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Abstract

Purpose: To investigate the effect of juglone on LPS induced lung injury in a mouse model and in TC 1
cell line.

Methods: Edema formation in lungs were measured by determination of lung wet/dry weight.
Expressions of various proteins were assessed by western blot assay, while Sirt1 level was assessed
using immunohistochemistry. Mice were randomly assigned to nine groups of 10 mice each: normal
control, untreated and seven juglone treatment groups. Acute lung injury was induced in mice by
injecting LPS (10 mg/kg) via intraperitoneal route (ip). The treatment groups were given 10, 20, 30, 40,
50, 60 and 100 uM of juglone, ip, respectively.

Results: The levels of MMP-9, IL-6, IL-18 and iINOS were significantly higher in acute lung injury
induced mice compared than the control group (p < 0.05). Treatment of the mice with juglone
significantly decreased LPS-induced up-regulation of inflammatory cytokines in a dose-dependent
manner. The production of inflammatory cytokines was almost completely inhibited in the mice treated
with 100 mg/kg dose of juglone, while treatment of the LPS-stimulated TC 1 cells with juglone up-
regulated the expression of Sirt1 mRNA. Down-regulation of Sirt1 expression by siRNA inhibited the
effect of juglone on LPS-induced increase in inflammatory cytokine production.

Conclusion: Juglone prevents lung injury in mice via up-regulation of Sirt1 expression. Therefore,
juglone might be useful for the development of a treatment strategy for lung injury.
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INTRODUCTION

Acute lung injury is generally a complicated
stage of sepsis leading to the dysfunction of
pulmonary tissues and has more than 50%
mortality rate [1]. Microbial infection induces

inflammatory reactions which is accompanied by
the development of sepsis resulting in the death

of il and weak patients [2,3]. The
lipopolysaccharide (LPS) produced by the
gram-negative bacteria causes sepsis on

administration to the animals and is used for
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establishment of acute lung injury animal models
in various studies [4,5]. In mice LPS
administration has been found to initiate
inflammatory reactions which were followed by
the lung injury [6].

Sirtuin 1 (Sirt1) is a member of histone
deacetylase family and is present in mammals as
a homolog of Sir2. Studies have shown that Sirt1
is associated with the regulation of various
pathophysiological processes in the organisms
like inhibition of inflammation by mediating the
production of proinflammatory factors [7,8].
Targeting Sirt1 gene expression by silencer
(si)RNA promotes the secretion of cytokines and
its activation suppresses the level of TNF- q,
monocyte chemo-attractant protein-1 and IL-8
[9]. The activation of Sirt1 by the natural products
like resveratrol causes inhibition of inflammation
and plays important role in the treatment of
inflammation  associated  disorders  [10].
Activation of Sirt1 has immense importance for
the treatment of inflammatory diseases through
suppression of cytokine release [11].

Juglone is isolated from various parts of the
plants belonging to Juglandaceae family and it
suppresses growth of many plants. It is generally
used for colouring of food products and in
cosmetics. The biological properties of juglone
include oxidative stress induction [12] and down-
regulation of peptidyl-prolyl isomerase Pin1 [13].
The present study investigated the role of juglone
in inhibition of acute lung injury caused by LPS in
the mice.

EXPERIMENTAL
Cell line and culture

TC-1 mice lung alveolar epithelial cells was
supplied by the Cell Bank, Chinese Academy of
Sciences and were cultured in Dulbecco's
Modified Eagle's Medium. The medium was
mixed with antibiotics [penicillin (100 U/mL) and
streptomycin (100 mg/mL)] and fetal bovine
serum (10 %). The culture of cells was carried
out at 37°C in an incubator under humidified
atmosphere with 5% CO,. The cells were
incubated with 100 ng/mL of LPS for 24 h at 37
°C. At 2 h of LPS addition, 10, 20, 30, 40, 50, 60
and 100 pM of juglone were added to the plates
and incubated for another16 h.

Animals

The male mice (weight 260-290 g) ninety in
number were obtained from the Beijing Institute
of Cardiopulmonary Vascular Disease, Beijing
Anzhen Hospital (Beijing, China). All the mice

were placed in sterilized and pathogen-free
conditions in the Animal Care Centre, Beijing
Institute of Cardiopulmonary Vascular Disease,
Beijing (Beijing, China). The mice were exposed
to 12 h day and night cycles and provided free
access to feed and water. The study approval
(no. BU/17/008) was obtained from the Ethics
Committee of the Peoples Hospital Yunnan,
China [14].

Treatment strategy

The mice were randomly assigned to nine groups
of 10 mice each: normal control, untreated and
seven juglone treatment groups. Acute lung
injury was established in mice by injecting 10
mg/kg dose LPS through intraperitoneal route.
After 1 h of LPS injection, the mice in treatment
groups were given 10, 20, 30, 40, 50, 60 and 100
UM of juglone intraperitoneally. The mice were
sacrificed at 16 h of juglone injection by
isoflurane anaesthesia.

SIRT1 siRNA targeting

The primer sequences of siRNA which were
employed for silencing the expression of used
SIRT1 were as follows: forward,
5'-ACUUUGCUGUAACCCUGUA(dTdT)-3" and
backward, 5'-UACAGGGUUACAGCAAAGU
(dTdT)-3". The cells were administered siRNA at
0.62 pg/2 x 105cells.

Determination of lung wet/dry weight (W/D)
ratio

Five mice from each group were sacrificed at 16
h of juglone injection by isoflurane anaesthesia.
The lungs from the mice were excised to record
the wet weight. The mice lungs were then dried
for 10 min using a microwave at a power of 200
W to measure the dry weight for determination of
WID ratio.

Sirt1 immunohistochemistry

Five mice from each group were sacrificed
following juglone treatment using isoflurane
anaesthesia. The right lungs were excised,
subjected to fixing with buffered formaldehyde (3
%) and subsequently embedded in paraffin. The
paraffin embedded lungs were sliced into thin
sections of 2 ym thickness and then stained with
hematoxylin and eosin. The sections were
deparaffined using xylene followed by ethyl
alcohol rehydration. Then sections were treated
with hydrogen peroxide for 10 min to quench the
activity of endogenous peroxidase. After blocking
the sections for 1.5 h with 1% BSA, the tissues
were incubated at 4°C for 24 h with anti-Sirt1
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monoclonal antibody. The tissues were washed
with PBS and then incubated for 50 min with
horseradish ~ peroxidase-labeled = secondary
antibody for determination Sirt1 expression. The
slides were stained with diaminobenzidine
tetrahydrochloride followed by hematoxylin
counterstaining. The tissue sections were
examined by three pathologists independently
under a microscope and images were captured.

Reverse transcription-quantitative PCR
(RT-qPCR)
TRIzol reagent (Invitrogen; Thermo Fisher

Scientific, Inc.) was used for the isolation of total
RNA in accordance with the manufacturer's
protocol. The first-strand cDNA synthesis was
carried out by ProSTARt First Strand RT-PCR kit
(Fermentas; Thermo Fisher Scientific, Inc.).
gPCR kit (OriGene Technologies, Inc., Rockville,
MD, USA) was used for the RT-PCR on 20 uL
reaction mixture and involved 40 cycles:
denaturation at 93 °C for 20 s, annealing at 58 °C
for 18 s and extension at 70 °C at 35 s. The
mixture used for RT-PCR consisted of 10 yM of
primer, 2 pL of 2x QuantiTect SYBR Green
RT-PCR Master Mix, 10 yL QuantiTect reverse
transcriptase mix and 8 pL nuclease-free water.
The reactions were carried out three times using
GAPDH as control. The following primer
sequences used were:

MMP-9: forward 5-TGT ACC GCT ATG GTT
ACA CTC G-3', reverse 5-GC CCA GAG ATT
TCG ACT C-3'; iNOS: forward 5'-TTC CAC CTG
GGG TTC TTG-3', reverse 5'-GCT CAA GAG
TCG GGG AAG TA-3'; IL-1B: forward5'-CTA TGT
CTT GCC CGT GGA G-3',

Reverse 5'-CAT CAT CCC ACG AGT CAC A-3
IL-6: forward5'-CTC CGC AAG AGA CTT CCA
G-3', reverse5'-CTC CTC TCC GGA CTT GTG
A-3'; Sirt1: forward5'-TGC ACG ACG AAG ACG
ACG AC-3"; reverse5'GGT TAT CTC GGT ACC
CAATCG-3'

Western blot analysis

The TC-1 cells at 2 x 108 cells per well density in
6-well plates were exposed to LPS and then
treated with juglone. The cells were lysed on
treatment with radioimmunoprecipitation assay
buffer (Wuhan Boster Biological Technology,
Ltd.). Protein concentration in the lysate was
measured using bicinchoninic acid extraction kit
(Wuhan Boster Biological Technology, Ltd.) in
accordance with the manual procedure. The 30
Mg protein samples were mixed with 2X loading
buffer and then denatured for 10 min at 100°C.
The protein resolution on SDS-PAGE was

followed by transfer to the nitrocellulose filter.
The membranes were subjected to incubation
with primary antibodies at 4°C overnight. After
washing with PBS the membranes were
incubated for 2 h with secondary antibodies at
room temperature. The bands were visualized
using enhanced chemiluminescence stain and
then auto-radiographed. The antibodies were
used against MMP-9, iNOS, IL-1p3, IL-6 and Sirt1
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA).

Statistical analysis

The data are presented as mean * standard
deviation (SD). Statistical differences between
groups were determined using one-way analysis
of variance (ANOVA) followed by Tukey's test.
SPSS version 13.0 (SPSS, Inc., Chicago, IL,
USA) was used for the statistical analysis, and p
< 0.05 were taken to indicate statistically
significant differences.

RESULTS

Juglone inhibits LPS induced lung edema in
mice

The ratio of wet-dry weight of lungs was very
high in the untreated mice compared to the
normal control group (Figure 1). Treatment of
the mice with juglone caused a dose dependent
reduction in LPS induced increase in wet-dry
lung weight. The suppression of LPS induced
increase in wet-dry lung weight was significant
from 10 mg/kg and the effect of LPS was almost
completely inhibited at 100 mg/kg. These results
suggest that juglone inhibits edema since
accumulation of water is the characteristic

feature of lung edema.
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Figure 1: Effect of juglone on pulmonary edema in
mice. The effect of juglone on LPS induced edema in
mice was determined at 10, 20, 30, 40, 50, 60 and 100
mg/kg. Juglone was injected to mice at 2 h of LPS
administration through intraperitoneal route; *p < 0.05
and **p < 0.01 vs. untreated group

Juglone prevents LPS induced pathological
changes in mice

Administration of LPS leads to a markedly higher
accumulation of inflammatory cells especially
neutrophils in the mice pulmonary tissues (Figure
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2). Moreover, the lungs of LPS administered
mice showed inflammation and thickened septal
lining when compared to the normal control
group. The inflammatory cell accumulation as
well thickening of the septal lining were
prevented in LPS injected mice on treatment with
juglone. However, the preventive effect of
juglone on LPS induced pathological changes in
mice tissues was dose dependent. The effect of
LPS was completely prevented in the mice
treated with 100 mg/kg of juglone.

Normal Control

Untreated
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Figure 2: Effect of juglone on LPS-induced Sirt1
expression in mice. LPS-injected mice were treated
with 10, 20, 50 and100 mg/kg doses of juglone after 2
h of LPS injection. H&E staining was used for
assessment of histopathological alterations in lung
tissues. Magnification, x200

Juglone upregulates Sirt1 expression in LPS
administered mice

Western blot and immunohistochemistry assays
were used to determine changes in Sirt1
expression in LPS administered mice on
treatment with juglone (Figure 3). Western
blotting showed that Sirt1 protein level was
markedly suppressed in the LPS administered
mice compared to the control group (Figure 3 A).
Treatment of the LPS injected mice with juglone
caused increase in the level of Sirt1 protein.
Immunohistochemical analysis also confirmed
that juglone treatment of the LPS injected mice
lead to a marked increase in the level of Sirt1
expression (Figure 3 B). Juglone treatment
caused a significant increase in Sirt1 expression
from 10 mg/kg and the up-regulatory effect was
maximum at 100 mg/kg.

Effect of juglone on MMP-9 overexpression
and inflammatory factor production in LPS
injected mice

In LPS injected mice the levels of MMP-9, iNOS,
IL-18 and IL-6 cytokines was markedly higher in
the lung tissues, compared to normal control
group (Figure 4). Treatment of the LPS injected
mice with juglone caused marked suppressions

in the levels of MMP-9, iNOS, IL-18 and IL-6
proteins in lung tissues.
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Figure 3: Effect of juglone on Sirt1 expression in LPS
injected mice. LPS-injected mice were treated with 10
to 100 mg/kg of juglone after 2 h of LPS injection
intraperitoneally. Changes in Sirt1 level in mice
pulmonary tissues were determined using western
blotting; *p < 0.05 and **p < 0.01 vs. untreated group
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Figure 4: Effect of juglone on inflammatory cytokines
in mice. Western blotting was employed to determine
the levels of MMP-9, iNOS, IL-1B and IL-6 in mice lung
tissues after juglone treatment

Juglone suppressed overexpression of
MMP-9 and inflammatory factor in TC-1 cells
exposed to LPS

The western blot data showed higher level of
MMP-9, iNOS, IL-1B and IL-6 cytokines in LPS
exposed TC-1 cells (Figure 5). In the LPS
injected mice treatment with 10, 20, 30, 40, 50,
60 and 100 uM concentrations of juglone caused
a concentration-based suppression in MMP-9,
iNOS, IL-1B and IL-6 protein levels. The LPS
induced up-regulation of inflammatory proteins
was completely inhibited by juglone at 100 uM.

Trop J Pharm Res, May 2020; 19(5): 1004



Yang et al

Juglone 0 O 10 50 100 (pM)
LPS  + - 4 4+ 4

MMP-8

iNOS

IL-1B

IL-6

B-actin

Figure 5: LPS-induced

Down-regulation  of
inflammatory molecules by juglone in TC-1 cells. The
levels of MMP-9, iNOS, IL-1B and IL-6 in TC-1 cells on
juglone treatment were analysed at 24 h of LPS
exposure using western blotting

Inhibition of inflammatory factors by juglone
involve Sirt1 downregulation

In TC-1 cells the Sirt1 expression was inhibited
by siRNA at 48 h compared to the control cells
(Figure 6). There were no significant changes in
the levels of MMP-9, iINOS, IL-1B and IL-6 in
TC-1 cells exposed to siRNA on treatment with
juglone. These results shown that juglone inhibits
production of inflammatory molecules through
up-regulation of Sirt1 gene.
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Figure 6: Effect of Sirt1-siRNA on inflammatory
cytokines in LPS administered TC-1 cells. (A) Effect of
Sirt1-siRNA on Sirt1 level was assessed using
western blot assay. (B) Effect of juglone on MMP-9,
iNOS, IL-1B and IL-6 levels in TC-1 cells treated with
transfected with Sirt1-siRNA

DISCUSSION

The present study demonstrated that juglone
treatment of the LPS injected mice suppressed
edema development, accumulation of neutrophils
and thickening of septal lining in pulmonary
tissues. The therapeutic effect of juglone on lung
injury involved up-regulation of Sirt1 expression
and down-regulation of inflammatory cytokine.

Acute lung injury is developed commonly in the
sepsis patients. Lipopolysaccharide, a bacterial

endotoxin induces lung injury and therefore has
been used for the establishment of acute lung
injury animal models [15-17]. It is reported that
preparation of acute lung injury mice model
requires slightly higher doses since they are
more resistant to LPS infection compared to
other animals [18]. The release of pro-
inflammatory cytokines in a systemic manner in
humans leads to a syndrome known as systemic
inflammatory response syndrome and this
syndrome indicates the percentage of people
who are prone to the development of acute lung
injury [7,19].

Lipopolysaccharide injection into the mice
promotes pro-inflammatory cytokine release
leading to injury followed by lung dysfunction.
Lipopolysaccharide injection to the mice has
been found to develop edema after 2 h of
administration which gradually increases and
assumes maximum size at 6 h [6]. Then edema
starts decreasing gradually by losing the water
content [6]. Lung edema is the characteristic
feature of acute lung injury and is generally
determined by measuring the pulmonary water
content [20]. In the present study LPS
administration to mice caused development of
edema which was evident by markedly higher
ratio of wet-dry lung weight. In the present study
formation of lung edema in mice by LPS
administration was suppressed effectively on
treatment with juglone. The ratio of wet/dry lung
weight in the LPS injected mice was also
significantly reduced in mice on treatment with
juglone. There was a markedly higher
accumulation of inflammatory cells, especially
neutrophils in the mice pulmonary tissues
administered using LPS. The pulmonary tissues
showed inflammation and septal lining was
thickened in LPS administered mice. However,
juglone treatment of LPS administered rats
prevented neutrophil accumulation and
thickening of the septal lining.

The level of Sirt1 is suppressed in the pulmonary
tissues on administration with LPS or by
inflammation [21,22]. Up-regulation of Sirt1
expression has been found to exhibit therapeutic
effect on acute lung injury [20]. In the present
study Sirt1 expression was suppressed markedly
in the mice on administration of LPS. Juglone
treatment of the LPS administered mice and TC-
1 cells promoted Sirt1 protein expression. The
injury development in mice and TC-1 cells by
LPS administration has been found to be
associated with the promotion of inflammatory
factor release [14]. In the present study
overproduction of inflammatory cytokines,
MMP-9, iNOS, IL-1B and IL-6 was markedly
promoted in mice and TC-1 cells on exposure to
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LPS. However, juglone treatment of the mice as
well as TC-1 cells significantly suppressed the
LPS mediated overproduction of MMP-9, iNOS,
IL-1B and IL-6.

CONCLUSION

Juglone prevents acute lung injury development
in mice by LPS administration by inhibition of
Sirt1 expression and release of inflammatory
cytokines. Moreover, treatment of mice with
juglone suppresses pulmonary edema, neutrophil
accumulation and tissue inflammation. Therefore,
juglone may be a therapeutic agent for the
treatment of acute lung injury, but further studies
are needed to ascertain this.
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