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Background: Acute lung injury (ALI) is characterized by high prevalence and high
mortality. Thus far, no effective pharmacological treatment has been made for ALI in clinics.
Inflammation is critical to the development of ALI. Curcumin analog C66, having reported
as an inhibitor of c-Jun N-terminal kinase (JNK), exhibits anti-inflammatory property both in
vitro and in vivo. However, whether C66 is capable of reducing lipopolysaccharide (LPS)-
induced ALI through the inhibition of inflammation by targeting JNK remains unknown.
Methods: Intratracheal injection of LPS was employed to build a mouse ALI model. H&E
staining, wet/dry ratio, immunofluorescence staining, inflammatory cell detection, and
inflammatory gene expression were used to evaluate lung injury and lung inflammation. In
vitro, LPS was used to induce the expression of inflammatory cytokines both in protein and
gene levels.

Results: The results of our studies showed that the pretreatment with C66 and JNK inhibitor
SP600125 was capable of attenuating the LPS-induced ALI by detecting pulmonary edema,
pathological changes, total protein concentration, and inflammatory cell number in bronch-
oalveolar lavage fluid (BALF). Besides, C66 and SP600125 also suppressed LPS-induced
inflammatory cytokine expression in BALF, serum, and lung tissue. In vitro, LPS-induced
production of TNF-o and IL-6 and gene expression of TNF-a, IL-6, IL-1f, and COX-2 could
be inhibited by the pretreatment with C66 and SP600125. It was found that C66 and
SP600125 could inhibit LPS-induced phosphorylation of JNK both in vitro and in vivo.
Conclusion: In brief, our results suggested that C66 protects LPS-induced ALI through the
inhibition of inflammation by targeting the JNK pathway. These findings further confirmed
the pivotal role of JNK in ALI and implied that C66 is likely to serve as a potential
therapeutic agent for ALL
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Introduction

Acute lung injury (ALI) is one of the common clinical critical diseases. A great
number of clinical studies have confirmed that ALI is one of the main causes of
respiratory failure and multiple organ dysfunction, and the mortality rate reaches up
to 35-40%." ALI is characterized by lung edema, hemorrhage, bronchiole epithelial
desquamation, marked thickening of the alveolar wall, and neutrophil infiltration
that leads to respiratory failure.” The commonest cause of ALI is septicemia
induced by endotoxin lipopolysaccharide (LPS), a component of Gram-negative
bacteria. With a better understanding of the pathogenesis of ALI, it has been widely
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Figure | Chemical structure of C66 (A) and JNK inhibitor SP600125 (B).

evidenced that the release of pro-inflammatory cytokines
is critical to LPS-induced lung injury.’ Though great pro-
gress has been achieved in the understanding of the patho-
genesis as well as the pathophysiology of ALI the
treatments have still been limited.

c-Jun N-terminal kinase (JNK) belongs to the family of
mitogen-activated protein kinases (MAPKSs) that partici-
pate in the regulation of the production of inflammatory
mediators.* JNK is phosphorylated and activated AP-1
after LPS stimulation to induce the transcription of inflam-
matory cytokines.” Numerous studies have reported that
JNK participated in the development of LPS-induced ALI
As Zheng et al reported, JNK inhibitor SP600125 alle-
viated LPS-induced ALI by inhibiting the expression of
JNK.® Many researchers have reported that LPS-induced
ALI can be alleviated by a considerable amount of natural
products or synthesized compounds by inhibiting MAPK
pathway (e.g., JNK).”® Thus, JNK is an attractive thera-
peutic target for LPS-induced ALIL

C66, (2E,6F)-2,6-bis(2-(trifluoromethyl)benzylidene)
cyclohexanone, is a synthetic analog of natural active
curcumin (Figure 1A). It was reported in one of our pre-
vious studies that C66 could inhibit the LPS-induced pro-
duction of inflammatory cytokines (TNF-a and IL-6) in
J774A.1 macrophages.'® The other two studies reported
that C66 reduced the high glucose-induced inflammatory
response in renal and myocardial cells and mitigated the
diabetic kidney and heart injury by targeting INK.'""'* In
the present study, C66 and the specific JNK inhibitor
SP600125 (Figure 1B) was adopted as a positive control
to investigate their effects on LPS-induced ALI by target-
ing JNK and to further confirm the significant role of INK
in the regulation of ALIL

Materials And Methods

Reagents And Antibodies
LPS and JNK inhibitor SP600125 were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Compound C66,

provided by our own lab with HPLC purity >98.36%,
was identified using ESI-MS as described in our previous
We dissolved C66 and SP600125 in
dimethyl sulfoxide (DMSO) for cell experiments and in

publication.'’

carboxymethylcellulose sodium (0.5%) for animal experi-
ments, respectively. ELISA kits of TNF-a and IL-6 were
provided by eBioscience, Inc. (San Diego, CA, USA).
Anti-CD68 and Anti-p-JNK antibodies were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).

Cell Culture

Before being sacrificed for mouse peritoneal macrophages
(MPMs) harvest, C57BL/6 mice were stimulated by intraper-
itoneal injection of 6% starch broth (0.3 g beef extract, 1 g
tryptone, 0.5 g NaCl and 6 g starch dissolved in 100 mL H,O,
2.5 mL/mouse) for 3 days. Subsequently, MPMs were cen-
trifuged and suspended in RPMI-1640 medium (Gibco,
Eggenstein, Germany), and then supplemented with 10%
FBS and 1% penicillin/streptomycin. The cells were incu-
bated overnight at 37°C in a 5% CO,-humidified air.

Animals And ALI Model

Male C57BL/6 mice weighing 18-22 g were purchased
from the Animal Center of Wenzhou Medical University
(Wenzhou, China). All animals were housed at a constant
ambient temperature in a 12:12-hr light-dark cycle and had
free access to standard rodent feed and tap water. All
animal care and experimental procedures were approved
by the Wenzhou Medical University Animal Policy and
Welfare Committee (Approval Document No. wydw2016-
0124) and all animals received humane care according to
the National Institutes of Health (USA) guidelines.

Forty-two C57BL/6 mice were randomly split into
seven groups (n = 6 in each group): three sham groups:
only treated with vehicle group (CON group), treated with
C66 group (C66 10 group) and treated with SP600125
group (SP 10 group); and four LPS-treated groups: treated
with vehicle plus LPS group (LPS group), treated with
different doses of C66 plus LPS groups (C66 5+LPS group
and C66 10+LPS group), and treated with SP600125 plus
LPS group (SP 10+LPS group). Before being challenged
by intratracheal instillation of LPS (5 mg/kg, 0.9% saline)
or equal volume 0.9% saline, all animals were orally
administrated vehicle, C66, or SP600125 for 7 consecutive
days. The animals were killed with an overdose of chloral
hydrate at 6 hrs after instillation LPS or 0.9% saline.
Subsequently, the serum, lung tissues and bronchoalveolar
lavage fluid (BALF) were taken out.

submit your manuscript

4162

Dove

Drug Design, Development and Therapy 2019:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Xiao et al

BALF Analysis

BALF was conducted thrice using a tracheal cannula with
0.5 mL 0.9% saline solution. After being centrifuged at
1000 rpm for 5 mins, the supernatant of BALF was imme-
diately collected to ascertain the total protein concentra-
tion and cytokine levels of TNF-a and IL-6. The sediment
was applied for cell counting. The protein concentration of
BALF was measured using the Bradford protein assay kit
(Bio-Rad Laboratories, Hercules, CA, USA). The total
number of cells in BALF was counted using a standard
hemocytometer, and neutrophil cells were confirmed by
counting 200 cells on a smear prepared under Wright—
Giemsa Institute

staining  (Nanjing of Biological

Engineering, Nanjing, China).

Lung Wet/Dry Ratio

The middle lobe of the right lung was collected, and the
wet weight was recorded. Subsequently, the lung was
then heated in a thermostatic oven at 65°C for 72 hrs
and then weighed to determine the baseline lung dry
mass levels.

Determination Of TNF-a And IL-6

To ascertain cytokine levels in the cell medium, BALF,
mice serum, and lung tissues, cytokine-specific ELISA
kits (Bioscience, San Diego, CA, USA) were employed
following the manufacturer's instructions. The total
amounts of TNF-o and IL-6 in the cell medium were
normalized to the total protein amount from the viable
cell pellets.

Real-Time Quantitative PCR (qPCR)

MPMs were treated with 5 uM and 10 uM C66 and 10 uM
SP600125 for 30 mins and followed by 0.5 ug/mL LPS for 6
hrs. Total RNAs were isolated from cells or lung tissues (10-20
mg) using the TRIzol method (Invitrogen, Carlsbad, CA,
USA). Then, they underwent reverse transcription using a
two-step M-MLV kit The
Mastercycler ep realplex detection system (Eppendorf,

(Invitrogen). Eppendorf
Hamburg, Germany) was applied to conduct real-time gPCR
analysis. The primers of genes (e.g., TNF-a, IL-6, IL-1p,
COX-2, CD80, CD64, CD86, and B-actin) were synthesized
from Invitrogen (Shanghai, China). The amount of each gene
was determined and normalized to the amount of f-actin. The
primer sequences used are listed as follows: mouse TNF-a
sense, 5'-TGATCCGCGACGTGGAA-3', mouse TNF-a anti-
sense, 5-ACCGCCTGGAGTTCTGGAA-3'; mouse IL-6

sense,5-GAGGATACCACTCCCAACAGACC-3', mouse
IL-6 antisense, 5'-AAGTGCATCATCGTTGTTCATACA-3";
mouse IL-1B sense, 5-ACTCCTTAGTCCTCGGCCA-3',
mouse IL-1B antisense, 5-CCATCAG-AGGCAAGGAGGA
A-3"; mouse COX-2 sense, 5'-TGGTGCCTGGTCTGATGA
TG-3', mouse COX-2 antisense, 5'-GTGGTAACCGCTCAG
GTGTTG-3"; mouse CD80 sense, 5'-ACCCCCAACATAAC
TGAGTCT-3"; mouse CD80 antisense, 5'-TTCCAACCAAG
AGAAGCGAGG-3’; mouse CD64 sense, 5'-AGGTTCCTCA
ATGCCAAGTGA-3'; mouse CD64 antisense, 5'-GCGACCT
CCGAATCTGAAGA-3"; mouse CD86 sense, 5S'-TGTTTCC
GTGGAGACGCAAG-3"; mouse CD86 antisense, 5'-TTGAG
CCTTTGTAAATGGGCA-3"; mouse B-actin sense, 5'-CCG
TGAAA-AGATGACCCAGA-3', mouse B-actin antisense,
5-TACGACCAGAGGCATACAG-3'".

Lung Histopathology

We fixed a portion of lung tissues in 4% paraformalde-
hyde solution and embedded this portion in paraffin. To
estimate the degree of lung injury under a light micro-
scopy (200x amplification; Nikon, Tokyo, Japan), the
(5 wm) were stained with H&E
(Beyotime Biotech, Nantong, China). Lung injury was

paraffin sections

graded from 0 (normal) to 4 (severe) in four types, i.e.,
interstitial inflammation, neutrophil infiltration, conges-
tion, and edema. By adding the individual scores for
each type, we calculated the lung injury score. Grading
was conducted by blinded pathologists. Lung injury
score for each animal was calculated as the mean of
10 lung sections. Paraffin sections were obtained from
each mouse at 6 hrs after undergoing intratracheal
instillation.

Immunohistochemistry

Tissue sections (5 um thickness) were prepared, depar-
affinized in xylene, and then hydrated with an ethanol
gradient. A pressure cooker was used to achieve heat-
induced antigen retrieval (10 mM sodium citrate buffer,
pH 6.5). After being treated with 30% of hydrogen
peroxide, all sections were blocked in 5% BSA and
then incubated with primary anti-CD68 or anti-p-JNK
antibody (1:200) at 4°C overnight. Next, the slides were
incubated with HRP-labeled (for CD68) or fluorophore-
conjugated (for p-JNK and JNK) secondary antibody
(1:200) for 10 mins. Tissues were counterstained with
hematoxylin or DAPI. We captured the images under a
light microscope (CD68 staining; 200x amplification;
Nikon, Tokyo, Japan) and confocal microscopy (p-JNK
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and JNK staining; 200x amplification; Leica-TCS SPS8,
Leica, Germany).

Statistical Analysis

Data are expressed as the mean + standard error of the
mean (SEM). Student’s f-test was employed to find the
differences between sets of data. Statistics were performed
using GraphPad Pro (GraphPad, San Diego, CA, USA).
P values below 0.05 (P < 0.05) are considered to be
statistical significant.

Results
Cé66 And SP600125 Protected Mice From
LPS-Induced Lung Injury

Pulmonary edema, as an index of lung injury, was
determined in accordance with the lung wet/dry ratio.
Data from Figure 2A suggest that lung wet/dry ratio

pretreatment with C66 or SP600125 almost reversed
the LPS effects. However, mice that received only
C66 or SP600125 did not show obvious variations in
lung wet/dry ratio in comparison with the CON group.
LPS instillation also leads to an obvious increase in the
total protein concentration in BALF. Besides, the
administration of C66 and SP600125 evidently elimi-
nated the increase in protein concentration induced by
LPS (Figure 2B). To determine the histological varia-
tions, lung tissues underwent H&E staining. Results
from Figure 2C suggest that normal pulmonary histol-
ogy was observed in CON, C66 10, and SP 10 groups,
suggesting that C66 and SP600125 showed no obvious
tissue toxicity. Tissues from the LPS group showed
infiltration of inflammatory cells in lung interstitium
and alveolar spaces as well as alveolar wall thickening
and congestion, while C66 or SP600125 pretreatment
significantly ameliorated these pathological variations

increased significantly after LPS injection, and attributed to LPS (Figure 2C). The lung injury score,
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Figure 2 C66 and SP600125 protect mice from LPS-induced lung injury. Before LPS administration, mice underwent gavage once a day for 7 consecutive days of C66 (5 and
10 mg/kg) and SP600125 (10 mg/kg). After 6 hrs of LPS challenge, we euthanized mice and then took out the lung tissue and BALF. (A) Lung wet/dry ratio. (B) Total protein
concentration in BALF. (C) Histopathological variations in lung tissues determined by H&E staining. (D) Lung injury score was ascertained. Columns represent the mean *

SEM of four to six separate animals. *P < 0.05, **P < 0.01, vs LPS group.
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assessed by a blinded pathologist, further shows the

protective effects of C66 and SP600125 on

C66 And SP600125 Attenuated
LPS-Induced Inflammatory Cells Infiltration

LPS-induced lung injury (Figure 2D). These results
imply that C66 and SP600125 can protect mice against
LPS-induced lung injury.

LPS exposure increased the

influx of total cells
(Figure 3A) and neutrophils (Figure 3B) into BALF,

whereas C66 or SP600125 administration inhibited the
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Figure 3 C66 and SP600125 attenuate LPS-induced inflammatory cell infiltration. Before LPS administration, mice were given by gavage once a day for 7 consecutive days of
C66 (5 and 10 mg/kg) and SP600125 (10 mg/kg). After 6 hrs of LPS challenge, we euthanized mice and then took out lung tissue and BALF. (A) Total number of cells in BALF
was ascertained using a hemocytometer. (B) Number of neutrophils was measured by Wright-Giemsa staining. (C) Macrophages infiltration in lung tissue was detected by

performing CD68 immunohistochemical assay. The gene expression of inflammatory cell markers, CD80 (D), CDé4 (D), CD86 (D), was detected by real-time quantitative
PCR assay. Data are mean + SEM of four to six separate animals. *P < 0.05, **P < 0.01 vs LPS group.
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LPS-mediated inflammatory cell infiltration in BALF.
Using immunohistochemical staining, we also detected
the CD68, a marker of macrophages, -positive cells.
CD68-positive macrophages significantly increased in
lung interstitial areas of ALI mice, whereas such an
increase was markedly mitigated by the treatment with
either C66 or SP600125, as shown in Figure 3C. Lung
tissues from CON, C66 10, and SP 10 groups did not
show any CD68-positive cells. Meanwhile, C66 and
SP600125 inhibited LPS-induced several inflammatory
cell markers — CD80 (Figure 3D), CD64 (Figure 3E),
and CD86 (Figure 3F) — and gene expression in lung
tissues. These results imply that C66 and SP600125 are

capable of attenuating LPS-induced inflammatory cell
infiltration.

Cé66 And SP600125 Inhibited The

Inflammatory Cytokine Expression In Vivo
including TNF-a, IL-6,
serve as main mediators involved in the

Pro-inflammatory cytokines,
IL-1B, etc.,
LPS-induced pulmonary injury. The TNF-a protein
levels in BALF and serum were first determined by
ELISA. LPS treatment led to an increase in the concen-
tration of TNF-a in both BALF and serum, while pre-
treatment with C66 and SP600125 significantly reduced
the LPS-induced TNF-a levels, as shown in Figure 4A
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Figure 4 C66 and SP600125 could inhibit the expression of the inflammatory cytokine in vivo. Before LPS administration, mice were given by gavage once a day for
7 consecutive days of C66 (5 and 10 mg/kg) and SP600125 (10 mg/kg). After 6 hrs of LPS challenge, we euthanized mice and then collected lung tissue, BALF, and
serum. Expression of inflammatory cytokine TNF-a in BALF (A) and serum (B) was determined using ELISA. Total mRNA was extracted from the lung tissue using
TRIzol agent, and the mRNA levels of TNF-a (C), IL-6 (D), IL-1B (E), and COX-2 (F) were detected by conducting real-time quantitative PCR analysis. The
protein level of TNF-a (G) and IL-6 (H) in lung tissues was detected by ELISA. Data are mean + SEM of four to six separate animals. *P < 0.05, **P < 0.0 vs LPS

group.
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and B. By performing real-time qPCR assay, we also
tested the mRNA levels of inflammatory cytokines in
mouse lung tissues. C66 and SP600125 decreased the
overexpression of TNF-a, IL-6, IL-1pB, and COX-2
mRNA in LPS-challenged mouse lung tissues, as
shown in Figure 4C—F. Finally, we detected the protein
level of TNF-a and IL-6 in lung tissue using ELISA. As
shown in Figure 4G and H, LPS significantly induced
TNF-a and IL-6 protein level in lung tissues, and C66
and SP600125 reduced the protein level of TNF-a and
IL-6 in lung tissues. These results suggest that C66

and SP600125 reduced the  expression of
CON LPS
p-JNK IF
Staining
C66 10+LPS SP10
p-JNK IF
Staining
CON LPS
JNKIF
Staining

C66 10+LPS

SP10

proinflammatory cytokines, which in turn attenuates the
lung damage attributed to LPS-induced ALI.

C66 And SP600125 Inhibited INK

Phosphorylation In Lung Tissues

It was previously reported that C66 is an inhibitor of JNK,
and the level of JNK phosphorylation in mice lung tissues
was examined using immunofluorescence staining. Results
from Figure 5 show that LPS injection can induce JNK
phosphorylation in lung tissues, yet pretreatment with C66

and SP600125 can obviously inhibit the JNK
C6610 C66 5+LPS
. .
SP 10+LPS
C66 10 C66 5+LPS
. .
SP 10+LPS

JNK IF
Staining

Figure 5 C66 and SP600125 could inhibit LPS-induced JNK phosphorylation in lung tissues. Before LPS administration, mice were given by gavage once a day for 7
consecutive days of C66 (5 and 10 mg/kg) and SP600125 (10 mg/kg). After 6 hrs of LPS challenge, we euthanized mice and then collected lung tissue. JNK phosphorylation in
lung tissue was detected by performing immunofluorescence assay.
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phosphorylation. It is noteworthy that JNK phosphoryla-
tion was also observed in the lung tissue from mice only
treated with 10 mg/kg C66. Meanwhile, JNK immuno-
fluorescence staining showed no obvious changes in all
groups. The results suggest that C66 and SP600125 are
capable of protecting mice from LPS-induced lung injury
by targeting JNK.

C66 And SP600125 Inhibited LPS-Induced
Inflammatory Cytokines Expression

Through Inhibiting Phosphorylation Of
JNK In MPMs

The protective effects of C66 and SP600125 in
LPS-induced ALI through its anti-inflammatory activity
in mice were detailed in the present study. Then, the
anti-inflammatory effects of C66 and SP600125 in vitro
are to be detected. MPMs were pretreated with DMSO, 5
or 10 uM C66, or 10 uM SP600125 for 30 mins, followed
by the incubation with or without 0.5 pg/mL LPS for
24 hrs. The secretion of TNF-a (Figure 6A) and IL-6
(Figure 6B) induced by LPS was significantly inhibited
by C66 and SP600125, and the inhibitory rate of C66 was
dose-dependent. To detect the expression of inflammatory
genes, MPMs were pretreated with DMSO, 5 or 10 uM
C66, or 10 uM SP600125 for 30 mins, followed by the
incubation with or without 0.5 pg/mL LPS for 6 hrs. LPS
caused a significant increase in the mRNA expression of
pro-inflammatory cytokines, including TNF-a (Figure 6C),
IL-6 (Figure 6D), IL-1B (Figure 6E), and COX-2
(Figure 6F) as shown in Figure 6C-F. In contrast,
SP600125 at 10 uM and C66 dose-dependently decreased
the expression of these transcripts. Further, we detected
the effects of C66 on JNK phosphorylation in MPMs.
Pretreatment with C66 can inhibit LPS-induced phosphor-
ylation of JNK at both concentrations as shown in
Figure 6G. Also, the inhibitory activity of C66 at 10 uM
was equivalent to SP600125 at 10 pM. These results
suggest that C66 and SP600125 show their anti-inflamma-
tory activity via the JNK pathway in vitro.

Discussion

ALI is considered as a major cause of death in the
intensive care unit. Nemours medications have been
applied to treat ALI. Yet no treatment has been approved
to be effective. The present study found that curcumin
analog C66 could reduce LPS-induced edema, pathologi-
cal variations, protein exudation, inflammatory cell

infiltration, and inflammatory cytokine gene expression
in mouse lung tissues. Furthermore, C66 inhibits LPS-
induced inflammatory cytokines expression in MPMs.
The pulmonary protective effects of C66 were found to
be mediated by inhibiting the JNK pathway. These find-
ings suggest that C66 may have clinical utility for the
treatment of ALI.

The physiological hallmark of ALI is the disruption of
the alveolar—capillary membrane barrier (i.e., pulmonary
vascular leak).'*'* As a result, noncardiogenic pulmonary
edema is developed, in which a proteinaceous exudate
floods the alveolar spaces, impairs gas exchange, and pre-
cipitates respiratory failure.'> One of our previous studies
showed that curcumin could inhibit LPS-induced increase
of protein concentration and neutrophils in BALF.'® In a
rat model of ALI, SP600125 was found being able to
inhibit LPS-induced total protein and neutrophil influx
into the lungs.'” In line with these studies, we show that
LPS injection can increase wet/dry ratio, protein concen-
tration, and inflammatory cells in BALF. These observa-
tions significantly suggest that curcumin analog C66 is
capable of attenuating LPS-induced ALI.

JNK, a vital member of MAPK family, is involved in
a larger number of physiological and pathological pro-
cesses, including inflammation, apoptosis, cancer, dia-
betes, and metabolism.'®'® Many extracellular stimuli
or chemical stimuli can activate the JNK pathway,
which include LPS, cytokines, growth factors, pH, oxida-
tion—reduction, and stress.?’ When LPS stimulates the
activation of TLR4 signaling, downstream JNK signaling
pathway is activated, which upregulates various inflam-
matory cytokines and adhesion molecule expression,
resulting in acute lung tissue injury.®?' Many natural
products and synthesized compounds, including berber-
ine, resveratrol, curcumin and anisalcohol, were reported
able to reduce inflammation by inhibiting activation of
TLR4 and JNK pathway.’**> C66, synthesized by our
group, was reported able to attenuate diabetic cardiomyo-
pathy and nephropathy by targeting JINK."'"'* The present
study shows that C66 and JNK inhibitor, SP600125, are
capable of inhibiting LPS-induced JNK phosphorylation
both in vitro and in vivo. These results further confirm
that JNK is critical for LPS-induced ALI.

Conclusion

Our current research shows that pretreatment with C66 and
SP600125 could inhibit LPS-induced lung injury and
inflammation by targeting the JNK pathway. These results
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Figure 6 C66 and SP600125 inhibited LPS-induced inflammation via JNK pathway in macrophages. MPMs were pretreated with C66 at various doses (5, 10 pM) or
SP600125 at 10 pM or vehicle (DMSO) for 30 mins before 0.5 pg/mL LPS treatment. (A, B) After 24 hrs of treatment of LPS, medium was collected. ELISA assay was
performed to detect the production of inflammatory cytokines TNF-a (A) and IL-6 (B) in medium. (C—F) After 6 hrs of treatment of LPS, total mMRNA was extracted using
the TRIzol agent. By performing real-time quantitative PCR analysis, the mRNA levels of TNF-a (C), IL-6 (D), IL-1B (E), and COX-2 (F) were detected. (G) After 30 mins-
treatment of LPS, total protein was collected. The protein levels of p-JNK were detected by Western blot assay, and JNK served as the loading control. Data are mean + SEM
of more than three independent experiments performed in duplicate. *P < 0.05, **P < 0.01 vs LPS group.

imply that C66 can not only mitigate the development of
diabetic complications but also inhibit LPS-induced ALIL.
Though there is a long way ahead to make C66 a drug, our
study verifies the pivotal role of INK in LPS-induced ALI
and made C66 as one important candidate in the continu-

ing drug development and research.

Abbreviations

ALI, acute lung injury; BALF, bronchoalveolar lavage
fluid; LPS, lipopolysaccharide; JNK, c-Jun N-terminal
Kinase; MAPKs, mitogen activated protein kinases;
MPMs, mouse peritoneal macrophages; SEM, mean +
standard error of the mean.
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