
 

 

 

 

 

 

 
   
 

Iranian Journal of Basic Medical Sciences 
 

ijbms.mums.ac.ir 

  

Effects of mild hypothermia therapy on the levels of 
glutathione in rabbit blood and cerebrospinal fluid after 
cardiopulmonary resuscitation 
 

Hui Zhao 1*, Yueliang Chen 1 

 

1 Department of Intensive Care Unit, Sir Run Run Shaw Hospital, Zhejiang University School of Medicine, Hangzhou 310016, China 
 

A R T I C L E I N F O  A B S T R A C T 
 

Article type: 
Original article 
 

 Objective(s):  The aim of this study was to investigate the effects of mild hypothermia therapy on 
oxidative stress injury of rabbit brain tissue after cardiopulmonary resuscitation (CPR). 
Materials and Methods: Rabbit models of cardiac arrest were established. After the restoration of 
spontaneous circulation, 50 rabbits were randomly divided into normothermia and hypothermia 
groups. The following five time points were selected: before CPR, immediately after CPR, 2 hr after 
CPR (hypothermia group reached the target temperature), 14 hr after CPR (hypothermia group 
before rewarming), and 24 hr after CPR (hypothermia group recovered to normal temperature). 
Glutathione (GSH) concentrations in both the blood and cerebrospinal fluid of the normothermia 
and hypothermia groups were measured. 
Results: At 2, 14, and 24 hr after CPR, the GSH concentrations in both the blood and cerebrospinal 
fluid were significantly higher in the hypothermia group than in the nomorthermia group. 
Conclusion: Mild hypothermia therapy may increase GSH concentrations in rabbit blood and 
cerebrospinal fluid after CPR as well as promote the recovery of cerebral function. 
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Introduction 
With the popularity of cardiopulmonary 

resuscitation (CPR) techniques and the improvement 
of emergency systems, increasingly more patients 
are receiving early relief after cardiac arrest. 
However, 80% of survivors after CPR enter a 
comatose state (either long- or short-term), 40% 
enter a persistent vegetative state, and 80% die 
within 1 year (1). Therefore, cerebral resuscitation is 
the key to successful CPR.  

Oxidative stress is one of the main mechanisms of 
secondary brain injury after CPR. In the cerebral 
ischemia period, especially the ischemia–reperfusion 
period, the formation of oxygen radical increases 
while the activity of the tissue antioxidant enzyme 
system that scavenges free radicals decreases; 
therefore, the levels of antioxidants, represented by 
glutathione (GSH), reduced. This results in the 
disruption of the interactions between the oxygen 
free radicals and antioxidants, which further 
worsens the cerebral injury (2). Studies indicated 
that mild hypothermia therapy could inhibit the 
release of free radicals, reduce reperfusion injury, 
and decrease neuronal apoptosis (3). In this study, 
GSH levels in rabbit blood and cerebrospinal fluid of 

hypothermia and normothermia groups after CPR 
were compared to study the effect of mild 
hypothermia on oxidative stress and brain 
protection mechanisms (4-6). 

 

Materials and Methods 
Experimental animals and groups 

Ordinary adult male New Zealand rabbits with an 
average weight of 2 kg were purchased from              
the Experimental Animal Center of Medical Sciences, 
Zhejiang Province (the license number of 
experimental animals was SYXK [Zhejiang] 2010-
0149). After the restoration of spontaneous 
circulation (ROSC) from cardiac arrest, 50 rabbits 
were randomly divided into the normothermia and 
hypothermia groups according to odd and even 
numbers. Rabbits after ROSC from cardiac arrest in 
the hypothermia group were first treated with mild 
hypothermia therapy, while those in the 
normothermia group were not. After that point, both 
groups received the same treatment. This study was 
carried out in strict accordance with the 
recommendations in the Guide for the Care and Use 
of Laboratory Animals of the National Institutes of 
Health. The animal use protocol has been reviewed
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and approved by the Institutional Animal Care and 
Use Committee (IACUC) of XXX. 
 
Rabbit models of cardiac arrest 

As published elsewhere (7, 8), the rabbits were 
kept fast for 18 hr before surgery, with only water 
consumption. The rabbits were anesthetized via an 
ear vein injection of sodium pentobarbital 
(Guangdong Bangmin Pharmaceutical Co., Ltd., 
Jiangmin, China) (30 mg/kg), fixed, and subjected to 
electrocardiography (ECG), tracheotomy, and 
tracheostomy for the insertion of an indwelling tube 
(Teleflex Medical, Research Triangle Park, US) to 
maintain indoor spontaneous breathing. The right 
femoral artery was catheterized and heparinized, 
and an invasive blood pressure monitoring tube 
(Argon Critical Care Systems Singapore Pte Ltd. 
Singapore) and a pressure transducer (Argon Critical 
Care Systems Singapore Pte Ltd) were used to 
determine the mean arterial pressure (MAP) and 
arterial blood gas. The catheter in the right internal 
jugular vein went in the opposite direction to reach 
the retrograde venous bulb for measuring the jugular 
bulb oxygen saturation (SjvO2). The catheter in the 
left femoral vein was used for intravenous infusion 
and administration. The cerebrospinal fluid was 
collected via cisterna magna puncturing, and 0.3 ml 
of cerebrospinal fluid was collected from each rat, 
diluted by 10 times the volume, and then centrifuged 
to measure the GSH concentration. 

We observed and recorded the heart rate and 
respiration over 5 min, noted the MAP and ECG 
findings before the experiment, and detected SjvO2. 
An arterial blood gas analysis was performed                    
to detect normal blood and cerebrospinal fluid                
GSH concentrations. Tracheal tube occlusion was 
performed to induce oxygen-deficient cardiac arrest 
in the end-expiratory phase (cardiac arrest 
indicators: 0 for MAP; ventricular fibrillation, 
electromechanical dissociation, and a straight line on 
an ECG report). The clip was then released on the 
closed trachea 5 min after cardiac arrest, and the 
rabbits were immediately resuscitated, placed on a 
ventilator (The Medical Instrument of Zhejiang 
University, Hangzhou, China), administered 
epinephrine (Yokon, Beijing, China) intravenously, 
and given chest compressions—to reach the ROSC 
standard aortic systolic pressure of ≥6.67 kPa—that 
was continued for 1 min (9). The successful recovery 
models were included in the study groups, while the 
unsuccessful recovery models were excluded. 

 The 50 rabbits after the ROSC from cardiac arrest 
were randomly divided into the normothermia and 
hypothermia groups according to odd and even 
numbers. Continuous treatment was given using 
intravenous propofol (AstraZeneca, London, UK) as a 
sedative and vecuronium bromide (Ojianong, 
Nanjing, China) as a muscle relaxant. After ROSC 

from cardiac arrest, the rabbits in the hypothermia 
group were treated with mild hypothermia therapy 
(10) consisting of saline at 4°C, cooling blankets, ice 
caps, and ice packs placed on the head and large 
blood vessels in the shallow areas for cooling to 
reach the target temperature (controlled rectal 
temperature at 32 to 4°C) within 2 hr. We then 
maintained the target temperature for 12 hr by 
rewarming at increasing temperatures of 0.3 to 0.5°C 
per hr. When the rabbit was back to normal body 
temperature (39 to 39.5°C) after about 10 hr, we 
stopped using the muscle relaxant to prevent the 
occurrence of reactive fever after rewarming (11,12). 
The normothermia group was given the same 
treatment without the hypothermia component. 

 
Index detection 

We continuously performed ECG monitoring and 
MAP and recorded the ECG changes before and after 
endotracheal tube clipping, the cardiac arrest time, 
ROSC situation, and the time when the target 
temperature was reached in the hypothermia group.  

Monitoring indicators before CPR were taken as 
normal control values. Another four time points 
were set: 0, 2, 14, and 24 hr after CPR. SjvO2 and 
arterial blood gas analysis in the normothermia and 
hypothermia groups were observed. An enzyme-
linked immunosorbent assay was used to detect GSH 
in the blood and cerebrospinal fluid. The 
measurements were carried out in accordance to the 
GSH kit instructions (lot E90294Ge; USCN Life 
Science Inc., Wuhan, China). 

At 72 hr after CPR, the rabbits were divided into 
the following five groups according to cerebral nerve 
function criteria: 1 point, normal daily activities and 
sensitive environmental stimuli response; 2 points, 
mild impairment of daily activities, unresponsive to 
environmental stimuli; 3 points, severe impairment 
of daily activities, conscious but unresponsive to 
environmental stimuli; 4 points, coma; and 5 points, 
death. In short, 1 to 3 points indicated a good 
prognosis, while 4 and 5 points indicated a poor 
prognosis (13). 

 
Statistical analysis 

SPSS13.0 software was used for the data analysis. 
Normally distributed data were expressed as mean ± 
standard deviation, while a t-test was used to 
identify differences between the groups, and the chi-
square test was used to assess prognosis. Values of                  
P < 0.05 were considered to statistically significant. 

 

Results 
Physiological indicators 

The physiological indicators including MAP, 
SjvO2, PaO2, PaCO2, and pH of the rabbits blood 
before cardiac arrest in the two groups were not 
significantly different. The indicators at the other 
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Table 1. Rabbit physiological indicators before and after cardiopulmonary resuscitation 
 

                                            Normothermia group 
 

Before CPR 
0 hr after 

CPR 
2 hr after 

CPR 
14 hr after 

CPR 
24hr after  

CPR 
Map (mmHg) 69.75±3.24 71.05±2.02 63.83±1.66 64.03±0.85 67.61±1.64 
Heart rate (bpm) 224.00±5.20 240.68±4.36 208.64±3.20 202.13±3.77 228.04±3.92 
PaO2 (mmHg) 88.87±1.77 78.7±2.66 90.03±3.00 90.39±4.60 85.5±3.17 
SjvO2 (mmHg) 62.88±2.10 57.48±3.32 58.88±3.62 61.54±3.48 62.06±3.41 
PaCO2 (mmHg) 37.31±1.10 52.20±1.63 40.63±1.07 38.40±8.66. 39.42±1.87 
pH 7.21±0.021 7.10±0.021 7.13±0.050 7.17±0.11 7.20±0.56 
Lactic acid (mmol/l) 3.15±0.43 12.26±2.02 8.09±1.39 6.37±0.95 5.31±1.08 

                                          Mild hypothermia group 
 

Before CPR 
0 hr after 

CPR 
2 hr after 

CPR 
14 hr after CPR 

 (Target value of mild hypothermia) 
24 hr after CPR 

(After rewarming) 
Map (mmHg) 69.37±1.79 68.41±2.03 63.07±3.39 63.59±1.52 68.14±2.28 
Heart rate (bpm) 224.56±2.89 243.36±4.98 186.40±5.41 183.34±5.62 224.22±5.18 
PaO2 (mmHg) 89.3±1.95 79.68±1.93 90.77±2.18 93.48±1.88 84.04±4.38 
SjvO2 (mmHg) 60.87±11.72 59.33±3.67 61.62±3.86 66.74±3.71 62.39±1.48 
PaCO2 (mmHg) 37.38±0.82 52.13±1.53 40.53±3.39 35.24±1.34 38.70±1.90 
pH 7.22±0.19 7.11±0.012 7.14±0.033 7.18±0.65 7.20±1.32 
Lactic acid (mmol/l) 3.23±0.21 11.76±1.26 7.18±2.11 5.33±0.92 4.53±1.08 
 

four time points (0, 2, 14, and 24 hr after CPR) in the 
two groups are shown in Table 1. 

 

Blood GSH levels 
The blood GSH levels were significantly higher in 

the hypothermia group than in the normothermia 
group at 2, 14, and 24 hr after CPR (P < 0.05, Figure 1). 

 

Cerebrospinal fluid GSH levels 
The cerebrospinal GSH levels were significantly 

higher in the hypothermia group than in the 
normothermia group at 2, 14, and 24 hr after CPR             
(P<0.05, Figure 2). 
 

Prognostic classification of cerebral function 
At 72 hr after CPR, the prognostic classification of 

rabbit cerebral function in the hypothermia group was 
significantly better than that in the normothermia 
group (P <0.05), as determined by using the chi-square 
test (Table 2). 
 

Discussion 
After cardiac arrest, the body’s blood circulation 

almost stops and the body organs and tissues enter 
an extremely serious condition of ischemia and 
hypoxia. After effective and timely CPR, systemic 
blood flow is restored, but the body faces a new 
challenge i.e. reperfusion injury (14, 15). A large 
amount of oxygen free radicals are formed and cause 
tissue macromolecule peroxide damages, resulting in 
large amounts of methane dicarboxylic aldehyde and 
other degradation products of peroxidation that 
damage cell membranes, cause structural and 
functional changes in the mitochondria and 
endoplasmic reticulum, and increase cellular energy 
metabolism, which creates a vicious cycle and 
ultimately leads to neuronal apoptosis and necrosis 
(16). The cerebral blood supply becomes rich, 
oxygen consumption increases, and xanthine oxidase 
enzyme levels increase; thus, ischemia–reperfusion 
injury to the brain tissue has an extremely serious 

 impact. Studies have shown that oxidative stress is 
one of the main mechanisms of secondary brain 
injury after CPR (17, 18). 

The intracellular antioxidant barrier consists of 
the following two systems: the antioxidant enzyme 
systems represented by superoxide dismutase and 
the cell small molecule antioxidants represented by 
GSH; both these systems are related and coordinated 
under normal circumstances, and they maintain a 
stable intracellular environment (19, 20). GSH 
peroxidase is an important peroxide enzyme present  

 

 
 

 
Figure 1. Comparison of rabbit blood glutathione levels at 
different time points after cardiopulmonary resuscitation 
* P < 0.05 indicates significant differences 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Comparison of rabbit CSF glutathione levels at different 
time points after cardiopulmonary resuscitation 
* P <0.05 indicates significant differences 



  Zhao and Chen                               Effect of mild hypothermia on oxidative stress after CPR 
  

 Iran J Basic Med Sci, Vol. 18, No. 2, Feb 2015   

 
197 

Table 2 Prognostic classification of rabbit brain function at 72 hr after cardiopulmonary resuscitation 
 

 1 class 2 class 3 class 4 class 5 classes 

Normothermia group 3 4 5 11 2 

Mild hypothermia group 6 7 6 4 2 
 

Good prognosis: 1, 2, 3 classes. Poor prognosis: 4, 5 classes 
X2=4.160, P<0.05 
 

throughout the body. As an important part of GSH, 
the mercapto group in cysteine combines with 
radicals to clear peroxide metabolites and breaks the 
lipid peroxidation chain reaction. It also protects cell 
membrane structure and function integrity as well as 
brain cells from damage, making it an important 
deoxidizer in the body. The protective effects could 
be divided into early and late stages. Early protection 
appeared a few minutes after administration, lasted 
for 2 to 3 hr, and was mainly related to the active 
substance and the endogenous active substances. 
The late stage occurred 24 hr after administration, 
lasted for several days, and was mainly related with 
gene expression enhancement and inhibition of 
proteins such as heat shock protein, brain-derived 
neurotrophic factor, cytokines, and antioxidant 
enzymes (21). Under normal circumstances, in the 
cerebral ischemia period after CPR, particularly the 
ischemic–reperfusion period, oxygen radical 
formation increased, while the activity of the tissue 
antioxidant enzyme system, which can scavenge the 
free radicals, decreased in order to reduce 
antioxidants (represented by GSH levels), then 
disrupted the intergroup balance, resulting in further 
worsening of brain damage (22, 23). However, as the 
disease improved, its content rebounded. The study 
found that GSH levels in the blood and cerebrospinal 
fluid in the ischemia–reperfusion period after CPR 
significantly decreased, which confirmed the findings 
of the reports mentioned above. 

Mild hypothermia therapy has already been 
widely used in clinical studies, but its use after CPR 
has been seldom reported. After cardiac arrest, free 
radicals and a large variety of inflammatory factors 
are produced, calcium overload occurs, excitatory 
amino acids are released, and persistent and severe 
inflammation is induced, followed by cell damage 
and death (24). Studies have indicated that mild 
hypothermia therapy can inhibit the release of free 
radicals, decrease the release of inflammatory 
cytokines (25-27) and calcium ions, improve the ion 
pump function, and decrease reperfusion injury (28, 
29). Hypothermia could also decrease the brain 
metabolic rate (30-32), maintain the integrity of 
blood–brain barrier, inhibit the expression of 
aquaporin-4, and ease cerebral edema by reducing 
vascular permeability (33, 34). Another study 
reported that hypothermia can significantly decrease 
the release of glutamate and dopamine and inhibit 
protein kinase C and nitric oxide synthase, inhibit the 
release of excitatory amino acids, decrease the 

degree of brain damage and neuronal death (35), 
promote the production of the brain anti-apoptotic 
B-cell lymphoma-2 protein after cardiac arrest, 
inhibit the expression of pro-apoptotic factor Bax 
(36), and prevent apoptosis in the early stages of 
brain injury. This study found that GSH levels in 
rabbit blood and cerebrospinal fluid after CPR were 
significantly higher in the hypothermia group than in 
the normothermia group, and the prognosis was 
significantly better in the former group, suggesting 
that hypothermia can reduce oxidative stress injury 
and neuronal apoptosis. 

 

Conclusion 
After CPR, GSH levels in rabbit blood and 

cerebrospinal fluid were significantly higher in the 
hypothermia group than in the normothermia group. 
In addition, the prognosis of the rabbits was 
significantly better in the former group. These 
findings show that mild hypothermia therapy can 
inhibit the release of oxygen free radicals and relieve 
reperfusion injury and neuronal death. This work 
provides a theoretical foundation for the use of mild 
hypothermia in the prevention of secondary brain 
injury after CPR. 
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