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ABSTRACT

Acute respiratory distress syndrome (ARDS) refers to the injury of alveolar epithelial cells and capillary
endothelial cells due to various injury factors. Research on the pathogenesis of ARDS has made great
progress, but the exact pathogenesis of ARDS has not been fully elucidated. Up to now, the prevention and
treatment of ARDS is still an important scientific problem that needs to be solved urgently. In this work, we
analyzed the effect of uridine on ARDS. An ARDS model was successfully constructed by lipopolysac-
charide (LPS) stimulation. Western-blotting, IFA, ELISA, RT-PCT and CLSM were conducted to inves-
tigate the effect of uridine on ARDS and insulin resistance, and the results showed that lung
histopathological alterations were significantly attenuated by uridine treatment. Further work showed that
the levels of proinflammatory cytokines were significantly down-regulated in the lung tissue after treatment
with uridine. Additionally, the numbers of total cells and neutrophils in the bronchoalveolar lavage fluid
(BALF) were also decreased in the uridine-treated ARDS mice. We further explored the potential mech-
anism by which uridine could treat ARDS, and the results indicated that NF-kB signaling was down-
regulated by uridine treatment. Next, we studied insulin sensitivity in the ARDS mice, and found that
insulin signaling was significantly down-regulated, and uridine could enhance insulin sensitivity in the
ARDS mice model. Furthermore, we found that the levels of inflammation and oxidative stress were
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decreased by uridine treatment, which may be the potential mechanism by which uridine could improve
insulin sensitivity. Taken together, the current work provides evidence that uridine can serve as a potential
drug to treat ARDS and insulin resistance.
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INTRODUCTION

Acute respiratory distress syndrome (ARDS) refers to the damage of alveolar epithelial cells and
capillary endothelial cells induced by various physical and chemical damage factors, which result in
progressive dyspnea and refractory hypoxemia [1–3]. ARDS is one of the main causes of death in
ICU (intensive care unit) patients [4, 5]. ARDS is characterized by severe lung inflammation,
causing the destruction of the pulmonary microvascular endothelial barrier [4]. These pathological
factors impair the lung’s gas exchange and alveolar surface function, and the patient develops severe
hypoxemia and elevated pulmonary artery wedge pressure. The etiology of ARDS is very
complicated. After half a century, research on the pathogenesis of ARDS has made great progress,
but the exact pathogenesis of ARDS has not been fully elucidated [6]. It is generally believed that
the excessive activation and recruitment of inflammatory cells in the lung, the activation of a large
number of inflammatory factors and effector cells, and the uncontrolled inflammatory response
caused by ARDS are the main pathophysiological changes in ARDS [2, 3]. Therefore, inhibition of
uncontrolled inflammation may be a way to treat ARDS. A series of studies have shown that the use
of biologically active molecules could treat ARDS. It has been reported that Astilbin could alleviate
LPS-induced ARDS through inhibiting MAPK (Mitogen-activated protein kinase) signaling [7].

Studies have reported that, in addition to causing significant damage to the lungs, ARDS also
has important effects on other organs. ARDS may seriously affect the endocrine system [8–10].
However, until now, the potential impact of ARDS on insulin sensitivity remains unclear.

Uridine is a pyrimidine nucleoside that consists of uracil and ribose and is a constituent of
RNA in all living organisms. A series of studies have shown that uridine has important biological
activities, such as treatment of inflammation and regulation of nerve function [11]. In the current
research, an in vivo and in vitro ARDS model was established. On this basis we explored the effect
of uridine on ARDS, and found that uridine could alleviate the lung damage caused by ARDS. In
addition, the experimental results showed that ARDS led to insulin resistance, however uridine
treatment could enhance insulin sensitivity in the ARDS model. In short, the current research
indicates that uridine showed therapeutic potential for ARDS. Furthermore, uridine could also
alleviate insulin resistance caused by ARDS. Taken together, the current work provides preclinical
evidence that uridine can serve as a potential therapeutic drug to treat ARDS.

MATERIALS AND METHODS

Reagents

Insulin, lipopolysaccharide (LPS), and bovine serum albumin (BSA) were obtained from Sigma
Aldrich (USA). Streptomycin and penicillin were purchased from Beyotime (Shanghai, China).
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The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) assay kit (Cat No: C0009S)
was obtained from Beyotime Biotechnology (Shanghai, China). HRP-conjugated secondary
antibody was from Abcam (Cambridge, UK). Tubulin (Cat No: A17913) and b-actin (Cat No:
AC038) antibodies were obtained from ABclonal Biotechnology Co., Ltd (China). Anti-p-IkB
(Cat No: ab133462, 1:1000 dilution), Anti-JNK (Cat No: ab1993801:1000), Anti-p38 (Cat No:
ab31828, 1:500 dilution), and NF-kB (Cat No:ab220803, 1:1000 dilution) were purchased from
Abcam (Cambridge, UK). The Superoxide Dismutase (SOD) Activity assay kit (Cat no: BC0170-
50T/24) was obtained from Beijing Solarbio Science & Technology Co., Ltd (Beijing China). The
Micro Malondialdehyde (MDA) assay kit (Cat no: BC0025-100T/96S) was purchased from
Beijing Solarbio Science & Technology Co., Ltd (Beijing, China). The activity of myeloperox-
idase (MPO) was analyzed by the MPO Activity assay kit (Cat no:ab105136, Abcam). The
Mouse TNF-a ELISA kit (Cat No: SEKM-0034) and the mouse IL-6 ELISA kit (Cat No: SEKM-
0007) were purchased from Beijing Solarbio Science & Technology Co., Ltd (Beijing, China).
Anti-albumin antibody (Cat No: ab207327) and anti-thrombomodulin antibody (Cat No:
ab230010) were purchased from Abcam (Cambridge, UK).

Cell culture

MLE-12 cell (mouse lung epithelial cell line) was purchased from the China Cell Line Bank. The
cells were cultured in Dulbecco’s modified eagle medium (DMEM) containing 10% fetal bovine
serum (FBS) (HyClone), 100 U/mL of penicillin, and 100 U/mL of streptomycin at 378C.

Animals

All animal procedures were approved by the Animal Care and Use Committee of the first hospital
of Lanzhou University (2020–0007). C57BL/6J mice (male), weighing 18–20 g and 6–8 weeks old,
were obtained from Beijing Huafukang Biological Technology Co. Ltd (Beijing, China). All ani-
mals were housed in clear plastic cages (403 303 20 cm) at 22 ± 18C. All animals were main-
tained on a 12-h light/dark cycle with ∼50% humidity. Food and water were supplied ad libitum.

Establishment of ARDS model (in vivo)

All experimental animals (C57/BL mice) were randomly allocated into 3 groups (n 5 8 per
group): Control group, LPS group (10 mg kg�1) and LPS plus uridine group (20 mg kg�1). The
LPS plus uridine group (20 mg kg�1) was pre-treated with uridine for 24 h, and the control
group and the LPS group were pre-treated with an equal volume of vehicle, after which the LPS-
treated group and the LPS plus uridine group were treated with LPS (10 mg kg�1). The control
group was treated with saline. Insulin sensitivity was assessed by injecting insulin through the
tail vein. Lung and liver tissue samples and serum samples were collected for further analyses.

Cell viability assay

MTT analysis was used to evaluate cell viability. MLE-12 cells were plated onto 96-well plates (53
104 cells/mL). Cells were challenged with different concentrations of uridine for 24 h. After uridine
treatment, the cells were treated by LPS (1 mg mL�1), after which 20 mL MTT (4mg mL�1) was
added to each well. After incubation for 4 h at 378C, the optical density of the cell samples was
detected by a microtiter plate reader (Bio-rad).

Physiology International 109 (2022) 2, 215–229 217

https://abclonal.com.cn/catalog/A17913
https://www.solarbio.com/goods.php?id=38771
https://www.solarbio.com/goods.php?id=38744
https://www.abcam.cn/albumin-antibody-epr20195-ab207327.html
https://www.abcam.cn/thrombomodulin-antibody-epr18217-209-ab230010.html
https://www.abcam.cn/thrombomodulin-antibody-epr18217-209-ab230010.html


BALF collection and ELISA assays

12–24 h after LPS stimulation, BALF samples were collected from all mice. The samples were
centrifuged (48C, 4000 rpm, 30 min) to pellet the cells. The inflammatory cytokines in BALF
were determined by ELISA kit according to the manufacturer’s instructions.

Analysis of serum samples by ELISA

Blood samples were collected after LPS injection during organ harvest. The collected serum
samples were analyzed by ELISA according to the manufacturer’s instructions.

Western blot analysis

Proteins were extracted from tissues and cells. The concentrations of protein samples were
determined by the BCA protein assay kit. Equal amounts of protein sample (30 mg) were
separated by 10% SDS-PAGE, after which cell protein samples were transferred onto PVDF
membranes. After washing, the membranes were incubated in 5% skim milk at 378C for 120
min. After washing with TBS-T, the membranes were incubated with primary antibodies (Anti-
p-IkB, 1:1000 dilution; Anti-JNK, 1:1000; Anti-p38, 1:500 dilution; NF-kB, 1:1000 dilution)
overnight at 48C. After incubation, the membranes were washed thrice, followed by incubating
with secondary antibody (1:3000 dilution) for 60 min on the shaker at RT. After washing for
three times, immunoreactive protein bands were detected using enhanced chemiluminescence
(ECL). b-actin was used as internal control.

Immunofluorescence (IF) analysis

Cells were seeded onto 6-well glass slides (1.53 104 cells/well). After culture for 10 h, the cells
were fixed with 4% paraformaldehyde (PFA) at RT for 15min. After washing, the cells were
incubated with 1% Triton X-100 for 0.5 h, and blocked with 5% BSA for 60 min at RT. After three
washes, the slides were incubated with the indicated antibodies (SDC-1 (syndecan-1): 1:500
dilution; TNFa: 1:300) at 48C for 12 h. After washing, the cells were treated with Alexa-488-
conjugated secondary antibodies for 120min at 378C. DAPI was then used to stain the cells for
another 5 min. Cell samples were examined in a fluorescence microscope (Olympus FV1000).

Detection of MPO, MDA, SOD

The activity of SOD was determined by the Superoxide Dismutase (SOD) activity assay kit
according to the manufacturer’s instruction; MDA concentrations were tested by the Micro
Malondialdehyde (MDA) assay kit according to manufacturer’s instructions; the activity of
myeloperoxidase (MPO) was analyzed by the MPO Activity assay kit according to the manu-
facturer’s instructions.

RT-PCR analysis

Total RNA was extracted using Trizol reagent (Invitrogen). Two mg of the extracted total RNA
was used for cDNA synthesis using the RevertAid First Strand cDNA Synthesis kit (Thermo
Fisher, Cat no: K1622) following the manufacturer’s instructions. RT-PCR was then performed.
The following primers were used: IL-1b: Fwd: CAACCAACAAGTGATATTCTCCATG, Rev
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GATCCACACTCTCCAGCTGCA; TNFa: Fwd. CATCTTCTCAAAATTCGAGTGACAA, Rev
TGGGAGTAGACAAGGTACAACCC; IL-6: Fwd GAGGATACCACTCCCAACAGACC, Rev:
AAGTGCATCATCGTTGTTCATACA; The optimal reaction program was the following: 35 cy-
cles of 958C for 2min, 94 8C for 45 s, 58 8C for 30 s, 72 8C for 30 s; 72 8C for 5min. GADPH/b-actin
was used as an internal reference. Relative expression level was computed using the 2�ΔΔCt method.

Immunohistochemistry (IHC) analysis

The tissue samples were immersed in 20% neutral buffered formalin, fixed overnight and
embedded in paraffin according to standard procedures. The tissue samples were cut into 5-mm-
thick sections. Paraffin-embedded lung/liver tissue sections were stained with hematoxylin and
eosin (H&E) for histopathological analysis. Lung tissues were analyzed by immunohistochemistry
as described previously [12]. In brief, the lung tissues were fixed in 4% PFA in 0.1M phosphate
buffer (pH 7.2), and then embedded in paraffin. Paraffin-embedded lung sections were rehy-
drated and treated with hydrogen peroxide. After washing for three times, the liver sections were
blocked with 5% serum for 2 h at room temperature. After washing, the tissue samples were
incubated with primary antibodies, followed by incubation of secondary antibodies for 90 min at
RT. After washing the tissue samples, the lung/liver tissue sections were studied in a microscope.

Flow cytometry analysis

After treatment with uridine, the cells were digested and collected. The single-cell suspension was
fixed in 70% cold ethanol at 48C for 24 h. After washing twice with PBS, the concentration of cells
was adjusted to 13 106/mL. Cells were blocked with BSA for 2 h at room temperature (RT), then
incubated with the indicated primary antibodies. After washing twice, fluorescently labeled sec-
ondary antibody was added to stain cells, and incubated for 1 h in the dark at RT. After washing
for three times, cell samples were analyzed by flow cytometry (BD Accuri C6). DCFH-DA (as a
fluorescent probe) was used to detect the ROS level. After treatment the cells were incubated with
DCFH-DA (10 mm mL�1) at 378C for 20min. After incubation, the cells were washed 3 times,
then trypsinized in 0.25% EDTA, and collected by centrifugation. After washing three times with
PBS, the fluorescence intensity of each group was measured by flow cytometry (BD Accuri C6).

Statistical analysis

All data are presented as mean ± SD. Data were assessed using Student’s t-test and one-way
ANOVA. The statistical significance of differences between the groups was evaluated using a
Post Hoc analysis with the Turkey multiple comparison test. The p values were calculated
using one-way analysis of variance (ANOVA) with Tukey’s post hoc multiple comparison test.
P < 0.05 was considered statistically significant.

RESULTS

Establishment of ARDS model by LPS treatment

We firstly confirmed whether the ARDS model was successfully established by LPS treatment.
After intratracheal instillation with LPS (10 mg kg�1) or vehicle for 24 h, the mice developed
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ARDS. As shown in Fig. 1A, pathologic alterations in lung injury (such as inflammatory cells
infiltration) could be obviously observed. The levels of TNF-a and IL-6 (proinflammatory cy-
tokines) were determined, and the results indicated that TNF-a and IL-6 were significantly
increased in the lung tissue from ARDS mice (Fig. 1B). Additionally, the total numbers of cells
and neutrophils in BALF were obviously enhanced (Fig. 1C).

Fig. 1. Effects of uridine on the pathological changes in the lung tissue of ARDS mice
The mice were intragastrically administered with 10 and 20 mg kg�1 uridine for 10 consecutive days, after

which they were intraperitoneally treated with 10 mg kg�1 LPS. A. After 12 h, the lung tissues were
collected and assessed by H&E staining (magnification3 200, scale bar 5 100 mm); B. Effects of uridine on
the levels of pro-inflammatory factors. The concentrations of IL-6/TNF-a/IL-1b were evaluated using

commercial ELISA kits. C. The numbers of total cells and neutrophils in the bronchoalveolar lavage fluid
(BALF) of ARDS mice were decreased after uridine treatment. D. Effect of uridine on ROS production,
MDA and SOD concentration in lung tissue of LPS-induced ARDS mice. E. The effects of uridine on

pulmonary vascular permeability in LPS-induced ARDS mice. W/D ratio: Wet-to-dry weight ratio of lung.
F. Uridine treatment regulated CD31 expression. G. Uridine inhibited SDC-1 down-regulation. Data are

presented as mean ± SD. Different letters indicate significant differences (P < 0.05).
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At same time, we also analyzed the effects of uridine on LPS-induced ARDS. We can see that
LPS-induced histopathological alterations were obviously relieved by uridine treatment (Fig. 1A).
The levels of proinflammatory cytokines were also evaluated, and it was found that TNF-a and
IL-6 were significantly down-regulated in the lung tissue from ARDS mice after treatment with
uridine (Fig. 1B). Additionally, the numbers of total cells and neutrophils in BALF were decreased
in the uridine-treated ARDS mice (Fig. 1C). Furthermore, the oxidative stress level (such as MPO
and MDA) in the lung tissue was significantly decreased in the uridine-treated group (Fig. 1D). In
conclusion, uridine could decrease lung injury and inflammation in ARDS mice.

In addition, we also studied the effects of uridine on Pulmonary Vascular Permeability. As
illustrated in Fig. 1E, the vascular leakage of fluorescein isothiocyanate labeled albumin (FITC-
albumin) in the ARDS mice was significantly suppressed after uridine treatment. Furthermore,
we also evaluated the effect of uridine on CD31 expression in the LPS-induced ARDS mice. As
shown in Fig. 1F, uridine treatment regulated CD31 expression in the LPS-induced ARDS model.

Previous study has showed that SDC-1 is one of the main components of the endothelial
glycocalyx in pulmonary blood vessels. Therefore, SDC-1 can be used to evaluate damages to the
endothelial glycocalyx [9, 10]. The experimental results showed that SDC-1 expression was
reduced significantly in LPS-induced ARDS model, indicating that the integrity of the endo-
thelial glycocalyx was damaged. However, uridine could inhibit SDC-1 down-regulation, sug-
gesting that uridine could enhance the integrity of the endothelial glycocalyx (Fig. 1G).

Uridine inhibited ROS production induced by LPS in MLE-12 cells (in vitro)

Reactive oxygen species (ROS) are a major risk factor in the onset and progression of oxidative
stress. For this reason we studied the effects of uridine on the intracellular ROS level, and our
results indicated that uridine could significantly counteract ROS generation (Fig. 2A).
Furthermore, the levels of MPO and MDA were obviously increased in MLE-12 cells stimulated
with LPS, and uridine treatment significantly decreased MPO and MDA concentrations
compared with the LPS group (Fig. 2B). To further investigate the antioxidant effects of uridine,
the activity of SOD was detected; it can be seen that the activity of SOD was significantly
increased in the uridine treatment group (Fig. 2B). In addition, the relationship between NF-kB
activation and inflammation has been demonstrated. Therefore, to explore the effects of uridine
on the activation of NF-kB signaling in the ARDS cell model, Western-blots were performed,
and the results showed that the phosphorylation levels of p-IkBa and p-NF-kB p65 were down-
regulated by uridine treatment (Fig. 2C). Taken together, these results suggest that uridine has
antioxidant and anti-inflammatory effects partially via inhibiting ROS generation and blocking
the NF-kB signaling pathway.

We further investigated the effect of uridine on the levels of proinflammatory cytokines.
MLE-12 cells stimulated with LPS obviously had enhanced concentrations of TNF-a and IL-6
(Fig. 3) compared with the control group. However, uridine (20 mg mL�1) treatment prevented
the release of the proinflammatory cytokines (TNF-a and IL-6).

Uridine inhibited MLE-12 apoptosis induced by LPS in vitro

LPS treatment could lead to MLE-12 cell apoptosis. To determine whether uridine has an effect
on the apoptosis of MLE-12 cells induced by LPS treatment, flow cytometry was conducted. As
illustrated in Fig. 4, pre-treatment with uridine significantly inhibited the apoptosis of MLE-12
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Fig. 2. The effect of uridine on ROS production
A. The cells were pre-treated with uridine (10 mg mL�1) for 3 h before LPS treatment. B. The effect of uridine
on oxidative stress markers. C. The effects of uridine on NF-kB signaling in MLE-12 cells evaluated by Western
blot analysis. Data are presented as mean ± SD. Different letters indicate significant differences (P < 0.05).
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cells. Furthermore, the results from flow cytometry also indicated that uridine could significantly
down-regulate the expression of caspase-3 and Bax, and the expression level of Bcl-2 was up-
regulated compared to the control group. These findings indicate that uridine plays a protective
role in MLE-12’s bioactivity.

Uridine inhibited AMPK activation in LPS-induced ARDS mice

It has been reported that AMPK signaling is up-regulated in ARDS mice. As expected, AMPK
activation was increased after LPS stimulation in the current study. However, AMPK phos-
phorylation was significantly down-regulated by uridine treatment, and the phosphorylation
levels of JNK, ERK1/2, and p38 were also suppressed by uridine pretreatment (Fig. 5).

Fig. 3. A. Effects of uridine on IL-6 and TNF-a in lung tissue from LPS-induced ARDS mice. B. Uridine
treatment down-regulated the expression of IL 6 and TNFa in the lung tissue. Data are presented as mean

± SD of three independent experiments. Different letters indicate significant differences (P < 0.05)
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Fig. 4. A. The effect of uridine on the apoptosis of MLE-12 cells induced by LPS treatment. The cells were
pre-treated with uridine (10 mg mL�1) for 3 h before LPS treatment. B. The effect of uridine on the

expression of caspase-3, Bax and Bcl-2. Data are presented as mean ± SD of three independent experi-
ments. Different letters indicate significant differences (P < 0.05)
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Fig. 5. A. Uridine treatment inhibited the phosphorylation of AMPK, JNK, ERK and p38. Proteins from
cells or tissue were extracted using the Tissue Protein Extraction reagent kit according to the manufac-
turer’s instructions. Equal amounts of protein (30 mg) were separated by 10% SDS-PAGE, after which cell
protein samples were transferred onto a polyvinylidene difluoride (PVDF) membrane. After blocking in 5%
skim milk at 378C for 120 min, the membranes were incubated with primary antibodies overnight at 48C,
followed by incubating with secondary antibody (1:3000 dilutions) for 60 min on the shaker at RT. After
washing, immunoreactive protein bands were detected using an enhanced chemiluminescence system

(ECL). Different letters indicate significant differences (P < 0.05)
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Fig. 6. A. Insulin-mediated signaling in ARDS model mice was down-regulated. Cellular proteins were
extracted and quantified using the BCA kit according to the manufacturer’s instructions. Equal amounts of
protein (30 mg) were separated by 10% SDS-PAGE and then transferred onto a PVDF membrane. After

blocking in 5% skim milk at 378C for 1 h, the membranes were incubated with primary antibodies overnight at
48C, followed by incubation with a secondary antibody for 60min on the shaker at RT. After washing,

immunoreactive protein bands were observed using the ECL system. B. Uridine pretreatment increased the
sensitivity of insulin-mediated signaling. Statistically significant differences (P < 0.05) are indicated by asterisks

226 Physiology International 109 (2022) 2, 215–229



Insulin-mediated signaling is decreased in ARDS mouse model in vivo

In this work we also studied the effect of ARDS on insulin sensitivity. For this, we analyzed the
insulin-mediated signaling pathway in ARDS mice, and the results showed that insulin signaling
was significantly down-regulated (the liver is one of the most important targets of insulin). In
addition, we also analyzed the phosphorylation level of the insulin receptor (IR) in the lungs,
and the results also showed that IR activation was significantly down-regulated. These results
suggest that insulin sensitivity was significantly down-regulated in the LPS-induced ARDS mice
(Fig. 6A).

To investigate the effect of uridine pre-treatment on the insulin/IR-mediated signaling
pathway, Western blot analysis was performed, and the results indicated that uridine pre-
treatment increased the sensitivity of insulin-mediated signaling (Fig. 6B), demonstrating that
uridine could relieve insulin resistance caused by ARDS.

DISCUSSION

Acute Respiratory Distress Syndrome (ARDS) is caused by intrapulmonary and/or extrap-
ulmonary factors [13, 14]. It is a clinical syndrome characterized by intractable hypoxemia.
ARDS has attracted much attention due to its high mortality rate. It is generally believed that the
excessive activation and recruitment of inflammatory cells in the lung, the activation of a large
number of inflammatory factors and effector cells, and the uncontrolled inflammatory response
caused by ARDS are the main pathological changes in ARDS [15]. Therefore, inhibiting un-
controlled inflammatory response may be a key approach to treat ARDS. In the current study,
we firstly analyzed the effect of uridine on ARDS, and the results showed that uridine could
relieve ARDS. On this basis, we further analyzed the effect of ARDS on insulin sensitivity, and
our results indicated that ARDS severely affected the sensitivity to insulin, but uridine treatment
could improve insulin sensitivity.

A series of studies have shown that the treatment of ARDS by using biologically active
molecules is an effective approach. It has been reported that Astilbin could alleviate LPS-induced
ARDS by suppressing the MAPK signaling pathway [7]. Chen et al. [16] reported that Lycium
barbarum polysaccharide (LBP) could protect against LPS-induced ARDS via inhibiting
apoptosis and inflammation in pulmonary endothelial cells. In the current study, we first
analyzed the effect of uridine on ARDS, and the results showed that uridine could alleviate
ARDS. We also found that uridine can significantly alleviate lung damage induced by LPS. In
addition, the levels of proinflammatory cytokines (such as TNF-a and IL-6) were evaluated, and
the results indicated that TNF-a and IL-6 were significantly decreased in the lung tissue from
ARDS mice by uridine treatment. Additionally, the total numbers of cells and neutrophils in
BALF were obviously increased compared to the control group. These findings show that uridine
can alleviate ARDS. In addition, uridine treatment (physiological concentration) could inhibit
intracellular ROS generation and increase SOD activity in the MLE-12 cell model. Furthermore,
uridine pretreatment suppressed the expression of active caspase-3 and Bax, and enhanced the
expression of Bcl-2.

Next, we further analyzed the underlying mechanism by which uridine alleviates or inhibits
ARDS, and our results showed that the NF-kB signaling pathway was significantly inhibited. In
addition, it has been reported that MAPK signaling is up-regulated in the ARDS model, and
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uridine treatment also decreased AMPK phosphorylation. Furthermore, the phosphorylation
levels of JNK, ERK, and p38 were suppressed by uridine treatment. Additionally, accumulating
evidence shows that ROS is required for the induction of apoptosis in inflammatory cells [12]. It
has been reported that ROS could up-regulate the expression of pro-inflammatory cytokines,
and maintaining the oxidant-antioxidant balance is critical in ARDS treatment [12]. Therefore,
in the current work we also evaluated the effect of uridine on oxidative stress, and the results
showed that the level of oxidative stress was down-regulated by uridine treatment.

In fact, a series of excellent studies from Mironova’s team has shown the important bio-
logical activity of uridine [17–20]; these authors also found that uridine can protect against LPS-
induced inflammation and hypoxia-induced lung damage. One of these studies by Mironova
et al. also indicated that the mechanism of the anti-inflammatory action of uridine can be
associated with the inhibition of the NF-kB signaling pathway [17]. It was also found that
uridine can protect against hypoxia-induced damage to the ultrastructure of the lung tissue [18].
These studies combined with our current work have laid a solid foundation for further exploring
the biological activity of uridine.

Next, we studied the effect of ARDS on insulin sensitivity in vivo, and the results indicated
that insulin signaling was significantly down-regulated in ARDS mice. Furthermore, we found
that uridine pretreatment increased the insulin sensitivity. In addition, we also found that the
levels of inflammation and oxidative stress were also decreased, which may be a potential
molecular mechanism by which uridine could enhance insulin sensitivity.

In conclusion, the present work demonstrates that uridine could protect against LPS-induced
ARDS through inhibiting inflammation and oxidative stress (at least partially). More interest-
ingly, we found that ARDS leads to insulin resistance, and uridine treatment can improve insulin
sensitivity in the ARDS model. To the best of our knowledge, this is the first study on the effect
of uridine on ARDS. Taken together, the current work provides preclinical evidence that uridine
can serve as a health food or drug to treat ARDS.
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