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Abstract
Background: Several evidences suggested that the protective effect of hypothermia on brain injury is
related to the inhibition of apoptosis and depends on the onset time of hypothermia and the degree of
brain maturation. We performed many experiments aimed to comprehensively explore the biological
functions of moderate low temperature protects the ischemic brain injury in a mouse and its underlying
mechanism.

Methods: 12 normal healthy C57BL6 mouse were selected, and moderate low temperature model mouse
were selected. The biological functions of moderate low temperature protect the ischemic brain injury in a
mouse and its underlying mechanism were performed to explore.

Results: Based on our results, we found that moderate hypothermia brain protection could alleviate
cerebral injury caused by ischemia reperfusion in mouse. Hypothermic brain protection reduced the level
of oxidative stress induced by ischemia reperfusion in mouse. Meso-hypothermic cerebral protection
could inhibit excessive mitochondrial autophagy induced by ischemia reperfusion in mouse. Medium-low
temperature brain protection could activate SIRT1 and inhibit FOXO1/PINK1/Parkin pathway. Activation
of SIRT1 in the hypoxia/reoxygenation model of hippocampal neurons could inhibit autophagy and
oxidative stress by inhibiting the FOXO1/PINK1/Parkin pathway.

Conclusions : Moderate low temperature protects the ischemic brain injury by activating SIRT1 through
inhibition of FOXO1/PINK1/Parkin axis mediated mitophagy in a mouse.

Highlights
1. Moderate low temperature can protect the ischemic brain injury in a mouse.

2. Moderate low temperature protects the ischemic brain injury by activating SIRT1 in a mouse.

3. Moderate low temperature protects the ischemic brain injury by activating SIRT1 through inhibition
of FOXO1/PINK1/Parkin axis in a mouse.

4. Moderate low temperature protects the ischemic brain injury by activating SIRT1 through inhibition
of FOXO1/PINK1/Parkin axis mediated mitophagy in a mouse.

Introduction
Ischemic cerebrovascular disease is a serious threat to human health disease, mortality and morbidity are
higher, with the speeding up of the social population aging speed, incidence is rising year by year [1].
Ischemic cerebrovascular disease is associated with cerebral artery stenosis and atherosclerosis.
Percutaneous endovascular stenting and carotid stent implantation are often used to restore the blood
�ow at the ischemic site clinically [2]. In addition to brain tissue, ischemia reperfusion injury can also
occur in the heart, kidney and other parts, seriously affecting the therapeutic effect of surgery, so reducing
ischemia reperfusion injury is the current urgent treatment of ischemic cerebrovascular disease [3, 4]. 
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The pathogenesis of ischemic cerebrovascular disease is complex, it is not clear, which is mainly related
to the following factors: genetics susceptible factors, glycosylation end products accumulation,
in�ammatory response and in�ammatory factors [5, 6]. Studies have proved that in ischemic
cerebrovascular disease, form and function of mitochondria [7]. Abnormalities, mitochondrial swelling
and degeneration including spine fracture, disappearance, vacuolation and mitochondrial dynamics
changes [7]. Therefore, many research centers at home and abroad are now carrying out studies on the
role of mitochondria in the pathogenesis of ischemic cerebrovascular disease [8].

Autophagy refers to the process in which cells become autophagosomes by encapsulating aging
organelles and abnormal proteins in the cell through the double-layer membrane structure, and then fuse
with lysosomes to degrade their contents [9-11]. Under normal circumstances, cells through autophagy
can not only form amino acids, nucleotides and other substances for energy circulation through
degradation, but also clear damaged or aging organelles and their metabolites in the cytoplasm [12].
Autophagy is divided into non-selective autophagy and selective autophagy. Abnormal autophagy in the
body may lead to the generation and development of renal disease [13].

Silencing information regulatory factor-related Sirts are NAD+ dependent deacetylases, which plays a role
in cell survival and apoptosis through deacetylation [14]. Sirt1 is a silencing information regulator 1,
which is present in most nuclei and tissues of the eye cytoplasmic expression in the cornea, iris, lens, and
retina [15]. The occurrence and development of various disease are being explored, such as diabetic
keratopathy, cataract, uveitis, neuropathy, and degenerative diseases of the retina [16]. It has been
con�rmed that Sirt1 expression is inhibited in the cornea of diabetic mice, while Sirt1 expression is
overexpressed, and it signi�cantly promoted the healing ability of corneal epithelium after injury [17, 18].
Mitochondrial oxidative stress is re�ected in the fact that Sirt1 can reduce the relevant acetyl in
mitochondria [19]. The downstream target of Sirt1 is Parkin, a factor related to mitochondrial autophagy
[20]. Parkin is E3 ubiquitin ligase, PINK1 is serine/threonine kinase, located in the upstream of Parkin [21].
The signaling pathway Sirt1/ sirt1-foxo1/pink1-parkin is involved in the regulation of mitochondrial
autophagy [22]. According to the possible role of Sirt1 in mitochondrial autophagy and the FOXO1/ pink1-
parkin pathway it regulates Sirt1 on the level of mitochondrial autophagy, combined with the
characteristics of ischemic cerebrovascular disease [23], we hypothesized that Sirt1 has an effect on
ischemic cerebrovascular disease has the therapeutic effect of promoting injury healing. To test this
hypothesis, we applied in vitro �neness cell culture technique and establishment of ischemic
cerebrovascular disease model in mouse to study the signal pathway Sirt1/FOXO1/ pink1-parkin
mediated mitochondrial autophagy in ischemic cerebrovascular disease. This result has important
signi�cance: on the one hand to improve the d ischemic cerebrovascular disease pathogenesis; On the
other hand, it provides a new intervention way for the treatment of ischemic cerebrovascular disease.

Materials And Methods
Animals
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Male C57BL/6 mouse were anesthetized by intraperitoneal injection of chloral hydrate (353 mg/kg) with
using the doppler excitation photo �owmeter monitors cerebral blood �ow in cerebral cortex supplied by
middle cerebral artery (MCA). The head was �xed on the animal skull, at the position of 2 mm after the
anterior halogen, 6 mm to the right of the midline. Short focal cerebral ischemia, cerebral artery occlusion
(MCAO) induction. The speci�c procedure was as follows: the common carotid artery was exposed and
separated on the supine position of mice, the distal end was ligated, the proximal end was clamped with
hemostatic forceps, a small incision was made with microsurgical scissors, and a 6-0 nylon
mono�lament suture was inserted into the internal cervical movement pulse 10 mm to block MCA source.
After 60 min of ischemia, the single thread was removed to complete the reperfusion. The body
temperature of the animals was maintained at 37 oC by a heating lamp (FHC, Bowdoinham) at the middle
and 2 h after the start of reperfusion. At the beginning of reperfusion, 7 was injected into the lateral
ventricle of mouse. In order to determine the volume of cerebral infarction, mouse was anesthetized 24 h
after surgery, and their heads were severed TTC staining was performed on coronal sections. The
calculation formula of infarct volume percentage was: (The unstemmed areas on the left - right
unstemmed area)/left unstemmed area*100%. The experiment was divided into three groups: control
(sham operation), model group, medium-low temperature protection group [24].

In the present study, neurological function score and cerebral infarction volume measurement were used
to detect ischemia reperfusion injury in mouse. The expressions of oxidative stress related factors (ROS,
MDA, SOD, GSH-px) in mouse were detected. Western blot was used to detect the expression of
autophagy marker lc3-II/I in mouse of the three groups, and to observe and detect the autophagy status
of mitochondria in brain tissues by electron microscopy. Mouse were treated with SIRT1 inhibitor
(Sirtinol) and divided into control group (sham operation), model group, medium-low temperature
protection group, medium-low temperature protection + Sirtinol. WB and PCR expression of SIRT1, FOXO1
and PINK1/Parkin related proteins, autophagy lc3-II /I proteins, oxidative stress and cerebral infarction
volume in the brain tissues of mice in each group.

Cell

A hypoxia/reoxygenation model was established using mouse hippocampal neuron cell HT22 cell line to
simulate ischemia reperfusion injury. Group 1) control; 2) model; 3) model +SIRT1; 4) model + SIRT1 +
FOXO1. Transfection of SIRT1 and FOXO1 and expression of SIRT1, FOXO1 and PINK1/Parkin related
proteins were detected in each group. The expressions of oxidative stress related factors and autophagy
lc3-II/I protein in each group were detected. 

TTC staining

In this study, TTC staining was used to measure the volume of cerebral infarction. 4% chloral hydrate
anesthesia (100 mg/kg), quickly remove brain, remove the olfactory bulb and hindbrain, taking four
starting frontopolar coronary slices, about 1.5 mm thick, immediately put 2% TTC solution (0.01 M
phosphate buffer preparation pH7.4 slightly), 37 ℃ avoid light incubation for 30 min. Then soak and �x
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with 10% paraformaldehyde solution. Infarcted areas appear white and non-infarcted areas appear red.
Champion Image hpias-1000 high-resolution color pathological Image and text report analysis system
was applied to measure the area of cerebral infarction in each area, and the infarct volume was
calculated according to the formula V= t (A1+… An) - (A1+ An) t/2.Where t is the slice thickness and A is
the infarct area [25].

Expression detection of oxidative stress related factors

Levels of oxidative stress related factors were measured using ELISA kit (Cyman system) according to
the instruction manual.

Western blotting

Samples were prepared by lysis with proteinase inhibitor. The protein was quanti�ed by BCA kit (Pierce
Biotechnology, IL). Each sample were separated by 15% SDS-PAGE, and the membranes were incubated
for 12 h at 4°C with antibodies, and then incubated with goat-anti-mouse IgG (Santa Cruz Biotechnology
USA). The signals were detected with ECL reagents. 

Real-time reverse transcription-polymerase chain reaction

Total RNA was extracted using TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA, USA)
according to the manufacturer's instructions. The concentration of RNA was measured using a
NanoDrop-1000 (Thermo Fisher Scienti�c, Waltham, MA, USA), and RNA integrity was determined by 1.5%
agarose gel electrophoresis. cDNA synthesis was performed according to the manufacturer's
recommendation. Brie�y, RNA was reverse-transcribed (RT) using a ReverAid First Strand cDNA kit
(Thermo Fisher Scienti�c). Under our experimental conditions, we used β-actin as an internal control for
normalizing the expression levels of mRNA. cDNA products were then diluted at 20X, and the 10-μl PCR
mixture contained 1 μl diluted RT product, 5 μl SYBR-Green Master Mix, 2 μl RNase-free water, 1 μl
forward, and 1 μl reverse primers. The reaction was incubated at 95˚C for 10 min followed by 40 cycles of
95˚C for 15 sec and 65˚C for 60 sec. The relative mRNAs expression was calculated using the 2-ΔΔCt

method.

Electron microscopy observation

Placed the para�n tissue section in room temperature 20 min, the tissue sections were soaked in xylene
for 10 min, and then soaked for 10 min after replacing xylene, soak in anhydrous ethanol for 5 min,
immerse in 95% ethanol for 5 min, soak in 70% ethanol for 5 min. Boiling hot �x, electric or water bath pot
heating 0.01 M sodium citrate buffer (pH6.0), in a tissue section heating 10-15 min. Transparent at room
temperature for 15 min in transparent solution. The slices were placed in the sealing solution, sealed at
room temperature and away from light for 30 min, and the excess liquid was thrown away. Observed the
results under the electron microscopy and take photos.

Cell transfection
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mimics and negative control oligonucleotides were synthesized by GenePharma Co., Ltd. (Shanghai,
China). Cell transfection was performed using Lipofectamine 2000 reagents (Invitrogen Life
Technologies) according to the manufacturer's protocol. Twenty-four hours after transfection, cells were
collected for RT-PCR, Western blot analysis and functional assay.

Statistical analysis

Results were performed using SPSS 19.0, and presented as the mean ± SD from three independent
experiments. A value of P < 0.05 was considered to indicate a statistically signi�cant difference.

Results
Moderate hypothermia brain protection could alleviate cerebral injury caused by ischemia reperfusion in
mouse

Neurological function score and cerebral infarction volume measurement were used to detect ischemia
reperfusion injury in mouse from control (sham operation), model group and medium-low temperature
protection group (Fig. 1). Moderate hypothermia brain protection could alleviate cerebral injury caused by
ischemia reperfusion in mouse.

Hypothermic brain protection reduced the level of oxidative stress induced by ischemia reperfusion in
mouse

The expressions of oxidative stress related factors (ROS, MDA, SOD, GSH-px) in mouse from control
(sham operation), model group and medium-low temperature protection group were detected (Fig.2).
Hypothermic brain protection reduced the level of oxidative stress induced by ischemia reperfusion in
mouse.

Meso-hypothermic cerebral protection could inhibit excessive mitochondrial autophagy induced by
ischemia reperfusion in mouse

Western blot was used to detect the expression of autophagy marker lc3-II /I in mouse of the three
groups, and to observe and detect the autophagy status of mitochondria in brain tissues by electron
microscopy (Fig.3). Meso-hypothermic cerebral protection could inhibit excessive mitochondrial
autophagy induced by ischemia reperfusion in mouse.

Medium-low temperature brain protection could activate SIRT1 and inhibit FOXO1/PINK1/Parkin pathway

The expression of SIRT1, FOXO1 and PINK1/Parkin related proteins, autophagy lc3-II /I proteins, oxidative
stress and cerebral infarction volume in the brain tissues of mouse from control (sham operation), model
group, medium-low temperature protection group, medium-low temperature protection + Sirtinol were
detected (Fig.4).  Based on the results, medium-low temperature brain protection could activate SIRT1
and inhibit FOXO1/PINK1/Parkin pathway
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Activation of SIRT1 in the hypoxia/reoxygenation model of hippocampal neurons could inhibit autophagy
and oxidative stress by inhibiting the FOXO1/PINK1/Parkin pathway

Transfection of SIRT1 and FOXO1 and expression of SIRT1, FOXO1 and PINK1/Parkin related proteins
were detected in each group (Fig.5). The expressions of oxidative stress related factors and autophagy
lc3-ii /I protein in each group were detected (Fig.5). Activation of SIRT1 in the hypoxia/reoxygenation
model of hippocampal neurons could inhibit autophagy and oxidative stress by inhibiting the
FOXO1/PINK1/Parkin pathway.

Discussion
Ischemic cerebrovascular disease is a serious threat with the speeding up of the social population aging
speed. Ischemic cerebrovascular disease is associated with cerebral artery stenosis and atherosclerosis
[1-4]. Ischemia reperfusion injury can also occur in the heart, kidney and other parts, seriously affecting
the therapeutic effect of surgery. The pathogenesis of ischemic cerebrovascular disease is complex,
which is mainly related to the following factors: genetics susceptible factors, glycosylation end products
accumulation, in�ammatory response and in�ammatory factors [2-9]. Many research centers at home
and abroad are now carrying out studies on the role of mitochondria in the pathogenesis of ischemic
cerebrovascular disease [11-15].

Abnormal autophagy in the body may lead to the generation and development of renal disease. Currently,
studies have found that cisplatin induced acute kidney injury and renal ischemia in the model. In the
reperfusion injury model, autophagy is enhanced, which plays a role in kidney protection. Autophagy has
also been shown to be associated with kidney aging. Sirts play a role in cell survival and apoptosis
through deacetylation. Sirt1 is present in most nuclei and tissues of the eye cytoplasmic expression in the
cornea, iris, lens, and retina [26]. 

The signaling pathway Sirt1/ sirt1-foxo1/pink1-parkin is involved in the regulation of mitochondrial
autophagy. According to the possible role of Sirt1 in mitochondrial autophagy and the FOXO1/ pink1-
parkin pathway it regulates Sirt1 on the level of mitochondrial autophagy. In this study, we applied in vitro
�neness cell culture technique and establishment of ischemic cerebrovascular disease model in mouse to
study the signal pathway Sirt1/FOXO1/ pink1-parkin mediated mitochondrial autophagy in ischemic
cerebrovascular disease [27-30]. Based on our results, we found that moderate hypothermia brain
protection could alleviate cerebral injury caused by ischemia reperfusion in mouse. Hypothermic brain
protection reduced the level of oxidative stress induced by ischemia reperfusion in mouse. Meso-
hypothermic cerebral protection could inhibit excessive mitochondrial autophagy induced by ischemia
reperfusion in mouse. Medium-low temperature brain protection could activate SIRT1 and inhibit
FOXO1/PINK1/Parkin pathway. Activation of SIRT1 in the hypoxia/reoxygenation model of hippocampal
neurons could inhibit autophagy and oxidative stress by inhibiting the FOXO1/PINK1/Parkin pathway.

Conclusion
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In summary, moderate low temperature protects the ischemic brain injury by activating SIRT1 through
inhibition of FOXO1/PINK1/Parkin axis mediated mitophagy in a mouse. These results have important
signi�cance: on the one hand to improve the d ischemic cerebrovascular disease pathogenesis; On the
other hand, it provides a new intervention way for the treatment of ischemic cerebrovascular disease. 
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Figures

Figure 2

Moderate hypothermia brain protection could alleviate cerebral injury caused by ischemia reperfusion in
mouse
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Figure 4

Hypothermic brain protection reduced the level of oxidative stress induced by ischemia reperfusion in
mouse
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Figure 5

Meso-hypothermic cerebral protection could inhibit excessive mitochondrial autophagy induced by
ischemia reperfusion in mouse

Figure 7

Medium-low temperature brain protection could activate SIRT1 and inhibit FOXO1/PINK1/Parkin pathway
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Figure 10

Activation of SIRT1 in the hypoxia/reoxygenation model of hippocampal neurons could inhibit autophagy
and oxidative stress by inhibiting the FOXO1/PINK1/Parkin pathway


