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A B S T R A C T   

Ethnopharmacological relevance: Shufeng Jiedu capsule (SFJDC) is a pure form of traditional Chinese medicine 
(TCM) that contains eight medicinal plants. Known for its anti-inflammatory and antipyretic effects, it is mostly 
used to treat upper respiratory tract infections and other infectious diseases, such as colds, pharyngitis, laryngitis, 
and tonsillitis. Both acute lung injury (ALI) and COVID-19 are closely related to lung damage, primarily mani-
festing as lung inflammation and epithelial cell damage. However, whether SFJDC can improve ALI and by what 
mechanism remain unclear. The purpose of this study was to explore whether SFJDC could be used as a pro-
phylactic treatment for COVID-19 by improving acute lung injury. 
Aim of the study: The purpose of this study was to determine whether SFJDC could protect against ALI caused by 
lipopolysaccharide (LPS), and we wanted to determine how SFJDC reduces inflammation and apoptosis phar-
macologically and molecularly. 
Materials and methods: Preadministering SFJDC at 0.1 g/kg, 0.3 g/kg, or 0.5 g/kg for one week was followed by 5 
mg/kg LPS to induce ALI in mice. Observations included the study of lung histomorphology, tumor necrosis 
factor-α (TNF-α), interleukin-1β (IL-1β), and interleukin-6 (IL-6) secretion, as well as the ratio of lung wet/dry 
weights. In addition, RAW264.7 cells were treated for 24 h with 1 μg/mL LPS after being pretreated for 1 h with 
0.5 mg/mL SFJDC. In the samples, we detected TNF-α, IL-1β, and IL-6. Cell apoptosis was detected by stimulating 
A549 cells for 24 h with RAW264.7 supernatant. Both in vitro and in vivo, the levels of A2A adenosine receptor 
(A2AAR), PKA, IκB, p-IκB, NF-κB P65 (P65), p–NF–κB P65 (p-P65), cleaved caspases-3 (Cc3), Bcl-2 associated X 
protein (Bax), and B-cell lymphoma-2 (Bcl-2) proteins were determined using Western blot analysis. 
Results: Lung tissue morphology was improved as SFJDC decreased cytokine secretion, the ratio of lung wet/dry 
weights, and lung tissue secretion of proinflammatory cytokines. The expression of A2AAR was increased by 
SFJDC, and the phosphorylation of NF-κB was inhibited. TUNEL staining and flow cytometry showed that SFJDC 
inhibited apoptosis by reducing the expression of Cc3 and the ratio of Bax/Bcl-2. 
Conclusions: According to the results of this study, SFJDC can reduce inflammation and inhibit apoptosis. A2AAR 
activation and regulation of NF-κB expression are thought to make SFJDC anti-inflammatory and anti-apoptotic. 
A wide range of active ingredients may result in an anti-inflammatory and antipyretic effect with SFJDC.   

1. Introduction 

Constantly changing COVID-19 strains around the globe not only a 
present threat to public health but also make it increasingly difficult to 
develop drugs and vaccines. In light of the growing understanding of 
COVID-19 infection, even though most cases are asymptomatic or mild, 

an increasing number of studies are being performed on the disease. In 
10%–20% of COVID-19 cases, it can give rise to interstitial pneumonia 
and acute respiratory distress syndrome (ARDS) (Soy et al., 2020). In 
addition to fatigue, dry cough, and high fever, COVID-19 patients often 
suffer headaches, sore throats, and a loss of taste and smell (Wang et al., 
2020). Relevant clinical studies have found that the pathological 
morphology of the lungs of COVID-19 patients/deceased patients can 
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not be distinguished from those of acute lung injury (ALI) patients, 
showing increased lung tissue permeability, alveolar edema and alveolar 
collapse (Martin, 2022; Swenson and Swenson, 2021; Zarrilli et al., 
2021a). In addition, in the lungs of patients with COVID-19 have been 
found hyperactive macrophages, along with a lot of proinflammatory 
cytokines such as tumor necrosis factor-α (TNF-α), interleukin-1β 
(IL-1β), and interleukin-6 (IL-6). Although the early COVID-19-induced 
pulmonary pathological state is characterized by atypical ALI, it grad-
ually overlaps with typical ALI as proinflammatory cytokines continue 
to develop. (Habashi et al., 2021; Ragab et al., 2020; Zarrilli et al., 
2021b). In addition, COVID-19 can also cause T-cell cell apoptosis, it can 
further cause the death of lung epithelial and endothelial cells if left 
unchecked (Ye et al., 2020). In severe cases, ARDS develops. 

ALI also called ARDS, is another clinical term. In the case of ALI, the 
lung tissue may be damaged for various reasons, such as pneumonia, 
sepsis, acute pancreatitis, inhalation injury, etc (Mokra and Kosutova, 
2015; Wan et al., 2018). Although medical advancements have made it 
easier to diagnose and treat acute respiratory infections, the incidence 
remains high. Data suggest that more than 10% of inpatients in ICUs 
have an acute respiratory infection or ARDS, and the overall death toll is 
between 35 and 40% (He et al., 2021; Mowery et al., 2020). Many cy-
tokines and chemokines play an important role in the innate immune 

response as the first barrier against viral infection. However, the 
excessive production of cytokines and chemokines also leads to disor-
dered immune defense, resulting in immune pathology (Channappana-
var et al., 2016). Inflammation is an essential part of the immune 
response, since without it, the infection source cannot be addressed and 
the system cannot return to normal. However, some chronic infections 
cause excessive induction of cytokines and chemokines, resulting in 
cytokine storms that lead to an unbalanced inflammatory response 
(Channappanavar and Perlman, 2017; Kumar, 2020). According to 
recent research, excessive lung inflammation is thought to play a role in 
the development of ALI (Liu et al., 2020). In the pathogenesis of 
ALI/ARDS, multiple factors stimulate macrophage activation in the 
lung, activate associated inflammatory pathways such as the NF-κB 
signaling pathway, and release many proinflammatory cytokines, which 
promote the further deterioration of ALI (Fan and Fan, 2018; He et al., 
2019; Hendrickson and Matthay, 2018). Inhibiting the release of in-
flammatory factors and alleviating the inflammatory response may be 
one of the effective ways to treat ALI. 

In recent years, however, the role of adenosine receptors in lung 
injury has slowly come into view. Numerous studies have found that 
adenosine receptor can inhibit the further development of ALI by 
inhibiting inflammatory response, restoring vascular barrier, and 
improving lung histopathology (Gonzales et al., 2014; Hoegl et al., 
2015). A2A adenosine receptor (A2AAR), as one of the four adenosine 
receptors, belongs to the G-protein conjugated superfamily with A1AR, 
A2BAR, and A3AR (Antonioli et al., 2013). It has been shown that a 
variety of immune cells express A2AAR, including macrophages, neu-
trophils, T cells, and natural killer cells, among others, and this has 
anti-inflammatory properties (Cai et al., 2018; Gessi et al., 2011; Haskó 
et al., 2008). Moreover, most of the role played by A2AAR activation can 
be mediated by cAMP (Shaikh and Cronstein, 2016; Sullivan et al., 
2001), thus influencing the proinflammatory NF-κB pathway to regulate 
inflammation (Majumdar and Aggarwal, 2003). In recent years, A2AAR 
has been gradually found to play an anti-inflammatory role in several 
ALI models, such as LPS-induced model (He et al., 2013), 
ischemia-reperfusion model (Sharma et al., 2009), and lung trans-
plantation model (Gazoni et al., 2008). As A2AAR has an 
anti-inflammatory effect, we were curious whether A2AAR can be 
involved in SFJDC-mediated regulation of ALI. 

Traditional Chinese medicine (TCM) has recently drawn interna-
tional attention and made great contributions to the fight against 
COVID-19. Chinese medicine compounds are composed of a variety of 
Chinese herbal medicines because they contain a variety of active in-
gredients that can affect different targets and pathways and play a 
synergistic role to achieve prevention and treatment. Shufeng Jiedu 
Capsule (SFJDC), as a pure TCM preparation, is composed of eight me-
dicinal plants (Xu et al., 2022). As shown in Table 1. Due to its 
anti-inflammatory and antipyretic effects, it is often used for upper 
respiratory tract infections (Xia et al., 2021). Additionally, since 2009, 
SFJDC has played a significant role in treating atypical pneumonia and 
influenza A (H1N1), which is the first-line TCM for epidemic diseases 
after being accredited by the National Health Commission (Lu, 2020; Xia 
et al., 2021). SFJDC has also been reported to relieve inflammation by 
activating NrF2 antioxidants and regulating the MAPK/NF-κB signaling 
pathway (Liao et al., 2021; Tao et al., 2014). Our aim was to investigate 
whether SFJDC has any beneficial effect on lipopolysaccharide (LPS) 
-induced lung inflammation in mice to further intervene in the early 
stage of COVID-19. 

2. Materials and methods 

2.1. Reagents and antibodies 

SFJDC was provided by Anhui Jiren Pharmaceutical Co., Ltd. (Batch 
number：3200509, Bozhou, Anhui). Dexamethasone (Dex) injection 
(H37021969, 5 mg/mL) was produced by Chenxin Pharmaceutical Co., 

Acronyms 

ALI Acute lung injury 
ARDS Acute respiratory distress syndrome 
A2AAR A2A adenosine receptor 
Bax Bcl-2 Associated X Protein 
Bcl-2 B-cell lymphoma-2 
Cc3 Cleaved-caspases-3 
CCK-8 Cell Counting Kit-8 
TCM Traditional Chinese Medicine 
Dex Dexamethasone 
IL-1β Interleukin-1β 
IL-6 Interleukin-6 
LPS Lipopolysaccharide 
P65 NF-κB P65 
p-P65 p–NF–κB P65 
SFJDC Shufeng Jiedu Capsule 
TNF-α Tumor necrosis factor-α  

Table 1 
An explicit list of SFJDC ingredients.  

Ingredients Medicinal parts and sources Chinese 
name 

Polygonum 
cuspidatum 

The root and rhizome of Polygonum cuspidatum 
Siebold & Zucc. (WCSP) 

Hu-Zhang 

Forsythia suspensa The fruit of Forsythia suspensa (Thunb.) Vahl. 
(WCSP) 

Lian-Qiao 

Radix isatidis The root of Isatis indigotica Fortune ex Lindl. 
(WCSP) 

Ban-Lan- 
Gen 

Bupleurum 
chinense 

The root of Bupleurum chinense DC. (WCSP) Chai-Hu 

Patrinia 
scabiosaefolia 

As a whole of Patrinia scabiosifolia Link. (TRO) Bai-Jiang- 
Cao 

Verbena officinalis The ground part of Verbena officinalis L. 
(WCSP) 

Ma-Bian- 
Cao 

Rhizoma 
phragmitis 

The rhizome of Phragmites communis Trin. 
(WCSP) 

Lu-Gen 

Liquorice The root and rhizome of Glycyrrhiza uralensis 
Fisch. (ILDIS) 

Gan-Cao 

Note: All the medicinal materials in the formula have been certified 
(http://www.theplantlist.org). 

J. Cai et al.                                                                                                                                                                                                                                       

http://www.theplantlist.org


Journal of Ethnopharmacology 298 (2022) 115661

3

Ltd. (Shandong Lukang). LPS was purchased from Sigma Biological 
Company (NO: L2880-10 mg, Shanghai, China). Reagents ZM241385 
and CGS21680 were purchased from GLPBIO Biological Company 
(Shanghai, China). IκB, p-IκB, P65, p-P65, and Cc3 antibodies were 
purchased from Shenyang Wanlei Biological Company. Bax, Bcl-2, and 
PKA antibodies were obtained from Affinity Biological Company 
(Jiangsu, China). The antibody against the A2A receptor was available 
from Bioss Biotech (Beijing, China). β-actin antibody was obtained from 
Zhongshan Jinqiao Biotechnology Co., Ltd (Beijing, China). The cell 
counting kit was obtained from Bioss (Beijing, China). ELISA kits (TNF- 
α, IL-6, and IL-1β) were obtained from Suzhou Calvin Biotechnology Co., 
Ltd. An Annexin V-FITC/PI Apoptosis Kit was purchased from Beibo 
Biological Co., Ltd (Shanghai, China). 

2.2. Animal models 

We accepted mice (C57/BL 6J, 20–22 g, male, 7 ± 1 weeks old) from 
the Animal Experiment Center at Anhui Medical University. Before the 
animal model was established, all the mice were housed for a week and 
were given randomly selected fodder and water. In six groups, the mice 
were randomly distributed into the following groups: control group, LPS 
group (5 mg/kg), SFJDC 0.1 g/kg, SFJDC 0.3 g/kg, SFJDC 0.5 g/kg, and 
Dex group (5 mg/kg), with 6 mice in each group. The drug group was 
intragastrically injected for 7 consecutive days before modeling, and the 
remaining groups were intragastrically injected with an equal amount of 
normal saline. Three hours after the last administration, mice in each 
group were intraperitoneally injected with LPS solution (5 mg/kg, 0.5 
mg LPS dissolved in 1 mL sterile double steamed water) of 0.2 mL (Sun 
et al., 2020; Wang et al., 2021), except for the control group. Mice were 
killed 12 h later. Blood and lung tissue were collected for subsequent 
experiments. 

All experimental animals used in this study were handled according 
to guidelines published by the National Institutes of Health (NIH Pub-
lication 85-23, 1985 revision) and approved by the Ethics Committee of 
Anhui Medical University (Approval number: LLSC20190527/190301). 

2.3. Cell culture and coculture 

RAW264.7 cells are mouse mononuclear macrophages and are one of 
the most commonly used cells to study the inflammatory response. We 
obtained RAW264.7 cells from the Shanghai Branch of the Chinese 
Academy of Sciences. The School of Pharmacy, Anhui Medical Univer-
sity, provided A549 cells. RAW264.7 and A549 cells were cultured in the 
ratio of DMEM (HyClone, USA) to fetal bovine serum (9:1) in a 37 ◦C 
constant temperature incubator with 5.0% CO2. After pretreatment with 
500 mg/mL SFJDC for 1 h, the cells were incubated with LPS (1 μg/mL) 
for 24 h in the LPS + SFJDC group. Meanwhile, the model group was 
incubated with LPS (1 μg/mL) for 24 h. Then, A549 cells were stimu-
lated for 24 h with RAW264.7-cell supernatant, and their apoptosis 
indices were determined. 

2.4. Immunofluorescence staining 

We divided RAW264.7 cells into three groups: normal, model, and 
SFJDC. Then, 4% paraformaldehyde was used to immobilize RAW264.7 
cells for 30 min, and 3% BSA was used to block them for 30 min. For the 
purpose of comparing protein expression between groups, the groups of 
cells were incubated in the bottom of the glass dish with A2AAR (1:200) 
and P65 (1:200) at 4 ◦C for 12 h. After that, they were incubated for 1 h 
in the dark with fluorescent secondary antibody. To complete the pro-
cedure, the nuclei were stained for 15 min with an anti-fluorescence 
quenching agent with DAPI. Laser scanning confocal microscopy was 

Fig. 1. SFJDC can relieve mouse lung injury caused by LPS inhalation. (A) Representative lung tissue sections stained with HE (original multiples: 200 × , scale = 50 
μm). (B) Lung tissue wet/dry weight ratio. (C) TNF-α, IL-1β, and IL-6 concentrations were determined with ELISA in mouse serum. Compared to the control group, *P 
≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001. Compared to the LPS group, #P ≤ 0.05, ##P ≤ 0.01, ###P ≤ 0.001. Each set of data was based on six replicates. 
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used to capture the images (Carl Zeiss, Germany). 

2.5. Histopathological and TUNEL staining 

A total of 24 h of formalin was applied to fresh lungs before paraffin 
embedding of 4 μm sections was performed. To estimate tissue changes 
and cell apoptosis, HE and TUNEL staining were performed. The images 
were then observed using an Austrian 3DHISTECH pathological section 
scanner. 

2.6. ELISA 

Serum was collected after holding whole blood for 2 h and centri-
fugation at 3000 RPM for 20 min. Mouse serum and the supernatant of 
RAW264.7-cell culture were tested to determine the content of TNF-α, 
IL-6, and IL-1β according to the ELISA kit requirements. With a micro-
porous plate analyzer (Mithras LB 940, Germany), the absorbance at 

450 nm was measured. 

2.7. Determination of cAMP concentration 

Frozen lung tissue was pretreated with cold PBS. Then the tissue was 
broken into homogenates and centrifuged at 3000 RPM for 10 min. We 
analyzed the cAMP level in the supernatant in accordance with the in-
structions provided by the manufacturer (Wuhan Ilerite Biotechnology 
Co., Ltd.). We also quantified the intracellular cAMP levels following the 
manufacturer’s instructions. 

2.8. Cell viability screening 

Cell viability was determined using the Cell Counting Kit-8 (CCK-8) 
as directed by the specification. A multifunction microporous plate 
analyzer was used to measure absorbance at 450 nm (Mithras LB 940, 
Germany). 

Fig. 2. SFJDC can excite A2AAR. (A) RAW264.7 cells using CCK-8. (B) SFJDC stimulated TNF-α, IL-1β, and IL-6 mRNA levels in the supernatant of RAW264.7 cells at 
250 μg/mL, 500 μg/mL and 1000 μg/mL (C) and (D) RAW264.7 cells using CCK-8. (E), (F) and (G) A2AAR mRNA expression in RAW264.7 cells. (H) Representative 
A2AAR immunofluorescence image (scale = 50 μm) and A2AAR fluorescence intensity calculation. Compared to the control group, *P ≤ 0.05, **P ≤ 0.01, ***P ≤
0.001. Compared to the LPS group, #P ≤ 0.05, ##P ≤ 0.01, ###P ≤ 0.001. Each set of data was based on three replicates. 
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2.9. Western blot 

In RAW264.7 cells, A549 cells, and lung tissues, proteins were 
exposed using RIPA buffer (EpiZyme, Shanghai, China). The protein 
concentration was detected with a BCA protein detection kit (Beyotime, 
Shanghai, China). Proteins were isolated from samples using SDS–PAGE. 
Protein-free rapid blocking buffer (EpiZyme, Shanghai, China) was used 
to block the PVDF membrane for 15 min upon transfer of the isolated 
protein into the PVDF membrane (Bio-Rad, CA, USA). The diluted pri-
mary antibody was reacted with PVDF membranes overnight at 4 ◦C. 
Next, the PVDF membrane was incubated at room temperature for 1 h 
with the corresponding secondary antibody (anti-rabbit or anti-mouse). 
Specific experimental conditions are shown in Supplementary Table 1. 
Finally, proteins on PVDF membranes were imaged using an ultrasen-
sitive ECL kit (GlpBio, USA) and protein expression was quantified using 
ImageJ. 

2.10. Flow cytometry and apoptosis 

The rate of apoptosis in A549 cells was determined using the Annexin 
V-FITC/PI apoptosis kit (Best Bio, China). Following a 1:10 dilution of 
binding solution, the collected cells were centrifuged and resuspended 
in 400 μl binding solution. Incubation was conducted in darkness in a 
4 ◦C temperature range for 15 min after adding 5 μl of V-FITC staining 
solution to the cell suspension. PI staining solution was added, and the 
cells were incubated for 5 min on ice in the dark before flow cytometry 

(Beckman Coulter, USA). 

2.11. RT-qPCR analysis 

RAW264.7 cells, A549 cells and lung tissue were all treated with 
TRIzol reagent (Accurate Biology, Hunan, China) for total RNA extrac-
tion. After the extracted RNA was quantified, the RNA was reverse 
transcribed using the TAKARA procedure and the Evo M-MLV Mix Kit 
(Accurate Biology, Hunan, China). By using a SYBR Green Premix qPCR 
kit (Accurate Biology, Hunan, China) and cDNA as templates, the mouse 
gene was amplified by qPCR. See Supplementary Table 2 for primer 
sequences. The reference gene GAPDH was used internally in this 
experiment. 

2.12. Statistical analysis 

All data are presented as the mean ± SEM (GraphPad Prism 8.0), and 
statistical significance was determined by a T test and one-way ANOVA. 
Data were analyzed as follows: #*P ≤ 0.05, ##**P ≤ 0.01, and ###***P 
≤ 0.001. 

3. Results 

3.1. SFJDC attenuates LPS-induced lung injury 

Serum and lung tissues from mice were examined by ELISA kits, HE 

Fig. 3. SFJDC affects A2AAR/NF-κB signaling. (A) Western blots were used to detect the levels of A2AAR, PKA, IκB, p-IκB, P65, and p-P65 in lung tissues. (B) cAMP 
content in lung tissue homogenate. Compared to the control group, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001. Compared to the LPS group, #P ≤ 0.05, ##P ≤ 0.01, ###P 
≤ 0.001. Each set of data was based on six replicates. 
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staining, and wet/dry lung specific gravity methods to determine the 
role of SFJDC in LPS-induced lung damage. We first observed the 
morphological changes in lung tissues by comparing the HE-stained 
pathological sections (Fig. 1A). The lung tissues of control mice did 
not display any obvious morphological changes. LPS-induced mice 
showed alveolar collapse, thickening of alveolar walls, and inflamma-
tory cell infiltration compared with their control counterparts. After 
SFJDC pretreatment, lung injury induced by LPS gradually resolved and 
followed a dose-dependent trend. Moreover, LPS increased the ratio of 
wet/dry lung weight in mice, but the ratio slowly decreased with 
increasing SFJDC dose, according to the wet/dry lung weight analysis 
(Fig. 1B). As shown in Fig. 1C, we used ELISA kits to detect represen-
tative inflammatory factors. Following LPS stimulation, the levels of 
TNF-α, IL-1β, and IL-6 increased significantly, and these levels decreased 
dose-dependently after pretreatment with SFJDC. According to these 
results, SFJDC can reduce LPS-induced lung injury. 

3.2. SFJDC activates A2AAR to reduce RAW264.7-cell inflammation 

To study the effect of SFJDC on A2AAR in RAW264.7 cells, we used 
RT–qPCR and immunofluorescence staining. Previous studies have 

shown that RAW264.7 cells can be the subject of an in vitro inflam-
matory model by providing 1 μg/mL LPS for 24 h (Zhang et al., 2020). 
Meanwhile, CCK-8 was used to identify the optimal concentration of 
SFJDC for RAW264.7 cells by detecting the differences in cell viability 
between different concentrations (Fig. 2A). At 2 mg/mL, SFJDC showed 
significant effects on cell viability. Therefore, SFJDC concentrations of 
0.25 mg/mL, 0.5 mg/mL and 1.0 mg/mL were selected to detect 
representative inflammatory factors (Fig. 2B). At the mRNA level, we 
found that 0.5 mg/mL SFJDC significantly decreased TNF-α, IL-1β, and 
IL-6 expression. Therefore, 0.5 mg/mL SFJDC can be used as the optimal 
concentration in the RAW264.7-cell inflammation model. 

Moreover, we selected the specific inhibitor ZM241385 and agonist 
CGS21680 that target A2AAR, and their effects on the viability of 
RAW264.7 cells were detected by CCK-8 (Fig. 2C and D). Meanwhile, at 
the mRNA level (Fig. 2E and F), ZM241385 and CGS21680 at 10 nM 
significantly inhibited and excited the expression of A2AAR compared 
with other concentrations. 

Subsequently, the expression of A2AAR was detected at the mRNA 
levels of 0.5 mg/mL SFJDC and 10 nM ZM241385 and CGS21680 
(Fig. 2G). Based on the results, SFJDC was able to modulate the 
expression of A2AAR in comparison with LPS and ZM241385. However, 

Fig. 4. Effects of SFJDC on RAW264.7 cells. (A) TNF-α, IL-1β, and IL-6 concentrations were determined with ELISA in RAW264.7 cells. (B) Protein levels of A2AAR, 
PKA, IκB, p-IκB, P65 and p-P65. (C) Nucleoprotein levels of P65 and p-P65 in RAW264.7 cells. (D) cAMP levels in RAW264.7 cells were detected by ELISA kit. 
Compared to the control group, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001. Compared to the LPS group, #P ≤ 0.05, ##P ≤ 0.01, ###P ≤ 0.001. Each set of data was based 
on three replicates. 
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it was lower than that in the CGS21680 agonist group. We also detected 
the expression of A2AAR by immunofluorescence staining (Fig. 2H) and 
found that both SFJDC and the agonist CGS21680 could upregulate the 
expression of the A2AAR, so we hypothesized that SFJDC had the same 
effect as the agonist CGS21680. According to the above results, we 
speculate that SFJDC may reduce RAW264.7-cell inflammation by 
activating the A2AAR. 

3.3. SFJDC inhibits the alveolar macrophage inflammatory response by 
regulating A2A/cAMP/NF-κB signaling 

According to studies, cAMP and NF-κB signaling pathways have been 
seen as mechanisms by which A2AAR inhibits inflammation. Western 
blot analysis revealed the presence of A2AAR, PKA, IκB, p-IκB, P65 and 
p-P65 expression (Fig. 3A). In the LPS group, A2AAR and PKA were 
found to be expressed at slightly higher levels than in the control group. 
Meanwhile, different doses of SFJDC can upregulate the expression of 
A2AAR and PKA. Compared to the control group, the ratios of p-IκB/IκB 
and p-P65/P65 gradually returned to normal after SFJDC treatment. 
However, the levels of the proteins IκB and P65 did not change signifi-
cantly. According to our results, cAMP levels changed significantly in 
the animal model of lung injury caused by LPS, but then recovered to a 
normal, controllable range with gradual dose increases in SFJDC 
(Fig. 3B). Based on our results, SFJDC may promote cAMP production 
and reduce inflammation by activating A2AAR to modulate NF-κB 
signaling pathways. 

3.4. SFJDC attenuates LPS-induced inflammation in RAW264.7 cells 
through A2A/cAMP/NF-κB signaling 

To further verify the function of SFJDC in macrophages, RAW264.7 
cells were used for in vitro experiments. We measured the levels of in-
flammatory factors in RAW264.7 supernatants in the control, LPS, and 

SFJDC groups by ELISA (Fig. 4A). In the LPS group, there was a clear 
difference between the levels of TNF-α, IL-1β, and IL-6 compared to 
those in the control group. Following pretreatment with SFJDC, TNF-α, 
IL-1β, and IL-6 levels significantly decreased. Subsequently, the protein 
expression levels of A2AAR, PKA, IκB, p-IκB, P65 and p-P65 were further 
detected by Western blotting (Fig. 4B). According to the results, the 
expression of A2AAR and PKA was slightly upregulated in the LPS 
group, and the expression of A2AAR and PKA was also upregulated in 
the SFJDC group, and the trend was consistent with that in lung tissue. 
After SFJDC treatment, the p-IκB/IκB and p-P65/P65 ratios in the LPS 
group also showed a decreasing and increasing trend, returning to 
normal levels. Meanwhile, IκB and P65 proteins did not exhibit signifi-
cant changes. For this reason, we performed Western blot analysis with 
nuclear proteins (Fig. 4C), revealing that P65 protein expression was 
drastically reduced in the LPS group, while the expression of p-P65 
increased significantly after entering the nucleus, which was signifi-
cantly reversed by SFJDC. We also detected the cAMP level in 
RAW264.7 cells and found that the cAMP level in the LPS group changed 
significantly compared with that in the control group, and returned to 
the normal level after SFJDC pretreatment (Fig. 4D). Accordingly, it was 
found that SFJDC regulates the expression of A2AAR, promotes cAMP 
production, and inhibits P65 phosphorylation to reduce the release of 
inflammatory factors and decrease inflammatory responses in 
RAW264.7 cells. 

3.5. SFJDC inhibited LPS-induced apoptosis of lung epithelial cells 

Apoptosis plays a crucial role in various diseases and body homeo-
stasis. As an important lung barrier, apoptosis of lung epithelial cells 
triggers or promotes the evolution of lung diseases (Chambers et al., 
2018; Li et al., 2018). We used TUNEL staining (Fig. 5A) to study 
whether SFJDC influenced the apoptosis of lung epithelial cells 
following LPS exposure. Based on these results, SFJDC significantly 

Fig. 5. SFJDC inhibited apoptosis in lung tissue. (A) Apoptosis was detected in lung tissues using a TUNEL kit (scale = 20 μm). (B) Cc3, Bax, and Bcl-2 protein levels. 
Compared to the control group, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001. Compared to the LPS group, #P ≤ 0.05, ##P ≤ 0.01, ###P ≤ 0.001. Each set of data was based 
on six replicates. 
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decreased lung epithelial cell death and inhibited apoptosis in a 
concentration-dependent manner. Additionally, Western blot analysis of 
the apoptotic proteins Cc3, Bax and Bcl-2 confirmed their expression in 
the cells (Fig. 5B). A higher Bax/Bcl-2 ratio and increased Cc3 expres-
sion were found following LPS stimulation, which was reversed after 
SFJDC treatment. Based on these results, we concluded that SFJDC can 
inhibit LPS-induced apoptosis in lung tissues. 

3.6. Effect of SFJDC on apoptosis of A549 cells 

Lung epithelial cells are closely associated with inflammation. In-
flammatory factors are known to influence apoptosis in lung epithelial 
cells. At the same time, numerous studies have revealed that the release 
of proinflammatory mediators can activate the apoptosis signaling 
pathway in lung epithelial cells. The aim of this study was to determine 
whether SFJDC could affect lung epithelial cell apoptosis via regulation 
of the inflammatory response of macrophages. To establish the coculture 
model, the supernatant from RAW264.7 cells was collected and A549 
cells were cultured for 24 h. A549 cells were significantly more prone to 
apoptosis when cocultured with LPS-stimulated RAW264.7 cells than 
when cocultured with a control group. The A549 cells were cultured in 
the supernatants of the CGS21680 group and the SFJDC group, and flow 
cytometry confirmed that both A2AAR-mediated inflammation and 
SFJDC-mediated inflammation could reduce apoptosis (Fig. 6A). 

Apoptosis-related proteins were also detected for further 

investigation. Western blot results showed that Cc3 and the Bax/Bcl-2 
ratio of A549 cells cultured in the A2AAR agonist CGS21680 group 
and SFJDC group were decreased compared with the LPS group 
(Fig. 6B). Based on the above results, we concluded that apoptosis of 
lung epithelial cells is closely related to inflammation and that SFJDC 
can inhibit apoptosis of lung epithelial cells by reducing the inflamma-
tory response. 

4. Discussion 

Acute lung injury can be caused by a variety of factors, and diffuse 
inflammation and tissue damage are the main characteristics (Gouda 
and Bhandary, 2019; Zhao et al., 2020). It is often manifested by severe 
damage to the vascular barrier and the expression of a large number of 
proinflammatory cytokines (Hoegl et al., 2015). This was consistent 
with LPS-induced ALI (Li et al., 2020; Qian et al., 2019). SFJDC, as a 
TCM compound preparation, has been proven to have a variety of active 
components and targets, which can exert anti-inflammatory, antibac-
terial, antiviral and other immunomodulatory effects through syner-
gistic effects (Xia et al., 2021; Xu et al., 2022). According to our 
experiment, SFJDC could improve LPS-induced ALI. 

In recent years, due to the discovery and mining of an increasing 
number of signaling pathways, the connections between signaling 
pathways have become more complex, and the biological effects have 
become increasingly diverse. The purine energy signaling pathway has 

Fig. 6. SFJDC and CGS21680 inhibited the apoptosis rate of A549 cells. (A) Flow cytometry measured the apoptotic rate of A549 cells. (B) Protein levels of Cc-3, Bax, 
and Bcl-2. Compared to the control group, *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001. Compared to the LPS group, #P ≤ 0.05, ##P ≤ 0.01, ###P ≤ 0.001. Each set of data 
was based on three replicates. 
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received extensive attention during this period, as has its involvement in 
many diseases (Velázquez-Miranda et al., 2019; Zhao et al., 2022). 
A2AAR plays a key role in inhibiting the systemic inflammatory 
response and tissue-specific negative feedback regulation mechanisms 
(Eckle et al., 2009; Ohta and Sitkovsky, 2001). It has been reported that 
A2AAR knockout mice showed a decrease in overall lung function, and 
A2AAR stimulation significantly reduced neutrophil infiltration in lung 
tissue and the expression of related proinflammatory cytokines in 
LPS-induced ALI (He et al., 2013). Jörg Reutershan et al. also demon-
strated that mice lacking A2AAR exhibited more severe microvascular 
permeability in the LPS-induced ALI model compared with wild-type 
mice. At the same time, the injection of A2AAR agonist not only 
reduced the permeability of pulmonary microvessels, but also inhibited 
the secretion of proinflammatory cytokines by macrophages (Reuter-
shan et al., 2007). Joyce N Gonzales et al. found an increase in pulmo-
nary vascular permeability induced by LPS, which was also closely 
related to excessive cells apoptosis, but the effect of LPS was prevented 
after activation of A2AAR (Gonzales et al., 2014). Moreover, A2AAR’s 
positive relationship with cAMP is another key factor in its function. 
Activation of A2AAR is accompanied by an increase in cAMP level, 
which further inhibits P65 translocation to the nucleus. (Link et al., 
2000; Sands et al., 2004; Shaikh and Cronstein, 2016). These are 
consistent with our results. Therefore, SFJDC plays an 
anti-inflammatory and anti-apoptosis role in ALI may be related to 
stimulating A2AAR expression and inhibiting NF-κB phosphorylation. 

Inflammation is an important defense mechanism caused by injury, 
infection and stimulation (Leitch et al., 2008; Nathan, 2002). When 
inflammation is excessive, however, it can trigger an inflammatory 
cascade that can lead to lung injury (Gouda and Bhandary, 2019; Lee 
et al., 2018). Under the induction of LPS, this phenomenon was signif-
icantly amplified, the level of proinflammatory cytokines were signifi-
cantly increased compared with the control group, and the 
inflammatory infiltration of lung tissue increased significantly as well, 
which was consistent with our results. However, after SFJDC pretreat-
ment, these phenomena were significantly reversed and gradually 
returned to the normal level. NF-κB, a key inflammatory protein, also 

returns to homeostasis under the action of SFJDC. A2AAR and cAMP 
showed the same trend. At the same time, a high level of proin-
flammatory cytokines induces apoptosis of lung epithelial cells, destroys 
the integrity of the epithelial barrier and seriously damages normal gas 
exchange in the body, which is a major contributing factor to ALI (Ju 
et al., 2018; Li et al., 2019; Xie et al., 2018). Under LPS stimulation, 
macrophages were overactivated and secreted a large number of 
proinflammatory cytokines, which induced apoptosis of lung epithelial 
cells, which was verified by our flow cytometry assay and TUNEL assay. 
Apoptosis is closely related to the expression of Bax, Bcl-2, Cc3 and other 
molecules (Lindsay et al., 2011; Zhao et al., 2016). In our study, SFJDC 
was found to effectively inhibit LPS-induced apoptosis, downregulate 
the expression of Bax and Cc3, and upregulate the expression of Bcl-2 
both in cells and animals. Based on the above results, We conclude 
that SFJDC can regulate inflammation and apoptosis through A2AAR, 
thereby inhibiting LPS-induced ALI. 

During early studies of COVID-19, it was found that there was a high 
overlap between patients with COVID-19 and those with ALI in terms of 
onset time, medical imaging, and pathology. The onset time for COVID- 
19 patients is 8–12 days, and for ALI patients it is about 7 days. Both of 
them were characterized by tissue pneumonia, telangiectasia, endothe-
lial injury, and mild to moderate pulmonary hypertension (Zarrilli et al., 
2021a; Swenson and Swenson, 2021). Most importantly, the inflam-
matory response is a major factor driving the further development of 
COVID-19, which is highly consistent with ALI (Gustine and Jones, 
2021; D’Agnillo et al., 2021). However, there are still limitations in this 
study. Unfortunately, our study did not explore clinical aspects, and the 
research conclusions could not be directly connected with clinical 
practice. Meanwhile, SFJDC’s complexity raises the need for a deeper 
understanding of the components that play a role. The purpose of this 
study was to explore whether SFJDC could be used as a prophylactic 
treatment for COVID-19 by improving acute lung injury. 

5. Conclusion 

We conducted this research to probe the role and mechanism of 

Fig. 7. Mechanism imaginary diagram.  
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SFJDC in ALI induced by LPS (Fig. 7). In animal and cell studies, we 
found that SFJDC may attenuate ALI by inhibiting the inflammatory 
response and cells apoptosis. The mechanism of SFJDC may be related to 
upregulation of A2AAR, increase of cAMP level and inhibition of phos-
phorylation of NF-κB. Although there are still some limitations to our 
study, SFJDC can inhibit the inflammatory response and apoptosis to 
reduce ALI, indicating that SFJDC could play a vital role in preventing 
and treating ALI. These findings provide valuable insights for the pre-
vention and treatment of ALI by SFJDC, and also contribute to relevant 
rationalization for guiding clinical use of COVID-19. 
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