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Abstract: This research sought to dissect out the expression of the PI3K/Akt pathway- and retinal apoptosis-related proteins
in response to early retinal blast injury in mice. Methods: C57BL/6 mice were randomly and equally arranged into a normal
control and an experimental group. The control mice were fed conventionally, and the experimental mice were subjected to blast
shock. After successful modeling, mice were assigned into a 6-h experimental group and a 48-h experimental group according
to sampling time. The pathological changes of mouse retina, the number of retinal ganglion cells (RGCs)were assessed by
hematoxylin-eosin staining, and the apoptosis of retinal tissue was measured by TUNEL assay. PI3K and Akt phosphorylation
and the expression of Bax, Bcl-2, and Cytochrome C proteins were determined using Western blot analysis. Results: Relative to
the control mice, the experimental mice had loose retinal structure, disordered cell arrangement, and decreased RGCs. The 48-h
experimental group showed more obvious RGCs reduction than the 6-h experimental group. Moreover, the apoptosis of retinal
cells was higher in the experimental mice than in the control mice, and the apoptosis positive cells diffused from the inner layer
to the outer layer of the retina. In contrast to the control mice, PI3K and Akt phosphorylation and BAX, Bcl-2, and Cytochrome
C protein expressions were potently elevated in the experimental mice, and they were higher in the 48-h experimental group than
in the 6-h experimental group. BAX/ Bcl-2 expression was decreased in the experimental group relative to that in the control
group. Conclusion: Conclusively, the PI3K/Akt pathway was involved in early retinal blast injury in mice, and its effect was
related to the upregulation of PI3K and Akt phosphorylation and Bcl-2 expression.
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Hospital of Northern Theater Command of Chinese People's

1. Instruction Liberation Army (Shenyang, China), all of which were

Ocular blast injury is a prevalent disease among victims housed in clean e'xperimental animal rooms e}nd acclimated
injured in blasts, and the extensively used explosive weapons for 1 week. The mice were randomly agmgped into the .COHUOI
in military conflicts and terrorist attacks contribute to group and expenmen}al group, and mice m the experimental
significant increased incidence of bomb-related blast injury group were grouped into a 6-h experlmer'ltal group and a 48-
[1]. The retina, as an extension of the central nervous system, h experimental group based on the sampling time.
is more vulnerable to injuries and can be utilized as a more Experimental reagents and instruments
sensitive indicator of blast injuries [2]. Therefore, it is of great The reagents and Instruments utll}zed - our .resea.rch
value to understand the retinal injury, inflammation, and ~ consisted of a protein extraction kit (FUDE Biological
neurodegeneration caused by blast waves for diagnosis and Technology Co., Ltd., Hangzhou, China), a bicinchoninic

treatment. As a critical pathway for cell survival, the acid (BCA) protein quantiﬁcation.kit (FUDE Biqlogifzal
phosphatidylinositol ~ 3-kinase (PI3K)/Akt pathway is Technology Co., Ltd.), a TdT-mediated dUTP-biotin nick
involved in oxidative stress, inflammation, and apoptosis in end-labeling (TUNEL) kit, ant1bod1es (Abcam, Cambridge,
the organism [[3][4]. The function of this pathway has been UK) to PI3K, Akt, phosphorylation (p)-Akt, p-PI3K, Bcl-2-
extensively researched in diabetic retinopathy and age-related Associated X (Bax), B-cell lymphoma-2 (Bcl-2), Cytochrome
macular degeneration. However, little is known about the C, and glyceraldehyde—3-phosphat'e dehydrogenase
mechanism of the PI3K/Akt pathway in carly retinal blast ~ (GAPDH), a Constant temperature shaking table (Y XQ-LS-
injury. Hence, this research was intended to preliminarily 50A, Changsha Yingtai Instrument Co., Ltd., Changsha,

measure the PI3K/Akt pathway-related protein expressions in China), electrogenerated chemiluminescence (ECL) western
mouse retina following blast injuries and to lay a foundation blotting luminescent reagents, a microplate reader (iMark,
for further research on this pathway. Bio-Rad, Hercules, CA, USA), a gel imaging system
(Dophin-1D), an embedding machine (4715, Nihonseiki Co.,
2. Materials and Methods Ltd., Osaka, Japan), a microtome (RM2145, Leica , Nussloch,
Germany), a paraffin section cooling table (Zh-3, Leica).
Ethics statement Mouse model establishment
This research was performed under ratification of animal C57BL/6 mice aged 6-8 weeks were anesthetized
ethics committee of our hospital. Extensive efforts were made intraperitoneally using pentobarbital sodium and placed in the
to ensure minimal suffering of the animals included. mesh area of the high-simulated blast injury model device [[3].
Experimental animals and groups The mouse head was exposed, and the other parts of the mice

Sixty healthy male C57BL/6 mice (clean grade; 20-22 g) were protected and adequately fixed. An aluminum slice with
were supplied by the animal experimental center of General
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a thickness of about 0.8 mm was placed in the middle of high-
simulated blast injury model device, and an air compression
device was placed below. After the device was powered on,
when the pressure reached the critical level, it could lead to
the rupture of the aluminum film, and its blast wave could
cause retinal injuries in mice (the air compression device
showed the pressure of about 0. 11-0.14 MPa.

hematoxylin-eosin (HE) staining

The mouse eyeballs were completely enucleated and
placed in modified formaldehyde-acetic acid (FAA) fixative
for 30-60 min. The eyeballs were opened at the limbus and
soaked in FAA for 24 h. Then, the eyeballs were routinely
dehydrated, waxed, and sectioned. The paraffin sections were
baked ina 60°C oven for 1-2 h, conventionally dewaxed with
xylene and ethanol, and stained with hematoxylin for 10 min.
The sections were rinsed with tap water to remove the residual
color, followed by differentiation with 0.7% hydrochloric
alcohol for 3 s and water washing. After eosin staining for 90
s, the sections were immersed in I 95% ethanol for 30 s, in II
95% ethanol for 3 min, in I absolute ethanol for 3 min, in II
absolute ethanol for 5 min, in I xylene for 5 min, and in II
xylene for 5 min, and mounted using neutral gum. After the
microscopical observation of retinal pathological changes ,
the number of retinal ganglion cells (RGCs) were calculated.

TUNEL staining

The paraffin sections were routinely deparaffinized,
dropped with 3% Triton X-100 for 10-min water bath, and
rinsed twice in phosphate buffer saline (PBS, 5 min for each
time). The TUNEL reaction solution was added dropwise into
the section for 1-h incubation in the dark at 37°C. Following
3 PBS washes, the sections were mounted with 4',6-
Diamidino-2-Phenylindole, photographed, and observed. The
Image J software was employed for counting apoptotic cell
numbers and the apoptotic rate (Al) was calculated.(Al =
apoptotic cell number/total cell number x 100%)

Western blot analysis

Mouse retinal tissues were cut into pieces, and lysed
thoroughly with lysis solution. Then, the tissues were broken
using an ultrasonic pulverize, homogenized, and centrifuged

(12000 r/min, 4°C, 15 min), followed by removal of the
precipitate. The protein concentration of the tissue fluid was
quantified by the BCA method and balanced, and then the
samples were placed at -80°C for use. Subsequent to the
preparation of 10% polyacrylamide gels, proteins were
electrophoresed, and then electro-blotted into polyvinylidene
fluoride membranes. The membranes were cut according to
the molecular weight of the target proteins, and hybridized
(overnight, 4°C) with primary antibodies against GAPDH,
PI3K, Akt, p-PI3K, p-Akt, Bcl-2, Bax, and Cytochrome C,
followed by 2-h incubation with secondary antibodies and
then 3 washes with phosphate-buffered saline with Tween 20
(5 min each). A liquid and B liquid from the ECL kit were
mixed at the ratio of 1:1 for luminescence detection. Western
blot images were analyzed with the Image J software. The
relative expressions of target proteins and internal reference
were calculated.

Statistical analysis

SPSS 25.0 was applied to analyze statistical data, with p <
0.05 expressing statistically significant difference. The data
were represented as mean =+ standard deviation. All
experiments were done repeatedly at least 3 times. Data from
each group were checked for homogeneity of variance by the
Levene's method. Comparison between two groups was
analyzed using the t-test.

3. Results

The retinal injury was facilitated in mice after modeling
over time

As reflected by HE staining results, in the control group,
the retinal structure was complete and layered with close cell
arrangement. Relative to the control group, the experimental
groups had notably reduced number of RGCs (p < 0.05) and
potently increased retinal NFL thickness (p < 0.05), with
condensed retinal nuclei and disordered cell arrangement. The
number of RGCs was strikingly reduced in the 48-h
experimental group, as compared to that in the 6-h
experimental group (p < 0.05) (Figure 1A-C; Table 1).
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Figure 1. The results of HE staining of the control group (A), the 6-h experimental group (B), and the 48-h experimental

group (C) (% 400).
Table 1. The number of retinal ganglion cell layer (RGCL) cells
Groups The number of RGCL cells
The control group 46.66 +1.52
The 6-h experimental group 38.33 £2.05*
The 48-h experimental group 26 + 3*

Note: * p < 0.05 vs. the control group.

Retinal apoptosis was accelerated in mice after modeling
in a time-dependent manner
As manifested in Figure 2A-C, TUNEL positive cells
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(indicated by white arrows) were mainly distributed in retinal
ganglion cell layer (RGCL) and inner nuclear layer (INL).
Apoptotic cell numbers were counted using the Image J



software, which was converted to apoptotic rate. Retinal cells
showed dramatically augmented apoptosis rate in the
experimental groups than the control group (p <0.05), and the
apoptosis-positive cells in the experimental groups spread

from the inner to the outer retinal layers. The apoptosis rate
of retinal cells in the 48-h group was 4-fold more than that of
the control group, showing a remarkable increase relative to
that in the control group (P<0.05).
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Figure 2. TUNEL staining results of the control group (A), the 6-h experimental group (B), and the 48-h experimental group
(C) (TUNEL positive cells are indicated by arrows).
Note: * p < 0.05 vs. the control group; # p < 0.05 vs. the 6-h experimental group.

PI3K and Akt phosphorylation and Bax, Bcl-2, and
Cytochrome C protein expressions were elevated in mice

p-Akt/Akt phosphorylation was considerably higher in the
experimental groups than that in the control group (p < 0.05,
Figure 3). Relative to the control group, p-Akt/Akt levels
increased by 70% in 6-h group and p-Akt/Akt increased by
almost 90% in 48-h group. The 48-h experimental group
showed conspicuously enhanced p-PI3K phosphorylation
compared to the 6-h experimental group (p < 0.05, Figure 3).
Relative to the control group, the experimental groups
exhibited elevated Bax, Bcl-2, and Cytochrome C protein
expressions (p < 0.05). The same trends were observed in the
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48-h experimental group versus the 6-h experimental group
(p < 0.05, Figure 3). From all above, the elevated pro-
apoptotic factors in the retina aggravates the retinal injury
over time after detonation shock injury, which is consistent
with TUNEL results, and the PI3K/AKT pathway is activated.
It has been demonstrated that the PI3K/AKT pathway is
crucial in resisting apoptosis. Bax/Bcl-2 is particularly
important when the bcl-2 and Bax trends are consistent. In
this study, Bax/Bcl-2 showed a decreasing trend at 6-h and
48-h, suggesting that early retinal knock injury contributed to
the PI3K pathway activation to enhance cell resistance to
apoptosis.
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Figure 3. Western blot analysis results. A, Western blot analysis of phosphorylation of p-Akt/Akt, p-PI3K/PI3K and
Cytochrome C in mice B, Western blot analysis of the expression of Bax, Bcl-2, and Bax/Bcl-2 proteins in mice.C
Note: * p < 0.05 vs. the control group; # p < 0.05 vs. the 6-h experimental group.

4. Discussion

In recent years, explosive devices have become the major
weapons of terrorist attacks, which are relatively easy to
manufacture and carry, making them the first choice for
terrorists and insurgents. Blast brain injury has also become
the most common war injury in current warfare [1] [5]. As has
been pointed out, the shock force of the blast wave can trigger
transient compression and ischemia, leading to axonal
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damage and death of RGCs [7]. The researches on blast injury
models at home and abroad have mainly focused on the closed
ocular injury induced by high compressed air [5]. In this
research, a special military air compression device was
adopted to fully expose the brains of mice, protect other parts
of mice, and simulate primary craniocerebral blast injury [4].
Our research found that the structure of the tissue was loose
and the cells were arranged in a disordered manner with
reduced RGCs in the retina after blast shock, which was



consistent with previous studies. It has shown that levels of
inflammatory and apoptotic markers are evidently increased
4 h subsequent to ocular exposure to blast waves [6]. In their
report on retinal changes in a closed eye injury model, Blanch
RJ et al. observed the enhancement of TUNEL labeling and
apoptosis in retinal tissue after injury was induced by firing
air gun bullets to the mouse eyes [7]. TUNEL-positive cells
in the GCL and INL in the retina were observed as soon as 6h
after the blast injury, and there was a substantial elevation in
TUNEL-positive cells in the GCL and INL at 48 h, concurrent
with previous findings. Cranial exposure to blast waves can
contribute to retinal cell apoptosis, and the most sensitive
layer to injury is GCL and INL, the injury of which will have
a profound effect on visual function.

PI3K/Akt pathway is a classical pathway for cell survival
[10]. Akt, also known as protein kinase B (PKB), has been
confirmed to be one of the key downstream proteins of PI3K
and is able to manipulate various biological processes,
including cell survival, development, and glycogen
metabolism [9]. The PI3K/Akt pathway is tightly involved in
numerous ocular tumor development and progression. In a
prior work, the PI3K/Akt/mTOR pathway
activation/repression is tightly related to ocular abnormalities,
like oxidative stress-induced RPE damage, RGC survival and
axonal regeneration, and choroidal neovascularization [13].
Zhou et al. reported that in vitro, high glucose-induced retinal
ischemia and hypoxia could activate the intracellular
PI3K/Akt pathway expression and increase phosphorylation
of Akt, a key protein in this pathway, which in turn led to
retinal angiogenesis [14]. It has been documented that acute
intraocular pressure elevation can mediate RGC survival
through the PI3K/Akt pathway activation in the ganglion cell
layer and inner nuclear layer [20]. Our investigation exhibited
that phosphorylated PI3K and Akt expressions in mouse
retina augmented conspicuously 48 h after blast shock.
Activated Akt could phosphorylate Ser126/Ser112 residues of
the pro-apoptotic protein Bad. Moreover, phosphorylated Bad
depolymerized with Bcl-2 or Bel-xl1, and free Bcl-2 protein
restrains apoptosis. In this experiment, the relative expression
of Bax protein and the release of mitochondrial Cytochrome
C protein increased 48 h following blast injury, confirming
the process of retinal apoptosis, which was consistent with the
relevant research results , but also activated the PI3K
signaling pathway to enhance cell resistance to apoptosis.

In conclusion, the PI3K/Akt pathway is tightly associated
with retinal injury and apoptosis following early blast injury.
Therefore, it can be inferred that alteration of this pathway
can provide reference for the treatment and prevention of
retinal blast injury.
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