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Abstract

The aim of this study was to establish an in vitro model of blast lung injury using shock tube. The study was

performed from august of 2012 to May 2014 in PLA general hospital respiratory lab.A549 cells were exposed

to 100410 kilopascal (Kpa) blast wave in a culture plate using a shock tube to mimic the in vitro model of blast

lung injury. The morphological change and the Hoechst and Prl stain was observed by the light microscopic

and electron microscopy. The apoptosis of cells was detected by flow cytometry. The mRNA expression of the

inflammatory cytokines was measured by real-time PCR. Our results demonstrated that A549 cells showed

increased cellular injury, cellular apoptosis, uptake of propidium iodide (Prl) and inflammatory cytokines

mRNA expression after blast exposure. We conclude that we established a simple, reproducible model of blast

lung injury.
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INTRODUCTION

Blast lung injury is an increasing problem with high
morbidity and mortality both in military and civilian
practical. (1) Significant advantage have been made
in our apprehension of blast lung injury by the use of
animal models of blast injury. (2-4) The advantages of
in vivo models are that they permit the study of the
total organism’s reaction to a multitude of complex
variables and permit behavioral final result studies,
which are perhaps the most powerful tool to assess
functional final result and overall therapeutic efficacy.
However disadvantages are also connected with the
use of animal models of blast injury. In vivo studies
do not allow easy assessment of effect of trauma on
individual cell types. In vitro models of blast injury
were powerful tools in investigating the cellular,
biochemical, and molecular mechanisms of blast lung
injury, discovering putative biomarkers, and targeted
therapeutics. One of the major obstacles in studying

the mechanisms of blast lung injury or screening
drugs for defense is the lack of suitable in vitro model
that can closely mimic the complex blast exposure.
The intention of this study was to develop an easy
reproducible in vitro model of blast lung injury for
examining the morphologic biological and molecular
consequences of blast induced injury on the human
cell lines. It has been reported that results from in-
vitro models of traumatic injury are having value for
making prediction of the in-vivo results nearly 90%.
(5) High throughputin-vitro models of blastlunginjury
cost less and can use human cell lines and investigate
the impact of blast on humans at the molecular level.
Currently there exist a few animal models of blast lung
injury using shock tubes to mimic battlefield blast
exposures. (6,7) Arun et al have successfully mimic
the blast brain cellular injury in vitro using shock tube
and found that cells were with decreased adenosine
triphosphate levels, increased cellular injury, lactate
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dehydrogenase release, and reactive oxygen species
formation after blast exposure, (8,9) but no in-vitro
models of blast lung injury utilizing shock tube have
been reported.

First of all we guessed whether we can establish an
in vitro model of blast lung injury using human lung
cell lines. Furthermore, we wished to develop a model
that inflicts blast forces that are relevant to those
which might occur in vivo. Thus a model of in vitro
blast injury has been developed and characterized.
A549 cells were human cell lines which were widely
used as an in vitro model of acute lung injury. (10,11)
In our study, we exposed A549 cells to 100+10Kpa
blast wave as a blast lung injury in vitro. The cell
morphological change, cell viability, uptake of Prl, and
inflammatory cytokines mRNA were observed. This
in-vitro model may provide a platform for studying
the biochemical and molecular mechanism and search
drugs for protection the blast lung injury.

MATERIAL AND METHODS
Shock Tube and Blast Exposure

The study was performed from august of 2012 to
May 2014 in PLA general hospital respiratory lab. It
is a prospective study. The shock tube was a classical
instrument used to replicate and direct blast waves in
order to simulate actual explosions and their effects,
usually on a smaller scale. (12,13) More recently,
shock tubes have been used in biomedical research to
study how biological specimens are affected by blast
waves. (14,15) The shock tube used in our study was
designed by state key lab of explosion and technology
of Beijing institute of technology. Shock tube were
used to produce peak pressures in the range of 100
to 300 kPa. The diagram of the shock tube include
the firing pin, high pressure chamber, diaphragm and
launching tube (Figure 1). The high pressure chamber
was connected to a compressed air bottle. The air
was transferred from the compressed air bottle to
the high pressure chamber. When the pressure of the
high chamber reached 5000Kpa, the firing pin was
launched and caused the diaphragm burst. the shock
wave to propagate down the shock tube was launched.
When the distance between the pressure detector and

the shock tube was 60cm the pressure detected by a
pressure detector was 100+10 Kpa.

high pressure chamber

diaphragm

launching tube

firing pin

Figure 1. The diagram of the shock tube
Cell Line and Culture Condition

A549 cells (obtained from PLA general hospital
respiratory lab), were grown in Dulbecco’s Modified
Eagle’s Medium (DMEM)(Bioroc, China) with 10%
heat-inactivated fetal bovine serum (FBS), 100 U/mL
penicillin, 100 mg/mL streptomycin in 10 cm dishes
at 37°C in a humidified atmosphere of 5% CO,. A549
cells were grown in tissue culture plates (corning USA)
in a density of 4 x 10°/mL 24 h before blast exposure.
On the day before exposure to the blast wave, the
cells were kept in the plate at 37°C in a humidified
atmosphere of 5% CO,. On the day of blast exposure,
the medium was removed from the wells and fresh
medium was added to the wells. The plates were
sealed with sterile, gas permeable Mylar plate sealers
(MP bio USA)and the edges of the plates and sealer
were secured with sterile tape before blast exposure.
(9)

Six well Plates(Corning.USA) containing the cells
were secured in vertical position in front of the shock
tube. (Figure 2). The distance between shock tube
and the six well plate was 60 cm to insure the blast
overpressure was 100+10Kpa which was detected
by a pressure detector before. The plates containing
cells were kept in the vertical position and subjected
to 100+10Kpa blast overpressures. Immediately after
blast exposure, the plates were returned to the CO,
incubator and incubated for indicated periods of time.
Cells in the sham control group were handled similarly
but were not exposed to blast for comparison.
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Light Microscopic Studies

Morphological analysis of A549 was performed 6 hours
post blast exposure. Morphological studies using the
normal inverted microscope (Olympus, Japan) were
carried out to observe the morphological changes of
the A549 cells exposed to blast overpressure.

Electron Microscopy

Six hours following cell injury, each well in the
plate was washed with PBS three times after which
the cells were fixed a mixture consisting of 2%
paraformaldehyde and 2% glutaraldehyde. and then
fixed with osmium tetroxide for 1 h, stained with
uranium acetate, embedded into epoxide resin. After
sectioning into ultra-thin slices, the cells were stained
with lead citrate and examined under transmission
electron microscopy (H-7650, Hitachi, Japan).

MTT Assay

The A549 cells were seeded at a final concentration of
4 x 105/mL in a 96-well culture plate. After different
time intervals post blast(24h, 48h, 72h), cells were
washed three times with Phosphate Buffered Saline
(PBS)and 100 ml fresh DMEM were added to each wells
to conduct the cellular injury tests. Briefly, cells were
washed with PBS solution and incubated again with
0.2 ml fresh DMEM containing 0.5 mg/ml MTT (Sigma,
USA) for 2 h. The medium was then removed and MTT
formazon was dissolved in 0.2 ml imethylsulfoxide.
The optical density was then determined at 490 nm
using a micro plate reader (Dragon, USA).

Hoechst and Prl Staining

Six hours after blast exposure the cells were fixed and
stained.Inbrief, cellsweretreated with PrI (Sigma, USA)
and Hoechst (Sigma, USA) for 20 min at 4 C, then fixed
and stained with 4% paraformaldehyde for 20 min at
room temperature. Images were captured using Texas
Red and UV filters (for Prl and Hoechst, respectively)
on a fluorescence microscope(Olympus, Japan), Prl
and Hoechst images were taken in five contiguous
images, and were counted and averaged per well. All
Prl and Hoechst cell counting were performed by one
of the authors blinded to experimental conditions.
Data are expressed as the ratio of Prl positive cells to

total cell number (as determined by Hoechst staining
of cell nuclei).

Detection of Apoptosis by Flow Cytometry

Six hours after blast exposure A549 cells were harvested,
washed and resuspended with PBS. Apoptotic cells
were determined with an fluorescein isothiocyanate
(FITC) Annexin V Apoptosis Detection Kit (Keygen,
China) according to the manufacturer’s protocol.
Briefly, the cells were washed and subsequently
incubated for 15 min at room temperature in the
dark in 100 pl of 1x binding buffer containing 5 pl of
Annexin V-FITC and 5 pl of Prl. Afterward, apoptosis
was analyzed by fluorescence microscope and flow
cytometer (BD, USA).

Real-Time PCR for IL-1f, IL-6 and Tumor
Necrosis Factor Alpha (TNF-«)

In brief, at different time intervals post blast (2h, 4h,
6h, 8h, 12h, 24h), the medium was removed from
each well and cells were collected. Total RNA was
extracted using the trizol reagent (Takara, Japan)
and reverse transcribed to cDNA using reverse
transcription system (Takara, Japan) 1 pl of cDNA was
combined with primers and SYBR Green PCR Master
Mix (Takara, Japan) to yield a final volume of 25 pl.
The PCR conditions included 40 cycles of 95°C for 30
s, 60°C for 30 s, and 95°C for 5 min on a StepOnePlus™
Real-Time PCR System (BIO-RAD, USA). Threshold
cycle (CT) values were determined by RT-PCR and
normalized by the housekeeping gene [-actin. The
relative level of indicated genes was calculated using
the 2-24“method. Primers are shown in Table 1.

The results were expressed as mean * standard
deviation (SD). Statistical analysis was performed by
t-test for overall significance. p<0.05 was considered
statistically significant. All analyses were carried out
with the SPSS 20.0.

RESULTS
Morphologic Studies

Cells in all areas appeared to be affected similarly.
That is, cells in the center of the plates were not
overtly different from cells closer to the edge of the
plate. As shown in Figure 2 normal cultured A549 cells

Open Access Journal of Internal Medicine V2.12.2019 3



An in Vitro Model of Blast Induce Lung Injury using Shock Tube

were regularly shaped and exhibited no cell swelling.
The injured cells showed retracted or swollen. The
connection of the cells were reduced and the gap

between the cells became wider than sham control.

Figure 2. Light microscopic examination of normal

and injured A549 cells six hours after injury. Figure A
represent normal cells. Figure B represent injured cells.
Magnification=200x

The Electron microscopy revealed the ultrastructural
detail of the A549 cells. The sham control A549 cell
showed normal ultrastructural detail(Figure 3).
Those A549 cells exposed to blast injury, on the other
hand, showed evidence of structural change(Figure
4). With blast injury A549 cells showed structural
abnormalities including cell shrinkage, chromatin
condensation, nucleus pycnosis and endoplasmic
hollowed.

Figure 3. Normal A549 cell. Note that the A549 cell
shows normal ultrastructural detail with normal cell
nucleus plenty of organelles including lysosome(*),Golgi
body(@), endoplasmic reticulum and mitochondria.
Magnification=10000x
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Figure 4. Injured A549 cell. Note that this A549 cell

have many abnormal ultrastructural features including

cell shrinkage, nucleus pycnosis(#) and mitochondrial
vacuolation(m). Magnification=10000x

MTT Assay

A significant increase in cellular injury was observed
in A549 cells after blast exposure. Figure 5 reflects
the percentage of cell viability of the A549 cells after
blast exposure at different intervals. MTT cell viability

assay showed optical densities of sham control
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cells and injury cells as 0.512+0.026 0.711+0.020
1.016+0.065 and 0.379+0.065,0.628+0.068,0.914+0
.029, respectively, showing that the viability of cells
in blast group were inhibited by the blast exposure
(p<0.05). Time course of blast exposure on the A549
cells using MTT assay indicated that the maximum
increase in cellular injury occurs at 24 h postblast
exposure. The cells began to be repaired by 48 h post
blast exposure and were almost 90% back to control
levels by 72 h. The results indicate that the injury
induced blast occurred in the early times.
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Figure 5. Time course of effect of blast exposure in
A549 cells. MTT assay was carried out at 24, 48, and
72 h post exposure. Values of blast-exposed cells at each
time point were compared with those of control cells
(n=6, * p<0.05 vs control group).

Injury was assessed by measuring the uptake of Prl
as previous described™”). Hoechst labels the nuclei of
all cells, whereas PrI is normally excluded from intact
cell membranes. In uninjured control cells, there was
little Prl staining, indicating that most cells were
healthy and viable, with intact cell membranes(Figure
6 C and D). If membranes are damaged, PrI will enter
cells and stain the nucleus, resulting in a bright red
fluorescence, but is rapidly taken up by cells with
damaged membranes (Figure 6A and B). Prl was
excluded from almost all control cells and thus few or
no fluorescent red nuclei were observed. However, 2h
after blast injury, the amount of Prl staining cells were
increasing, indicating that the cells were injuried with

unintact cell membranes similar in early times. Prl
uptake decreased with time post-injury, but remained
significantly elevated through 12 h after blast exposure.
However Prl uptake returned to control levels after
24h blast injury (Figure 7).

.

Figure 6. Effect of blast wave on A549 cultures. (A) Cells
stained with hoechst in blast group. (B) Cells stained
with Prl in blast group. (C) Cells stained with Hoechst
in control group. (D) Cells stained with Prl in control
group.
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Figure 7. Prl uptake percentage. Data are shown at 2
h, 6 h ,12 h and 24 h post-injury (means#SE values).*
p<0.05 vs control group

Six h after blast exposure, the cells were harvested,
and apoptosis was examined with flow-cytometry
after Annexin V-PI double staining(keygen, China).
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Viable cells exhibit AnnexinV (-)/PI (-); early apoptotic
cells exhibit Annexin (+)/ PI(-); late apoptotic cells or
necrotic cells exhibit AnnexinV (+)/PI (+). The necrotic
cells lost cell membrane integrity that permits PI
entry. Quantitative analysis using Annexin V/PI assay
further showed that the proportion of early and late
stage apoptotic cells of the blast group increased
significantly compared with that of the control group
(p<0.05). (Figure 8)
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Figure 8. The proportion of apoptosis of A549 cells
after 6 h blast exposure. Note: *vs control p<0.05

IL-1, IL-6 and TNF-a mRNA Expression

IL-1f, IL-6 and TNF-a release after injury was also
assessed since it is a biochemical marker of injury
and has been used to document cell injury indeed,for
example, by lipopolysaccharide stimulation in
culturel®®l. The results shown in Figure 9-11 indicate
that blast exposure to A549 cells significant increase
in the inflammatory factors IL-1(3,IL-6 and TNF-a
mRNA expression.(p<0.05). All the inflammatory
factors mRNA expression began to increase in 2h after
blast exposure and accumulate at their peak 6h after
blast exposure. In the 8 hours after blast, the cytokines
began to decline and returned to normal in the 24h
post blast.
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Figure 9. Change of IL-18 mRNA expression. Note: *

p<0.05 vs control, n=3
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Figure 10. Change of IL-6 mRNA expression. Note: *

p<0.05 vs control, n=3.
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Figure 11. Change of TNF-a mRNA expression. Note: *
p<0.05 vs control, n=3

DISCUSSION

It is still unclear that the mechanics and therapeutic
approach of blast injury, so it is necessary to study
the in vitro model of blast injury. In-vitro models
offer unique opportunity to study effects of blast
overpressure on different type cells in the lung or
combination of cells to unravel the pathological and
protective roles. The goal of this study was to develop
a simple, reproducible in vitro model of blast lung
injury.

Our results demonstrate that we can develop an easy
reproducible in-vitro model of blast lung injury using
lung epithelial cells an an air-driven shock tube. This
is the first report demonstrating an in vitro model
of blast lung injury using human epithelial cells and
shock tube.

For rapid development and assessment of the injury
model Prl proved to be the most suitable indicator for
injury. This fluorescent dye has a molecular weight
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of 668 atomic mass unit. Cells with normal intact
membranes exclude the dye, while cells with damaged
membranes can not exclude the dye and it bind to the
nucleus. Our experiments indicate that the dye, more
properly, identifies “injured ” cells, which may or may
not have the ability to repair themselves and regain
their capacity to exclude Prl. Therefore,Prl appear to
be a marker of injury since the cells regained their
capacity to exclude PI. Blast injury on its own increased
uptake of Prl in A549 cells. Cell injury was assessed
by measuring the uptake of Prl described by previous
study. (16) Our data showed that blast exposure can
significantly increase the uptake of Prl in the early
times, and after blast exposure Prl uptake decreased
with time post-injury, and returned normal level 24
h after blast exposure. Our results were similar to
previous studies, which showed that the uptake of Prl
increasing using the stretch injury mode in culture
cells in vitro. (17,18)

It has been approved that blast overpressure could
induce the pulmonary epithelial cell apoptosis and
increase of inflammatory factors. (3,19) Alveolar type
2 cell apoptosis is an important mechanism during
lung inflammation, lung injury, and regeneration.
Alveolar type 2 cell apoptosis has been described to
occur after blastlung injury in rats and may contribute
to the pathogenesis and resolution of acute respiratory
distress syndrome (ARDS). (3,20) Our results revealed
that blast overpressure can significant increased the
apoptosis and decrease the variability of the A549
cell indicating that blast exposure causes significant
cellular injury in an time dependent manner.

Cytokines have been shown to mediate the response
of the pulmonary system to chest trauma, including
the development of acute respiratory distress
syndrome. (6,7) Numbers reports exist of in vitro
cytokine production by culture human lung cell
following a chemical infectious insult. (21-23) It has
been reported that extensive release of cytokines
interleukin-1 (IL-1), interleukin-6(IL-6), monocyte
chemotactic peptide-1 (MCP-1), and macrophage
inflammatory protein-2 (MIP-2) was observed in BAL
fluid and blood plasma during 24 h post exposure of
shock wave in a rat model. (24) Studies has shown
that IL-1B and IL-6 are the key trigger inflammatory

factors in the mechanics of acute respiratory distress
syndrome(ARDS). (25) We demonstrate that blast
exposure of A549 cells result in the increase of IL-1f,
IL-6 and TNF-a mRNA expression. The inflammatory
cytokines mRNA expression increased and all
accumulate to their climax 6h post blast exposure
and returned to normal level 24h after blast exposure.
Our results were similar to the previous studies
in vivo. Chavko M reported that after exposure to
150Kpa blast wave the lung inflammatory chemokine
mRNA expression of rats; macrophage inflammatory
protein-1, monocyte chemotactic peptide-1, and
cytokine-induced neutrophil chemoattractant-1 were
increased and get climax after 48h post blast exposure
(7). Perl M et al reported that response to blunt chest
trauma followed by sepsis as well as after sepsis
alone, a significant local and systemic inflammatory
response with increased cytokines (including IL-
1B,IL-6 and TNF-a)in lung and plasma was observed
in rat. (20) Accumulation of inflammation factors is
a common mechanism of damage in many models of
acute lunginjury in vitro and in vivo. (7,12) Augmented
early inflammatory response, with accumulation of
inflammatory mediators and chemotaxis, as well as free
reactive reactions causing oxidative damage play an
important role in the pathogenesis of blast lung injury.
This in turn lead to damage of epithelial cell damage
and the acute respiratory distress syndrome. Alveolar
epithelial cells are often targeted by inflammatory and
infectious agents and they participate in the initiation
and progression of acute lung injury. Animal studies
showed that blast lung injury induced apoptosis in
alveolar epithelial cells and increase of inflammatory
factors such as IL-1B. (3)

We also observed morphological features characteristic
rounding of A549 cells after blast exposure for
compared with sham controls. Unlike the Prl and
inflammatory factors studies that examined -cells
at various time periods after, the current light and
electron microscopy studies were confined to cell in
the 6 hour post injury period. These light and electron
micrographic studies showed a range of damage
to the A549 cells. Some cells were swollen and the
amount of cells were reduced. Some cells visualized
by light microscopy became retracted, suggesting
cytoskeletal disruption. The electron microscopy
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revealed the ultrastructure change of cells exposed
to blast overpressure. The mitochondrial vacuolation
and cell shrinkage suggesting the certain cell function
such as oxidative phosphorylation and energy charge
could be compromised, however, this remains to be
ascertained. The cell nucleus pycnosis indicating that
function of the cell nucleus may be compromised
and may have relationship with the apoptosis of
the cell. It is anticipated that the future studies
examining the ultrastructural fate of these cells over
a more prolonged post blast time will provide more
information concerning recovery of the injured cells.

In summary, our study develop a new in vitro model
of blast lung injury indicate that blast exposure lead to
inhibition of cell proliferation and increase of apoptosis
and inflammatory cytokines. However, no one model
can completely closely mimic the complex primary,
secondary, tertiary, and quaternary components of
blast exposure. More detailed studies are wanted to
reveal the precise mechanics of blast lung injury.
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