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Background: This study aimed to explore the effect of Apelin-13 in protecting rats against
spinal cord ischemia reperfusion injury (SCIR), as well as the related molecular mechanisms.
Methods: One week prior to the experiment, experimental Sprague—Dawley rats were
injected with Apelin-13 and the autophagy activator rapamycin through the tail vein once
a day for 7 consecutive days. The SCIR rat model was prepared through the abdominal aorta
clamping method. At 72 h after injury, the spinal cord tissue water content, infarct volume,
and normal neuron count were determined to evaluate the degree of spinal cord tissue injury
in the rats. The Basso—Beattie—Bresnahan scoring standard was adopted for functional
scoring of the rat hind leg, to reflect the post-injury motor function. At 72 h after injury,
changes in mitochondrial membrane potential, reactive oxygen species content, and mito-
chondrial ATP were detected. ELISA was carried out to detect the malonaldehyde content, as
well as catalase, superoxide dismutase, and glutathione catalase activities in spinal cord
tissues at 72 h after injury. Quantitative chemistry was conducted to examine the contents of
nitric oxide (NO) and endothelial nitric oxide synthase (eNOS) in spinal cord tissues. Finally,
the expression of autophagy-related proteins, Beclinl, ATGS, and LC3, in spinal cord tissues
was detected through the Western blotting assay.

Results: Apelin-13 pretreatment alleviated SCIR, promoted motor function recovery, sup-
pressed mitochondrial dysfunction, resisted oxidative stress, and inhibited autophagy in
spinal cord tissues following ischemia reperfusion injury.

Conclusion: Apelin-3 exerts protection against SCIR by suppressing autophagy.
Keywords: Apelin-13, spinal cord ischemia reperfusion injury, autophagy, rapamycin,
oxidative stress, mitochondrion

Introduction

Spinal cord ischemia reperfusion injury (SCIR) is a complication occurring under
multiple pathophysiological states, which results in paralysis and paraplegia.' SCIR
not only is a clinical issue, but also causes a huge social burden. Clinicians and
scientific researchers have made great efforts to develop various measures, such as
extracorporeal shunt or bypass techniques,” cerebrospinal fluid (CSF) drainage,3
retrograde venous perfusion,” intercostal arterial reconstruction, and drug therapy
(eg, steroids, free radical scavengers and vasodilators), to alleviate and treat SCIR-
induced damage. However, these methods cannot achieve satisfactory therapeutic
effects; therefore, there is an urgent need to develop a new effective treatment for
SCIR.
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Autophagy exerts a vital role in cell survival at the time
of metabolic stress, and the maintenance of metabolism
of cytoplasmic components through the autolysosome
pathway.”® Some studies have explored the role of autop-
hagy in the SCIR process, but the results are mostly
inconsistent and even contradictory. For example, one
study reports that, after ischemia reperfusion injury, the
activation and enhancement of autophagy induce nerve
injury,” whereas another reports that autophagy promotes
neuron death after ischemia reperfusion injury, and that
suppressing autophagy exerts the protective effect.® All in
all, the precise mechanism of action of autophagy in SCIR
remains to be further investigated.

Apelin-13 is a newly discovered polypeptide, which
exerts an important neuroprotective effect in the central
nervous system (CNS).” Neuroprotection by Apelin-13 in
ischemia reperfusion treatment has been verified.
In ischemia reperfusion and traumatic brain injury (TBI),
Apelin-13 shows a certain protective effect; in particular, it
suppresses autophagy to reduce TBI-induced neuron
death.'® However, no existing studies have reported that
Apelin-13 alleviates SCIR nerve injury through regulating
the autophagy pathway.

This study constructed an SCIR rat model after Apelin-
13 pretreatment, analyzed the protective effect of Apelin-
13 pretreatment on spinal cord nerves after SCIR, as well
asvariations in autophagy, and explored the mechanism of
action of autophagy in SCIR, to provide new therapeutic
targets for, and new ways of thinking about, SCIR.

Materials and Methods

Materials

Apelin-13 was purchased from Sigma Aldrich (St Louis,
MO). Malonaldehyde (MDA), catalase (CAT), superoxide
dismutase (SOD), glutathione (GSH), and enzyme-linked
immunosorbent assay (ELISA) kits were bought from
Abcam Inc. (Cambridge, MA). Goat anti-rat endothelial nitric
oxide synthase (eNOS), Bax primary antibody, mouse anti-rat
Bcl-2 primary antibody (Santa Cruz), mouse anti-goat sec-
ondary antibody, and rabbit anti-mouse secondary antibody
were provided by Santa Cruz Biotechnology (Dallas, TX).

Experimental Animals

All of the procedures were carried out in accordance with the
Chinese Guidelines for Animal Welfare and Experimental
Protocol and were approved by the Animal Care and Use
Committee of the Third Xiangya Hospital, Central South

University. In brief, 35 healthy Sprague—Dawley (SD) male
rats (1012 weeks old, weighing 250+£20 g) were purchased
from Silaikejingda Company (Hunan Province, People's
Republic of China), and raised in constant temperature (at
about 25°C) animal pens under a 12 h—12 hlight-dark cycle.
All animals had free access to standard granulated feed and
water. Then, all animals were randomized into four
groups: sham operation group, ischemia reperfusion group,
Apelin-13 pretreatment group, and RAPA+Apelin-13 pre-
treatment group, with eight in each group, while the remain-
ing three rats were used for standby application.

Methods

Experimental Grouping
Group A (sham operation group, n=8): only the abdominal
aorta was exposed, while the blood flow was not blocked;

Group B (ischemia reperfusion group, n=8): injection
with normal saline (NS) through the tail vein 10 min prior
to perfusion;

Group C (Apelin-13 pretreatment group, n==8): injec-
tion with Apelin-13 through the tail vein 1 week prior to
perfusion, once a day for 7 consecutive days.

Group D (RAPA+Apelin-13 pretreatment group, n=8):
injection with 0.1 mg/kg Apelin-13 and 2 mg/kg autop-
hagy activator rapamycin through the tail vein 1 week
prior to perfusion, once a day for 7 consecutive days.

Construction of the Experimental SCIR
Model

Each healthy male SD rat was given an intraperitoneal injec-
tion with 6% chloral hydrate (6 mL/kg) for anesthesia; after-
wards, each rat was given an intraperitoneal injection with
morphine (5 mg/kg) for analgesia. Then, each animal was
placed on the operating table in the supine position, and
a small animal monitor and heating plate were connected to
maintain the body temperature. An incision was made in the
center of the abdomen, then the abdominal aorta was exposed
and clamped using a non-invasive bulldog clamp at about 1 cm
below the left renal artery and below the right renal artery
branch. The disappearance of abdominal aorta pulsation below
the clamp was confirmed, and the artery clamp was released
after 25 min to initiate perfusion. The palpation of vascular
pulsation in the clamped site suggested successful reperfusion;
then, the wound was closed layer by layer, and erythromycin
ointment was applied outside the wound. During the model
preparation process, arterial blood was collected from the
animal 10 min before clamping and 10 min after reperfusion,
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to detect blood glucose, oxygen partial pressure (Pa0O,), partial
pressure of carbon dioxide (PaCO,), and pH.

Determination of Spinal Cord Water
Content

The water content of spinal cord tissue was determined by the
dry/wet weight method. The spinal cord tissue immediately
after animal sacrifice was measured as the wet weight, while
the weight after drying for 48 h at 100°C was denoted as the
dry weight. The water content was calculated according to
the formula: (1 — dry weight/wet weight)*100%.

Determination of Spinal Cord Infarct

Volume

The spinal cord infarct volume was determined using the
2,3,5-triphenyltetrazolium chloride (TTC) staining method.
In brief, the fresh spinal cord tissues were collected from rats
immediately after they were killed, then frozen and sectioned
into 1 mm slices, followed by TTC staining for 20 min at 37°
C and 4% paraformaldehyde fixation overnight. The infarct
volume was analyzed, calculated using Adobe Systems ana-
lysis software, and expressed as a percentage.

HE Staining

The paraffin-embedded lumbar L2-1.4 spinal cord tissues
were fixed in 4% paraformaldehyde for 48 h, sliced serially
into 5 um sections, and attached onto glass slides pretreated
with polylysine anti-slice escaping agent. The sections were
then subjected to routine deparaffinization, hydration, and
hematoxylin and eosin (HE) staining, in succession.
Morphological changes in the spinal cord tissue were observed
under an optical microscope, and the normal neurons were
counted. According to the method proposed by Liu et al,'' the
neurons were distinguished from glial cells and inflammatory
cells based on neuron size, shape, and Nissl body aggregation.
Cells with multipolar cell bodies, granular cytoplasm, and cell
nuclei containing the nucleoli belonged to neurons, regardless
of the cell size, while those with the typical cell nuclei of
astrocytes, oligodendrocytes, and microglial cells were
excluded (Figure 1). Three sections were selected for each
rat, and 10 high-power fields of view were selected from each
section to count the number of neurons.

Analysis on the Motor Functions of
Model Rats

The motor functional behaviors after recovery from spinal cord
injury were analyzed using the Basso—Beattie-Bresnahan

Figure | Representative picture of neurons by HE staining.
Note: The black arrow points to the normal neurons.

(BBB) Scale formulated by Basso et al'2. This scale is used to
observe the motion and gait of rat limbs in an open site and the
entire observation lasts for 4 min. On this scale, 0 indicates the
minimum score, while 21 represents the highest score. In this
study, the BBB Scale scores before injury, and 1 and 3 days
after surgery, were evaluated by two reviewers blind to the
experiment.

Specimen Collection

On day 3 post-surgery, after the motor functions had been
assessed, the rats were anesthetized again with chloral
hydrate, and then the thoracic cavity was cut open at the
sternum to expose the heart. A perfusion needle was
inserted into the rat aortic root, then 1000 mL NS was
used for perfusion and 500 mL of 10% formalin solution
was used to fix tissues. After perfusion and fixation, the
spinal cord was exposed on the back side, and the spinal
cord tissues at the lumbar enlargement (L2-L4) site were
extracted and divided into two segments: one was fixed in
4% paraformaldehyde and the other was preserved in
liquid nitrogen.

Detection of MDA Content, As Well
As CAT, SOD, GSH-px, NO, and
eNOS Activities in Spinal Cord

Tissue of Each Group

On day 3 after modeling, the spinal cord tissues at lumbar
segment L2-14 were dissected, sufficiently ground, digested,
and centrifuged at 1000 rpm for 10 min to collect the super-
natants. Then, the malonaldehyde (MDA) content, and the
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activities of catalase (CAT), superoxide dismutase (SOD),
glutathione catalase (GSH-px), nitric oxide (NO), and
endothelial nitric oxide synthase (eNOS), were determined
in accordance with the ELISA kit instructions and quantitative
chemistry using the microplate reader.

Detection of Mitochondrial Function

The animals were killed on day 3 after modeling, the
spinal cord tissues were dissected, and the mitochondrial
component was isolated from the spinal cord tissue by
density differential centrifugation. Mitochondrial mem-
brane potential (MMP was determined through 5,5',6,6'-
tetrachloro-1,1',3,3'-tetracthylbenzimidazolcarbocyanine
iodide (JC-1) staining, the production of mitochondrial
reactive oxygen species (ROS) was detected through 2'7°-
dichlorofluorescein diacetate (DCF) staining, while the
mitochondrial ATP content was measured through reverse-
phase high-pressure liquid chromatography.

Expression of Autophagy-Related Proteins
in Spinal Cord Tissues Detected by
Western Blotting

Proteins were extracted from the spinal cord (4°C) using
protein extraction reagent and the protein concentration
was quantified using a BCA protein assay kit according
to the manufacturer’s protocols. The Western blotting
samples were prepared and subjected to sodium dodecyl
sulfate—polyacrylamide gel electrophoresis (SDS-PAGE).
After terminating electrophoresis, the samples were trans-
ferred onto polyvinylidene fluoride (PVDF) membranes at
a constant pressure of 100 V for 1.5 h. Subsequently, the
PVDF membranes were blocked with 5% skim milk in
TBST for 2 h, then corresponding antibodies (Beclinl,
Atg5, and LC3) were added, and membranes were incu-
bated at 4°C overnight. On the following day, the second-
ary antibody was added after membrane washing to
incubate for 1.5 h; afterwards, the membrane was washed
for 10 min four times and exposed to the gel imaging
system. The experiment was repeated three times.

Statistical Methods

SPSS 20.0 software was adopted for statistical analyses.
All continuous variables were expressed as mean+standard
deviation. One-way analysis of variance (ANOVA) was
used to compare the differences in continuous variables
among the four groups. A P-value of <0.05 indicated
statistical significance.

Results
Apelin-13 Had No Effect on Physiological
Indices in Rats Before and After Ischemia

During the spinal cord ischemia process, the differences in
Pa0,, PaCO,, pH, and anal temperature in each group
were not statistically significant, and the anal temperature
during surgery was maintained at 38—-39°C. These results
suggested that Apelin-13 and the autophagy activator rapa-
mycin (RAPA), at the concentrations used in this experi-
ment, had no influence on the blood glucose or blood gas
of the rats (P>0.05, no statistically significant difference)
(Table 1).

Apelin-13 Alleviated Nerve Injury After
SCIR

Spinal tissue water content, infarct volume, and normal
neuron count are the main indices used to assess the
degree of spinal cord tissue injury. On day 3 after sur-
gery, the spinal cord tissue water contents in the sham
operation group, model group, Apelin-13 pretreatment
group, and RAPA+Apelin-13 pretreatment group were
70.14£3.4%, 87.3x1.7%, 74.3£1.2%, and 82.442.8%,
respectively. No infarct lesions were seen in the spinal
cord specimens of the sham operation group, whereas the
spinal cord infarct volumes in the model group, Apelin-
13 pretreatment group, and RAPA+Apelin-13 pretreat-
ment group were 46.8+2.6%, 21.3+3.97%, and 40.2
+3.1%, respectively. Meanwhile, the numbers of normal
neurons in the sham operation group, model group,
Apelin-13 pretreatment group, and RAPA+Apelin-13 pre-
treatment group were 40.142.8, 11.742.4, 36.5+£3.1, and
19.342.4, respectively.

The spinal cord water content in the model group was
higher than that in the sham operation group, and the normal
neuron count was lower than that in the sham operation
group (P<0.05), revealing the success in modeling.
Meanwhile, the spinal cord water content and infarct
volume in the Apelin-13 pretreatment group were lower
than those in the model group (P<0.05), whereas the normal
neuron count was higher than that in the model group
(P<0.05), suggesting that Apelin-13 protected against the
spinal cord injury induced by ischemia reperfusion. At the
same time, the neuron number in the RAPA+Apelin-13
pretreatment group was higher than that in the Apelin-13
pretreatment group (P<0.05) (Figure 2A—C), which demon-
strated that the autophagy activator reversed the protective
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Table | Comparisons of Physiological Indices in SD Rats Before and After Ischemia (X £ sn=8)

Group Group A Group B Group C Group D
At 10 min Before Arterial Occlusion
Blood glucose (mmol/L) 3.84x1.06 4.12+0.79 3.88+0.64 4.02+0.89
PaO, (mmHg) 106.29+7.12 108.44+9.72 109.27£7.21 108.23+5.89
PaCO, (mmHg) 36.33+2.59 40.14+4.72 38.35+4.68 39.72+1.64
pH 7.35+0.06 7.22+0.06 7.44+0.08 7.39£0.07
Anal temperature (°C) 38.71x0.14 38.69+0.28 38.57£0.17 38.62+0.31
Occlusion Period
Blood glucose (mmol/L) 3.57x1.27 3.67+0.84 3.9410.68 3.88+0.72
PaO, (mmHg) 101.27£10.96 102.07+8.64 107.24+7.86 101.34+6.93
PaCO, (mmHg) 33.04+2.84 34.87+2.67 34.20+1.67 34.02x2.11
pH 7.34+0.06 7.35+0.05 7.39+0.04 7.37%0.06
Anal temperature (°C) 38.37+0.27 38.38x0.19 38.40+0.09 38.69+0.42
10 min of Reperfusion
Blood glucose (mmol/L) 3.67+0.67 3.69+0.77 4.18+1.27 3.94+0.86
PaO, (mmHg) 105.13+4.55 106.23+£7.93 100.05+4.93 104.98+3.72
PaCO, (mmHg) 34.21x1.67 34.31x2.67 34.05+2.54 34.18+3.28
pH 7.3610.03 7.37%0.05 7.35+0.06 7.38+0.09
Anal temperature (°C) 38.37x0.18 37.48x0.16 38.65+0.15 38.12+0.47

effect of Apelin-13, revealing that Apelin-13 may exert
spinal cord protection by suppressing autophagy.

Apelin-13 Promoted Motor Function
Recovery in Rats After SCIR

In this study, the BBB Scale was applied to assess the hind
leg function scores in the four groups of rats on days 1 and
3 after surgery, to evaluate the motor function recovery in
rats after SCIR. A score of 21 points indicated the normal
status of the hind leg, while 0 points suggested paralysis.
On day 1 after surgery, the lower limb motion function
score in the model group was apparently lower than that in
the sham operation group (+=23.8, P<0.05), that in Apelin-

13 pretreatment group was higher than that in the model
group (=3.9, P<0.05), and that in the RAPA+Apelin-13
pretreatment group was lower than that in the Apelin-13
pretreatment group (=4.2, P<0.05). On day 3 after sur-
gery, the lower limb motor function scores in the four
groups of rats were higher than those on day 1 (P<0.05);
the score in the model group was lower than that in
the sham operation group (P<0.05), that in the Apelin-13
pretreatment group was higher than that in the model
group (4.9, P<0.05), and the difference was not signifi-
cant compared with the sham operation group (P>0.05).
Meanwhile, that in the RAPA+Apelin-13 pretreatment
group was lower than that in the Apelin-13 pretreatment
group (=5.1, P<0.05) (Table 2, Figure 3).
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Figure 2 Effects of Apelin-13 and RAPA pretreatment alone or in combination on the spinal cord water content (A), infarct volume (B), and normal neuron count (C) in
SCIR rats (n=8). The asterisk (*) indicates a significant difference (P<0.05) between the two groups.
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Table 2 BBB Score (Points) in Each Group (x & sn=8)

Group On Day | After | On Day 3 After
Surgery Surgery

Sham operation group 17.242.4 20.1+1.8

Model group 4.2+].6* 7.8+1.3*%

Apelin-13 pretreatment 12.4£1.9% 19.81.2%

group

RAPA+Apelin-13 6.4+2.1% 9.3+| 8%

pretreatment group

F 12.9 17.3

P 0.013 0.001

Notes: Compared with sham operation group, *P<0.05; compared with model
group, #P<0.05; compared with Apelin-13 pretreatment group, *P<0.05.

Apelin-13 Protected Rats from SCIR By
Resisting the Oxidative Stress (OS)
Response

On day 3 after surgery, the MDA, NO, and eNOS contents in
spinal cord tissues of the model group were remarkably higher
than those in the sham operation group (9.8, =12.8, =11.7,
P<0.05); those in the Apelin-13 pretreatment group were
notably lower than those in the model group (=10.8, =9.5,
=13.6, P<0.05), and those in the RAPA+Apelin-13 pretreat-
ment group were lower than those in the Apelin-13 pretreat-
ment group (9.2, =7.4, t=8.1, P<0.05). The CAT, SOD, and
GSH-px activities in spinal cord tissues of the model group
were evidently lower than those in the sham operation group
(=14.7, =10.8, =12.6, P<0.05); those in the Apelin-13 pre-
treatment group were dramatically higher than those in
the model group (=94, t=12.6, =10.8, P<0.05), and those in
the RAPA+Apelin-13 pretreatment group were lower than

-- 1D
# - 3D

BBB Scores

Group A GroupB GroupC GroupD

Figure 3 Comparisons of hind leg motor functions in four groups of rats on days |
and 3 after SCIR (n=8).

Notes: Compared with sham operation group, *P<0.05; compared with model
group, #p<0.05; compared with Apelin-13 pretreatment group, %P<0.05.

those in the Apelin-13 pretreatment group (=10.2, +=8.5,
=9.4, P<0.05) (Table 3, Figure 4).

Apelin-13 Suppressed Mitochondrial

Injury Resulting from SCIR

Rats in each group were killed 3 days after SCIR, then the
MMP, ROS contents, and mitochondrial ATP levels were
compared to analyze the effects of Apelin-13 on mitochon-
drial injury induced by SCIR. Compared with the sham
operation group, MMP in the model group was markedly
reduced, ROS production increased, while ATP production
was reduced (P<0.05), revealing that the mitochondrial
function in spinal cord tissues of the model group was
severely impaired. The MMP in the Apelin-13 pretreat-
ment group evidently increased, ROS production was
reduced, and the mitochondrial ATP level was maintained
(P<0.05), suggesting that Apelin-13 suppressed the SCIR-
induced mitochondrial injury, while the protective effect of
Apelin-13 on mitochondria was reversed in the RAPA
+Apelin-13 pretreatment group (Figure SA-C).

Apelin-13 Suppressed Autophagy to
Protect Rats from SCIR

On day 3 after modeling, proteins were extracted from the
spinal cord tissues of the four groups, and the expression
of the autophagy-related proteins Beclinl, Atg5, and LC3
was detected through Western blotting. The results sug-
gested that the expression of the three autophagy-related
proteins Beclinl, Atg5 and LC3-II in model group B was
markedly up-regulated, revealing that the autophagy levels
in rats spinal cord tissues were abnormally elevated after
SCIR. Meanwhile, the expression of Beclinl, Atg5, and
LC3-II in the Apelin-13 pretreatment group was lower
than that in the model group, indicating that Apelin-13
pretreatment alleviated the abnormally elevated autophagy
induced by SCIR. In addition, when the expression of
LC3-II in the RAPA+Apelin-13 pretreatment group was
up-regulated, the expression of these three proteins was
markedly down-regulated, revealing that autophagy activa-
tion reversed the protective effect of Apelin-13 (Figure 6A
and B).

Discussion

In clinical practice, patients who have to undergo thoracic
and abdominal aortic surgery as a result of disease are
faced with the major complication of nerve injury induced
by spinal cord ischemia. With the astounding advances in
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Table 3 Expression Levels of OS Factors in Spinal Cord Tissues of four Groups of Rats (¥ &= sn=8)

Group MDA (nmol/L) CAT (U/mg) SOD (U/mg) GSH-px (U/mg) NO (mmol/L) eNOS (ng/L)
Sham operation group 3.4+0.8 9.9+1.7 16.8+1.4 28.6+3.1 42.7+6. 5 16.8%1.5
Model group 12.8+1 4% 3.440.6* 6.540.8 * I1.4+1.5% 139.149.2% 68.943.6*
Apelin-13 pretreatment group 5.9+0.7" 7.3%1.47 12.31.2% 21.3+2.1% 78.5%11.3% 24.5+2.7%
RAPA+Apelin-13 pretreatment group 11.4+2.4% 5.620.7% 8.11.1% 15.242.6% 106.3+19.8% 47.8+3.5%

F 12.7 9.8 21.1 10. 5 15.1 20.6

P 0.018 0. 024 0.005 0. 009 0. 006 0.001

Notes: Compared with sham operation group, *P<0.05; compared with model group, #P<0.05; compared with Apelin-13 pretreatment group, 4P<0.05.

physiology, pathology, and molecular biology over the past
10 years, the causes and processes of spinal cord injury are
being gradually understood. Besides, numerous counter-
measures and drugs have been developed in clinical appli-
cation. This has substantially reduced the incidence rates
of complications such as lower limb paralysis and hemi-
plegia, although they still occur sometimes. To further
understand the pathophysiological changes in spinal cord
ischemia, more reliable and repeatable experiments and
clinical monitoring techniques are required. In this experi-
ment, the SD rat model was selected to simulate the
intraoperative aortic occlusion process and the resultant
spinal cord injury. Using this experimental animal model,
rats underwent transient aortic occlusion for 25 min to
induce the first 30 min of SCIR, and the tail-vein injection
of Apelin-13 protected the spinal cord. The experimental

P<0.05
} P<0.05“_P<0.05|| i

>
w

154

results suggested that Apelin-13 exerted spinal cord pro-
tection, which not only reduced the nerve injury after
SCIR, but also promoted the recovery of motor function
in rats after SCIR, and its mechanism may be related to the
suppression of post-SCIR autophagy.

SCIR results in the increased release of ROS, which
induces OS and inflammatory responses and gives rise to
neuronal apoptosis and autophagy, finally leading to irre-
versible neuronal injury if it is not treated in a timely
manner.”® Research has verified that Apelin-13 has anti-
OS activity; in addition, it protects the ischemic myocar-
dium, protects against cerebral ischemia reperfusion
injury, and promotes smooth muscle cell proliferation.'*
The results of this study demonstrated that the intraperito-
neal injection of Apelin-13 pretreatment markedly

improved the rat lower limb motor function, while the
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Figure 4 Comparison of OS factor expression levels in spinal cord tissues of four groups of rats (n=8).

Notes: (A) MDA; (B) CAT; (C) SOD; (D) GSH-px; (E) NO; (F) eNOS.
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autophagy activator RAPA reversed the protective effect After SCIR, the spinal cord tissues are in high OS status,
of Apelin-13, suggesting that the effect of Apelin-13 on  which results in the release of tremendous amounts of ROS,
SCIR may be related to autophagy. while ROS destroy the polyunsaturated fatty acids in the cell
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membrane, produce lipid peroxide, and thereby injure
tissues and cells. MDA is the metabolic end product of
lipid peroxide, which reflects the ROS content and cell
injury.'” CAT is the enzyme scavenger that replicates and
removes ROS, thus avoiding ROS-induced cell injury.'®
SOD is the primary enzyme of the antioxidase protection
system in the body, which suppresses the production of lipid
peroxide by lipid through a series of biochemical reactions,
thereby preventing cell injury resulting from ROS.'” GSH-
Px is the catalyzing enzyme of H,0, decomposition, and its
activity in liver tissue is an important index that reveals the
ROS scavenging capacity of the liver."® This study detected
the OS indices in four groups of rats on day 3 after SCIR. The
results suggested that, compared with the sham operation
group, the MDA content in the model group increased,
while the activities of CAT, SOD, and GSH-Px were reduced,
indicating that SCIR induced OS in spinal cord tissues.
Meanwhile, the MDA content in the Apelin-13 pretreatment
group was reduced, whereas the activities of CAT, SOD, and
GSH-Px were enhanced, suggesting that Apelin-13 exerted
antioxidative activity and reduced the OS status in spinal
cord tissues. By contrast, RAPA and Apelin-13 pretreatment
offset the antioxidation of Apelin-13, demonstrating that the
activation of autophagy by the autophagy activator RAPA
reversed the antioxidation of Apelin-13. NO and eNOS are
extremely important physiological molecular signals, which
participate in regulating numerous physiopathological pro-
cesses, and their abnormal expression frequently induces
vascular lesions.'” This study discovered that, on day 3
after SCIR, the levels of NO and eNOS in the model group
were apparently higher than those in the sham operation
group, while those in the Apelin-13 pretreatment group
were markedly lower than those in the model group and
evidently higher than those in the sham operation group,
and those in the RAPA+Apelin-13 pretreatment group were
remarkably higher than those in the Apelin-13 group.
According to these findings, Apelin-13 showed anti-OS
activity, which protected against SCIR-induced OS injury.
Apelin-13 is a physiologically bioactive peptide molecule
that possesses favorable biocompatibility. Based on previous
studies, Apelin-13 has multiple pharmacological activities,
such as promoting vascular activity and protecting the nervous
system, exerting a protective effect during the process of
ischemia reperfusion injury in various organs.”*?' This study
discovered, based on the SCIR model, that Apelin-13 pretreat-
ment reduced the spinal cord water content, decreased the
infarct volume, and lessened neuron death in model rats.
These findings are similar to research results from other

ischemia reperfusion organs, suggesting that Apelin-13 pro-
tected against the organ injury induced by ischemia
reperfusion.”**>

The mitochondrion is the site for ATP synthesis, while
ATP provides the energy source for cellular activities, and
is synthesized through the mitochondrial respiratory chain-
mediated redox reaction. Consequently, numerous dis-
eases, including SCIR, are related to abnormal ATP synth-
esis resulting from mitochondrial dysfunction.”* As
discovered in previous studies, dysfunction of the mito-
chondrial respiratory chain complex at the time of ische-
mia usually results in impaired MMP, which leads to
increased release of ROS and aggravates cell damage.”
Our results suggested that, compared with the sham opera-
tion group, MMP in spinal cord tissues of the model group
was destroyed, ROS production increased, and ATP synth-
esis was reduced, while mitochondrial function destruction
in the Apelin-13 pretreatment group was markedly alle-
viated, revealing that the effect of Apelin-13 in protecting
spinal cord tissues from SCIR was related to the protection
of mitochondrial function.

The autophagy phenomenon is considered as an intracel-
lular catabolic and degradation mechanism for abnormal cell
contents in cells under energy crisis through the autophago-
some-lysosome pathway. This mechanism contributes toward
maintaining cellular homeostasis, and is related to cell autop-
hagic death, also known as programmed cell death. Existing
studies have proved that, in the case of organ ischemia reperfu-
sion, the autophagy phenomenon abnormally increases.
Takaesu et al suggested that autophagy at a reasonable level
scavenges the pathological organelles in cells, and facilitates
the maintenance of cell survival, but abnormally increased
autophagy may result in cell death.”® The role of autophagy
in the ischemia reperfusion process has attracted increasing
attention from scholars. Gurusamy et al, in their research on
myocardial ischemia reperfusion injury, indicated that, after
ischemia and reperfusion, the expression of autophagy-related
proteins LC3-IT and ATG5 was remarkably up-regulated.?’
This study also adopted the Western blotting assay to detect
the expression of autophagy-related proteins Beclinl, Atg5,
and LC3 in spinal cord tissues of four groups of rats. The
results revealed that the expression of these three autophagy-
related proteins in spinal cord tissues of the model group was
evidently up-regulated, while it was markedly lower in
the Apelin-13 pretreatment group than in the model group,
and that in the RAPA+Apelin-13 pretreatment group was
lower than that in the Apelin-13 pretreatment group. Such
research results further verified that, at the time of ischemia
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reperfusion injury, the autophagy level in spinal cord tissues
was abnormally elevated, while Apelin-13 suppressed autop-
hagy to protect against SCIR, and the autophagy activator
antagonized the protective activity of Apelin-13.

Conclusion

To sum up, this study constructs an SCIR model and dis-
covers that the autophagy level in spinal cord tissues abnor-
mally increases after SCIR, while Apelin-13 pretreatment
suppresses the expression of the autophagy-related proteins
LC3-II, Beclinl, and ATGS5. These results indicate that
Apelin-13 exerts a protective effect on SCIR by suppressing
autophagy, while the addition of an autophagy activator
antagonizes the protective effect of Apelin-13, further prov-
ing that Apelin-13 offers protection from SCIR by inhibit-
ing autophagy. In conclusion, the animal experiment
presented in this study verifies that Apelin-13 pretreatment
confers protection from SCIR, and its mechanism of action
is related to the suppression of autophagy. This study has
provided new ways of thinking and new clues for develop-
ing therapeutics to reduce perioperative SCIR.
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