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Abstract—Isorhamnetin has been reported to have anti-inflammatory, anti-oxidative, and anti-
proliferative effects. The aim of this study was to investigate the protective effect of isorhamnetin on
lipopolysaccharide (LPS)-induced acute lung injury (ALI) in mice by inhibiting the expression of
cyclooxygenase-2 (COX-2). The effects of isorhamnetin on LPS-induced lung pathological damage,
wet/dry ratios and the total protein level in bronchoalveolar lavage fluid (BALF), inflammatory cytokine
release, myeloperoxidase (MPO) and superoxide dismutase (SOD) activities, and malondialdehyde
(MDA) level were examined. In addition, the COX-2 activation in lung tissues was detected byWestern
blot. Isorhamnetin pretreatment improved the mice survival rates. Moreover, isorhamnetin pretreatment
significantly attenuated edema and the pathological changes in the lung and inhibited protein extrava-
sation in BALF. Isorhamnetin also significantly decreased the levels of inflammatory cytokines in
BALF. In addition, isorhamnetin markedly prevented LPS-induced oxidative stress. Furthermore,
isorhamnetin pretreatment significantly suppressed LPS-induced activation of COX-2. Isorhamnetin
has been demonstrated to protect mice from LPS-induced ALI by inhibiting the expression of COX-2.
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INTRODUCTION

Acute respiratory distress syndrome (ARDS), an in-
dication of acute lung injury (ALI), is highly associated
with sepsis [1, 2], pneumonias [3], and severe acute respi-

ratory syndrome (SARS) [4]. Despite significant advances
in intense care research and diverse therapeutic trials made
in the past few decades, ALI remains a severe disease and
still presents a high mortality rate of approximately 40 %
[5, 6]. Therefore, a novel effective therapeutic agent is
urgently required.

Cyclooxygenase-2 (COX-2) plays an important role
in themediation of the inflammatory state. Two isoforms of
COX have been described: COX-1, which is constitutively
expressed in most tissues, and COX-2, which can be in-
duced in certain cell types by inflammatory stimuli [7, 8]. It
has been proven that COX-2 could be activated and in-
creased by pro-inflammatory cytokines and further aggra-
vates the inflammatory immune response in lung injury
[9]. COX-2 expression can also be upregulated in the
models of lipopolysaccharide (LPS)-induced ALI in mice.

Isorhamnetin (molecular formula: C16H12O7, Fig. 1),
a flavonol aglycone, isolated from the traditional Chinese
medicine Hippophae rhamnoides L., was frequently used
in traditional medicine to prevent and treat diverse diseases
[10, 11]. Previous study has illustrated the protective effect
of isorhamnetin on carrageenan-induced paw swelling in

Bo Yang, Xiao-Ping Li, and Rong Wang contributed equally to this work
and should be regarded as co-first authors.

1 Department of Thoracic Surgery, Tianjin First Center Hospital, No. 24
FuKang Road, Tianjin, 300192, People’s Republic of China

2 Department of Thoracic Surgery, Tangdu Hospital, The Fourth Military
Medical University, No. 1 XinSi Road, Xi’an, 710038, People’s Republic
of China

3 Department of Anesthesiology, Tianjin First Center Hospital, No. 24
FuKang Road, Tianjin, 300192, People’s Republic of China

4 School of Aerospace, Xi’an Jiaotong University, No. 28 Xianning West
Road, Xi’an, 710049, People’s Republic of China

5 To whom correspondence should be addressed to Wei-Dong Zhang at
Department of Thoracic Surgery, Tianjin First Center Hospital, No. 24
FuKang Road, Tianjin, 300192, People’s Republic of China. E-mail:
zhangweidongchest@163.com; and Tao Jiang at Department of
Thoracic Surgery, Tangdu Hospital, The Fourth Military Medical
University, No. 1 XinSi Road, Xi’an, 710038, People’s Republic of
China. E-mail: jiangtaochest@163.com

0360-3997/16/0100-0129/0 # 2015 Springer Science+Business Media New York

Inflammation, Vol. 39, No. 1, February 2016 (# 2015)
DOI: 10.1007/s10753-015-0231-0

129

http://crossmark.crossref.org/dialog/?doi=10.1007/s10753-015-0231-0&domain=pdf


hind [12]. In addition, it has been reported to have anti-
proliferative and anti-viral effects [11, 13]. However,
whether isorhamnetin can protect lungs suffering from
LPS instillation remains unclear.

We, therefore, for the first time, explored the effects of
isorhamnetin on LPS-induced ALI in mice and investigat-
ed the possible mechanism.

MATERIALS AND METHODS

Preparation of Isorhamnetin

The preparation of isorhamnetin is according to the
SFDA’s statement. Isorhamnetin was isolated from
Oenanthe javanica as previously reported [12, 14]. Briefly,
10 kg of air-dried stems and leaves of O. javanica was
powdered and then immersed into MeOH for three times.
The methanolic extract was then immersed in water and
partitioned successively with CHCl3 and n-BuOH. The n-
BuOH fraction was eluted with CHCl3. The CHCl3-MeOH
(25:1) fraction was concentrated, combined, and evaporat-
ed in a rotor evaporator at controlled temperature (50–
60 °C) and then shade dried. Thus, the isorhamnetin was
obtained. Its chemical structure was confirmed by HPLC-
ESI-MS and NMR spectroscopy as previously described
[12].

Ethics Statement

All the experimental procedures involving animals
were approved by the Ethics Committee of Tangdu Hospi-
tal, The Fourth Military Medical University (Permit Num-
ber: 2013524). All animal work was carried out in accor-
dance with national and international guidelines to mini-
mize suffering to animals.

Animals and Reagents

Sixty male BALB/C mice weighing 20–25 g were
purchased from the Animal Center of The Fourth Military
Medical University (Xi’an, China). All animals were
allowed to take food and tap water ad libitum.

LPS (O55:B5) was obtained from Sigma Chemical
Company (St. Louis, MO). Enzyme-linked immunosor-
bent assay kits for detecting mouse tumor necrosis factor-
α (TNF-α) and interleukin-1β (IL-1β) were purchased
from R&D Corporation (Minneapolis, MN). Myeloperox-
idase (MPO) kit, malondialdehyde (MDA) kit, and super-
oxide dismutase (SOD) kit were obtained from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China). Rab-
bit polyclonal antibodies specific for COX-2 and β-actin
were obtained from the Wuhan Boster Biological Technol-
ogy, Ltd. (Wuhan, China). Cell lysis buffer and bicincho-
ninic acid (BCA) protein assay kit were purchased from
Beyotime Institute of Biotechnology (Beijing, China).

Design

Animals were anesthetized with intraperitoneal pen-
tobarbital (50 mg/kg). LPS (3 mg/kg) was instilled intra-
tracheally to induce ALI. Animals were randomly allocat-
ed into four groups, i.e., control (saline-treated; n=15),
isorhamnetin (60 mg/kg)-treated (n=15), LPS-treated
(n=15), and isorhamnetin (60 mg/kg)+LPS-treated
(n=15). Isorhamnetin was given with an intragastric ad-
ministration 1 h before LPS administration. The animals in
the control group received the same treatments of saline.
The mice were sacrificed 6 h after LPS administration.

Survival Studies

For the observation of mortality rates, the male BALB/
C mice were subjected to LPS (50 mg/kg). They were
randomized into three groups (n=10 per group): control
(saline-treated), LPS-treated, and isorhamnetin
(60 mg/kg)+LPS-treated. The control group received the
same volume of saline. The mortality of the mice in each
treated group was recorded every 12 h for 3 days after the
LPS injection.

BALF

After animals were killed, a median sternotomy
allowed for exposure of both the lungs. The trachea was
exposed and an intravenous infusion needle was inserted.
After ligating the hilum of the right lung, the left lung was
lavaged three times with 0.5 ml of ice-cold phosphate-buff-
ered saline. The lavage fluid was pooled for each animal and

Fig. 1. Chemical structure of isorhamnetin.
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then centrifuged at 1000×g for 5 min at 4 °C. The cell-free
supernatants were harvested for total protein analysis using
the BCA protein assay kit. The concentrations of TNF-α and
IL-1β in the supernatants were determined using enzyme-
linked immunosorbent assay kits. All procedures were done
according to the manufacturer’s instructions.

Histopathologic Analysis

The superior lobe of the right lung was harvested at
6 h after LPS administration and fixed with an intratracheal
instillation of 1 ml buffered formalin (10 %, pH 7.2). The
lobe was further fixed in 10% neutral buffered formalin for
48 h at 4 °C. The tissues were embedded in paraffin wax.
Sections approximately 5 μm thick were stained with
hematoxylin and eosin using a standard protocol.

Estimation of Pulmonary Edema

As an index of lung edema, the amount of extravascu-
lar lung water was calculated. The middle lobe of the right
lung was excised and the wet weight was recorded. The lobe
was then placed in an incubator at 80 °C for 24 h to obtain
the dry weight. And the wet/dry weight ratios were calcu-
lated by dividing the wet weight by the dry weight.

Oxidative Stress In Vivo

Lung tissues were frozen in liquid nitrogen and then
homogenized in PBS. The MPO activities in the lung
homogenates were examined by using a MPO determina-
tion kit. The rest of the homogenate was centrifuged at
2000g for 10 min at 4 °C. The supernatants were used to
detect the levels of MDA and SOD according to the man-
ufacturer’s instruction.

Western Blotting

Lung tissue samples were harvested and frozen in
liquid nitrogen immediately until homogenization. Tissue
samples were homogenized in cell lysis buffer. After cen-
trifugation (12,000×g, 10 min, 4 °C), supernatants were
aspirated. Protein concentrations were determined by BCA
protein assay kit. Samples were separated on a denaturing
12% polyacrylamide gel and transferred to a nitrocellulose
membrane. COX-2 proteins were detected by chemilumi-
nescence using a rabbit polyclonal antibody according to
the manufacturer’s instructions.

Statistical Analysis

Survival rates were compared by Kaplan–Meier log-
rank test. Data were expressed as mean±standard devia-
tion. All statistical analysis was performed with SPSS 17.0
software package (SPSS Inc, Chicago, IL). Statistically
significant differences between groups were determined
by ANOVA followed by Tukey’s test. Results were con-
sidered statistically significant if P values were <0.05.

RESULTS

The Effects of Isorhamnetin on LPS-InducedMortality
in Mice

As shown in Fig. 2, following LPS, isorhamnetin
significantly reduced the death of mice induced by LPS.
About 85 % of mice in the LPS-treated group died in less
than 72 h. However, isorhamnetin+LPS-treated animals
displayed a significantly longer survival time. The 72 h
survival rate in the isorhamnetin+LPS-treated group was

Fig. 2. The effects of isorhamnetin on LPS-induced mortality inmice. The mice were challenged by LPS (50mg/kg) with or without isorhamnetin treatment.
The survival rates were observed for 0, 12, 24, 36, 48, 60, and 72 h. *P<0.05, a value significantly differs from the control group.
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significantly higher, compared to that in the LPS-treated
group (P<0.05).

Histopathological Changes in LPS-Induced ALI Mice

As shown in Fig. 3a–e, lung tissues from the
control and isorhamnetin-treated groups showed a

normal structure and no histopathological changes un-
der a light microscope (Fig. 3a, b). In the LPS-treated
group, the lungs stained with hematoxylin–eosin indi-
cated widespread alveolar wall thickness caused by
edema, severe hemorrhage in the alveolus, alveolus
collapse, and obvious inflammatory cell infiltration

Fig. 3. The effects of isorhamnetin on the lung histopathological changes (hematoxylin–eosin stain, ×200). The lung tissues were stainedwith hematoxylin and
eosin to reveal histopathological changes for the following groups: a control, b isorhamnetin-treated, c LPS-treated, and d isorhamnetin+LPS-treated. e Lung
injury scores. Data are expressed as mean±standard deviation. *P<0.05 vs. the control and isorhamnetin-treated groups; #P<0.05 vs. the LPS-treated group.
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Fig. 4. Effects of isorhamnetin on pulmonary edema (a) and protein leakage in BALF (b). Data are expressed as mean±standard deviation. *P<0.05 vs. the
control and isorhamnetin-treated groups; #P<0.05 vs. the LPS-treated group.

Fig. 5. Effects of isorhamnetin on the concentrations of TNF-α (a) and IL-1β (b) in BALF. Data are expressed asmean±standard deviation. *P<0.05 vs. the
control and isorhamnetin-treated groups; #P<0.05 vs. the LPS-treated group.
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(Fig. 3c). In the isorhamnetin+LPS-treated group, the
histopathological changes of lung were minor com-
pared with those in the LPS-treated group, especially
in inflammatory cell infiltration (Fig. 3d).

Effects of Isorhamnetin on Pulmonary Edema

As shown in Fig. 4, compared with the control
and isorhamnetin-treated groups, the lung wet/dry
weight ratios (Fig. 4a) and total protein in bronchoal-
veolar lavage fluid (BALF) (Fig. 4b) were signifi-
cantly increased after LPS administration. The in-
crease of the lung wet/dry weight ratios and total
protein in BALF were significantly reduced by iso-
rhamnetin administration (P<0.05).

Effects of Isorhamnetin on Concentrations of TNF-α
and IL-1β in BALF

As shown in Fig. 5, the concentrations of TNF-α and
IL-1β in BALF were significantly increased after LPS
administration. Isorhamnetin pretreatment efficiently re-
duced the production of TNF-α and IL-1β (Fig. 5a, b).

Isorhamnetin Reduced MPO Activity and MDA
Formation and Enhanced SOD Activity in LPS-
Induced ALI Mice

As shown in Fig. 6a, after LPS administration, the
MPO activity in lung tissues was significantly increased
compared with the control and isorhamnetin-treated
groups. However, isorhamnetin pretreatment markedly de-
creased the MPO activity.

Fig. 6. Isorhamnetin reduced MPO activity (a) and MDA formation (b) and enhanced SOD activity (c) in LPS-induced ALI mice. Data are expressed as
mean±standard deviation. *P<0.05 vs. the control and isorhamnetin-treated groups; #P<0.05 vs. the LPS-treated group.
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As shown in Fig. 6b, c, significant elevation in MDA
content and decrease in SOD activity were observed in the
lung tissues of the LPS-treated group when compared with
controls. Treatment with isorhamnetin partly prevented
marked elevation in MDA levels and decrease in SOD
activities.

Effects of Isorhamnetin on the Expression of COX-2 in
LPS-Induced ALI Mice

As shown in Fig. 7, after LPS administration, the
expression of COX-2 in lung tissues markedly in-
creased. However, the pretreatment of isorhamnetin sig-
nificantly suppressed LPS-induced activation of COX-
2. There were no significant changes in the expression
of COX-2 in the control and isorhamnetin-treated
groups.

DISCUSSION

In the present study, we have demonstrated that iso-
rhamnetin pretreatment could significantly improve sur-
vival in a mouse model of ALI induced by LPS. We have
also identified some of the underlying mechanisms for this
protective effect: amelioration of ALI, inhibition of MPO
and MDA in the lung, and reduction of TNF-α and IL-1β
in BALF. To the best of our knowledge, this is the first
study that evaluates the effect of isorhamnetin on LPS-
induced ALI via the COX-2 pathways.

Although some promising pharmacological therapies
have been studied in patients with ALI and ARDS, none of
these treatments effectively reduced mortality [15].

Isorhamnetin is a traditional Chinese medicine that
displays various properties, such as anti-inflammatory, an-
ti-oxidative, and anti-proliferative effects [10–14]. Recent

Fig. 7. Effects of isorhamnetin on the expression of COX-2 in lung tissues. aA representativeWestern blot showing the expression of COX-2 in lung tissues
in different groups and mean±standard deviation. b COX-2 optical densitometry from different groups. Data are expressed as mean±standard deviation.
*P<0.05 vs. the control and isorhamnetin-treated groups; #P<0.05 vs. the LPS-treated group.

135Protective Effect of Isorhamnetin on LPS-Induced ALI



data showed that isorhamnetin administration inhibited
carrageenan-induced acute inflammatory response in rats.
In addition, studies suggest that isorhamnetin inhibited
JNK and AKT/IKKα/β activation, leading to NF-κB in-
activation, which might contribute to the inhibition of the
acute inflammatory response [12]. It is well known that
long-term treatment with LPS leads to cell death via reac-
tive oxygen species/reactive nitrogen species (ROS/RNS)
accumulation in Raw264.7 cells. However, Yang et al.
found that isorhamnetin inhibits LPS-induced ROS/RNS
generations and subsequent cell death [14].

We explored the underlying mechanism of iso-
rhamnetin protection against ALI/ARDS. It has been
reported that a network of pro-inflammatory cytokines,
such as TNF-α and IL-1β, has a close relationship
with the ALI model [16, 17]. We found that isorham-
netin pretreatment restrained all of the LPS-induced
increases in TNF-α and IL-1β in vivo. LPS significant-
ly increased the production of intracellular pro-
inflammatory cytokines, and this was inhibited by iso-
rhamnetin. This finding suggested that isorhamnetin
could reduce the production of pro-inflammatory cyto-
kines after LPS stimulation.

Neutrophils are also an important component of the
inflammatory response that characterizes ALI and are con-
sidered to be the final effector cell responsible for lung
injury, due to their ability to express multiple cytotoxic
products [18, 19].MPO is a major constituent of neutrophil
cytoplasmic granules [20]. In the current study, we found
the MPO activity increased evidently in lung tissues after
LPS exposure. As expected, we found that isorhamnetin
pretreatment significantly reduced the MPO activity in
lung tissues.

In addition, histopathologic analysis also showed that
isorhamnetin pretreatment significantly reduced the neutro-
phil infiltration in lung tissues. These findings suggest that
the protective effects of isorhamnetin on ALI may be asso-
ciated with its attenuation of proliferation and migration of
neutrophils into lung tissue. As the pulmonary edema is a
major characteristic of ALI, we evaluated the lung wet/dry
weight ratio to quantify the magnitude of pulmonary edema.
As expected in this study, the lung wet/dry weight ratio
increased markedly in mice treated with LPS and could be
significantly decreased by isorhamnetin pretreatment.

MDA is a lipid peroxidation product which has been
used as an index of induced oxidative membrane damage
[21, 22]. In the present work, we measured MDA concen-
tration in the lungs of LPS-challenged mice and detected
lower MDA contents in the isorhamnetin+LPS-treated
animals. On the contrary, the activity of SOD, an

endogenous free radical-scavenging agent which can elim-
inate oxyradical, was also examined [23]. The data dem-
onstrated that SOD activities increased in mice pretreated
with isorhamnetin when compared with those in the LPS-
treated group.

The COX enzymes (COX-1 and COX-2) could con-
vert arachidonic acid to prostanoid, which are involved in
the development of both early and late phases of the
pathogenesis of ALI [24]. Therefore, inhibiting the in-
crease of COX-2 activity induced by LPS is expected to
attenuate the ALI [25, 26]. This is supported by results of
the present study demonstrating that isorhamnetin pretreat-
ment inhibited the COX-2 expression.

However, pretreatment of drugs was not often possi-
ble clinically, which was a limitation of this study. In the
further study, we will evaluate the protective effect of
delayed isorhamnetin treatment on ALI.

In conclusion, we have revealed for the first time that
isorhamnetin pretreatment improves survival and attenu-
ates ALI in a mouse model of LPS by decreasing neutro-
phil trapping, creating an anti-inflammatory environment,
and minimizing oxidative damage. The potential mecha-
nism of this action may involve the inhibitions of COX-2
expression. Our study suggests that isorhamnetin might be
useful in the therapy of ALI.
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