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A B S T R A C T

Aims: Acute respiratory distress syndrome (ARDS), one of the serious form of acute lung injury (ALI), is the
primary cause of death in patients with ALI. Sini decoction (SND) is a widely used Traditional Chinese Medicine
(TCM). However, the application of SND in ALI is rarely reported.

Previous studies have found that renin-angiotensin-aldosterone system (RAAS) played vital and bidirectional
roles in ALI. Therefore, the aim of the present study was to investigate protective effect of SND on ALI model
induced by E. coli, as well as to further explore relations between RAAS and SND.
Materials and methods: The ALI model was evaluated by morphological observations and biochemical assays. The
expression levels of angiotensin converting enzyme (ACE), Angiotensin II type 1 receptor (AT1R) and angio-
tensin converting enzyme 2 (ACE2) were examined by Western blotting. The expression levels of angiotensinII
(AngII) and angiotensin-(1-7) (Ang-(1-7)) were measured through ELISA. MasR, IL-6, IL-1β and TNFα were all
measured using qRT-PCR.
Key findings: SND significantly ameliorated E. coli-induced ALI, including reducing inflammatory factors in lung
tissue and the activity of MPO in serum. Furthermore, SND could obviously decrease the expression of ACE,
AngII and AT1R, which were induced by E. coli. On the other hand, SND could markedly activate ACE2-Ang-(1-
7)-Mas pathway.
Significance: In this paper, we demonstrated that SND alleviates E. coli induced acute lung injury in mice via
equilibrating ACE-AngII-AT1R and ACE2-Ang-(1-7)-Mas axis.

1. Introduction

Acute respiratory distress syndrome (ARDS), one of the serious form
of acute lung injury (ALI), is the primary cause of death in patients with
ALI [1]. Despite intensive treatment, there is still about 40% of ARDS
patients died from the disease [2]. Indirect lung injuries such as
pneumonia, interstertitial oedema and sepsis can lead to ARDS/ALI [3].
Pulmonary endothelial injury and accompanied inflammatory re-
sponses are also thought to contribute to the pathogenesis of ALI.
Moreover, oxidative stress is a critical factor for the occurrence and
development of ALI [4]. However, the pathogenesis of ALI is not yet
well-understood.

Sini decoction (SND) is a widely used Traditional Chinese Medicine
(TCM). It consists of three different herbs: Aconite, Liquorice and
Ginger Rhizome. Aconite is the main medicinal material in SND.
However, it contains many toxic substances, such as mesaconitine,
hypaconitine and aconitine. Therefore, it is necessary to add Liquorice,

which can reduce the toxicity of aconite [5]. SND increased overall
survival rate and attenuated adrenal insufficiency in septic rats by
downregulating TLR4 mRNA and protein expression in adrenal tissue
[6]. In a rat model of sepsis induced by intraperitoneal injection of LPS,
the levels of IL-1, IL-6, and TNF-α in serum were significantly decreased
after oral administration of SND, whereas IL-10 and HLA-DR were
significantly increased [7]. These results proved that SND has a good
therapeutic effect on sepsis. When sepsis occurs, as an important part of
the respiratory system, the lungs are the organ most vulnerable to in-
jury, infection and dysfunction [8, 9]. These results suggest that SND
has therapeutic effect on sepsis by reducing inflammation. Therefore,
it's plausible to speculate that SND might have a protective effect on ALI
through suppressing inflammatory responses.

The renin-angiotensin system (RAS) plays a vital role in modulating
blood pressure and the maintenance of cardiovascular function in
human body [10]. Ang II is a major peptide of RAS which plays an
essential role in regulating myocardial fibrosis, inflammation and
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oxidative stress. Previous studies have reported that Ang II is highly
expressed in ALI [13]. Ang II is converted from Ang I catalyzed by
angiotensin converting enzyme (ACE). It has been reported that Ang II
acted as a strong pro-inflammatory factor through binding and stimu-
lating angiotensin II type 1 receptor (AT1R), and subsequently acti-
vating NF-κB pathway [14]. Some studies report that Ang II can also
bind to angiotensin II type 2 receptor (AT2R), which actives pathways
to repress inflammation and oxidative stress [15, 16]. Angiotensin-
converting enzyme 2 (ACE2), a homologue of ACE, catalyzes the con-
version of AngII to vasodilative heptapeptide Ang-(1-7) [17]. As an-
other important peptide of RAS, Ang-(1-7) counteracts the actions of
Ang II by activating the G-protein-coupled Mas receptor (MasR)
[18–20]. The ACE2-Ang-(1-7)-Mas axis has been found to attenuate
LPS-induced ALI by inhibiting ERK/NF-κB pathway [12]. Numerous
evidences have indicated that Ang-(1-7) attenuates AngII-induced in-
flammation and oxidative stress (ROS) [10, 21]. Therefore, modulating
ACE-AngII-AT1R and ACE2-Ang-(1-7)-Mas axis might be a potential
treating strategy for ALI.

In this study, we aim to investigate whether SND has a therapeutic
effect on ALI. We showed that ACE-AngII-AT1R pathway was activated
in ALI model. SND treatment was able to repress ACE-AngII-AT1R
pathway through ACE2-Ang-(1-7)-Mas pathway.

2. Materials and methods

2.1. Experimental mouse models

ALI model was induced by intratracheal infusion of E. coli
(ATCC25922) [22]. ICR male mice (8 weeks old) purchased from
Yangzhou University were fed on a normal diet. They are kept in a 12-
hour light and 12-hour dark cycle and provided food and water ad li-
bitum at 25 ± 2 °C. All animal procedures were approved by the China
pharmaceutical University Experimental Animal Ethics Committee. The
mice were divided into three groups (21 mice in each group): PBS, E.
coli, and SND. Mice in the E. coli group were intratracheal injection with
E. coli (5× 108 CFU/40 μL PBS), and the PBS group received equal
volumes of PBS. In SND group, after intratracheal infusion of E. coli for
4 h, the mice were treated by SND (5 g/kg, 400 μL) through oral ad-
ministration twice daily (9 am and 6 pm) for 7 days.

2.2. Drugs and drug treatment

SND (processed Aconite, Liquorice and Ginger Rhizome) was pur-
chased from Jiangsu Province Hospital of TCM. These three herbs,
weighing 10 g, 15 g, 12 g respectively, were soaked in double distilled
water (150mL) through reflux extraction (Table 1). The decoction was
performed twice by reflux extraction for 30min each, then filtered the
decoction. The decoction was enriched at 30 °C by rotary evaporation to
26mL (1.423 g/mL) and stored at −20 °C. The same method was used
to obtain the aqueous extract of Aconite, Liquorice and Ginger Rhi-
zome. Measured 4mL SND then diluted with 18.8 mL PBS before ad-
ministrating to mice.

2.3. HPLC analysis

A LC-2010CHT HPLC system (Shimadzu Technologies JPN) coupled
with High pressure pump, UV detector and autosampler. The C18

column (250mm×4.6mm, 5mm, Part No. PA18254605,
LOT:PA181711, SN:17112806) was used. The mobile phase consists of
A (acetonitrile) and B (water) (5–20% A at 0–18min; 20–34% A at
18–40min; 34–60% A at 40–55min; 60–65% A at 55–65min; 65–100%
A at 65–70min; 100% A at 70–75min). Aqueous extracts of Aconite,
Liquorice and Ginger Rhizome were diluted 10 times before injection.
SND was diluted 30 times before injection. Aconitine (41849-35-8,
Biopurify phytochemicals Ltd.) was dissolved in methanol. Detection
wavelength was 235 nm, flow rate was 1.0mL/min, injection volume
was 10 μL.

2.4. Animal sample and serum collection

All mice were anesthetized with pentobarbital sodium (50mg/kg)
and then taken blood by orbital vein after being exposed to E. coli 1 day,
3 day and 7 day. The obtained supernatant serum was stored at −80 °C
for enzyme activities and ELISA determination. After blood collection,
all mice were sacrificed. The whole lung of mice was excised rapidly
and then washed the lung tissue in ice-cold PBS. Finally, a clove of lung
was fixed in 10% formalin for the histopathological examination and
the other half stored at −80 °C for molecular biological analysis.

2.5. qRT-PCR

Total RNA was extracted from freshly isolated lung tissues using
Trizol (CW0580 CWBIO, China) following the kit's instructions. Isolated
RNA was reverse-transcribed into cDNA with HiFiScript cDNA
Synthesis Kit (CW2569 CWBIO, China). The mRNA levels of IL-6, IL-1β,
TNFα, ACE, ACE2, AngII type 1 receptor (AT1R), MasR, and GAPDH
were examined by qRT-PCR. The mRNA expression levels were dis-
played as fold change over that of the internal-control GAPDH. Primer
sequences of qRT-PCR test (Table 2).

2.6. Western blotting analysis

The mice lung tissues were washed three times with pre-cooled PBS.
The total protein of lung tissue was extracted using RIPA Lysis Buffer
(15 μL/mg tissue, Beyotime, China) following the manufacturer's re-
commendations. Protein concentration was measured by BCA protein
assay kit (P0010S, Beyotime, China). Protein samples were separated
by 12% SDS-PAGE gel, then transferred to PVDF membranes, and in-
cubated in skim milk for 90min at room temperature. The membranes
were washed in TBST buffer (0.1% of Tween) for three times and in-
cubated overnight at 4 °C with primary antibodies. ACE (ET1705-36
1:1000 HuaAn technology), ACE2(ET1611-58 1:1000 HuaAn tech-
nology), ATIR (Bs-0630R 1:1000 Bioss), IκB (WL0053 1:500
Wanleibio), p-IκB (WL02495 1:500 Wanleibio), p65 (WL01980 1:500
Wanleibio), p-p65 (WL02169 1:500 Wanleibio), Caspase 3 (ER30804
1:1000 HuaAn technology), Caspase 9 (ET1603-27 1:1000 HuaAn
technology), α-Tublin (AF0001 1:1000 Beyotime). Before incubated
with the second antibodies, these membranes should be washed in
TBST buffer three times again. Then the membranes were incubated
with secondary antibodies conjugated with horseradish peroxidase

Table 1
Prescription of SND.

English name Latin name Part used Amount (g)

Aconite Aconitum carmichaeli Debx Root 10
Liquorice Glycyrrhiza uralensis Fisch Root and rhizome 15
Ginger rhizome Zingiber officinale Roscoe Rhizome 12

Table 2
Primer sequences of qRT-PCR test.

Name Forward primer (5′–3′) Reverse primer (5′–3′)

IL-6 CTGCAAGAGACTTCCATCCAG AGTGGTATAGACAGGTCTGTTGG
IL-1β GAAATGCCACCTTTTGACAGTG TGGATGCTCTCATCAGGACAG
TNF-α CCTGTAGCCCACGTCGTAG GGGAGTAGACAAGGTACAACCC
ACE GCAGCCACTCTACCTGAACC GCGCCACCAAATCATAGATGTTG
ACE2 TCCAGACTCCGATCATCAAGC TGCTCATGGTGTTCAGAATTGT
AT1R ATGCTTGGGGCAACTTCACTA GCAGCAAGAGAAGGGCTTCA
MasR AGAAATCCCTTCACGGTCTACA GTCACCGATAATGTCACGATTGT
GAPDH CTCTCTGCTCCTCCTGTTCGACAG GTGGAATCATATTGGAACATGT
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(HRP) for 2 h at room temperature. Proteins were visualized with an
enhanced chemiluminescence detection kit (Tanon, China) and ana-
lyzed with Gel-pro Analyzer.

2.7. Histological examination and immunohistochemistry

The lung tissues were collected and fixed in 10% formalin, em-
bedded in paraffin, cut into 5 μm section. Sectioned lung tissues were
stained with hematoxylin and eosin (H&E) (Servicebio technology). The
degrees of lung injury were assessed by two pathologists in a blinded
manner using a 0-3 score system (0, normal; 1, mild; 2, moderate; 3,
strong) for interstitial/alveolar edema, hemorrhage, alveolar septal
thickening, and infiltration of the inflammatory cells. Antigen retrieval
was performed by boiling the slidesin10mM sodium citrate buffer
(pH 6.0) for 15min. Then they were blocked with 5% BSA (AR0004,
Boster, China) for 60min. Slides were incubated with the VE-cadherin
antibody (ET1701-93 1:1000 HuaAn technology) overnight at 4 °C.
Slides were washed in PBS and incubated with the biotinylated sec-
ondary antibody for 1 h. The staining was developed with DAB (3,3′-
diaminobenzidine; brown precipitate) Substrate Kit (AR1000, Boster,
China) and hematoxylin was used to counterstain the cell nuclei.
Stained sections were observed under an optical Microscope (Motic
china group co, ltd) 400×.

2.8. Lung wet-to-dry weight ratio

We measured lung wet-to-dry weight ratio. The weight of fresh lung
tissues was measured as wet weight, then, they were placed in a ca-
lorstat at 68 °C for 48 h to get the dry weight. The ratio of wet weight
and dry weight (W/D) was calculated.

2.9. Evans Blue Dye (EBD) assay

Lung permeability was checked with Evan's blue dye exclusion test.
The mice in each group (n=3) were injected intravenously with
100 μL of Evan's blue (20mg/kg, Sigma) in PBS. One hour later, mice
were sacrificed and the whole lungs of all mice were excised rapidly.
EBD in 100mg lung tissue was extracted with 1mL formamide and
measured the absorbance at 630 nm.

2.10. Determination of MDA, SOD and MPO

MDA activity in serum was assessed by MDA Kit (A003-1, Nanjing
Jiancheng, China) following the manufacturer's instructions.
Measurement of SOD activity in serum was performed assessed by SOD
Kit (A001-3, Nanjing Jiancheng, China) according to the manufacturer's
instructions. MPO activity in serum was assessed by MPO Kit (A044,
Nanjing Jiancheng, China) following the manufacturer's instructions.

Fig. 1. Analysis of Fingerprint of SND. (A) HPLC of Aconitine. Peak 1 is Aconitine. (B) HPLC of Aconite extracts. (C) HPLC of Liquorice extracts, Peak 2, 3 and 4 are
characteristic peaks of Liquorice. (D) HPLC of Ginger Rhizome extracts, Peak 5 is a characteristic peak of Ginger Rhizome. (E) HPLC of SND.
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2.11. AngII and Ang-(1-7) levels by ELISA

The levels of AngII (MM-0754M2, Meimian, China) and Ang-(1-7)
(MM-0207M2 Meimian, China) in serum were detected by ELISA assay
using commercial ELISA kits according the manufacturer's instructions.

2.12. Bronchoalveolar lavage fluid (BALF)

The lung of each mouse was lavaged three times through a tracheal
cannula with 0.3 mL PBS buffer respectively. The BALF was centrifuged
at 3000 rpm at 4 °C for 10min. The supernatant was collected to
measure protein concentration measuring by BCA protein assay kit
(Beyotime, China). Then the cells in BALF were resuspended in 0.1 mL
PBS. The BALF cell pellet was resuspended to the original volume in
PBS for cell counting with a hemocytometer. The resuspended cells
were stained with Giemsa stain and differential leukocytes were
counted under a microscope.

2.13. Statistical analysis

All data were represented as mean ± standard error of the mean
(SEM). The statistical analysis for this study was analyzed using
Student's t-test between two groups and one-way analysis of variance
(ANOVA) for multiple groups. Data were analyzed using Graph Pad
prism software (version5.0).

3. Results

3.1. Analysis of Fingerprint of SND

HPLC was used to analyze the Fingerprint of SND. Fig. 1A was HPLC
of aconitine. As shown in Fig. 1(D, E), we found that neither the SND
nor the Aconite extracts contained toxic substance aconitine. The re-
sults indicated that SND were safe for animals. The purpose of adding
Liquorice was to reduce the toxic alkaloids in the Aconite. As shown in
Fig. 1(B, E), we found that SND contained a large amount of Liquorice

Fig. 2. SND alleviated E. coli induced acute lung injury in mice. (A) The histopathological changes in lung tissues were determined by H&E staining (magnification
400×). (B) The lung injury scores. (C) Lung wet-to-dry weight ratio was determined by the method mentioned above. (D) VE-cadherin protein was measured (day 1)
by immunohistochemistry staining. (E) Quantitative analysis of the Evans Blue leakage. (F) Total protein concentration in bronchoalveolar lavage fluid (BALF) was
measured by a BCA method. Data were represented as the mean ± SEM of three independent experiments. (n= 4 per group except EBD assay n= 3 per group,
*p < 0.05 vs. PBS group, **p < 0.01 vs. PBS group, #p < 0.05 vs. E. coli group, ##p < 0.01 vs. E. coli group).

Fig. 3. SND relieved inflammatory response induced by E. coli in mice. (A) The numbers of total immune cells. (B) Neutrophils in BALF. (C) The activity of MPO in
lung tissues was assessed. The levels of IL-1β (D), IL-6 (E), TNF-α (F) in lung tissues were detected by qRT-PCR assay. Data are represented as the mean ± SEM of
three independent experiments. (n=4 per group, *p < 0.05 vs. PBS group, **p < 0.01 vs. PBS group, #p < 0.05 vs. E. coli group, ##p < 0.01 vs. E. coli group, &
p < 0.05 E. coli group in the1st day vs E. coli group in the 3th day).
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extract, which is consistent with our expected results.

3.2. SND alleviated E. coli induced acute lung injury in mice

To determine the effects of SND on E. coli-induced acute lung injury,
the morphological changes of lung tissue were assessed by H&E
staining. As shown in Fig. 2(A–B), there were no obvious pathological
changes in the control group, whereas the lungs of mice exposed to E.
coli showed obvious pathological changes, including hemorrhage, al-
veolar congestion and thickening of the alveolar wall/hyaline mem-
brane formations. Interestingly, the pathological changes in lung tissues
were improved on 7th day. Three-day treatment of SND significantly
alleviated E. coli-induced pathological changes in lung tissues. To fur-
ther evaluate the effect of SND on pulmonary edema, EBD assay and the
lung W/D ratio was measured. As shown in Fig. 2(C, E), E. coli treat-
ment increased the lung W/D ratio significantly compared with PBS
group (p < 0.05), while SND treatment normalized the lung W/D ratio
to the level of PBS group in 1st and 3rd day (p < 0.05). At the same
time, E. coli treatment increased the lung Evans blue leakage sig-
nificantly (p < 0.01), which was inhibited by SND (p < 0.01). BALF
protein content was used as an index of lung vascular permeability. As
shown in Fig. 2F, severe disruptions occurred in lung vascular barrier
function in E. coli-induced group compared to PBS group (p < 0.01).
However, SND treatment significantly decreased protein content in
BALF (p < 0.01). Furthermore, to illustrate the effect of SND on per-
meability-associated protein in lung tissues, we examined endothelial
VE-cadherin protein expression in the first day. As shown in Fig. 2D, E.
coli group had reduced expression of VE-cadherin protein in the lung,
which was inhibited by SND. The results demonstrated that SND

alleviated E. coli induced acute lung injury in mice.

3.3. SND relieved inflammatory response induced by E. coli in mice

To assess inflammatory cells infiltration in the lung, the number of
inflammatory cells in BALF was quantified. As shown in Fig. 3(A–B), on
the first and third day of treatment, the numbers of total cells and
neutrophils increased significantly in E. coli group compared to PBS
group (p < 0.01), and treating with SND was able to decrease the in-
filtrated immune cells to the level of PBS group (p < 0.05). In E. coli
group, the numbers of total cells and neutrophils decreased sig-
nificantly on the first day compared with the third day. Interestingly,
there was no significant difference in the numbers of total cells and
neutrophils on the seventh day among all groups. We also measured the
serum MPO activity which was shown in Fig. 3C. MPO activity was
significantly increased in E. coli group in the serum compared with that
in the PBS group. SND treatment significantly inhibited MPO activity
induced by E. coli. As shown in Fig. 3(D–F), we found that gene ex-
pression of IL-1β, IL-6, and TNF-α were increased significantly in the E.
coli group compared to PBS group. By contrast, SND treatment down-
regulated the expressions of these cytokines. However, the levels of
inflammatory cytokines were not showing significant difference among
all groups on the seventh day.

3.4. SND suppressed the activation of NF-κB induced by E. coli in mice

NF-κB is a pivotal nuclear transcription factor in the inflammatory
responses. To further explore the underlying mechanisms of SND's ef-
fects on ALI, the phosphorylation level of p65 and IκB in lung tissues

Fig. 4. SND suppressed the activation of NF-κB induced by E. coli in mice. (A) Expression and phosphorylation level of p65 proteins in E. coli-induced ALI. (B)
Expression and phosphorylation level of IκB proteins in E. coli -induced ALI. Data were represented as the mean ± SEM of three independent experiments. (n= 3 per
group, **p < 0.01 vs. PBS group, ##p < 0.01 vs. E. coli group).
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was examined by Western blot analysis. As shown in Fig. 4(A–B), in E.
coli group, phosphorylation of the p65 proteins significantly increased
compared to the PBS group but normalized by SND (p < 0.01). Fur-
thermore, IκB was markedly degraded after treatment with E coli,
whereas remained no changes after treated with SND (p < 0.01).
These data suggested that SND might block the activation of NF-κB
signaling in E. coli-induced ALI.

3.5. SND downregulated ACE-AngII-AT1R signal pathway

To explore whether SND exhibit protective effects on ALI through
modulating RAS, we examined the protein expressions and mRNA le-
vels of ACE and AT1R in lung tissues, as well as the concentrations of
AngII in serum. As shown in Fig. 5(A–B), the mRNA and protein ex-
pression levels of ACE in E. coli group were obviously increased com-
pared to the PBS group (p < 0.01), and the levels in SND group were
significantly lower than those in E. coli-treated mice (p < 0.01). AngII
induced inflammatory response mainly through combined with AT1R,
as shown in Fig. 5(C–E), the concentration of Ang II in serum was
significantly reduced in SND group compared to the E. coli group
(p < 0.05). The mRNA and protein expression levels of AT1R were
both detected in SND group showing no significant difference to the
PBS group. All these results suggested that SND could downregulate
ACE-AngII-AT1R axis.

3.6. SND upregulated ACE2-Ang-(1-7)-MasR signal pathway

In order to explore whether SND repressed ALI through activating
the ACE2-Ang-(1-7)-Mas axis, the level of protein expression and mRNA
of ACE2 in what samples were detected by Western blot analysis. As
shown in Fig. 6(A–B), SND could rescue the suppressive expression of
ACE2 in E. coli-treated mice (p < 0.05). Similarly as shown in Fig. 6C,
Ang-(1-7) levels in serum showed a significantly increase in SND group
compared with the PBS and E. coli groups (p < 0.01). Ang-(1-7) sup-
press inflammatory responses mainly through binding to Mas receptor.
The mRNA level of MasR was measured though qRT-PCR. As shown in
Fig. 6D, the mRNA level of MasR was slightly increased in the SND
group compared with E. coli groups (p < 0.05). All these data in-
dicated that SND could upregulate ACE2-Ang-(1-7)-MasR axis.

3.7. SND suppressed oxidative stress and apoptosis in acute lung injury in
mice induced by E. coli

In order to investigate the effect of the SND on oxidative stress in E.
coli treated mice, the levels of MDA and SOD in serum were examined.
MDA is an indicator for lipid peroxidation to estimate the levels of
oxidative stress. As shown in Fig. 7A, in E. coli-treated mice, the MDA
level was much higher than that in PBS-treated mice (p < 0.01), SOD
played a key role in oxidative stress through catalyzing the dis-
proportionated reaction of superoxide anion to the more stable hy-
drogen peroxide. As shown in Fig. 7B, E. coli treatment significantly

Fig. 5. SND downregulated ACE-AngII-AT1R signal pathway. (A, D) Western blot analysis of the protein levels of ACE and AT1R in E. coli -induced ALI. (B, C) ACE
and AT1R mRNA expression were assayed by qRT- PCR. (E) AngII in serum was detected by ELISA. Data were represented as the mean ± SEM of three independent
experiments. (n= 3 per group, *p < 0.05 vs. PBS group, **p < 0.01 vs. PBS group, #p < 0.05 vs. E. coli group, ##p < 0.01 vs. E. coli group).
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decreased SOD activity in the serum (p < 0.01), the effect of which
was attenuated by oral administration of the SND. In order to determine
whether the SND could inhibit the E. coli-induced apoptosis in lung
tissues, the expressions of caspase 3 and caspase 9 were detected by
Western blot analysis. As shown in Fig. 7C, the expression of caspase 3
and caspase 9 in E. coli group obviously increased compared to the PBS
group (p < 0.01). However, caspase 3 and caspase 9 expressions in
SND group were much lower than those in E. coli-treated mice
(p < 0.01). All these data indicated that SND suppressed oxidative
stress and apoptosis in ALI in mice induced by E. coli.

4. Discussion

ALI is characterized by excessive cytokine-mediated inflammation
[23]. SND, a Chinese traditional prescription, has been widely used
clinical diseases [24]. Some researchers found that SND is considered to
be beneficial to septic shock patients [25].

In present study, SND showed strongly protective effect on E. coli-
induced ALI in a mouse model. The H&E staining in the lung showed
that SND treatment alleviated serious pathological lesions caused by
intratracheal injection of E. coli, which were alleviated by SND. VE-
cadherin, a marker of lung endothelial cells [26], was detected by im-
munohistochemistry staining. The result suggested that E. coli could
significantly decrease the expression of VE-cadherin. However, SND
significantly alleviated the pathological lesions of the mouse treated
with E. coli. Additionally, we measured the lung W/D weight ratio and
EBD assay to quantify the degree of pulmonary oedema. We observed
that SND attenuated the development of pulmonary oedema, as de-
termined by the notable reduction in the lung W/D weight ratio and
evane blue leakage. MPO is an abundant enzyme in the granulocytes of
neutrophils, generating hypohalous acid with which to kill invading
bacteria [27]. As expected, SND significantly suppressed the activity of
MPO in serum induced by E. coli. Although there was no significant
difference in these pathological parameters between the E. coli group
and the SND group on the seventh day, we could clearly see the

therapeutic effect of SND on the first and third days. We speculate that
this may be a function of the mouse's own repair system. The results
demonstrated that SND alleviated E. coli induced acute lung injury in
mice.

ALI is defined as a systemic immune response to infection. It might
induce inflammatory reaction which releases various inflammatory
factors, such as TNF-α, IL-1β, and IL-6 [28]. In our work, we found that
SND significantly downregulated the levels of TNF-α, IL-1β, and IL-6 in
lung of ALI model. In addition, SND could also reduce the numbers of
total cells and neutrophils in BALF. All results above demonstrated that
SND suppressed E. coli-induced inflammation by decreasing the pro-
duction of inflammatory mediators.

NF-κB, a transcription factor mainly consist of the p50/p65, plays a
vital role in the regulation of regulating pro-inflammatory cytokines.
Under normal conditions, NF-κB combines with IκB and is sequestered
in the cytosol. However, when inflammation occurs IκB is phosphory-
lated and degraded. As a result of that, NF-κB is released, translocated
to the nucleus to trigger cytokine transcription, such as TNF-α, IL-1β,
and IL-6 [29, 30]. The present results showed that SND decreased the
phosphorylation of NF-κB p65 and IκBα induced by E. coli in lung tis-
sues. In addition, the activation of NF-κB could promote ROS and
apoptosis-related proteins [31, 32]. MDA, a product of ROS-mediated
lipid peroxidation, is a surrogate marker of oxidative stress. SOD
abundantly presents in the lung tissues and may protect against ALI by
eliminating ROS [33]. In the present study, the level of serum MDA
increased significantly, while the activity of SOD decreased in E. coli
group compared to control. As expected, SND treatment effectively
decreased the level of MDA and increased the SOD activity in serum.
These data suggested that SND might block the activation of NF-κB
signaling in E. coli-induced ALI.

The RAS (renin–angiotensin system) plays an integral role in the
regulation of vascular tone, blood pressure and electrolyte balance
[34]. However, dysregulation of RAS largely aggravates to ALI [12, 13,
35]. RAS exerts its effects mainly through two axis, ACE-AngII-AT1R
axis and ACE2-Ang-(1-7)-Mas axis. Previous studies demonstrated that

Fig. 6. SND upregulated ACE2-Ang-(1-7)-MasR signal pathway. (A) Western blot analysis of the protein levels of ACE2 in E. coli -induced ALI. (B, D) ACE2 and MasR
mRNA expression were assayed by qRT- PCR. (C) Ang-(1-7) in serum was detected by ELISA. Data were represented as the mean ± SEM of three independent
experiments. (n= 3 per group, *p < 0.05 vs. PBS group, #p < 0.05 vs. E. coli group, ##p < 0.01 vs. E. coli group).
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ACE-AngII-AT1R axis could promote the process of ALI, whereas the
ACE2-Ang-(1-7)-Mas axis inhibited it [36–38]. ACE2 and ACE, a couple
of enzymes with sequence homology and tight functional relations, may
regulate each other's function through a feedback loop [17]. In different
ARDS models, overexpression of AEC2 in mice attenuates lung injury
and resulted in conversion of AngII to Ang-(1-7) [12]. These findings
suggest that ACE2-Ang-(1-7)-Mas axis is an important inhibitor of ALI.
In this paper, we explored whether SND modulated ACE-AngII-AT1R
axis and ACE2-Ang-(1-7)-Mas axis. The results showed that SND de-
creased the expression of ACE and increased the expression of ACE2 in
lung tissues induced by E. coli. Next, we detected the mRNA levels of
AT1R and Mas. Finally, we detected the concentration of AngII and
Ang-(1-7) in serum by ELISA. All data proved that the SND could
downregulate ACE-AngII-AT1R axis, but also up-regulate ACE2-Ang-(1-
7)-Mas axis.

In summary, the current study showed that SND can protect against
E. coli–induced ALI in a mouse model via modulating ACE-AngII-AT1R
and ACE2-Ang-(1-7)-Mas axis. In addition, SND also restrained in-
flammatory factor release, apoptosis and oxidative stress in the lung.
These findings will be useful to further elucidate the pharmacological
mechanisms of SND in the application of various diseases.
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