al., 2018; Jia et al., 2019). SD rats 
in the sham group and CLP group were injected with 
equal volumes of saline intraperitoneally, one hour after 
the operation.  
 
Survival analysis 
 
      After CLP, the survival rate of eight rats in each 
group on the first, second, third, fifth, and seventh day 
after the operation was monitored and counted. 
 
Sample collection 
 
      Twenty-four hours after the experiment, three SD 
rats in each group were anesthetized with 3% 
isoflurane. Blood samples were gathered from the 
right ventricle of SD rats by cardiac puncture. The 
harvested blood samples underwent centrifugation 
(3500 r/min, 15 min).  At the end of the blood 
collection, the anesthetized SD rats underwent 
perfusion with 150 mL of normal saline through the 
heart  and incised the right atrial  appendage. 
Thereafter, SD rats were subjected to perfusion with 
300 mL 4% paraformaldehyde (PFA, M002, GEFAN, 
China) until the tissues hardened. Afterward, the lung, 
liver, and kidney tissues were removed and fixed in 
4% PFA overnight. Then, the tissues were dehydrated 
and embedded in paraffin. The paraffin blocks were 
cut into 5-μm sections. 
 
Detection of blood biochemical indexes 
 
      In this study, the contents of alanine amino-
transferase (ALT), aspartate aminotransferase (AST), 
blood urea nitrogen (BUN), serum creatinine (Scr), 
malondialdehyde (MDA), and superoxide dismutase 
(SOD) levels in the serum of each group were assessed 
with utilizing an automatic biochemical analyzer 
(C16000, Abbott, USA). 
 
Wet/dry weight ratio of lung 
 
      The removed lung tissues were rinsed with 
phosphate buffer solution and then blotted with 
absorbent paper. Next, the lung tissues were weighted, i. 
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e., wet weight. Thereafter, the lung tissues were placed 
in a 70°C oven to a constant weight. Then, the lung wet-
to-dry weight ratio was calculated.  
 
ELISA 
 
      The quantification of tissue cytokines was evaluated 
by applying ELISA. The rat myeloperoxidase (MPO) 
ELISA kit (MM-0337R1) was acquired from MEIMIAN 
(China). Frozen rat ileum tissue samples underwent 
homogenization. The concentration of MPO was 
assessed in the whole-tissue extracts via ELISA 
following the operation instructions and displayed as 
U/g of total proteins. For measurement of serum IL-1β, 
IL-4, TNF-α, and IFN-γ in each group, the IL-1β assay 
kit (MM-0040M1), IL-4 assay kit (MM-0191R1), TNF-
α assay kit (MM-0132M1), and IFN-γ assay kit (MM-
0198R1) were used. Serum levels of inflammatory 
markers were detected according to the operating 
instructions of these kits. 
 
Bacterial counts 
 
      Blood, lung, liver, and kidney were collected and 
homogenized in 2 mL of sterile PBS 24h post-
administration. The homogenized blood and organs were 
serially diluted and then spread on LB agar plates. After 
incubation at 37°C for one day, colonies were counted 
and displayed as colony-forming counts (CFU)/organ. 
 
Hematoxylin and eosin (H&E) staining 
 
      For the assessment of pathological changes in lung, 
liver, and kidney tissues, an H&E staining kit (G1003, 
Servicebio, China) was selected. After being dewaxed 
with xylene, the tissue sections underwent rehydration in 
gradient alcohols (100%, 95%, 85%, and 70%), and 
were then stained with hematoxylin for 5 min. After 
being differentiated with 1% hydrochloric acid for 30 s, 
the sections were reacted with 1% eosin solution for 120 
s. After dehydration, sections were subjected to 
coverslip in neutral balsam (36313ES60, Yeasen, China). 
In the end, changes in organ sections were observed with 
the assistance of an optical microscope (Eclipse E100, 
Nikon, Japan). The lung, liver, and kidney injuries were 
graded based on a scoring system in a blinded fashion 
from 0 (normal) to 4 (severe) as described previously 
(Smith et al., 1997; Coimbra et al., 2005; Yasuda et al., 
2006).  
 
Western blot 
 
      For the lysis of organ tissues, RIPA buffer (P0013D) 
supplied by Beyotime (China) was applied. Next, a BCA 
kit (pc0020, Solarbio, China) was chosen to quantify the 
total protein concentration. After denaturation and 
electrophoresis, the separated protein was transferred 
onto a PVDF membrane, which was then sealed with 5% 
bovine serum albumin (BSA, 4240GR100, BioFRoxx, 
Germany) at 37°C for 1h. After that, the sealed 

membrane was incubated with primary antibodies (4°C, 
overnight) and then Anti-Rabbit IgG H&L (HRP) 
antibody (1:5000, ab7090, Abcam, UK) at 37°C for 1h. 
After visualization with ECL reagent (36208ES60, 
YEASEN, China), a gel imaging system (610020-9Q, 
Clinx, China) was selected to expose the protein bands. 
The primary antibodies of ASC (1:10000, ab151700) 
and Pro-caspase 1 (1:1000, ab179515) were bought from 
Abcam (UK). The primary antibodies of Beclin-1 
(1:2000, AF5128), LC3A/B (1:2000, AF5402), NLRP3 
(1:1000, DF7438), and GAPDH (1:10000, AF7021) 
were from Affinity (USA).  
 
Statistics 
 
      Data from these experiments were reported as mean 
± standard deviation. For statistical analysis, SPSS 
software (16.0, IBM, USA) was utilized. One-way 
ANOVA with the Tukey test was employed for multiple 
comparisons. Kruskal-Wallis H test was applied for the 
measurement of data that do not conform to normal 
distributions. A P-value <0.05 was considered 
significant. In addition, Kaplan Meier curves showed 
survival rates and underwent log-rank analysis; 
Bonferroni correction was applied to correct P-values 
for multiple testing of Kaplan Meier curves (Bonferroni 
corrected P-value <0.05/6≈0.0083). 
 
Results 
 
The effects of Rap and 3-MA on the survival, oxidative 
stress, and systemic inflammatory response of CLP rats 
 
      The survival analysis of rats revealed that CLP 
caused a significant decrease in survival in rats (Fig. 1A) 
(P<0.0083). Relative to the CLP group, the survival of 
rats in the CLP+Rap group was higher and the survival 
of rats in the CLP+3-MA group was lower (Fig. 1A); 
survival rates on day 7 were 12.5%, 62.5%, and 0%, 
respectively. There was no significant statistical 
difference between the CLP + Rap and CLP + 3-MA 
groups compared with the CLP group, however, their 
trend does suggest that Rap intervention may be 
effective in improving survival rates in sepsis. By 
detecting blood biochemical indexes, we found that the 
concentrations of ALT, AST, BUN, and SCr, examined 
with an automatic biochemical analyzer, were notably 
increased in CLP rats (Fig. 1B-E, P<0.01). CLP-induced 
up-regulation of ALT, AST, BUN, and SCr concen-
trations was repressed by Rap (Fig. 1B-E, P<0.05). 
Furthermore, 3-MA largely enhanced the levels of ALT, 
AST, BUN, and SCr in CLP rats (Fig. 1B-E, P<0.01). In 
Figure 1F, compared with sham rats, CLP obviously 
augmented the lung wet-to-dry weight ratio of rats, 
which was reversed by Rap (Fig. 1F, P<0.05). The 
increase in the lung wet-to-dry weight ratio is closely 
related to acute lung injury induced by sepsis (Li et al., 
2022). CLP prominently facilitated MPO in the rat 
ileum, whereas Rap partially offset its effect (Fig. 1G, 
P<0.01). 3-MA effectively increased MPO in the ileum 
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Fig. 1. The effects of Rap and 3-MA on the survival, oxidative stress, and systemic inflammatory response of CLP rats. A. Rap improved the survival 
rate of CLP rats, while 3-MA decreased it (n=8). Kaplan Meier curves showing the survival rates were analyzed using log-rank analysis; Bonferroni 
correction was applied to correct P-values for multiple testing (Bonferroni corrected P-value<0.05/6≈0.0083). B-E. Serum biochemistries of CLP rats 
were reduced by Rap treatment, and 3-MA upregulated them (n=6). F. The wet-to-dry weight ratio of the lung in CLP rats was reduced by Rap and 
increased by 3-MA (n=6). G. Rap treatment decreased MPO in the ileum of CLP rats while 3-MA treatment raised it (n=6). H, I. Related indicators of 
oxidative stress indexes, SOD and MDA, were improved by Rap treatment, while 3-MA aggravated them (n=6). J-M. The levels of TNF-α, IL-1β, IL-4, 
and INF-γ were reduced by Rap and increased by 3-MA treatment (n=6). Data are presented as the mean ± standard deviation. ##P<0.01 vs. the sham 
group; *P<0.05, **P<0.01 vs. the CLP group; ++P<0.01 vs. the CLP + Rap group. Abbreviations: CLP: cecal ligation and puncture; Rap: Rapamycin; 3-
MA: 3-methyladenine; MPO: myeloperoxidase; SOD: superoxide dismutase; MDA: malondialdehyde; TNF-α: tumor necrosis factor-α; IL: interleukin.



of CLP rats compared with the CLP group (Fig. 1G, 
P<0.01). Then, we examined oxidative stress- and 
inflammation-related markers. In CLP group, decreased 
serum SOD levels and augmented serum MDA, TNF-α, 
IL-1β, IL-4, and IFN-γ levels in rats were observed (Fig. 
1H-M, P<0.01); these aforementioned relevant markers 
induced by CLP were reversed by Rap (Fig. 1H-M, 
P<0.01). The intervention of 3-MA led to lower serum 
SOD concentrations and higher serum MDA, TNF-α, IL-
1β, IL-4, and IFN-γ levels in CLP rats (Fig. 1H-M, 
P<0.01). 
 
The effects of Rap and 3-MA on the bacterial burden of 
CLP rats 
 
      As seen in Figure 2A-D, Rap was discovered to 
restrain the bacterial counts of blood, lung, liver, and 
kidney in CLP rats (P<0.01), while 3-MA strongly 
enhanced them (Fig. 2A-D, P<0.01). 
 
The effects of Rap and 3-MA on the histological injury, 
NLRP3 inflammasome, and autophagy-related markers 
in the lung of CLP rats 
 
      H&E staining results showed that there were no 
pathological changes in the lung tissues of rats in the 
sham group; in the CLP group, relative to the sham 
group, the alveolar number and wall thickness were 
increased, additionally, a small amount of inflammatory 

cell accumulation was present. Compared with the CLP 
group, the alveolar cavity in the CLP + Rap group was 
more intact with a small amount of inflammatory cell 
aggregation, and the number of alveoli was decreased; 
while in the CLP + 3-MA group, the alveolar cavity was 
narrowed and alveolar wall thickness increased 
accompanied by obviously inflammatory cell 
aggregation (Fig. 3A). The results of H&E semi-
quantitative scoring results revealed that lung tissues of 
the CLP group scored evidently higher than that those of 
the sham group; while the CLP + Rap group scored 
lower, and the CLP + 3-MA group scored notably higher 
than the CLP group (Fig. 3B, P<0.05). The results of 
Western blot analysis showed that there were increments 
in ASC, Pro-caspase 1, Beclin-1, and NLRP3 protein 
levels, and the ratio of LC3II/LC3I in the CLP group 
compared with the sham group (Fig. 3C-H, P<0.01). 
Rap intervention prominently diminished the 
expressions of ASC, Pro-caspase 1, and NLRP3 and 
increased the ratio of LC3II/LC3I in the lung tissues of 
CLP rats (Fig. 3C-H, P<0.05). Furthermore, 3-MA 
treatment effectively augmented ASC, Pro-caspase 1, 
and NLRP3 levels and suppressed Beclin-1 levels and 
the ratio of LC3II/LC3I in the lung tissues of CLP rats 
(Fig. 3C-H, P<0.05).  
 
The effects of Rap and 3-MA on the histological injury, 
NLRP3 inflammasome, and autophagy-related markers 
in the liver of CLP rats 
 
      There was no significant pathological damage in 
liver tissues of the rats in the sham group; there was a 
small amount of inflammatory cell infiltration in liver 
tissues of CLP group rats, and hepatocytes were closely 
arranged, while Rap treatment attenuated this 
histological damage; 3-MA further advanced the 
infiltration of inflammatory cells into the liver tissues of 
CLP rats and the arrangement of hepatocytes was loose 
(Fig. 4A). The facilitation of CLP induction of the H&E 
semi-quantitative score of liver tissues was reversed by 
Rap, while 3-MA further strengthened the promotion of 
CLP on the H&E semi-quantitative score of liver tissues 
(Fig. 4B, P<0.05). We also examined the expression of 
the NLRP3 inflammasome and autophagy-related 
proteins in liver tissues of CLP rats, found that Rap 
evidently alleviated the levels of ASC, Pro-caspase 1, 
and NLRP3 and augmented the ratio of LC3II/LC3I in 
liver tissues of CLP rats, whereas the modulation of 3-
MA on the ASC, pro-caspase 1, NLRP3, and Beclin-1 
expression and the ratio of LC3II/LC3I in the liver 
tissues of CLP rats was contrary to that of Rap (Fig. 4C-
H, P<0.05). 
 
The effects of Rap and 3-MA on the histological injury, 
NLRP3 inflammasome, and autophagy-related markers 
in the kidney of CLP rats 
 
      In Figure 5A, rat renal tissues in the CLP group 
exhibited some inflammatory cell infiltration, 
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Fig. 2. The effects of Rap and 3-MA on the bacterial burden of CLP rats. 
The bacterial burden of blood (A), lungs (B), liver (C), and kidneys (D) 
were reduced by Rap treatment, while 3-MA treatment increased them. 
Data are presented as the mean ± standard deviation. **P<0.01 vs. the 
CLP group; ++P<0.01 vs. the CLP + Rap group. Abbreviation: CLP: 
cecal ligation and puncture; 3-MA: 3-methyladenine.



accompanied by a small amount of epithelial cell 
swelling and shedding, which was further aggravated by 
3-MA (Fig. 5A). Compared with the CLP group, in the 
CLP + Rap group, the alveolar cavity was intact and 
there was a small amount of inflammatory cell 
infiltration, but there was no swelling or shedding of 

epithelial cells (Fig. 5A). The modulatory effects of Rap 
and 3-MA on the H&E semi-quantitative score of renal 
tissues in CLP rats were coincident with that of liver and 
lung tissues (Fig. 5B, P<0.05). In addition, Western blot 
results showed that 3-MA further heightened the 
upregulation of CLP induction on the levels of ASC, 
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Fig. 3. The effects of Rap and 3-MA on histological injury, NLRP3 inflammasome, and autophagy-related markers in the lung of CLP rats. A, B. The 
degree of lung tissue damage was observed by H&E staining (n=6). According to the integrity of the lung tissues and the degree of inflammatory cell 
aggregation, the degree of lung damage was scored, being proportional to the score. C-H. The NLRP3 inflammasome and autophagy-related protein 
levels of the lung were measured by Western blot (n=3). The levels of ASC, pro-caspase 1, and NLRP3 protein in the lungs of CLP rats were reduced 
by Rap treatment, and the Beclin-1 and ratio of LC3Ⅱ to Ⅰ levels were increased by Rap treatment, while 3-MA treatment had the contrary effect. Data 
are presented as the mean ± standard deviation. ##P<0.01 vs. the sham group; *P<0.05, **P<0.01 vs. the CLP group; ++P<0.01 vs. the CLP + Rap 
group. Abbreviations: CLP: cecal ligation and puncture; 3-MA: 3-methyladenine; H&E staining: hematoxylin-eosin staining; ASC: apoptosis-associated 
speck-like protein containing a CARD; NLRP3: NOD-like receptor thermal protein domain associated protein 3; LC3: microtubule-associated proteins 
light chain 3, MAP1LC3.



Pro-caspase 1, and NLRP3 and counteracted the 
promotion of CLP induction on Beclin-1 levels and the 
ratio of LC3II/LC3I in kidney tissues (Fig. 5C-H, 
P<0.05). The introduction of Rap prominently inhibited 
ASC, Pro-caspase 1, and NLRP3 levels and advanced 
the Beclin-1 levels and the ratio of LC3II/LC3I in the 
kidney tissues (Fig. 5C-H, P<0.05). 

Discussion 
 
      At present, sepsis is one of the most challenging 
health problems in the world, with increasing morbidity 
and mortality, and no effective treatment (Tang et al., 
2017; Hunt, 2019). In this study, the CLP method was 
exploited to establish a rat model of diffuse peritonitis 
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Fig. 4. The effects of Rap and 3-MA on the histological injury, NLRP3 inflammasome, and autophagy-related markers in the liver of CLP rats. A, B. The 
degree of liver tissue damage was observed by H&E staining (n=6). According to the degree of inflammatory cell infiltration and loose arrangement of 
hepatocytes, the degree of liver damage was scored, the degree being proportional to the score. C-H. The NLRP3 inflammasome and autophagy-
related protein levels of the liver were measured by Western blot (n=3). The levels of ASC, pro-caspase 1, and NLRP3 protein in the livers of CLP rats 
were reduced by Rapamycin, and the ratio of LC3 Ⅱ to Ⅰ levels was increased, while 3-MA treatment had the contrary effect. Also, the Beclin-1 levels 
were reduced by 3-MA treatment. Data are presented as the mean ± standard deviation. #P<0.05, ##P<0.01 vs. the sham group; *P<0.05, **P<0.01 vs. 
the CLP group; +P<0.05, ++P<0.01 vs. the CLP + Rap group. Abbreviations: CLP: cecal ligation and puncture; 3-MA: 3-methyladenine; H&E staining: 
hematoxylin-eosin staining; ASC: apoptosis-associated speck-like protein containing a CARD; NLRP3: NOD-like receptor thermal protein domain 
associated protein 3; LC3: microtubule-associated proteins light chain 3, MAP1LC3.



and simulate a disease course similar to clinical sepsis 
(Drechsler and Osuchowski, 2021). Sepsis can lead to 
multiple organs failure throughout the body, including 
the kidney, liver, and lungs (Zhi et al., 2019). This study 
checked the impacts of the autophagy activator Rap and 

autophagy inhibitor 3-MA on sepsis-related organ failure 
by assessing kidney function-related indicators (BUN 
and Scr) and liver enzymes (ALT and AST). Scr and 
BUN are specific indicators for measuring clinical renal 
function (Zaki et al., 2018). AST and ALT are 
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Fig. 5. The effects of Rap and 3-MA on the histological injury, NLRP3 inflammasome, and autophagy-related markers in kidneys of CLP rats. A, B. The 
degree of kidney tissue damage was observed by H&E staining (n=6). According to the degree of inflammatory cell infiltration and the swelling and 
shedding of epithelial cells, the degree of kidney damage was scored, the degree being proportional to the score. C-H. The NLRP3 inflammasome and 
autophagy-related protein levels of the kidneys were measured by Western blot (n=3). The levels of ASC, pro-caspase 1, and NLRP3 protein in the 
lungs of CLP rats were reduced by Rapamycin treatment, and Beclin-1 and the ratio of LC3 Ⅱ to Ⅰ levels were increased by Rapamycin treatment, while 
3-MA treatment had the contrary effect. Data are presented as the mean ± standard deviation. ##P<0.01 vs. the sham group; *P<0.05, **P<0.01 vs. the 
CLP group; +P<0.05, ++P<0.01 vs. the CLP + Rap group. Abbreviations: CLP: cecal ligation and puncture; 3-MA: 3-methyladenine; H&E staining: 
hematoxylin-eosin staining; ASC: apoptosis-associated speck-like protein containing a CARD; NLRP3: NOD-like receptor thermal protein domain 
associated protein 3; LC3: microtubule-associated proteins light chain 3, MAP1LC3.



transaminases in the liver and kidney, which are released 
intracellularly when tissues are damaged (Hung et al., 
2017). This study found that CLP-induced upregulation 
of ALT, AST, BUN, and SCr concentrations was 
repressed by Rap, whereas 3-MA largely enhanced these 
levels of ALT, AST, BUN, and SCr in CLP rats, 
suggesting that autophagy activation could ameliorate 
liver and kidney function in septic rats. 
      It was reported that sepsis was tightly related to 
oxidative stress (Xu et al., 2021). The concentration of 
MDA dose not only reflect the degree of oxidative stress 
damage, but it is also an indicate for indirect 
measurement of cell injury (Wei et al., 2014). Rap has 
been extensively demonstrated to have protective effects 
against various diseases such as Parkinson's disease, 
diabetes, and heterotopic ossification by restraining 
oxidative stress (Xiang et al., 2020; Hu and Wang, 
2021). Li et al. clarified that autophagy could repress 
oxidative stress (Li et al., 2017). By conducting ELISA 
analysis, Rap was discovered to increase SOD levels and 
restrain MDA levels in CLP rat serum, illustrating that 
the autophagy inducer impeded the oxidative stress 
response in CLP rats. Furthermore, Rap displayed 
antifungal activity for Candida albicans (Tong et al., 
2021). Autophagy functions as a defense mechanism 
against invading intracellular pathogens, targeting both 
vacuolar and cytosolic pathogens (Chong et al., 2012). 
Some scholars showed that activation of autophagy 
could lessen the intracellular bacterial load (Wang et al., 
2021). In this study, the bacterial counts in the blood, 
liver, kidney, and lung were notably higher in the CLP 
group than in the Rap + CLP group, suggesting that Rap 
manifested intense bactericidal capacity in CLP rats.  
      As a result of diverse organ inflammation caused by 
sepsis, body organs are damaged. Scientists observed 
that the heart, lungs, liver, and kidneys suffered various 
degrees of functional damage in sepsis (Khosrojerdi et 
al., 2021). In this study, the results from H&E staining 
discovered that Rap alleviated histological injuries of the 
liver, kidney, and lung tissues in CLP rats. Han’s team 
reported that the rat model of sepsis was prepared by the 
CLP method, and the limitation of autophagy in 
cardiomyocytes could aggravate myocardial injury in 
sepsis; the use of the autophagy inducer Rap to 
upregulate the autophagy level of cardiomyocytes could 
mitigate the pathological myocardial damage and injury 
caused by CLP, ameliorate myocardial hypoxia, and 
alleviate the contractile dysfunction of cardiomyocytes 
caused by sepsis, suggesting that promoting the 
autophagy of cardiomyocytes can alleviate cardiac 
dysfunction (Han et al., 2018). Additionally, Lin et al. 
found that, by facilitating autophagy in liver cells, serum 
transaminase levels could be lower, the degree of liver 
damage in sepsis could be alleviated, and the survival 
rate of septic rats could be improved (Lin et al., 2014). A 
previous report clarified that damaged mitochondria in 
sepsis were associated with the NLRP3 inflammasome 
(Danielski et al., 2020). Autophagy could negatively 
modulate the activation of the NLRP3 inflammasome, 
thereby impeding the body’s inflammatory response 

(Chang et al., 2015; Biasizzo and Kopitar-Jerala, 2020).  
      The NLRP3 inflammasome can activate ASC and 
caspase-1, thereby causing the maturation and release of 
the pro-inflammatory factor IL-1β, resulting in the 
expansion of the inflammatory response (Sharma and 
Kanneganti, 2016). Moreover, the NLRP3 inflamma-
some can be stimulated and activated by a variety of 
pathogenic microorganisms and danger signals and is 
involved in the initiation and progression of a variety of 
diseases, including severe systemic infection (sepsis), 
multiple sclerosis, and type 2 diabetes (Lamkanfi and 
Dixit, 2014; Lu et al., 2020). NLRP3 is intimately 
related to multi-organ damage in sepsis, and inhibition 
of NLRP3 inflammasome activation in septic rats can 
suppress the release of caspase-1 and IL-1β, thereby 
stabilizing vascular endothelial cadherin and alleviating 
sepsis-induced lung injury (Zhong et al., 2020). 
Scientific studies indicated that autophagy induced by 
Rap exerted a protective effect on a variety of diseases, 
such as chronic nonbacterial prostatitis, autoimmune 
diseases, and cardiac injury, by inhibiting inflammation 
mediated by the NLRP3 inflammasome (Ko et al., 2017; 
Lu et al., 2019; Yu et al., 2020). This study confirmed 
that Rap mitigated the ASC, Pro-caspase 1, and NLRP3 
levels and promoted the Beclin-1 levels and the 
LC3II/LC3I ratio of liver, lung, and kidney tissues in 
CLP rats, revealing that Rap protected rats from CLP-
induced sepsis by mitigating the autophagy-NLRP3 axis-
mediated inflammatory response. This study observed 
the protective effect of intraperitoneal injection of Rap 
after CLP on the lung, liver, and kidney tissues of septic 
rats. It is necessary to further analyze the effects of 
different doses and administration times on the organ 
tissues in sepsis. 
      Interestingly, a study reported that 3-MA 
intervention in mice before CLP modeling can improve 
the survival rate of CLP mice (Li et al., 2018). However, 
another stud demonstrated that drug interventions 
promoting autophagy after CLP can enhance organ 
protection in septic rats, but 3-MA can act as an 
antagonist (Jia et al., 2019). Results of this study showed 
that administering 3-MA post-CLP injury promotes 
inflammation and exacerbates organ damage in rats. 
These findings underscore the importance of carefully 
considering drug intervention timing when treating 
sepsis and warrant further investigation. 
      Taken together, all data confirmed that the activation 
of autophagy protected against organ injuries induced by 
sepsis, and its mechanism may be correlated with the 
autophagy-NLRP3 axis-mediated inflammatory 
response. Thus, the activation of autophagy to regulate 
the NLRP3 inflammasome can protect against multiple 
organ injury in septic rats. 
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