Int J Clin Exp Pathol 2015;8(12):15954-15959
www.ijcep.com /ISSN:1936-2625/I1JCEP0016091

Original Article

Inhibition of acute lung injury by rubriflordilactone in
LPS-induced rat model through suppression of
inflammatory factor expression

Yan-Ying Wang'?, Xin-Guang Qiu*, Hong-Liang Ren3

1Department of Surgical, The First Affiliated Hospital of Zhengzhou University, Zhengzhou 450000, P.R. China;
2Zhumadian City Central Hospital, Zhumadian 463000, P.R. China; 3Department of Surgical, Zhumadian City
Central Hospital, Zhumadian 463000, P.R. China

Received September 13, 2015; Accepted October 23, 2015; Epub December 1, 2015; Published December 15,
2015

Abstract: The present study demonstrates the effect of rubriflordilactone on lipopolysaccharide (LPS)-induced acute
kidney injury in rats and MLE-15 cells. LPS administration in rats resulted in formation of edema which was inhib-
ited by pretreatment with rubriflordilactone. The pulmonary tissues of LPS administered rats and MLE-15 cells
showed a significant increase in the expression of matrix metalloproteinase-9, interleukin-6 and inducible nitric
oxide synthase. However, rubriflordilactone treatment prior to LPS administration caused a significant reduction in
the expression of these factors at a concentration of 10 nm/kg. Analysis of the Sirtuin 1 (Sirt1) expression revealed
significant (P=0.002) reduction on exposure to LPS in MLE-15 cells. However, rubriflordilactone treatment at 10
nm/ml concentration before LPS exposure caused inhibition of LPS induced reduction in Sirt1 expression. Silencing
of Sirt1 by siRNA in MLE-15 cells led to inhibition of increased Sirt1 expression by rubriflordilactone in LPS adminis-
tered rats. These findings suggest that rubriflordilactone inhibits LPS induced acute lung injury in rats and MLE-15

cells through promotion of Sirt1 expression.
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Introduction

Lung cancer is a frequently detected disease
and is considered to be the challenging threat
to human health by clinicians globally. Ad-
ministration of various chemotherapeutic
agents has been found to induce toxicity in lung
tissues and exposure to radiation therapy
causes pneumonitis [1, 2]. In the beginning of
lung injury, pulmonary tissues show inflamma-
tion which then subsequently result in collagen
deposition on the pulmonary walls [1, 2]. The
mortality rate of the patients with acute lung
injury is estimated to be 50% [3]. The acute
lung injury animal model for various studies is
prepared by the administration of lipopolysac-
charide (LPS) to the animals [4]. Acute lung
injury characterized by inflammation of alveoli
because of enhanced expression of tumor
necrosis factor-a (TNF-«), interleukin-1 (IL-1)
and transforming growth factor-3 (TGF-B) in ani-
mals is caused by various cytokines [5]. It is
also reported that TNF-a which is a signaling

protein is associated with the initiation, amplifi-
cation and regulation of inflammatory process-
es [6].

Studies have shown that Sirtuin 1 (Sirt1), a his-
tone deacetylase plays a vital role in the inhibi-
tion of inflammatory processes through regula-
tion of various mediators involved in in-
flammation [7]. Increased expression of Sirtl
inhibits tumor necrosis factor-a and interleukin
(IL)-8 release [8]. Thus for the inhibition of
inflammatory processes Sirtl is considered to
be the potential target [9].

Rubriflordilactones A was isolated in the year
2006 by Sun et al. from the plant Schi-
sandrarubriflora. The plant has a long tradition-
al Chinese Medicinal importance particularly as
antitumor and anti-HIV agent [10]. The present
study was designed and performed to investi-
gate the effect of rubriflordilactone on the acute
lung injury in rats induced by administration of
LPS. The results revealed that rubriflordilactone
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Figure 1. Inhibition of edema formation by rubriflordi-
lactone treatment in LPS administered rats. The ef-
fect of various doses of rubriflordilactone on ratio of
wet to dry weight of lungs in rats in the LPS+rub, LPS
and untreated rats was determined. LPS and Rub
stand for lipopolysaccharide and rubriflordilactone,
respectively.

inhibited the formation of lung edema, reduced
neutrophil count and inhibited the expression
of inflammatory factors.

Materials and methods
Cell culture and treatment strategy

The Mice Lung Epithelial cell line, MLE-15 was
purchased from Shanghai Institute of
Biochemistry and Cellular Biology Chinese
Academy of Sciences (Shanghai, China). The
cells were cultured in Dulbecco’s Modified
Eagle’s medium containing penicillin (100 U/
ml) and streptomycin (100 mg/ml) along with
10% fetal bovine serum in an incubator with
humidified atmosphere of 5% CO,. The cells
were treated with 10 nm/ml concentration of
rubriflordilactone 2 h before exposure to LPS.
Rubriflordilactone at a concentration of 10 nm/
kg was injected to the rats 2 h prior to the LPS
administration.

RNA interference

Silencer RNA (siRNA) for Sirtl was prepared
and transfected into MLE-15 cells according to
the reported protocol [11].

Preparation of animal model treatment proto-
col

The present study was approved by the Ethics
Committee of the Shanghai Institute of
Biochemistry and Cellular Biology Chinese
Academy of Sciences. Male Wistar rats 10-12

15955

week old were obtained from Laboratory Animal
Center, Academy of Military Medical Sciences,
Beijing, China. The animals were housed under
specific pathogen-free conditions having free
access to food and water. LPS was adminis-
tered to the mice intra-peritoneally at a concen-
tration of 10 mg/kg body weight whereas the
rubriflordilactone was injected at the same con-
centration prior to 2 h of LPS administration.
The animals were sacrificed following 24 of LPS
administration to extract the lungs from each
animal.

Ratio of wet and dry lung weight

For each of the animal ratio of wet to dry lung
weight was calculated using the reported proto-
col. Immediately after extraction of lung, it was
weighed followed by drying in microwave oven
to get wet weight.

Immunohistochemistry for Sirt1

The lungs from each of the animal were extract-
ed under liquid nitrogen atmosphere and sub-
jected to formalin fixing in 3% buffered formal-
dehyde. The lungs were then paraffin embedded
and cut into thin 2 ym sections followed by
hematoxylin and eosin (H&E) staining. The sec-
tions were de-paraffined by heating in xylene,
rehydrated in gradient ethyl alcohol and treated
with hydrogen peroxide for quenching the activ-
ity of peroxidase activity. Treatment of the sec-
tions with BSA for 45 min was followed by incu-
bation for overnight withanti-Sirtl monoclonal
antibody. The sections were then washed again
with PBS before treatment with a secondary
antibody for 40 min.

Analysis of the matrix metalloproteinase-9
(MMP-9), iNOS, IL-6 and Sirt1 mRNA expres-
sion

For the analysis of MMP-9, iNOS, IL-6 and Sirt1
gene expression quantitative real-time RT-PCR
was used. The PCR primers needed to target
genes were obtained from Invitrogen Life
Technologies (Carlsbad, CA, USA).

Western blot analysis
MLE-15 cells were incubated with 10 nm/ml
concentration of rubriflordilactone and then

harvested. Electrophoresis on 10% sodium
dodecyl sulfate polyacrylamide gel was used
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Figure 2. Effect of rubriflordilactone on the acute lung injury induced in rats by LPS administration. A. The pulmo-
nary tissues of the rats in LPS, LPS+Rub and control groups were stained with HE-stain (magnification, x200). B.
Rubriflordilactone treatment increased expression of Sirt1 significantly compared to LPS group was analyzed by im-
munohistochemistry. Rub, LPS and Sirt1 stand for rubriflordilactone, lipopolysaccharide and sirtuin 1, respectively.

for the isolation of proteins which were trans-
ferred onto a nitrocellulose membrane. The
membranes were incubated with primary anti-
bodies in blocking buffer, washed with PBS and
incubated for 1 h with secondary antibody.
Following primary antibodies and dilutions were
used: MMP-9 (Wuhan Boster Biological
Technology, Ltd., Wuhan, China; 1:1,000) and
iNOS, IL-6 and Sirtl (Wuhan Boster Biological
Technology, Ltd., Wuhan, China; 1:1,000). The
horseradish peroxidase-conjugated goat anti-
rabbit 1gG secondary antibody was obtained
from Wuhan (Boster Biological Technology, Ltd.;
1:10,000). B-actin was used as the loading con-
trol and relative levels of the target protein were
represented as the optical density (OD).

Statistical analysis

Analysis of the data obtained was performed
using unpaired Student’s t-test (Graph Pad
Prism V.4). The differences were considered
significant statistically at P-values of <0.05.

Results

Rubriflordilactone inhibits lung edema forma-
tion by LPS in rats

Administration of LPS to rats caused increase
in the lung weight and volume because of the
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edema formation. However, rubriflordilactone
injection at 10 nm/kg concentration prior to the
LPS administration inhibited the formation of
lung edema significantly (Figure 1, P<0.01).

Rubriflordilactone suppresses LPS induced
alterations in the lung morphology of rats

LPS administration led to a significant increase
in the accumulation of neutrophils in the lung
tissues compared to control group of rats
(Figure 2). When the rats were treated with
rubriflordilactone before the administration of
LPS, the LPS induced increase in the level of
neutrophils was suppressed. LPS treated rats
showed significantly higher level of neutrophils
in the pulmonary tissues compared to the con-
trol and LPS plus rubriflordilactone treated rats.
The rats in the LPS administered group showed
inflammatory vesicles which were not observed
in the rubriflordilactone treated rats.

Administration of LPS to the rats resulted in a
marked reduction in the level of Sirtl expres-
sion than the animals in untreated group
(Figure 2). However, when the animals were
injected with 10 nm/kg concentration of rubri-
flordilactone prior to the administration of LPS,
the expression of Sirtl was increased signifi-

Int J Clin Exp Pathol 2015;8(12):15954-15959



Rubriflordilactone plays promising role in acute lung injury inhibition

Control LPS Rub
iNOS e -

Control LPS Rub

Sirt-1 [

MMP-9 W - —-———
IL-BY9 e ey e——

IL-6 -_
B-actin TS TS

p-actin S S S

Figure 3. Inhibition of factors involved in inflammatory processes by rubriflor-
dilactone treatment in LPS administered MLE-15 cells. In MLE-15 cells LPS
exposure increased expression of MMP-9, however, rubriflordilactone treat-
ed suppressed the effect of LPS onMMP-9 expression. Rubriflordilactone in-
hibited the LPS induced increase in the expression of mRNA corresponding
to iINOS, MMP-9 and IL-6. Rubriflordilactone inhibited the LPS induced reduc-
tion in the expression of Sirtl in MLE-15 cells. Rub, LPS, Sirtl, MMP-9, IL
and iNOS stands for rubriflordilactone, lipopolysaccharide, sirtuin 1, matrix
metalloproteinase-9, interleukin and inducible nitric oxide synthase.
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Figure 4. Effect of silencer RNA for Sirt1 on inhibition of acute lung injury by
rubriflordilactone inMLE-15 cells. The cells transfected with siRNA for Sirt1
were exposed to LPS after rubriflordilactone treatment and then analyzed by
western blot analysis. Rub, LPS, Sirtl, MMP-9, IL and iNOS stand for rubri-
flordilactone, lipopolysaccharide, sirtuin 1, matrix metalloproteinase-9, inter-

was increased by rubriflordil-
actone treatment.

Effect of Sirt1l siRNA on rubri-
flordilactone treated MLE-15
cells

In order to confirm whether
rubriflordilactone exhibits its
effect through Sirtl, MLE-15
cells were transfected with
silencer RNA for Sirtl. It was
observed that transfection
of siRNA for Sirtl inhibited
the rubriflor-dilactone indu-
ced reduction in MMP-9, iNOS
and IL-6 expression (Figure
4).

Discussion

Administration of LPS to the
animals in order to induce pul-
monary injury and prepare se-
psis model has been used in
several studies [12, 13]. Acute
pulmonary injury is a serious
concern at present for the cli-
nicians throughout the globe.
Studies have revealed that
Sirt1 activation by chemother-
apeutic agents can be a prom-
ising treatment strategy for
inhibition of acute lung injury

leukin and inducible nitric oxide synthase.

cantly (P=0.005). The level of Sirtl in the rubri-
flordilactone treated and control animals were
found to be similar.

Inhibition of MMP-9 and inflammatory factors
by rubriflordilactone in LPS administered rats

Administration of LPS markedly increased the
expression level of MMP-9 in the pulmonary tis-
sues of rats (Figure 3). In addition, the level of
MRNA corresponding to iNOS, MMP-9 and IL-6
was enhanced whereas the level of Sirtl was
decreased in MLE-15 cells administered with
LPS (Figure 3).

However, rubriflordilactone treatment before
the administration of LPS in rats inhibited the
LPS induced increase in the level of iNOS,
MMP-9 and IL-6 (Figure 3). The level of Sirtl
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[14].

It is reported that LPS administration causes
formation of edema leading to the increase of
both lung weight and volume of the rats [15].
Results from the present study revealed that
rubriflordilactone exhibited inhibitory effect on
the formation of edema in rats which was con-
sistent with the earlier reports. However, pre-
treatment of the rats with rubriflordilactone
before LPS administration prevented the for-
mation of lung edema. Rubriflordilactone treat-
ment also resulted reduction in the accumula-
tion of neutrophil concentration in the
pulmonary tissues of the rats which was mark-
edly enhanced by LPS administration. It is well
established that administration of LPS to rats
causes significant increase in the expression of
factors involved in the inflammatory processes
[15]. In consistence with these reports, our
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results showed a marked increase in the
expression level of MMP-9 in LPS administered
rats. However, rubriflordilactone treatment
prior to LPS administration led to anincrease in
the expression level of MMP-9. The results
from the present study showed that LPS admin-
istration in the rats enhanced the expression
levels of Inos and IL-6 and reduced the level of
Sirtd. On the other hand, when rats were treat-
ed with rubriflordilactone prior to LPS the
expression of iINOS and IL-6 was reduced
whereas the expression of Sirt1 was increased.
Therefore, it appeared that rubriflordilactone
exhibited its effect through increase in the
expression of Sirtl. The confirmation of the
involvement of Sirtl was performed by inhibit-
ing its expression through silencer RNA trans-
fection. In the cells transfected with siRNA, the
effect of rubriflordilactone on inflammatory fac-
tors was inhibited. Therefore, it was evident
that rubriflordilactone exhibited its effect
through increase in the expression of Sirt1.

Thus, rubriflordilactone treatment led to reduc-
tion in pulmonary edema formation, inhibited
the expression of inflammatory factors in LPS
administered rats and MLE-15 cells through
increase in Sirt1 expression.
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