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INTRODUCTION
Prevention and treatment of brain injury after 

cardiac arrest was an important part of cardiopulmonary 

resuscitation. In recent years, some index of early detection 

of brain injury had been used for prediction, treatment, 

and outcome assessment in experimental and clinical 

application studies. Neuroglobin is a third oxygen-

carrying globin localized in neurons.
[1]

 Recent studies have 

suggested that NGB is closely related to ischemic-hypoxic 

brain damage.
[2]

 Hemin is an activator of neuroglobin, 

and can resist ischemic-hypoxic injury.
[3]

 To investigate 

the brain damage and the possible protection mechanism 

after CPR, we established in this study the animal 

models of asphyxial cardiac arrest (ACA) by clamping 
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an endotracheal tube at expiration and observed the 

expression of NGB  in the cerebral cortex, neuro-defi cit 

score (NDS), and pathological changes.

METHODS
Animals, reagents and instrument

Adult Sprague-Dawley (SD) male rats, weighing 

250-350 g, were provided by the Experimental Animal 

Center of Wenzhou Medical College, and the animal 

license number was SCXK (Shanghai) 2007-0005. 

Hemin was bought from Sigma-Aldrich, Inc., USA, 

and first antibody (rabbit anti-rat NGB polyclonal 

antibody) and secondary antibody (the anti-goat IgG 

antibody) were purchased from the Beijing Institute 

of Radiation Medicine, and Zhongshan Goldbridge 

Biotelhnology Co., Ltd, Beijing, respectively. 

DW-2000-type animal respirator and Olympus BX41 

microscope were purchased from Shanghai JiaPeng 

Technology Co., Ltd. and Olympus Corporation, Japan, 

respectively.

Groups
A total of 120 male SD rats were randomly divided 

into a control group (A), a CPR group (B), and a Hemin 

group (C), 40 rats in each group. After intubation (group 

A), at 0.5, 3, 6, 12, 24 hours after ROSC (groups B, 

C), 8 rats were killed at every time point in each group, 

respectively.

Preparation of animal models
The animal model of asphyxial cardiac arrest 

(CA) was made by clamping a tracheostomy tube:
[4]

 

CPR started at 3 minutes after cardiac arrest (chest 

compression, epinephrine therapy and mechanical 

vent i la t ion) .  With in  2  minutes  a f te r  re turn  of 

spontaneous circulat ion (ROSC),  the rats  were 

intraperitoneally injected with 10 mL/kg saline (groups 

A and B) or 10 mL/kg 9 mmol/L hemin (group C) at 

the beginning of resuscitation. The rats in the group  A 

were anesthesized and tracheostomized, and received 

vascular puncture without choking or CPR. At the 

corresponding time after surgery, the rats were killed 

after anesthesia. 

According to the Utstein standard,
[5]

 cardiac arrest 

was defi ned when mean arterial pressure declined to 25 

mmHg and ECG pattern showed ventricular fi brillation, 

asystole or pulseless electrical activity. ROSC was 

defined when there were mean arterial blood pressure  

over 60 mmHg, self-ECG rhythm and arterial pulse 

wave. Resuscitative efforts stopped if ROSC didn't occur 

within 10 minutes after chest compression.

HE staining and NGB immunohistochemistry 

of the cerebral cortex

At the end points, the rats were anesthesized 

by injecting 5% chloral hydrate (7 mL/kg) into the 

abdominal space. Thoraxes of the rats were opened, 

and blood samples were washed away by transcardiac 

puncture of the left cardiac ventricle by warm saline 

and 0.1 mol/L PBS–buffered paraformaldehyde. The 

brain tissue was removed and placed in 0.1 mol/L 

PBS-buffered paraformaldehyde for 24 hours. An area 

at the frontal lobe of the left brain was obtained and 

embedded in paraffin. A series of consecutive secions 

(4 µm in thickness) were prepared from paraffin-

embedded tissues for conventional HE staining and 

immunocytochemistry. Three photos were taken from 

each slice in the same location. Image analysis software 

Image pro plus 6.0 was used to count the number of 

positive cells in each photo.

Neuro-defi cit score

According to Geocadin’ Neurodefi cit score method,
[6]

 

neurologic deficit scoring consisted of five components 

including level of consciousness, cranial nerve function, 

breathing pattern, motor and sensory function, and 

behavior. A score of 80 was assigned to each category; 0 

indicates brain death and 80 for normal function.

Statistical analysis

Data were presented as mean ± SD. Significant 

differences between treatments were determined by 

one-factor analysis of variance using the SPSS 13.0. 

Differences between the 3 groups were compared using 

the Tukey test. P<0.05 was considered statistically 

signifi cant.

RESULTS
General data for each group

No signifi cant differences were obvserved in weight 

and MAP at baseline between the 3 groups (P>0.05). 

During CPR, there was no significant difference in 

cardiac arrest time, adrenaline dose, time for chest 

compression, and arterial pressure (MAP) between group 

B and group C (P>0.05).
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Groups
After ROSC 

0.5 h 3 h 6 h 12 h 24 h

 A 127.13±5.94 129.88±5.33 127.50±6.02 130.03±7.23 129.00±5.78

 B 130.25±4.10 132.63±8.16 133.38±3.46 141.88±6.69
*ΔΔ

204.50±5.26
**ΔΔ

 C 132.13±4.55 133.13±4.65 138.85±4.49
*Δ

152.13±8.06
**ΔΔ

216.75±6.82
**ΔΔ

Table 1. The changes of NGB-IR neurons in the cerebral cortex in rats (mean±SD, n=8)

Compared with group 0.5 h, 
*
P <0.05, 

**
P <0.01; compared with group A, 

Δ
P <0.05, 

ΔΔ
P <0.01; compared with group B, P <0.05, P <0.01.

Changes of the NGB expression in the 

cerebral cortex
The expression of NGB at the protein level was 

determined at 0.5, 3, 6, 12, 24 hours after ROSC by 

immunohistochemistry. In group A, the number of NGB-

immunoreactive (NGB-IR) neurons cells in the cerebral 

cortex steadily expressed, and there was no significant 

difference at different time points (P>0.05). The number 

of NGB-IR cells gradually increased in groups B and 

C; compared with the same time point in group A, the 

number of NGB-IR neurons was significantly higher at 

12 and 24 hours after ROSC in group B (P<0.01); and 

compared with group C, it was higher at 6, 12 and 24 

hours after ROSC in group B (P<0.05 or P<0.01) (Table 

1, Figure 1).

Comparison of neuro-defi cit score
The NDS decreased to the lowest at 3 hours after 

ROSC in group B and group C, and then gradually 

increased. Compared with the same time point in group 

A, the NDS in group B increased obviously after ROSC 

(P <0.01); the NDS in group C at 3, 6 and 12 hours after 

ROSC increased obviously (P<0.01). Compared with 

the same time point in group B, the NDS in group C at 

6, 12 and 24 hours after ROSC increased dramatically (P 

<0.05 or P <0.01) (Table 2).

Histopathologic changes in the cerebral 

cortex

The distribution of neuronal damage was evaluated 

by HE staining. There were no obvious ischemic 

cell changes in the brain of rats in group A (Figure 

2A). In group B, at the beginning of ROSC, neurons 

demonstrated very slight ischemic changes. After 

hypoxia/ischemic-reperfusion injury, however, ischemic 

damage increased over time such as neuron-generalized 

edema, local cell damage, cell morphological change, 

dispersed cell arrangement, cell shrinkage, increased 

shell area of surrounding tissue between the cells, 

necrosis, and dark nucleus. At 6 hours after ROSC, 

edema and necrosis reached the most serious stage, 

and normal neuronal cells were found, proliferation 

of glial cells was extensive and was slightly improved 

at 12 hours after ROSC ( Figure 2B, D). In group C 

there was a mild ischemic edema in the brain. Neuronal 

degeneration, neuronal necrosis, cavitation phenomenon, 

and gliosis proliferation were found. These pathological 

changes were less in group C than in group B (Figure 

2C, E).

Figure 1.  NGB immunohistochemistry staining in the cerebral cortex (original magnifi cation×200). A: at 24 hours in group B; B: at 12 hours in 
group C; C: at 24 hours in group C.

A B C



www.wjem.org

57World J Emerg Med, Vol 2, No 1, 2011

DISCUSSION
NGB, expressed in the neurons system, is a newly 

discovered and the third generation of oxygen-carrying 

globin. Its functions include binding, storing and 

transporting oxygen, scavenging reactive species, and 

maintaining the ability of cells.
[7, 8]

 NGB may be closely 

related to ischemic-hypoxic brain injury, and it was a 

safety factor for defending against ischemic-hypoxic 

injury.
[9,10]

 Immunocytochemistry showed that NGB 

expression didn't change with the time in the control 

group in the present study. This indicated that under the 

non-hypoxic condition, NGB expression was very stable. 

The expression of NGB was significantly increased in 

the cerebral cortex at 12 hours after ROSC, and still 

increased at 24 hours. This indicated that NGB may be 

an intrinsic protection factor of cortical neurons under 

hypoxia. NGB was upregulated in the cerebral cortex 

after ischemia-hypoxia injury during cardiac arrest. This 

study showed that with increased expression of NGB, 

NDS and pathological changes in the cerebral cortex 

were improved after ROSC. Shang et al
[11]

 reported 

that the expression of NGB in ischemia-reperfusion 

brain injury was similar to the result of this study, 

suggesting that increased NGB expression may be one 

of the mechanisms of inhibiting brain injury caused by 

ischemia-hypoxia injury. 

 Many factors affected the time and characteristics 

of brain dysfunction after CPR, but still some are 

unknown.
[12,13]

 In this study, NDS reached the lowest 

at 3 hours after ROSC in group B, and then gradually 

increased, but was still significantly lower than that 

in the control group. This finding showed that after 

ROSC, nerve function was severely impaired in the 

early recovery period. In group B, pathological changes 

were observed in the cerebral cortex, and were severe at 

6 hours after ROSC; necrosis of neurons and glial cell 

Groups
After ROSC

3 h 6 h 12 h 24 h

 A 76.00±1.69 76.63±1.68 76.85±1.72 77.11±1.34

 B 51.13±1.13
#

60.62±1.58
*#

68.00±1.31
*#

72.88±1.25
*#

 C 53.25±1.67
#

62.75±0.89
*#Δ

71.75±1.67
*#ΔΔ

76.00±1.07
*ΔΔ

Table 2. Neuro-defi cit score (NDS) of rats (mean±SD, n=8)

Compared with group 0.5 h, 
*
P <0.01; compared with group A, 

#
P <0.01; compared with group B, 

Δ
P <0.05, 

ΔΔ
P <0.01.

Figure 2. The results of HE staining in the cerebral cortex at 6 hours (original magnifi cation×100). A: at 6 hours in group A; B: at 6 hours in group B; 
C: at 12 hours in group C; D: at 24 hours in group B; E: at 24 hours in group C.

 A  B  C

 D  E
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proliferation were found alone with the brain damage.
[14]

 

The severity of pathological changes was consistent with 

NDS, which suggested that NDS can promptly refl ect the 

severity of brain dysfunction. 

Hemin is an effective activator of neuroglobin 

generation, which can induce neuroglobin gene 

transcription and translation and provide heme and 

iron to assembe NGB. In their in vitro studies of 

NGB neuronal expression, Zhu et al
[15]

 found that the 

induction of NGB in mRNA and protein by hemin was 

concentration- and time-dependent. In this study, the 

cortical expression of NGB in group C increased at 6 to 

24 hours after ROSC, and was significantly higher than 

that in group B and the control group. With the increase 

of NGB expression, NDS significantly increased, 

and pathological changes in the cerebral cortex were 

signifi cantly improved in group C than in group B. This 

fi nding suggested that on the recovery of brain damage, 

hemin has protective effect on the cerebral cortex by up-

regulating the expression of NGB.
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