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BACKGROUND: The present study was undertaken to examine the regulatory effect of
hydrogen sulfide (H,S) on endoplasmic reticulum stress in alveolar epithelial cells of rats with acute
lung injury (ALI) induced by oleic acid (OA).

METHODS: Seventy-two male Sprague Dawley (SD) rats were divided into control group,
oleic acid-induced ALI group (OA group), oleic acid-induced ALI with sodium hydrosulfide (NaHS)
pretreatment group (OA+NaHS group), and sodium hydrosulfide treatment group (NaHS group).
Rats of each group were further subdivided into 3 subgroups. Index of quantitative assessment
of histological lung injury (IQA), wet/dry weight ratio (W/D) and H,S level of lung tissues were
measured. The expressions of endoplasmic reticulum stress markers including glucose-regulated
protein 78 (GRP78) and a-subunit of eukaryotic translation initiation factor-2 (elF2a) in lung tissues
were measured by immunohistochemical staining and Western blotting.

RESULTS: The IQA score and W/D ratio of lung tissues at the three time points significantly
increased in rats injected with OA, but significantly decreased in other rats injected with OA and
NaHS. The level of H,S in lung tissue at the three time points significantly decreased in rats injected
with OA, but significantly increased in other rats injected with both OA and NaHS. GRP78 and elF2a
decreased in rats injected with OA, but increased in other rats injected with both OA and NaHS,

especially at 4-hour and 6-hour time points.

endoplasmic reticulum stress in rats with ALI.

CONCLUSION: The results suggested that H,S could promote alveolar epithelial cell
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INTRODUCTION

Acute lung injury (ALI) can not only evoke acute
lung diseases, but also evoke/exacerbate chronic lung
diseases.!"' Many studies found the role of inflammatory
mediator,”™” reactive oxygen species,”” nuclear factor-kB"!
and extracellular matrix'® in the pathogenetic process of
ALI, but the mechanisms underlying ALI have not been
fully understood.

Endoplasmic reticulum stress as a protective measure
at the cellular level in different cells and tissues plays

© 2015 World Journal of Emergency Medicine

an essential role in different diseases.”! Endoplasmic
reticulum stress markers include glucose-regulated protein
78 (GRP78) and a-subunit of eukaryotic translation
initiation factor-2 (elF2a)."’ C/EBP homologous protein
(CHOP) inhibits anti-apoptotic effects when ER stress is
activated and its expression is increased in the ALI model
induced by lipopolysaccharide.” But the whole process it
works in ALI is not clear.

Hydrogen sulfide (H,S), as the third gastransmitter
after nitric oxide and carbon monoxide, has been
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confirmed to play a part in the development of a
variety of cardiopulmonary diseases"’'" by opening
the adenosine triphosphate (ATP)-sensitive K channel.
And it could play an important role in the pathogenesis
of ALI through regulating inflammatory response'"’!
and inhibiting oxidative stress response.'® In rats with
hyperhomocysteinemia-induced cardiomyocytic injury,
H,S could relieve cardiomyocytic injury by inhibiting
CHOP protein which induces apoptosis during ER stress."”
But whether and how H,S regulates ER stress in ALI has
not yet been fully understood.

Therefore, for the purpose of better understanding
of the mechanisms underlying ALI, we attempted to
examine the regulatory effects of hydrogen sulfide on
alveolar epithelial cell endoplasmic reticulum stress in
rats with acute lung injury.

METHODS
Animals and materials

Seventy-two Sprague Dawley male rats (body
weight 200-250 g) were provided by the Animal
Center of Peking University First Hospital (China).
Experimental protocols complied with the Animal
Management Guidelines of the Ministry of Health of the
People's Republic of China, and the Guide for the Care
and Use of Laboratory Animals of Peking University
First Hospital (Beijing, People's Republic of China).
Sodium hydrosulfide was supplied by Beijing Chemical
Reagents Company (China). Other reagents and
chemicals were of analytical grade supplied by Beijing
Chemical Reagents Company (China). GRP78 antibody
was bought from Bioworld Technology Inc. p-PERK
antibody was bought from Santa Cruz Biotechnology
Inc. p-elF2a antibody was bought from Cell Signaling
Technology. Histostain TM-Plus Kits (IgG/Bio, S-A/
HRP, DAB) was bought from Beijing Zhongshan
Goldenbridge Company, China.

Preparation of the animal model
Rats were randomly divided into four groups: control

group (n=18), OA group (n=18), OA+NaHS group
(n=18), and NaHS group (n=18). Rats in the control
group received normal saline (NS) at 0.1 mL/kg by
intra-tail vein injection. Rats in the OA group received
OA at 0.1 mL/kg by intra-tail vein injection. Rats in
the OA+NaHS group received NaHS at 56 umol/kg by
intraperitoneal injection 30 minutes before OA injection.
Rats in the NaHS group received NaHS at 56 umol/kg by
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intraperitoneal injection 30 minutes before normal saline
injection. Rats in all groups were randomly divided into
2-, 4- and 6-hour subgroups (n=6, each) according to
the time after OA treatment. At the termination of the
experiment, rats were anesthetized by intraperitoneal
injection with 0.25% pentobarbital sodium at 40 mg/kg
at each time point."™

Morphological analysis of lung tissues
Tissues of the right lung were taken and fixed

in 10% (wt/vol) formalin, and then cut into paraffin
sections (5 pm) routinely. The sections were colored
by hematoxylin-eosin (HE) staining. One slice was
selected from each sample and 10 fields of each
slice were observed under a microscope (original
maganificationx400). The severity of lung injury was
evaluated by a semi-quantitative histological index of
quantitative assessment (IQA). This assessment was
divided into four grades from 0-3 means: minimal,
mild, moderate, and severe, respectively. The items were
alveolar edma, infiltration of neutrophils and hyaline
membrane formation.'"”

Measurement of wet/dry weight (W/D) ratio in
lung tissue

We isolated one lobe of the right lung, bolted blood
and water on the lung surface, and evaluated the wet
weight. The lobe was placed at 80 °C for 48 hours. Then
we evaluated the dry weight and calculated the W/D
ratio.

H.S concentration measurement of lung tissue
The tissues of the right lung for H,S content test

was homogenized in 10 mmol/L phosphate buffer (PBS,
pH 7.2) ice-cold by 0.1 g/mL. Detecting instrument
was an ELIT Ion Analyzer (ELIT 9801) bought from
Electro Analytic Instruments LTD, England as reported
previously.”” Prepared sulfide antioxidant buffer
(SAOB) included sodium hydroxide (NaOH) 2.35 mol/L
and ethylenediamine tetraacetic acid (EDTA) 0.27 mol/L.
Then 0.5 mL of SAOB was anti-graded with 0.5 mL of
standard solution of H,S concentration including 10, 20,
30, 40, 50, 60, 80 and 100 pmol/L, respectively. And this
solution was displayed as the woltage value by a sulfide-
sensitive electrode and a reference electrode. Hence the
standard curve was obtained from the voltage value and
H,S concentration. In the same way, we got the voltage
value of rat lung tissue, and plotted the concentration of
lung tissue on this standard curve.
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Evaluation of alveolar epithelial cell endoplasmic
reticulum stress by immunohistochemical
analysis

Lung tissue was collected on slides for the
measurement of alveolar epithelial cell ER stress
activation markers (GRP78 and p-elF2a) and Fas
protein by immunohistochemical staining. The lung
tissues were dehydrated and embedded in paraffin with
routine methods. The sections were de-paraffinized in
xylene (3%20 minutes), and then hydrated in ethanol
(3x10 minutes, concentrations 75%, 95% and 100%).
Afterwards, these sections were rinsed in PBS (0.01
mol PBS, pH 7.2-7.4, 3x5 minutes), and then blocked
with 3% hydrogen peroxide (H,0,) at room temperature
for endogenous peroxidase ablation. 3% H,O, was
discarded by rinsing in PBS (3%5 minutes). Antigen
was repaired in pepsin for 20 minutes at 37 °C. The
pepsin was discarded by rinsing in PBS (3%5 minutes).
The sections were dropped off the goat anti-mouse IgG,
and incubated for 30 minutes at 37 °C. The goat serum
was discarded by rinsing in PBS (3x5 minutes). Again,
the sections were incubated with the primary antibody
overnight at 4 °C. The primary antibody was discarded
by rinsing in PBS (3x5 minutes). The sections were re-
incubated with the secondary antibody for 1 hour at
37 °C, and then the secondary antibody was discarded
by rinsing in PBS (3x5 minutes). The sections were
colored with 3,3-diaminobenzidin (DAB) without light
for 3 minutes at room temperature. Coloration was
done with the distilled water. At last, the sections were
dehydrated, cleared and mounted with neutral gums. The
aforementioned procedures were carried out in a moist
chamber.

Microscopic image analysis and processing with
the Automatic Image Analysis System (LeicaQ550CW,
Germany) were used to measure lung tissue-positive color
and calculate optical density of GRP78 and p-elF2a.

Evaluation of GRP78 and p-elF2a in alveolar
epithelial cells by immunohistochemistry
Lung tissue was collected on slides for the measurement
of ER stress activation markers (GRP78 and p-elF2a) of
alveolar epithelial cells by immunohistochemical staining.
The lung tissues were dehydrated and embedded in
paraffin with routine methods. The sections were de-
paraffinized in xylene (3x20 minutes) and then hydrated
in ethanol (3%x10 minutes at a concentration of 75%, 95%
and 100% respectively). Afterwards, the sections were
rinsed in PBS (0.01 mol PBS, pH 7.2-7.4, 3x5 minutes),
and then blocked with 3% hydrogen peroxide (H,0,) at

room temperature for endogenous peroxidase ablation.
3% H,0, was discarded by rinsing in PBS (3x5 minutes).
Antigen was repaired in pepsin for 20 minutes at 37 °C,
and the pepsin was discarded later by rinsing in PBS
(3%5 minutes). The sections were dropped off the goat
anti-mouse IgG, and incubated for 30 minutes at 37 °C.
The goat serum was discarded by rinsing in PBS (3x5
minutes), and the sections were incubated again with
the primary antibody overnight at 4 °C. The primary
antibody was discarded by rinsing in PBS (3x5 minutes).
Then the sections were incubated with the secondary
antibody for 1 hour at 37 °C, which was discarded
subsequently by rinsing in PBS (3x5 minutes). The
sections were colored with 3,3-diaminobenzidin (DAB)
without light for 3 minutes at room temperature. The
coloration was performed with distilled water. At last,
the sections were dehydrated, cleared and mounted with
neutral gums. The above procedures were performed in a
moist chamber.

Microscopic image analysis and processing with
the Automatic Image Analysis System (Leica Q550CW,
Germany) were used to measure lung tissue-positive
color and to calculate the mean optical density of GRP78
and p-elF2a.

Evaluation of GRP78 and elF2a in lung tissue
by Western blot

The tissues were taken from the right lung for
Western blot analysis. They were homogenized in lysis
buffer ( pH 7.4) composed of 50 mmol/L Tris—HCI, 1
mmol/L EDTA, 0.25 mol/L sucrose, 20 mmol/L. CHAPS,
and 20 mmol/L PMSF. The homogenized lung tissue
was centrifuged at 13 000xg for 20 minutes at 4 °C. The
supernatant remained mixed with Coomassie brilliant
blue for Western blot analysis. The concentration of
proteins in the supernatant was measured by enzyme-
labeled instrument. 50 pg of proteins was added per lane
and separated by 10% SDS-PAGE. B-actin confirmed by
HRP staining was loaded in each lane coincidently. The
proteins were transferred to a nitrocellulose membrane,
blocked by milk, and incubated with the primary
antibody overnight at 4 °C. The primary antibody was
discarded by rinsing in PBS-T (4x10 minutes). The
secondary antibody was incubated for 1 hour and then
discarded by rinsing in PBS-T (4x10 minutes). The
proteins were detected using substrate, and signal was
quantified by Alphalmager.

Statistical analysis
Results were expressed as mean+SD. One-way
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Table 1. Comparison of IQA score and wet/dry ratio in different groups

Groups IQA scores Wet weigh/dry weigh ratio

2 hours 4 hours 6 hours 2 hours 4 hours 6 hours
Control 0.27+0.21 0.30+0.17 0.63+0.69 4.22+0.87 4.33+0.51 4.73+0.10
0A 5.67+0.52" 6.00+0.63" 6.67+0.82" 5.92+0.42" 5.82+0.25 5.94+0.29
OA+NaHS 4.00+0.63" 4.33+0.52" 5.00+0.89" 5.02+0.51" 4.89+0.54" 5.1740.15"
NaHS 0.30+0.114 0.30+0.114 0.37+0.37* 4.40+0.01 4.40+0.21% 4.58+0.15%

Compared with the control group, "P< 0.01; compared with the OA group *P<0.01; compared with the OA+NaHS group, *P<0.05, * P<0.01.

ANOVA followed by a post hoc analysis (Bonferroni
test) was used for comparison of the groups. Analysis
was made using SPSS version 16.0 for Windows. IQA
scores were tested by the rank-sum test. P<0.05 was
considered statistically significant.

RESULTS

IQA of OA-induced lung injury in rats
At 2, 4 and 6 hours, the IQA of lung tissues was

increased in the OA group compared with the control
group (P<0.01). However, it was significantly decreased
in the OA+NaHS group compared with the OA group
(Figure 1, Table 1).

The wet/dry weight ratio in lung tissue
At 2, 4 and 6 hours, the wet/dry weight ratio of lung

tissues in the OA group was increased compared with
the control group (P<0.01). However, it was decreased
significantly at each time point in the OA+NaHS group
compared with the OA group (P<0.01). There was no
difference between the control group and the NaHS
group (Table 1).

Level of H,S in homogenized lung tissues

At 2, 4 and 6 hours, the levels of H,S in lung tissues
were significantly decreased by 46%, 32% and 42% in
the OA group compared with those in the control group
(P all< 0.01). However, the levels of H,S in lung tissues
were significantly increased by 22%, 21% and 22% at
different time points in the OA+NaHS group compared
with those in the OA group (Table 2).

Endoplasmic reticulum stress in lung tissues
and alveolar epithelial cells

Western blot showed that at 6 hours, GRP78
expression in lung tissues in the OA group was
significantly decreased compared with the control
group (P<0.01), which was in accordance with the
changes in alveolar epithelial cells demonstrated by
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Table 2. The levels of H,S in homogenized lung tissues (umol/L)

Groups 2 hours 4 hours 6 hours
Control  350.55+19.55 289.53+33.43 319.13+26.20
0OA 190.27+10.77°  199.38+12.49"  187.13+5.76"

OA+NaHS 233.37+9.88" 240.38+11.34"  227.58+12.34"
NaHS 434.19+62.28"  427.52+53.98"  563.35+211.78™

Compared with the control group, "P<0.01; compared with the OA
group, “P<0.05; compared with the OA+NaHS group, “P<0.01.

immunohistochemical analysis (Figure 2). In rats with
ALI pretreated with NaHS, the expression significantly
increased compared with that of the OA group (P<0.01).
However, it did not change significantly at 2 hours and 4
hours compared with the control group (Figure 3A).

At 4 hours and 6 hours, the ratio of p-elF2a/elF2a
in lung tissues significantly decreased in the OA group
compared with that of the control group (P all< 0.01), but
immunohistochemical analysis showed that the p-elF2a
expression exhibited a similar trend in alveolar epithelial
cells to the ratio of p-elF2a/elF2a in lung tissues (Figure
2). In rats with ALI pretreated with NaHS, it significantly
increased compared with that of the OA group (P all
<0.01). However, they did not change significantly at 2
hours compared with controls (Figure 3B).

DISCUSSION

ALI results from serious infections, trauma,
shock, acidosis and harmful gas inhalation. Its clinical
manifestations include severe hypoxaemia and stiff
lungs.”"! However, the mechanism underlying ALI/acute
respiratory distress syndrome has not yet been fully
understood.

OA-induced rat ALI model is a classic one. In the
model of ALI, OA-treated rats showed diffused edema
and severe inflammatory cell infiltration in alveoli and
the interstitium of the lung. Hemorrhage and thickened
interlobular septa were also demonstrated. These changes
are consistent with the clinical characteristics of ALL"

In rats with OA-related lung injury, GRP78 and
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Figure 1. Microphotographs of morphological changes of lung tissues (HE staining, orlgmal magnlﬁcatlon x400). A: control group at 6 hours; B:
OA group at 6 hours; C: OA+NaHS group at 6 hours; D: NaHS group at 6 hours.
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Figure 2. Immunohistochemical staining of endoplasmlc reticulum stress marker proteins 1nclud1ng GRP78 and p-elF2a in alveolar eplthehal
cells (original magnificationx400). A: GRP78 in the control group at 6 hours; B: GRP78 in the OA group at 6 hours; C: GRP78 in the OA+NaHS
group at 6 hours; D: GRP78 in the NaHS group at 6 hours; E: p-eIF2a in the control group at 6 hours; F: p-eIF2a in the OA group at 6 hours; G:
p-elF2a in the OA+NaHS group at 6 hours; H: p-elF2a in the NaHS group at 6 hours.
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Figure 3. Western blotting of endoplasmic reticulum stress marker proteins. A: Western blot of GRP78 in lung tissues; B: the ratio of p-elF2a/ elF2a
in lung tissues. Compared with the control group, "P<0.01; compared with the OA group, “P<0.05; compared with the OA+NaHS group, “P<0.01.

elF2a decreased markedly at 4 and 6 hours, indicating ~ PERK, elF2a, ATF4 and ATF6 were up-regulated to

that endoplasmic reticulum stress is likely involved in
the development of acute lung injury.

Lung injury IQA was significantly aggravated at
2, 4 and 6 hours; whereas the expressions of GRP78
and elF2o decreased at 4 and 6 hours, not at 2 hours.
The reasons for these changes are not clear. A previous
study"™ found that when the injury was mild, GRP78,

protect mildly injured cells, but when the injury was
severe, apoptosis was active to eliminate severely injured
cells.

Endogenous H,S is produced from the metabolism
of homocysteine and cysteine in mammals.”" Fu et al"'®
reported that endogenous H,S could protect the lung
from ischemia-reperfusion injury in rats by reducing the
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production of malondialdehyde (MDA) and the activities
of potentiated superoxide dismutase (SOD) and catalase
(CAT). Li et al found that NaHS, an H,S donor, could
lower the levels of inflammatory cytokines and increase
anti-inflammatory cytokines. Liu et al” also found that
NaHS could inhibit apoptosis of alveolar epithelial cells.
But Aslami et al”® found that H,S played a protective
role in ventilator-induced lung injury. These findings
suggested that H,S might play an important role in the
acute inflammatory response. Interestingly, we found
that the level of endogenous H,S in lung tissue was
significantly decreased in the OA group compared with
the control group, suggesting that endogenous H,S is
likely involved in the pathogenesis of ALL

In the present study, H,S donor treatment significantly
decreased the level of endogenous H,S in the lung as well
as the IQA scores. These findings suggest that H,S might
play a role in ALI. At the same time, H,S donor treatment
in OA-treated rats significantly elevated the levels of
GRP78 and p-elF2a in the lung, suggesting that H,S
promotes endoplasmic reticulum stress during the early
stage of ALI.

In conclusion, there is an association between H,S-
induced protection from ALI and up-regulated protein of
endoplasmic reticulum stress. This finding would help us
to understand the pathophsiological significance of H,S
in the prevention of ALI. Further experiments are needed
to investigate the mechanisms underlying the regulation
of endoplasmic reticulum stress by H,S.
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