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Effects of mild hypothermia on the ROS and expression
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BACKGROUND: Cardiac arrest (CA) is a common and serious event in emergency medicine. 

Despite recent improvements in resuscitation techniques, the survival rate of patients with CA is 

unchanged. The present study was undertaken to observe the effect of mild hypothermia (MH) on the 

reactive oxygen species (ROS) and the effect of neurological function and related mechanisms.

METHODS: Sixty-five healthy male Sprague Dawley (SD) adult rats were randomly (random 

number) divided into 2 groups: blank control group (n=5) and CPR group (n=60). CA was induced by 

asphyxia. The surviving rats were randomly (random number) divided into two groups: normothermia 

CPR group (NT) and hypothermia CPR group (HT). Normothermia of 37 °C was maintained in the 

NT group after return of spontaneous circulation (ROSC), hypothermal intervention of 32 °C was 

carried out in the HT group for 4 hours immediately after ROSC. Both the NT and HT groups were 

then randomly divided into 2 subgroups 12 hours and 24 hours after ROSC (NT-12, NT-24, HT-12, 

HT-24 subgroups). During observation, the neurological defi cit scores (NDSs) was recorded, then the 

bilateral hippocampi were obtained from rats' head, and monoplast suspension of fresh hippocampus 

tissue was made immediately to determine the level of intracellular ROS by flow cytometry. 

Transmission electron microscope was used to observe the ultramicro changes of cellular nucleus and 

mitochondria. Reverse transcription-polymerase chain reaction (RT-PCR) was used to determine the 

expression of caspase-3 mRNA, and western-blotting (WB) was used to determine the level of LC3 

in frozen hippocampus tissue. Measured data were analyzed with paired sample t test and One-Way 

ANOVA.

RESULTS: Of 60 rats with CA, 44 (73%) were successfully resuscitated and 33 (55%) survived 

until the end of the experiment. The NDSs of rats in the NT and HT groups were more signifi cantly 

reduced than those in the BC group (F=8.107, P<0.05), whereas the NDSs of rats in the HT-12 

and HT-24 subgroups were significantly increased in comparison with those NDSs of rats in the 

NT-12 and NT-24 subgroups, respectively (t=9.692, P<0.001; t=14.374, P<0.001). The ROS in 

hippocampus nerve cells in the NT and HT groups signifi cantly increased compared to the BC group 

(F=16.824, P<0.05), whereas the ROS in the HT-12 and HT-24 subgroups significantly reduced 

compared with that ROS in the NT-12 and NT-24 subgroups, respectively (t=9.836, P<0.001; 

t=7.499, P<0.001). The expression of caspase-3 mRNA in hippocampus nerve cells in the NT and 

HT groups were signifi cantly increased compared to the BC group (F=24.527, P<0.05), whereas the 

expression of caspase-3 mRNA in rats of the HT-12 and HT-24 subgroups was signifi cantly reduced 

compared to the NT-12 and NT-24 subgroups, respectively (t=6.935, P<0.001; t=4.317, P<0.001). 

The expression of LC3B-II/I in hippocampus nerve cells of rats in the NT and HT groups signifi cantly 
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increased compared to the BC group (F=6.584, P<0.05), whereas the expression of LC3B-II/I in 

rats of the HT-12 and HT-24 subgroups significantly reduced compared to the NT-12 and NT-24 

subgroups, respectively (t=10.836, P<0.001; t=2.653, P=0.02). Ultrastructure damage of nucleus and 

mitochondria in the NT group was more evident than in the BC group, and eumorphism of nucleus 

and mitochondria were maintained in rats of the HT group compared with the NT group.

CONCLUSION: Mild hypothermia lessened the injury of nerve cells and improved the 

neurological function of rats that survived from cardiac arrest by reducing the ROS production of 

nerve cells and inhibiting the expression of caspase-3 mRNA and LC3, leading to cellular apoptosis 

and massive autophagy in rats that survived from cardiac arrest after CPR.
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Caspase-3; LC3; Autophagy
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INTRODUCTION
Cardiac arrest (CA) is a common and serious event 

in emergency medicine. Despite recent improvements 

in resuscitation techniques, the survival rate of patients 

with CA is unchanged. Following return of spontaneous 

circulation (ROSC), manifestations of poor neurological 

outcomes are closely linked to high post-resuscitation 

mortality and poor quality of life.
[1]

 Studies
[1–3]

 have 

revealed that apoptosis is the main pathophysiological 

process of the dysfunction of nerve cells in survived 

patients with CA. Hence, how to prevent and control 

the occurrence and development of apoptosis of cranial 

nerve cells after CA is one of the important measures to 

reduce nerve dysfunction.
[2]

 The occurrence of nerve cells 

apoptosis after ischemia and hypoxia is closely related 

to the degree of cell autophagy,
[3]

 but the relationship 

between autophagy and apoptosis and its regulating 

mechanism remain unclear. In the present study, we 

utilized a rat model of asphyxial CA to observe the effect 

of mild hypothermia (MH) on the quantity of reactive 

oxygen species (ROS) in rat hippocampal neurons after 

cardiopulmonary resuscitation (CPR) and the effect of 

neurological function and related mechanisms.

METHODS
Animal grouping

In this study, 65 male Sprague-Dawley rats (Shanghai 

Slac Laboratory Animal Co. Ltd, Shanghai, China), aged 

16–18 weeks and weighing 450±45 g, were randomly 

divided into two groups: blank control group (BC, n=5) 

and CPR group (n=60). The rats of the BC group were 

only anesthetized with an intraperitoneal injection of 

chloral hydrate, and after endotracheal intubation, two 

trocars were placed into the left femoral artery and right 

femoral vein. After evaluation for neurologic defi cit scores 

(NDS), the rats were euthanized and the hippocampus 

tissue was obtained. The rats of the CPR group were 

anesthetized with chloral hydrate and then the rat model 

of asphyxial CA was replicated (detailed in model 

manufacture). Immediately after ROSC, the rats were 

randomly divided into two groups again: normothermia 

CPR group (NT) and hypothermia CPR group (HT). 

The NT rats after ROSC were maintained at a body 

temperature of 37.0 °C, the HT rats after ROSC were 

actively cooled to a target body temperature of 32 °C, 

maintained at this temperature for 4 hours, then re-warmed 

slowly to normal temperature at a velocity of 0.5 °C/h. 

The rats in the CPR group were further divided into two 

subgroups based on the time of euthanasia, either 12 or 24 

hours after ROSC (NT-12, HT-12, NT-24, HT-24).

Model manufacture and neurologic defi cit 

scores (NDSs)
The model was established according to the method 

of Idris.
[4]

 The rats of the CPR group were anesthetized 

with an intraperitoneal injection of 3.6% chloral hydrate 

(10 mL/kg) and then placed on a temperature-controlled 

carpet (RWD Life Science Co., Ltd, Shenzhen, China). 

After endotracheal intubation, two 24 G trocars were 

placed into the left femoral artery and right femoral vein 

of the rat, respectively. Sandard lead II electrocardiogram 

surface electrodes were used to monitor heart rhythm 

and respiration, a temperature sensor was placed rectally 

to monitor core temperature, and a heparin sodium fi lled 

catheter was connected to the left femoral artery to 



www.wjem.org

300 World J Emerg Med, Vol 5, No 4, 2014Lu et al

monitor arterial blood pressure (ZhengHua Biological 

Instrument Equipment Co., LTD, Huaibei, Anhui, 

China). After operation, the rats were ventilated with a 

volume-controlled ventilator (A-CPR-IIC, Institute of 

Cardiopulmonary Cerebral Resuscitation, Guangdong, 

China), with a tidal volume of 6 mL/kg, a fraction 

of inspiration oxygen (FiO2) of 100% 1 minute, then 

21% 4 minutes, and a ventilation rate of 100 breaths/

min. Asphyxia was induced by shutting the ventilator 

and clipping the endotracheal catheter. Onset of CA 

was denoted as the time where systolic arterial blood 

pressure was less than or equal to 25 mmHg. After the 

straight line of ECG appeared, animal CPR was initiated 

using endotracheal ventilation with 100% oxygen at 

50 breaths/min. Mechanical chest compressions at 

250 times/min at a depth of compression one-third of 

the rat's anteroposterior diameter of the chest were 

performed with an animal cardiopulmonary resuscitator 

(A-CPR-IIC, Institute of Cardiopulmonary Cerebral 

Resuscitation, Guangdong, China). After 10 seconds 

of CPR, epinephrine (0.01 mg/kg) was injected via the 

right femoral vein. ROSC was defi ned by the presence of 

an autonomic cardiac rhythm and a mean arterial blood 

pressure greater than 60 mmHg, which was maintained 

more than 10 minutes.
[4]

 The rectal temperature of rats 

of the CPR group was maintained at 37±0.5 °C before 

and during CPR. The rats of the HT group were actively 

cooled to a target body temperature of 32 °C, maintained 

at this temperature for 4 hours, then slowly re-warmed 

to 37.0 °C at a velocity of 0.5 °C/h. After evaluation for 

NDS according to the methods of Geocadin et al
[5]

 at 12 

or 24 hours after ROSC, the rats were anesthetized and 

euthanized to obtain the hippocampus tissue.

Sampling methods
Arterial blood gas analysis was performed before 

asphyxia, after 0.5 and 4 hours of ROSC from the 

femoral artery (added with the same amount of normal 

saline). The rats after ROSC accepted 5% GNS lavage 

(10 mL/kg, q6h). The NDS of rats was evaluated at 

corresponding observation time, and then the rats were 

euthanized by the intracardiac injection of 10% Kcl 2 

mL under anesthesia. After sternal incision, separation 

of the pericardium and exposure of the heart, a needle 

was inserted into the aorta through the left ventricle. The 

right auricle was cut, and 250 mL 4 °C normal saline was 

perfused through the heart rapidly till the effl uent of the 

right room was limpid, the brain was removed quickly, 

and the bilateral hippocampus was separated. About 

2/3 of the left hippocampus was grinded to produce 

monoplast suspension on the ice, and the remaining 1/3 

was used for electron microscope observation. The right 

side of the hippocampus was stored at –80 °C, which 

was used for the determination of caspase-3 mRNA and 

LC3B expression.

Quantity of ROS determined by flow cytometry
2/3 of the left hippocampus was homogenated 10 

times in a glass of cold PBS on ice, fi ltered by a 300 mesh 

nylon filter. The filtrate was centrifuged at 600×g and 4 

°C for 5 minutes, the supernatant was discarded, and the 

sediment was re-suspended with cold PBS repeatedly. 

The above operation was repeated three times, and 

finally the sediment was suspended with cold PBS. The 

monoplast suspension was loaded by DCFH-DA probes 

according to the concentration of 1:1000 with the active 

oxygen detection kit (Item No: S0033, Beyotime Institute 

of Biotechnology, Jiangsu, China). The monoplast was 

washed three times by PBS after 20 minutes of incubation 

at 37 °C, and finally the DCF fluorescence intensity 

of 100 000 single cell was analyzed by flow cytometry 

instrument (Model: FACSCalibur, BD company, USA).

Determination of caspase-3 mRNA expression
RT-PCR method was used to extract RNA with 

Trizol (batch number: 120 805, GIBCO Company, 

USA), reverse-transcribed mRNA to cDNA, amplified 

cDNA with PCR amplifi cation (model: 9700, Biological 

Systems China). The synthesis of primers was provided 

by Shanghai Invitrogen Agent, caspase-3 primer: 

upstream 5'-GCA CTG GAA TGT CAG CTC GCA-

3', and downstream 5'-GCC ACC TTC CGG TTA 

ACA CGA-3', 559 bp. β-actin primers were as follows: 

upstream 5'-CAT CTC TTG CTC GAA GTC CA-3', 

downstream 5'-ATC ATG TTT GAG ACC TTC AAC 

A-3', 300 bp. Reaction conditions were as follows: 

94 °C modification 5 minutes; 94 °C modification 30 

seconds, 30 seconds 50 °C annealing, extension 72 °C 

for 30 seconds, a total of 30 cycles. The last extension 

of 72 °C was 7 minutes. Amplification products were 

electrophorased by an electrophoresis apparatus, and 

the separated stripes were recorded by radiography after 

electrophoresis, and Vilber gel imaging analysis system 

(Type: Type T2A, France Lourmat company) was used to 

scan absorbance. The stripe to β-actin ratio was deemed 

as the relative expression of caspase-3 mRNA.

Western blot analysis of LC3B
Western blot was used to extract protein with RIPA 

(middle) (batch number: P0013C, Beyotime Institute of 
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Biotechnology, Jiangsu, China). Protein concentration 

was determined using the bicinchoninic acid (BCA) 

assay kit (Beyotime Institute of Biotechnology, Jiangsu, 

China). Proteins were resolved on a 6% or 12% SDS-

polyacrylamide gel electrophoresis (SDS-PAGE) 

and transferred to polyvinylidene difluoride (PVDF) 

membrane. They were incubated at 4 °C overnight with 

primary antibodies, including rabbit polyclonal anti-

LC3B (1:1 000; Abcam, Cambridge, MA, USA), and 

mouse polyclonal anti-glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH, 1:800; Sigma-Aldrich, St. 

Louis, MO, USA). Membranes were incubated at room 

temperature for 1 hour with secondary antibodies, 

including goat anti-rabbit IgG (1:3 000; Beyotime 

Institute of Biotechnology) and rabbit anti-mouse 

IgG (1:4 000; Sigma-Aldrich). Optical density of the 

immunoreactive bands was calculated by Quantity One 

1-D analysis software (Bio-Rad Laboratories, Inc., 

Hercules, CA, USA). LC3B-II and LC3B-I levels were 

normalized to GAPDH, and the level of intracellular 

autophagy was defi ned as the ratio of LC3B-II/I.

Electron microscopy (EM)
Approximately 1 mm thick sections of the hippocampus 

were sliced on ice and fi xed overnight at 4 °C with 2.5% 

(v/v) glutaraldehyde, postfixed with 1% (v/v) osmic 

acid for 1 hour, and dehydrated and embedded with 

acetone and embedding medium. Ultra-thin sections 

(approximately 40–50 nm) were cut, stained with 

2.0% (w/v) lead citrate, and blindly evaluated with 

regard to treatment condition with a HITACHI H-600 

transmission electron microscope (Hitachi Scientific 

Instruments, Mountain View, CA, USA). In order to 

detect minor changes in cellular structure, at least four 

different electron microscopic micrographs representing 

independent areas in each section were selected for 

analysis.

Statistical analysis
Statistical analysis was performed using the software 

package IBM SPSS Statistics 19 and Microsoft Office 

Groups
Survival
  number (n)

The time from asphyxiation
  to SBP≤25 mmHg (s)

The time of SBP
  ≤25 mmHg (s)

The time of
  resuscitation (s)

The time from induction to
  32 °C of HT group (min)

NT-12 9 212±33 241±32 81±30 —

NT-24 7 244±33 248±31 84±23 —

HT-12 8 229±47 249±35 70±8 24.5±3.1

HT-24 9 219±28 247±21 79±15 27.3±3.7

Table 1. Asphyxia time and data associated resuscitation in the CPR group (mean±SD)

SBP: systolic blood pressure; NT-12/NT-24: normothermia in the CPR group after 12 and 24 hours of ROSC; HT-12/HT-24: hypothermia in the 

CPR group after 12 and 24 hours of ROSC.

Excel 2007. All data were expressed as mean±SD, and the 

mean differences between the two groups were compared 

with Student's t test. One-way ANOVA was used to assess 

overall differences among the groups for each variable. 

P<0.05 was considered statistically signifi cant.

RESULTS
Asphyxiation, resuscitation time and survival 

rate of CPR groups
Of the 60 rats that underwent asphyxiation and 

resuscitation, 33 (55%) rats survived until the completion 

of the study. Mechanical ventilation and chest compression 

were main resuscitation measures in this study. Since 

there was no long-playing arrhythmia in the course of 

resuscitation, electric defibrillation was not used. The 

time of asphyxiation and resuscitation was not statistically 

different among the experimental groups (P>0.05; Table 1).

Basic vital signs and blood gas analysis of 

the CPR groups
Basic vital signs (except for Tc) at 0.5 and 4 hours 

after ROSC were not statistically different among the 

groups (P>0.05). Arterial blood lactate 4 hours after 

ROSC decreased more signifi cantly in the HT group than 

in the NT group (t=2.146, P=0.036) (Tables 2, 3).

Neurological outcomes
The median NDS of rats was significantly lower 

Groups T (center,°C) HR (beats/min) RR (beats/min) MAP (mmHg)

NT (n=16)

  Baseline 36.6±0.7 255±42 78±4   94±21
  PR-0.5 h 36.5±0.5 232±58 78±1   66±9
  PR-4 h 36.6±0.5 248±61 89±11   91±28
HT (n=17)
  Baseline 36.4±0.5 238±37 77±1 100±21
  PR-0.5 h 32.4±0.6 260±62 77±1   78±15

  PR-4 h 32.1±0.2 257±57 75±10   96±18

Table 2. Basic vital signs of the CPR group (mean±SD)

CPR: cardiac pulmonary resuscitation; T: center temperature; HR: 
heart rate; RR: respiratory rate; MAP: mean arterial pressure; NT: 
normothermia CPR group; HT: hypothermia CPR group; PR: post-
ROSC; bpm: beat per minute.
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Groups pH
PaO2

  (mmHg)
PaCO2

  (mmHg)
SaO2

  (%)
Lac
  (mg/dL)

NT (n=16)

  Baseline 7.36±0.06 91±29 42±6 94±8 2.2±0.9
  PR-0.5 h 7.23±0.11 84±24 56±16 92±9 6.9±2.8
  PR-4 h 7.29±0.07 87±27 49±10 90±9 3.4±1.8
HT (n=17)
  Baseline 7.39±0.03 85±9 41±6 96±2 2.1±0.9
  PR-0.5 h 7.35±0.11 81±13 50±11 94±16 7.2±2.9
  PR-4 h 7.33±0.08 71±10 44±6 92±4 2.3±1.1

*

Table 3. Blood gas analysis of the CPR group before asphyxia, 0.5 

and 4 hours after ROSC

CPR: cardiac pulmonary resuscitation; ROSC: return of spontaneous 
circulation; PaO2: pressure of oxygen; PaCO2: pressure of carbon 
dioxide; SaO2: oxygen saturation; Lac: lactic acid; NT: normothermia 
CPR group; HT: hypothermia CPR group; PR: post-ROSC; compared 
with the PR-4 h of NT group, 

*
P<0.05.

in the CPR group than in the BC group after ROSC 

(F=8.107, P<0.05). The median NDS of rats was 

signifi cantly higher in the HT group than in the NT group 

at 12 hours (t=2.880, P=0.024) and 24 hours (t=5.104, 

P=0.001) after ROSC (Figure 1).

Figure 1. NDS in each group. Results are presented as the mean±SD. 
*
P<0.05 vs. BC group; 

#
P<0.05 vs. NT group. HT: mild hypothermia 

group; NT: normothermia group; BC: blank control group; NDS: 
neurologic defi cit scores.
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Figure 2. ROS fl ow cytometry in monoplast suspension of the hippocampus in each group.

ROS fl ow cytometry in hippocampus 

monoplast suspension
The mean fluorescent value of DCF was increased 

more signifi cantly in the CPR group than in the BC group 

after ROSC (F=16.824, P<0.05). The median fl uorescent 

value of DCF was significantly lower in the HT group 

than in the NT group at 12 hours (t=9.836, P<0.01) and 

24 hours (t=7.499, P<0.01) after ROSC (Figures 2, 3).

Caspase-3 mRNA expression in hippocampus 

nerve cells
The mean OD value relative to β-actin of caspase-3 

mRNA was increased more significantly in the CPR 

group than in the BC group after ROSC (F=24.527, 

P<0.05). The median OD value relative to β-actin of 

caspase-3 mRNA was significantly lower in the HT 

group than in the NT group at 12 hours (t=6.935, P<0.01) 

and 24 hours (t=4.317, P<0.01) after ROSC (Figures 4, 5).

Figure 3. ROS flow cytometry in monoplast suspension of the 
hippocampus in each group. Results are presented as the mean±SD. 
*
P<0.05 vs. the BC group; 

#
P<0.05 vs. the NT group. HT: mild 

hypothermia group; NT: normothermia group; BC: blank control group.
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Figure 5. Caspase-3 mRNA expression in nerve cells of the 
hippocampus in each group. The data of β-actin were normalized. The 
fold changes of caspase-3mRNA were calculated in the BC group, and 
the results are presented as the mean fold of the blank control±SD. 
*
P<0.05 vs. the BC group; 

#
P<0.05 vs. the NT group. HT: mild 

hypothermia group; NT: normothermia group; BC: blank control group.
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Figure 7. LC3B-II/I expression in nerve cells of the hippocampus in 
each group. The data were normalized GAPDH. The fold changes 
of LC3B-II/I were calculated in the BC group, and the results were 
presented as the mean fold of the blank control ( mean±SD). 
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Figure 4. Caspase-3 mRNA expression in nerve cells of the hippocampus 
in each group.

BC         NT        HT        NT       HT

caspase-3

β-actin

A

B

12 h 24 h

559 bp

300 bp

Figure 6. LC3B-II/I expression in nerve cells of the hippocampus in 
each group.
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LC3B-II/I expression in nerve cells of the 

hippocampus
The mean OD value relative to GAPDH of LC3B-

II/I increased more significantly in the CPR group than 

in the BC group after ROSC (F=6.584, P<0.05). The 

median OD value relative to GAPDH of LC3B-II/I was 

signifi cantly lower in the HT group than in the NT group 

at 12 hours (t=10.836, P<0.01) and 24 hours (t=2.653, 

P=0.02) after ROSC (Figures 6 and 7).

Electron micrographs of nucleus and 

mitochondria
Analysis of intracellular structures by an electron 

microscope at 24 hours after ROSC showed that the extent 

of ultrastructural damage of nuclei in the hippocampus 

reduced in the HT group compared with the NT group. In 

the BC group, the nucleus appeared normal with intact 

nuclear membrane and smooth chromatin (Figure 8A). 

In contrast, the nuclei in the NT group were markedly 

damaged with chromatin margination and condensed 

nucleoplasm (Figure 8B). The nucleus appeared slightly 

damaged in the HT group (Figure 8C). In the BC group, 

the mitochondrion was maintained with intact membrane 

cristae and a smooth matrix (Figure 8D). In contrast, the 

mitochondrion was markedly damaged with disrupted 

cristae and a damaged matrix in the NT group (Figure 

8E). The mitochondrion was slightly damaged in the 

HT group (Figure 8F). Autophagolysosomes were also 

observed in the NT group (Figure 8G).

DISCUSSION
Mild hypothermia (MH) has become one of the 

effective cerebral resuscitation measures for cardiac 

arrest (CA) patients; however, it is only conducive to 

ventricular fibrillation patients out of hospital. MH can 

be only applied to the patients with mild and moderate 

brain injury, but its mechanisms remain to be clarifi ed.

The organs, tissues and cells of the patients were 

ischemic and anoxic after CA which decreased the 

efficiency of respiratory chain electron transmission 

and reduced the number of electron acceptors, but the 

production of radical oxygen species (ROSs) in ischemic 

area did not increase.
[6]

 After return of spontaneous 

circulation (ROSC) after cardiopulmonary resuscitation 

(CPR) treatment, reperfusion contained a large amount 

of oxygen in the blood, but the enzyme activity of 

mitochondrial respiratory chain failed to recover quickly, 
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Figure 8. Representative electron micrographs of nuclei (original magnification×8 000) and mitochondria (original magnification×40 000). 
Tissues were isolated from the rat hippocampus at 24 hours after ROSC. A: normal nuclei with intact nuclear membrane and a smooth chromatin 
in the blank control group. B: markedly damaged nuclei with chromatin margination and condensed nucleoplasm in the normothermia group. 
C: slightly damaged nuclei with basically normal nuclear membrane and a slightly damaged chromatin in the hypothermia group. D: normal 
mitochondria with intact membrane cristae and a smooth matrix in the blank control group. E: markedly damaged mitochondrion with disrupted 
cristae and a damaged matrix in the normothermia group. F: slightly damaged mitochondrion with basically normal cristae and a slightly damaged 
matrix in the hypothermia group. G: damaged mitochondria engulfed by autophagolysosome in the normothermia group (black arrow: double 
membrane structure of autophagosome).

thus the ROSs were produced by the single electron 

restoration.
[7]

 In addition, the overload of Ca
2+

 also 

damaged mitochondrial function, inhibited the cytochrome 

oxidase system, and eventually the production capacity 

of ROSs was higher than clearing capacity,
[6]

 leading 

to different degree of damage to cell membranes and 

organelles, including necrosis and apoptosis.
[8]

 This study 

showed that intracellular ROSs increased remarkably in 

rat hippocampus nerve cells after ischemia/reperfusion (I/

R). This fi nding was consistent with the result of cascade 

after ischemia and hypoxia. MH can decrease more 

signifi cantly the production of ROSs in the HT group than 

in the NT group (Figures 2 and 3); the mechanism may be 

related to that MH can reduce the production of ROSs and 

protect the enzyme system removing ROSs.

Caspase-3 was the last performer of apoptotic pathways, 

and deemed as the extent of cell apoptosis.
[9]

 Research results 

have shown that MH can reduce the apoptosis of nerve 

cells and protect the neurologic function.
[10]

 In the present 

study, we found that MH can significantly reduce the 

quantity of intracellular ROSs after cerebral I/R, which 

was correlated with the expression of caspase-3 mRNA. 

The possible mechanism is that the decrease of ROSs 

inhibited the cycle of excitatory amino acid between 

ROSs mediated by calcium overload, and reduced the 

expression of caspase-3 mRNA and the level of apoptosis 

(Figures 4 and 5).

In addition, autophagy is usually considered as a 

protective effect of cells, and it plays an important role 

in maintaining cell survival under ischemic and anoxic 

condition of stress
[11]

 and removing aged organelles 

and misfolded proteins in cells.
[12]

 In recent years, 

however, some studies
[9–13]

 found that autophagy can 

also lead to cell death under certain conditions, which 

is called excessive autophagy. Besides observing the 

form of autophagosome via an electron microscope, 

there are also some other methods to judge the degree of 

autophagy in cells including determining LC3 by means 

of WB.
[14]

 LC3B can be used as the molecular marker of 

intracellular autophagy which increased when autophagy 

generated.
[15]

 In the process of autophagy, LC3-I was 

modified and transformed by the ubiquitin system, and 

produced LC3-II molecular weight of 16 000, which was 

positioned to autophagosome when autophagy occurred. 

Therefore, LC3-I and LC3-II on the autophagosome can 

be deemed as the molecular marker of autophagy, and 

the quantity of LC3-II was proportional to the level of 

autophagy.
[16]

 This study also found that the expression of 

LC3B-II/I in the HT group decreased more signifi cantly 

than in the NT group (Figures 6 and 7), indicating that 

MH reduced intracellular autophagy, one of the reasons 

for the improvement in rat neurologic function (Figure 1). 

The above results indicated that autophagy in rat brain 

nerve cells after resuscitation was excessive and harmful.
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