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Background: It is reported that trauma hemorrhagic shock (THS) could resulted in organ injury and is related to a high mor-
tality rate. Maresin-1 (MaR1), a derived medium through biosynthesis, is involved in inflammatory responses.
However, the mechanism of MaR1 against acute lung injury needs to be further understood. This report aimed
to explore whether MaR1 had a protective effect on lung injury.

Material/Methods: We constructed a THS-induced acute lung damage rat model and then treated the rats with MaR1. We deter-
mined Evan’s blue dye (EBD) lung permeability, lung permeability index, wet/dry (W/D) weight ratio, nitric ox-
ide (NO) concentration and inducible nitric oxide synthase (iNOS) expression in lung tissue samples. The inflam-
mation-related cytokines levels in the bronchoalveolar lavage fluid (BALF) and serum of rats were determined
by enzyme-linked immunosorbent assay (ELISA). Finally, the TLR4/p38MAPK/NF-kB pathway was analyzed by
quantitative real-time polymerase chain reaction and western blot assay.

Results: The increased EBD ratio, lung permeability index and W/D weight ratio, NO concentration and iNOS levels were
suppressed by MaR1 treatment. THS-induced over-production of interleukin-6 (IL-6) and tumor necrosis fac-
tor-a (TNF-a) in BALF and serum was suppressed by MaR1. Besides, the TLR4/p38MAPK/NF-kB pathway acti-
vation in THS-induced rats were inhibited by MaR1 treatment.

Conclusions: Our study showed that MaR1 could effectively alleviated THS-induced lung injury via inhibiting the excitation
of the TLR4/p38MAPK/NF-kB pathway in THS-induced rats, suggesting that MaR1 might be a novel agent for
lung damage treatment.
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Background

Acute lung injury, a primary cause of trauma hemorrhagic shock
(THS), could develop into acute respiratory distress syndrome
(ARDS) [1,2]. Acute lung injury can also cause dyspnea, endo-
thelium damage, and gas exchange deterioration [3,4]. Previous
studies have reported that severe THS may result in inflamma-
tory response in multiple organ and high mortality [5]. Despite
improvement in understanding the pathogenesis of THS, there
is still no effective therapeutic strategies to treat THS.

Inflammatory response is one of the main causes in acute lung
injury, and excessive inflammatory responses may result in a
number of diseases, such as tissue destruction, fibrosis, and
organ failure [6,7]. Thus, exploitation of effective drugs against
inflammation may be conducive to treatment of THS. Studies
have revealed that various regulators, such as lipoxins [8], re-
solvins [9], and protectins [10], could mediate inflammatory re-
sponse. MaR1, an acid-derived regulator, is bio-synthesized by
docosahexaenoic acid and conversion by oxidation. MaR1 re-
portedly blocks the bronchial epithelial cells immunoreaction
and induces tissue regeneration [11,12]. Moreover, MaR1 exhib-
its various pharmacological and biological functions in the lung.
Chatterjee et al. revealed that MaR1 could relieve inflammato-
ry response in vascular smooth muscle [13]. However, whether
MaR1 has a protective effect on lung injury by THS is unknown.

Based on previous investigations, in this study, we aimed to

explore the role of MaR1 in THS-induced lung injury models
and the related mechanisms.

Material and Methods

Animals

Male Sprague-Dawley rats (10 to 14 weeks old; 360 to 400
g) were purchased from Vital River Company (Beijing, China)
and were kept under a temperature-controlled condition with
12 hours light/dark cycle, 60% to 65% humidity and allowed
to feed freely. All protocols of animal experiments were con-
ducted in accordance with Animal Care and Use Committee of
the Fourth Affiliated Hospital of Guangxi Medical University.

Model of THS and treatment

Rats were assigned at random to 1 of 5 groups (n=20 for each
group): sham, sham+MaR1, TSH, TSH+saline, TSH+MaR1. The
rats in the sham group were injected by physiological saline (0.1
mL/100 g, intraperitoneal injection) and rats in the sham+MaR1
group were treated with 10 ng/mL MaR1 (Cayman, Michigan,
USA, intravenously) [14]. The THS model was conducted ac-
cording to previous research methods [15]. Twelve rats were
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randomly selected from each group: 4 rats were used for lung
permeability evaluation, and the other 8 rats were used for
collection of bronchoalveolar lavage fluid (BALF), orbital blood,
serum, and lung tissue samples. And 8 rats in each group were
used for survival analysis. At 24 hours after TSH induction, rats
were anesthetized with pentobarbital (40 mg/kg) by intraper-
itoneal injection and sacrificed by cervical dislocation (death
defined as the lack of heartbeat and breathing).

Evans blue dye (EBD)

Evans blue dye (EBD) levels were used to assess the lung per-
meability as described previously [16]. In brief, all rats were
stimulated with 1% EBD reagent by jugular vein. Then 10 min-
utes later, blood samples (1 mL) were collected from the femo-
ral artery catheter. After 20 minutes, the separated lungs were
washed with normal saline 3 times, then BALF was obtained
and centrifuged. The percentage of EBD in plasma and BALF
samples were analyzed by measuring the OD,; using a mi-
cro-plate reader (BioTek, USA).

Lung permeability index

The ratio of BALF protein concentration to serum protein con-
centration were evaluated to measure lung permeability as de-
scribed previously [15]. In short, supernatant was blended with
saline or Coomassie brilliant blue, then the absorbance at 595
nm were determined on a micro-plate reader (BioTek, USA).

Lung wet/dry (W/D) weight ratio measurement

To evaluate the severity of pulmonary edema, we quantified
the lung wet/dry (W/D) weight ratio. In brief, the fresh lung
samples were collected and wiped-dry with filter paper, then
these samples were weighed before being dried. After 48 hours
of being dried, we weigh these lung samples again.

ELISA assay

Lung injury was assessed by detecting the levels of pro-inflam-
matory factors as described previously. In short, tracheas were
exposed, and lung tissue specimens were obtained, lavaged,
and centrifuged. Then we measured interleukin-6 (IL-6) (Cat
no. PI1328) and tumor necrosis factor-a (TNF-o) (Cat no. PT516)
levels in BALF or serum respectively using enzyme-linked im-
munosorbent assay (ELISA) kits (Beyotime, Shanghai, China)
following the manufacturer’s protocols.

Nitric oxide (NO) detection
To evaluate the nitric oxide (NO) levels in samples, we deter-

mined the sum of the concentration of stable NO metabolites,
the nitrite concentration as described previously [17].
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Quantitative real-time polymerase chain reaction
(qQRT-PCR)

TRIzol reagent (Thermo Fisher Scientific, MA, USA) was adopt-
ed to separate total RNA from serum and tissues following the
manufacturer’s protocol. The cDNA Synthesis Kit (Takara Bio
Inc., Otsu, Japan) was adopted to reverse transcription of total
RNA to cDNA and gene expression was measured by Real-time
PCR system with SYBR Green Master mix (Invitrogen; Thermo
Fisher Scientific, Inc., USA), following the manufacturer’s pro-
tocol. Primer sequences were as follows:

U6-forward, 5’-CCTGGTTTTCTGTATGCTTGT-3’,

reverse, 5’-ATGAGAAGTGCTATCCCTGAA-3’;

GAPDH-forward, 5’-GCCAACGTGTCAGTGGTG-3’,

reverse, 5’-AAGGTGGAGGGTGGGTGT-3’;

iNOS-forward, 5’-CCTGGAAAACCCATGTCTG-3’,

reverse, 5’-GGGACGCCATTGTCTTG-3’;

TLR4-forward, 5’-ATTTCCGCTTCCTGGTCT-3’,

reverse, 5’-GTCATCCCACTTCCTTCCT-3’;

MyD88-forward, 5’-CCGCCTGTCTCTGTTCTT-3’,

reverse, 5’-GTCCGCTTGTGTTCTCCA-3’;

p65-forward, 5’-ATGCGCTTCCGCTACAA-3’,

reverse, 5’-GTGACCAGGGAGATGGG-3’;

p38-forward, 5’-ATGAGCAGTTGGGTTTCG-3’,

reverse, 5’-GGTTCCGCCTGATTTAGAG-3".

After 5 minutes of denaturation at 95°C, 35 cycles were per-
formed: 94°C for 1 minute, 60°C for 1 minutes, 55°C for 60
seconds and final extension at 72°C for 10 minutes. The tar-
get genes levels were calculated using 2744 method [18].

Western blot assay

Radioimmunoprecipitation assay (RIPA) lysis buffer (Beyotime,
China) was adopted to isolate protein from lung tissues. Then,
protein fractions were separated on 10% sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-PAGE) followed
by transferring to polyvinylidene difluoride (PVDF) membranes.
The membranes were closed with 5% milk and incubated
with TLR4 (1: 1000; Cell Signaling Technology, Danvers, MA,
USA), MyD88 (1: 1000; Cell Signaling Technology), p-p65 (1:
1000; Cell Signaling Technology), p65 (1: 1000; Cell Signaling
Technology), p-p38 (1: 1000; Cell Signaling Technology), p-p38
(1: 1000; Cell Signaling Technology), and GAPDH (1: 1000; Cell
Signaling Technology) antibodies overnight at 4°C. Then the
membranes were coupled with second antibody (1: 2000; Cell
Signaling Technology) for 1 hour at room temperature. At last,
the proteins were detected using enhanced chemilumines-
cence (Beyotime, Shanghai, China) with Canon imaging sys-
tem and quantified by using Gel-Pro-Analyzer software version
4.0 (Media Cybernetics, Inc., Rockville, MD, USA).
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Statistical analysis

Data were presented as the meanzstandard deviation (SD).
SPSS statistical software (version 16.0; SPSS, Inc., Chicago,
IL, USA) was used to conduct statistical analyses. Differences
among the groups were evaluated with Student’s t-test
(2-tailed) or one-way ANOVA followed by a Tukey’s post hoc
test. P<0.05 was indicated as statistically significant difference.

Results

MaR1 reduced THS-stimulated lung tissue BALF/plasma
EBD ratio, lung permeability index, and W/D weight ratio

To explore the role of MaR1 in acute lung injury induced by
THS, we firstly explored the effects of MaR1 on THS-induced
rats lung tissues. Figure 1 exhibited that the BALF/plasma EBD
ratio (Figure 1A), lung permeability index (Figure 1B) and W/D
weight ratio (Figure 1C) in THS group were obviously high-
er than those in sham group. However, there was no statis-
tic difference between the sham group and the sham+MaR1
group. Compared to the TSH+saline group, these 3 indicators
in THS+MaR1 group were markedly decreased.

MaR1 reduced the secretion of inflammatory cytokine in
THS-induced rats

Then we investigate whether MaR1 had anti-inflammatory
impacts in THS-induced rats, as it has been reported that in-
flammatory factors participated in the propagation of immu-
noreaction. In this study, we determined the particular fac-
tors by ELISA. As presented in Figure 2A and 2C, the TNF-a
level in the BALF and serum of THS-treated rats were signifi-
cantly enhanced compared to the sham treated rats. However,
there was no obvious difference between the sham group and
the sham+MaR1 group. In contrast, the levels of TNF-o. were
downregulated in the THS+MaR1 group compared with the
TSH+saline group. In addition, the same trend of IL-6 levels
in in serum and BALF of rats were observed (Figure 2B, 2D).

MaR1 reduced NO concentrations and inducible nitric
oxide synthase (iNOS) levels associated with lung THS

injury

Inducible nitric oxide synthase (iNOS) has been identified as
a regulator in the progression of lung injury during trauma-
hemorrhagic shock, thus we investigated the roles of MaR1
in NO concentrations and iNOS levels during lung THS injury.
We found that NO concentrations were obviously higher in the
THS group relative to the sham group. A reduction was found
in the THS+MaR1 group compared with the TSH+saline group
(Figure 3A). Furthermore, results from qRT-PCR and western
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Figure 1. MaR1 reduced BALF/plasma EDB ratio, lung permeability index and wet/dry weight ratio in acute lung injury induced by THS.
A lung injury model was induced by THS before intravenously injection of 10 ng/mL MaR1 or 0.1 mL/100 g physiological
saline. (A) lung permeability to EBD was conducted. (B) lung permeability activity. (C) Wet/Dry weight ratio. *, ** P<0.05,

0.01 versus Sham; #, # P<0.05, 0.01 versus THS+saline group. MaR1 — Maresin-1; BALF — bronchoalveolar lavage fluid;
THS — trauma hemorrhagic shock; gRT-PCR — quantitative real-time polymerase chain reaction; mRNA — messenger RNA.
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Figure 2. MaR1 ameliorated the release of inflammatory cytokine in THS-stimulated rats. After treatment, inflammatory cytokines
in different groups were measured using ELISA. (A) The levels of TNF-o in BALF, (B) the levels of IL-6 in BALF, (C) the
levels of TNF-o in serum (D) the levels of IL-6 in serum. ** P<0.01 versus Sham; #, # P<0.01 versus THS+saline group.
MaR1 — Maresin-1; THS — trauma hemorrhagic shock; ELISA — enzyme-linked immunosorbent assay; TNF — tumor necrosis
factor; BALF — bronchoalveolar lavage fluid; IL — interleukin.

blot analysis showed that iNOS mRNA levels (Figure 3B) and no outstanding difference between the sham group and the
protein expression (Figure 3C) were remarkably augmented MaR1 group. These results indicated an association between
in the THS group compared to the sham group. Compared NO and iNOS response in lung THS injury and MaR1 treatment.
with the TSH+saline group, iNOS was downregulated in the
THS+MaR1 group. Meanwhile, both NO and iNOS levels had
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Figure 3. MaR1 increased NO concentrations and iNOS levels in THS-induced lung tissues. MaR1 or physiological saline were injected
into THS-induced lung injury models. (A) The levels of NO were assessed. (B) qRT-PCR was used to measure the iNOS mRNA
levels. (C) Western blot assay was adopted to assess the iNOS protein expression. ** P<0.01 versus Sham; #, ## P<0.01 versus
THS+saline group. MaR1 — Maresin-1; NO — nitrogen oxide; iNOS — inducible nitric oxide synthase; THS — trauma hemorrhagic
shock; gRT-PCR — quantitative real-time polymerase chain reaction; mRNA — messenger RNA.
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Figure 4. MaR1 suppressed the activation of TLR4 and MyD88 expression in acute lung injury stimulated by THS. Western blot
assay and qRT-PCR analyses were adopted to evaluate the relative genes expressions in different groups. (A) TLR4 and
MyD88 protein expressions in lung tissues were assessed by western blot assay. TLR4 (B) and MyD88 (C) mRNA levels were
determined using qRT-PCR. ** P<0.01 versus Sham; #, # P<0.01 versus THS+saline group. MaR1 — Maresin-1; THS — trauma
hemorrhagic shock; gRT-PCR — quantitative real-time polymerase chain reaction; mRNA — messenger RNA.

MaR1 blocked the activation of the TLR4/p38MAPK/NF-xB
signaling pathway in THS-stimulated acute lung injury

Finally, we investigated the mechanism of MaR1 in THS-induced
acute lung injury. As shown in Figure 4A, increased protein lev-
els of TLR4 and MyD88 were observed in lung tissues caused
by THS and these levels were suppressed by MaR1 treatment.
In addition, upregulation of TLR4 and MyD88 mRNA levels in
lung tissues of THS rats were found, and these levels were
suppressed by MaR1 (Figure 4B, 4C). However, the TLR4 and
MyD88 protein expression and mRNA levels did not change
in the sham group or the sham+MaR1 group.

Various reports have indicated that the p38MAPK/NF-kB path-
way is a main regulator in inflammatory response. Thus, we de-
tected the related protein expression in THS-induced lung in-
jury. Our findings suggested that p-p65 and p-p38 levels were
promoted in the THS group compared to the sham group, while
the expression of p-p65 and p-p38 were inhibited by MaR1

treatment (Figure 5A). We also found that the ratio of p-p65/
p65 (Figure 5B) and p-p38/p38 (Figure 5C) were enhanced in
the THS group compare to the sham group. However, these in-
creases were inhibited in the THS+MaR1 group compared with
the TSH+saline group. Meanwhile, the ratio of p-p65/p65 and
p-p38/p38 was not obviously change in the sham group and
the sham+MaR1 group. Next, we measured the mRNA of p65
and p38 in different groups using qRT-PCR. Our data demon-
strated that p65 (Figure 5D) and p38 (Figure 5E) mRNA levels
had no statistic difference between all groups. These results re-
vealed that MaR1 blocked the excitation of the TLR4/p38MAPK/
NF-kB signaling pathway in THS-induced acute lung injury.

Discussion

In this report, our evidence showed that MaR1 had a protec-
tive effect in THS-induced lung damage. This effect proba-
bly depends on the regulation of MaR1 in immune response
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Figure 5. MaR1 suppressed the activation of p38MAPK/NF-kB pathway in acute lung injury stimulated by THS. Western blot
assay and qRT-PCR analyses were adopted to evaluate the proteins and relative genes expressions of p38MAPK/NF-xB
pathway in different groups. (A) protein expression of p-p65 and p-p38 in lung tissues. The ratio of p-p65/p65 (B) and
p-p38/p38 (C) were quantified. The mRNA levels of p65 (D) and p38 (E) in different groups were determined using qRT-
PCR. ** P<0.01 versus Sham; #, # P<0.01 versus THS+saline group. MaR1 — Maresin-1; THS — trauma hemorrhagic shock;

gRT-PCR - quantitative real-time polymerase chain reaction; mRNA — messenger RNA.

because MaR1 obviously reduced the release of inflammatory
factors and restored damage tissues. Besides, we also found
that the protective effects of MaR1 were exhibited by the re-
duction of EBD, lung permeability index, W/D weight ratio, NO
concentration, and iNOS levels in BALF, serum, and lung tis-
sues. Moreover, the related protein expression and mRNA levels
in the TLR4/p38MAPK/NF-kB signaling pathway were altered
after MaR1 treatment. These results revealed that MaR1 had
protective effects in THS-induced lung damage partly via reg-
ulating the TLR4/p38MAPK/NF-xB signaling pathway.

Acute lung injury can be induced by THS, which is a complex
disease in the clinical setting [17]. Imbalanced inflammation,
uncontrolled accumulation of leukocytes and platelets, and
the change in tissues barriers are the main pathophysiolog-
ical characteristics of acute lung injury [19]. MaR1 is known
to participate in various pharmacological functions, such as
cells immunoreaction [20], tissue regeneration, and pain [21].
However, whether MaR1 has a protective effect in THS-induced
lung injury and the underlying mechanisms in disease prog-
ress are still not well understood. EBD, lung permeability in-
dex, and W/D weight ratio have been widely used to evaluate
the severity of pulmonary epithelial and vascular permeabili-
ty. Therefore, we firstly used THS to establish lung injury mod-
el and determined the EBD ratio, lung permeability index, and

W/D weight ratio in THS groups compared to sham groups.
We found that the EBD ratio, lung permeability index, and
W/D weight ratio were enhanced in THS groups compared to
sham groups. Besides, these indicators were suppressed in
THS+MaR1 group and there was no statistical difference be-
tween the sham groups and MaR1 groups. However, in the
present study, we evaluated the successful establishment of
the THS model only by lung permeability, lung permeability
index, and pulmonary edema evaluation. Physiological indi-
ces and hypoxic parameters, which we did not analyzed, are
also very important factors to evaluate to determine wheth-
er the THS model is successfully established. This was a lim-
itation of our study.

Recent reports have shown that MaR1 regulates immunore-
action in lipopolysaccharide (LPS)-stimulated acute lung inju-
ry by reducing neutrophil accumulation and pro-inflammato-
ry factors release [22]. Also, Chatterjee et al. demonstrated
that MaR1 inhibited TNF, IL-1B, and IL-8 production in vas-
cular smooth muscle and endothelial cells [23]. TNF-o and
IL-6 are commonly used inflammatory markers, which exhib-
ited vital roles in lung damage. In our study, we detected IL-6
and TNF-o levels in BALF or serum in the different rat groups.
Results from ELISA analysis demonstrated that these indica-
tors were upregulated in the THS groups and suppressed after
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treatment of MaR1, suggesting that MaR1 likely blocked inflam-
matory response and relieved lung damage in THS-induced rat
models. In addition, iINOS has been identified as a regulator
in lung injury development, and NO concentration has been
used to evaluate the degree of lung injury during THS [24,25].
Harkin et al. found that iNOS inhibition could alleviate acute
lung injury [26]. We measured the NO concentrations and iNOS
levels in our lung injury rat models, our results in accordance
with previous studies, indicating that NO concentrations and
iNOS levels were obviously lower in the sham group relative to
that in THS group. A reduction was observed in the THS+MaR1
group as compared with the TSH+saline group. Meanwhile,
both NO and iNOS levels were no obvious difference between
the sham group and the MaR1 group. These aforementioned
data were at least partly indicated that MaR1 are participated
in the progression of THS-induced acute lung injury.

Many reports have evidenced that various signaling pathways
often been activated in inflammatory response, such as Nrf2/
HO-1, NF-kB signaling pathway [27], and MAPK pathway [28].
TLR4 has been reported to be enhanced in THSinduced acute
lung injury [29,30]. Studies have also revealed the activation
of p38MAPK/NF-kB pathway in THS-induced acute lung inju-
ry and lung injury [29,31,32]. Furthermore, we measured the
related protein expression in the TLR4/p38MAPK/NF-kB path-
way in THS-induced lung injury models. Our findings suggested
that levels of TLR4 and MyD88 were increased in lung tissues
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caused by THS and suppressed as MaR1 treatment. However,
these levels did not change in the sham group and the MaR1
group. Besides, p-p65 and p-p38 levels were enhanced in the
THS group and inhibited as MaR1 treatment. Also, the ratio of
p-p65/p65 and p-p38/p38 were rise in the THS group compare
to the sham group. However, these increases were inhibited
in the THS+MaR1 group. Meanwhile, p65 and p38 mRNA lev-
els had no statistic difference between all groups. However,
only MaR1 of 10 ng/mL was used in this study and the ef-
fect of various dose of MaR1 on THS induced acute lung in-
jury rats should be investigated. This was a limitation of this
study which needs further investigation.

Conclusions

In conclusion, we provided the first evidence that MaR1 had
a protective effect on THS induced lung injury. This protec-
tion possibly depends on inhibiting the activation of the
TLR4/p38MAPK/NF-kB pathway in THS-induced rats. These
data reveled that MaR1 may be a potential therapeutic ap-
proach for acute lung injury treatment.
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