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Wang et al.: Rehabilitation in Combination with Hyperbaric Oxygen Treatment

This research study was conducted to elucidate the effect of rehabilitation in combination with hyperbaric 
oxygen treatment on the secretion of neurotrophic factors and oxidative stress in recovery phase of cerebral 
infarction patients. A total of 120 cerebral infarction patients undergoing the treatment in recovery phase 
between June 2017 and May 2019 were randomized into the control group and the experiment group, 
with 60 patients in each group. In the control group, patients took the regular rehabilitation, while those 
in the experiment group performed the rehabilitation in combination with hyperbaric oxygen treatment. 
At admission (T0) and after 14 d of treatment (T1), we detected the differences of the level’s neurotrophic 
factors, neurotransmitters and indicators of oxidative stress by comparison. At T0, comparison of the 
neurotrophic factors, neurotransmitters and indicators of oxidative stress showed no significant differences 
between two groups. At T1, patients in the experiment group experienced sharp decreases in myelin basic 
protein and neuron specific enolase levels and increase in nerve growth factor as compared with their 
counterparts in the control group; in serum, the level of glutamic acid in the experiment group was lower 
than that in the control group, while γ-aminobutyric acid showed the totally opposite change; in terms 
of the indicators of oxidative stress, the levels of reactive oxygen species and lipid hydrogen peroxide 
were lowered in the experiment group, with increases in the levels of catalase and superoxide dismutase 
when comparing with the control group. For treatment of cerebral infarction patients in recovery phase, 
rehabilitation in combination with hyperbaric oxygen treatment can optimize the nerve function while 
inhibit the general oxidative stress responses.
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Cerebral infarction, a frequent cardio- and 
cerebrovascular disease, is manifested by the high 
incidence rate, morbidity rate and mortality rate. As the 
modern medicine advances, the mortality rate of 
cerebral infarction is decreasing annually, but with an 
increasing morbidity rate and about 30 to 36 % of 
patients still suffer from the dysfunction of upper limbs 
at 6 mo after onset or longer[1]. Therapeutic regimen in 
recovery period of cerebral infarction directly reflects 
the morbidity and life quality of patients, and 
rehabilitation, as the major method for treatment, 
includes the targeted training for motor, linguistic and 
thinking functions, but the improvement in some 

patients remains poor[2,3]. Hyperbaric oxygen treatment 
refers to the inhalation of oxygen under the pressure 
over one barometric pressure, providing novel thought 
for the treatment of patients with nerve injury, and 
improving the postoperative nerve function as per the 
current evidence[4]. Insufficient intake of oxygen is the 
major cause for the failure in recovery of motor function 
of limbs or cognitive function in cerebral infarction 
patients. Thus, in this study, we selected the hyperbaric 
oxygen treatment as auxiliary method for treatment of 
the patients with cerebral infarction, so as to identify 
the effect on the neurological function and oxidative 
stress of patients and provide reference for the treatment 
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of other patients. A total of 120 cerebral infarction 
patients undergoing the treatment in recovery phase 
between June 2017 and May 2019 were randomized 
into the control group and the experiment group, with 
60 patients in each group. In the control group, there 
were 33 males and 27 females, aged from 49 to 72 y 
old; in the experiment group, there were 32 males and 
28 females, aged from 51 to 73 y old. Differences 
regarding the baseline data showed no statistical 
significance (p>0.05), suggesting that the data were 
comparable. Inclusive criteria-Patients with cerebral 
infarction that was diagnosed by head Computed 
tomography (CT) and stabilized after positive treatment; 
Patients with the first onset of cerebral infarction; 
Patients who completed all treatment and relevant 
examination as required. Exclusive criteria-Patients 
with the history of hyperbaric oxygen treatment; 
Patients with Alzheimer’s disease, Parkinson’s disease 
or other brain diseases prior to the attack of cerebral 
infarction; Patients complicated with the mental 
diseases, including depression, prior to the cerebral 
infarction; Patients complicated with the general 
infectious diseases. Patients in two groups took the 
regular drugs of neurology department for lipid-
lowering therapy, blood-pressure-lowering therapy, 
anti-coagulation therapy, anti-platelet therapy and 
improvement of microcirculation. Additionally, they 
were further required to take the regular rehabilitation, 
including posturing, walking, training for daily activity 
and training for diet and drinking and linguistic training. 
Furthermore, patients in the experiment group took 
hyperbaric oxygen treatment as follow: At the 2nd d 
after admission, hyperbaric oxygen treatment was 
initiated by pressuring for 30 min to 0.2 MPa and 
following 60 min of oxygen inhalation, patients took 
rest for 15 min, followed by reducing the pressure for 
20 to 30 min. This treatment was conducted once per d, 
lasting for 14 d. At admission (T0) and after 14 d of 
treatment (T1), we collected the fasting peripheral 
blood samples in the morning (7:00 a.m.-9:00 a.m.) 
from the patients in two groups for anti-coagulation 
treatment, followed by centrifugation to isolate the 
serum in supernatant for later use. Enzyme-linked 
immunosorbent assay (ELISA) kits were applied to 
detect the levels of following indicators: myelin basic 
protein (MBP), neuron specific enolase (NSE), nerve 
growth factor (NGF), reactive oxygen species (ROS), 
lipid hydrogen peroxide (LHP), catalase (CAT) and 
superoxide dismutase (SOD). Radioimmunoassay was 
performed to detect the levels of neurotransmitters in 
serum, including glutamic acid (Glu) and γ-aminobutyric 

acid (GABA). SPSS 25.0 software was used to process 
the data in this study. Measurement data, including the 
levels of neurotrophic factors, neurotransmitters and 
indicators of oxidative stress, were shown in 
mean±standard deviation, and compared by use of t 
test. p<0.05 suggested the statistical significance of the 
difference. At T0, comparison of the neurotrophic 
factors, including MBP, NSE and NGF, showed no 
significant differences between two groups (p>0.05). At 
T1, levels of MBP and NSE in serum of patients in two 
groups were significantly lower than those at T0, but the 
NGF level was higher. Furthermore, levels of MBP and 
NSE in serum of patients in the experiment group were 
all lower than those in the control group, while NGF 
level was higher (p<0.05; Table 1). At T0, comparison 
of the neurotransmitters, including Glu and GABA, 
showed no significant differences between two groups 
(p>0.05). At T1, levels of Glu in serum of patients in 
two groups were significantly lower than those at T0, 
but the GABA level was higher. Furthermore, levels of 
Glu in serum of patients in the experiment group were 
all lower than those in the control group, while GABA 
level was higher (p<0.05; Table 2). At T0, comparison 
of the neurotransmitters, including ROS, LHP, CAT and 
SOD, showed no significant differences between two 
groups (p>0.05). At T1, levels of ROS and LHP in 
serum of patients in two groups were significantly 
lower than those at T0, but the CAT and SOD levels 
were higher. Furthermore, levels of ROS and LHP in 
serum of patients in the experiment group were all 
lower than those in the control group, while CAT and 
SOD levels were higher (p<0.05; Table 3). Cerebral 
infarction is a kind of regional disorder in blood supply 
in brain tissues caused by multiple factors, usually 
resulting in the ischemic or hypoxic responses of 
neurons, dysfunction and irreversible necrosis, and 
finally evolving into the dysfunction of the ischemic-
lesion-corresponded somatic region[5,6]. Following the 
treatment for acute phase, cerebral infarction patients 
come into the stable phase that is the best period for the 
recovery of somatic/recognitive function. Rehabilitation 
regimen directly determines the long-term life quality 
of patients. In addition to the regular limb functions, 
function of deglutition or linguistic function, thorough 
optimization of the oxygen uptake of neurons and 
accelerating the metabolism are the major methods 
facilitating the recovery of patients from cerebral 
infarction. Hyperbaric oxygen treatment, as the mostly 
concerned method to increase the concentration and 
pressure of oxygen uptake, is believed to be a reliable 
method to promote the recovery of cerebral infarction 
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patients[7-9]. In this study, we compared the effect of 
treatment with or without hyperbaric oxygen treatment 
on the neurotrophic factors and indicators of oxidative 
stress of patients in the recovery period of cerebral 
infarction, thereby clarifying the availability and 
efficiency of this auxiliary therapeutic regimen.  The 
function damage to neurons caused by the cerebral 
infarction can further give rise to the variations in the 
secretion of multiple neurotrophic factors, which, thus, 
serve as the sensitive indicators to evaluate the nerve 
damage. MBP is the major protein constituting the 
myelin sheath in central nerve system, with a high 
nerve-specificity, and in case of damage to the structure 
of myelin sheath or blood-brain barrier, the level of 
MBP in serum is increased[10,11]. NSE is a kind of enolase 
involved in the glycolytic pathway, mainly expressed in 
nervous tissues, and the variation in level of NSE reflect 
the outcome of cerebral infarction patients[12,13]. NGF, 
as the first-discovered factor nourishing the nerves and 
promoting the growth of axons, is in negative association 
with the damage to the nerves[14]. As indicated by this 
study, we found that as compared with the levels at T0, 
levels of MBP and NSE in serum at T1 in two groups 
were decreased sharply, with an increase in NGF level; 
further comparison with the control group revealed that 
at T1, patients had lower levels of MBP and NSE in the 
experiment group, but higher level of NGF, suggesting 
that hyperbaric oxygen treatment may excel in 
optimizing the nerve function of cerebral infarction 
patients. Attack of cerebral infarction damages the 
homeostasis inside the neurons, and the variations in 
expression of neurotransmitters further give rise to the 
nerve injuries. Glu, a kind of excitatory neurotransmitter 
in human, is depolarized due the cerebral infarction-
induced ischemia and hypoxia in neurons, resulting in 
the calcium influx and increase in the synthesis and 
secretion of Glu[15,16]. GABA, a kind of inhibitory amino 
acid, has been shown to be decreased in expression of 
patients with hemorrhage or cerebral infarction and the 

administration of GABA agonist contributes to the 
recovery of nerve function of patients[17,18]. Results of 
this study discovered that as compared with the levels 
at T0, levels of Glu in serum at T1 in two groups were 
decreased sharply, with an increase in GABA level; 
further comparison with the control group revealed that 
at T1, patients had lower levels of Glu in the experiment 
group, but higher level of GABA, suggesting that 
hyperbaric oxygen treatment is efficiently in balancing 
the expressions between the excitatory amino acids and 
inhibitory amino acids to promote the recovery of nerve 
function for cerebral infarction patients in recovery 
phase. Ischemia and hypoxia of the nerve tissues 
resulted from the cerebral infarction can directly induce 
the oxidative stress and the resultant massive generation 
of ROS further aggravates the function damage to 
neurons, promotes the peroxidation of lipid, and 
increases the consumption of CAT and SOD, thereby 
influencing on the balance between oxidation and anti-
oxidation; thus, it is believed to be the major cause for 
the disease progression of cerebral infarction[19,20]. In 
this study, as compared with the levels at T0, levels of 
ROS and LHP in serum at T1 in two groups were 
decreased sharply, with increases in CAT and SOD 
levels; further comparison with the control group 
revealed that at T1, patients had lower levels of ROS 
and LHP in the experiment group, but higher levels of 
CAT and SOD, suggesting that hyperbaric oxygen 
treatment is efficiently in suppressing the oxidative 
stress for cerebral infarction patients in recovery phase. 
Hence, we infer that such a change may result from the 
eradication of the hypoxia after the oxygen uptake of 
neurons is increased. Overall, for cerebral infarction 
patients in recovery phase, hyperbaric oxygen treatment 
in combination with the regular rehabilitation can 
effectively balance the secretion of neurotrophic factors, 
optimize the nerve function while suppress the oxidative 
stress responses. Thus, this strategy is positive to the 
recovery of patients. 

TABLE 1: COMPARISON OF THE LEVELS OF THE NEUROTROPHIC FACTORS IN SERUM OF PATIENTS IN 
TWO GROUPS (n=60)

Mean±standard deviation.  
Note: *p<0.05 vs. the levels at T0 in the same group

Group
MBP (pg/mL) NSE (μg/L) NGF (ng/L)

T0 T1 T0 T1 T0 T1

Control group 29.37±3.53 19.72±2.65* 17.50±2.86 11.54±1.77* 301.28±43.83 457.19±59.67*

Experiment 
group 29.42±3.49 11.68±1.76* 17.68±2.70 6.08±0.69* 305.62±38.94 685.43±75.97*

t 0.216 10.284 0.177 18.395 0.395 24.382

p >0.05 <0.05 >0.05 <0.05 >0.05 <0.05
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