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Objective: To examine the impact of hyperbaric oxygen intervention on oxidative stress and nerve growth factor in patients with 
craniocerebral injury.
Methods: Using the random number table method, 40 patients with craniocerebral injury who were treated at the First People’s 
Hospital of Nantong were randomly assigned to either the control group or the hyperbaric oxygen group, with 20 patients in each 
group. The control group received routine intervention for clinical traumatic brain injury, while the hyperbaric oxygen group received 
additional hyperbaric oxygen intervention during the 7 to 30 days of routine intervention. Indicators of oxidative stress and nerve 
growth factor levels were compared between the two groups at the time of admission and 30 days after therapy.
Results: The serum levels of superoxide dismutase, endothelium-derived relaxing factor—nitric oxide, and nerve growth factor in the 
hyperbaric oxygen group increased more significantly than in the control group. The serum malondialdehyde concentration was also 
significantly reduced in the hyperbaric oxygen group.
Conclusion: Hyperbaric oxygen intervention can successfully lower systemic oxidative stress response and increase the expression 
level of nerve growth factor in patients with craniocerebral injury.
Keywords: craniocerebral injury, hyperbaric oxygen, nerve growth factor, oxidative stress

Background
Severe acute traumatic brain injury is a severe brain injury usually caused by external forces, resulting in abnormal brain 
function. Patients with severe acute traumatic brain injury often accompany severe brain contusion, brain edema, 
malignant intracranial hypertension, and other symptoms.1 The overall mortality rate is approximately 30%; among 
survivors of mild injury, 10% have permanent disabilities, and the disability rates for moderate and severe injury patients 
are as high as 66% and 100%, respectively.2

The pathophysiological changes in severe acute traumatic brain injury are complex and involve inflammatory 
reactions, cell apoptosis, brain edema, and blood-brain barrier disruption in brain tissue. These pathophysiological 
changes further aggravate brain damage and may continue to develop within a time window after the injury, causing 
irreversible effects on neurologic recovery.3 Neurotrophic factors play a crucial role in acute brain injury diseases. These 
factors are important in the development and maintenance of the nervous system, promoting the growth, survival, and 
connectivity of neurons, as well as regulating signal transmission between neurons. In acute brain injury, neurotrophic 
factors may be impaired or inhibited, leading to neuronal damage and functional impairment. Therefore, studying the 
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changes and mechanisms of neurotrophic factors in acute brain injury can enhance our understanding of the pathophy
siological processes underlying brain injury and provide new targets for disease treatment.

Hyperbaric oxygen therapy has attracted attention as a potential treatment. This therapy utilizes high-concentration 
pure oxygen to treat brain injury patients. By providing high oxygen pressure, hyperbaric oxygen therapy aims to 
improve brain oxygenation, reduce brain damage caused by cerebral hypoxia, and potentially promote the repair of 
damaged neural tissue. The basic principle of this therapy is to increase the dissolved oxygen concentration in the blood 
by creating a high-oxygen environment, thereby enhancing the oxygen supply to the brain tissue.4

However, other clinical studies have failed to observe significant improvement with hyperbaric oxygen therapy. These 
studies have a skeptical attitude towards the efficacy of hyperbaric oxygen therapy, suggesting that it may have 
limitations and restrictions in practical application. For example, hyperbaric oxygen therapy may carry a risk of severe 
oxygen toxicity, leading to the generation of oxygen free radicals and vascular damage. Additionally, the therapeutic 
effects of hyperbaric oxygen therapy may be influenced by factors such as oxygen therapy duration, treatment duration, 
and timing. The impact of these factors may result in variations in the clinical outcomes of hyperbaric oxygen therapy. 
Therefore, further research is needed to explore the therapeutic effects and mechanisms of hyperbaric oxygen therapy in 
severe acute traumatic brain injury. In this study, hyperbaric oxygen therapy was employed to treat patients with brain 
injuries, and the effects of hyperbaric oxygen therapy on oxidative stress and the production of nerve growth factors 
(NGF) were investigated, aiming to lay a foundation for future clinical practices.

Material and Methods
General Material
Clinical Data
We selected 40 patients with severe acute craniocerebral injury who were hospitalized in the First People’s Hospital of 
Nantong between February 2019 and August 2020 and randomly assigned them to either the control group or the HBO 
group (20 patients in each group) using the random number table method. The patients in the control group received 
routine intervention for craniocerebral injury, whereas those in the HBO group received HBO intervention based on 
routine intervention. At present, HBO therapy is not administered to patients with contraindications, such as active 
bleeding, unstable vital signs, cerebrospinal fluid leakage, or skull base fractures. Inclusion criteria: All patients were 
admitted to the hospital within 24 hours of sustaining an injury, as confirmed by imaging. Before treatment, all patients 
had Glasgow coma scale (GCS) ratings between 5 and 8, except those with serious damage to the thoracic and abdominal 
organs and open craniocerebral injury. All of the patients who underwent surgery to remove the hematoma exhibited 
stable vital signs and had no history of cerebrovascular or significant systemic diseases.

Main Equipment and Reagents
We utilized microplate readers manufactured by Thermo Fisher Scientific. We purchased superoxide dismutase (SOD) 
(A001-3-2), malondialdehyde (MDA)(A003-1-2), and nitric oxide (NO) (A012-1-2) from Nanjing Jiancheng Institute of 
Biotechnology, and NGF (CSB-RA288635A0HU) from Cusabio in Wuhan. All patients were instructed to fast before the 
administration of hyperbaric oxygen therapy. On the day prior to the therapy, venous blood samples were collected from 
the patients on an empty stomach for SOD/MDA/NO analysis. Following the completion of oxygen therapy, venous 
blood samples were collected again on the first day of therapy, while the patients were in a fasting state, for subsequent 
SOD/MDA/NO analysis.

Methods
Intervention methods
Routine treatment: All patients were effectively cured after undergoing surgery to remove the hematoma, and reexamina
tion of CT scans revealed that the hematoma was successfully removed. Postoperatively, symptomatic treatments such as 
hemostasis, dehydration to lower intracranial pressure, antibiotics to prevent infection, improvement of water, electro
lytes, acid-base balance disorders, blood pressure control, fluid infusion, and other medications were administered.
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Atmospheric pressure oxygen treatment group (control group): A normobaric oxygen mask was used to inhale pure 
oxygen, administer oxygen for 30 minutes. Rest for 5 minutes, and then administer oxygen for another 30 minutes.

HBO group: Standard methods commonly used in China and internationally were adopted.5 The pressure was applied 
at 0.2 MPa with a 20-minute pressurization period. The patients breathed pure oxygen through a mask for 60 minutes in 
the pressurization chamber, followed by a 5-minute break and a 20-minute decompression period. The therapy was 
administered daily. The state of consciousness and vital signs of the patients were closely monitored during treatment.

Both the HBO group and the control group patients received a total of 10 days of treatment. After completing the 
entire 10-day course, serum samples were extracted for laboratory testing.

SOD Assay
In accordance with the experimental procedures provided in the kit’s instructions, a control well, a blank control well, 
and a blank assay well were prepared. The corresponding enzyme and substrate were then added to the serum of each 
group, incubated at 37 °C for 20 minutes after being evenly mixed, and the absorbance value was measured at 450 nm.

MDA Assay
In accordance with the experimental procedures provided in the kit’s instructions, a blank tube and a standard tube were 
set, along with a control tube and an assay tube for each sample. The reaction solutions were added as needed, mixed 
evenly, placed in a 100 °C water bath for 80 minutes, followed by cooling with flowing water, and the absorbance was 
measured at 532 nm.

NO Assay
In accordance with the experimental procedures provided in the kit’s manual, a blank well and a standard well were 
prepared. The corresponding reagents were added to the serum of each group, mixed evenly, left to stand for 10 minutes, 
then centrifuged at 4000 rpm for 15 minutes. The supernatant was then mixed with a coloring agent and left to react for 
15 minutes. The absorbance value was measured at 550 nm.

NGF Assay
Each well of the ELISA plate was filled with 100μL reference substances and samples and incubated for 2 hours at 37 °C. 
The supernatant was then discarded, followed by the addition of 100 μL biotin-labeled antibodies and incubation at 37 °C 
for 1 h, followed by washing three times for two minutes each; 100 μL HRP-labeled avidin was then added and incubated 
for 1 h at 37 °C, followed by washing three times for two minutes each; 90 μL substrate was then added and incubated for 
0.5 h at 37 °C in the dark. Immediately following the addition of 50 μL stop solution, absorbance was measured at 450 nm.

Statistical Analysis
STATA V 16.0 statistical software was used to process all experimental measurement data, while GraphPad Prism 5 
statistical analysis software was used for statistical mapping. The data results are expressed as mean ± standard deviation. 
A two-independent sample t-test was used to compare the continuous variables between the HBO group and the control 
group. A significance level of p < 0.05 was considered statistically significant.

Results
Determination of SOD and MDA Content
The age range of the included patients was 40 to 70 years, with a mean GCS score of 6.40±1.14. Each group comprised 
of 5 male participants (50.0%) and 5 female participants (50.0%). The content of SOD (Figure 1) and MDA (Figure 2) in 
the control group and the HBO group were detected and analyzed before and after hospitalization. Neither SOD nor 
MDA levels differed significantly between the two groups at the time of admission (P > 0.05). After treatment, the levels 
of SOD in both groups were higher than those at admission, and the difference was statistically significant (P < 0.05). 
The HBO group had significantly increased SOD levels compared to the control group (P < 0.05). After treatment, the 
MDA levels in both groups declined and the difference was statistically significant (P < 0.05) compared to their levels at 
admission, with the HBO group experiencing a greater decrease than the control group (P < 0.05).
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Determination of NO Content
We detected and analyzed the NO content in the control group and the HBO group prior to and following admission 
(Figure 3). At the time of admission, there was no significant difference in NO levels between the two groups (P > 0.05). 
This difference was statistically significant (P < 0.01, P < 0.05, respectively) for both groups, the NO levels were greater 
after therapy than at admission. In addition, the level of NO in the HBO group was much higher than in the control 
group, but there was no statistically significant difference between the two groups.

Determination of NGF Content
The standard curve was plotted using an NGF ELISA kit (Figure 4). We detected and analyzed the NGF content in the 
control group and the HBO group before and after hospitalization (Figure 5). At the time of admission, there was no 
significant difference in NGF levels between the two groups (P > 0.05). The difference in the NGF levels in the two 
groups before and after therapy was statistically significant (P < 0.01). The HBO group experienced a more significant 
increase than the control group (P < 0.01).

Figure 1 Determination of SOD content (n = 20, �X � s). Compared within the control group and before treatment, *P < 0.05, compared within the HBO group and before 
treatment, **P < 0.01; Compared within the HBO group after treatment with that in the control group, #P < 0.05.

Figure 2 Determination of MDA content (n = 20, �X � s). Compared within the control group and HBO group as well as before treatment, *P < 0.05; Compared within the 
HBO group after treatment with that in the control group, #P < 0.05.
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Figure 3 Determination of NO content (n = 20, �X � s). Compared within the group before treatment, *P < 0.05, **P < 0.01.

Figure 4 NGF standard curve.

Figure 5 Determination of NGF content (n = 20, �X � s). Compared with the control group after treatment, ##P < 0.01; compared to the same group before treatment, 
**P < 0.01.
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Discussion
The pathological process of traumatic brain injury comprises a series of cascade events initiated by molecular and 
cellular triggers.6 Many substances, including endogenous opioid peptides and reactive oxygen species (ROS) are 
released due to a severe stress response induced by acute craniocerebral injury, leading to pathophysiological effects 
such as hypoxia-ischemia of brain tissue, decreased cerebral perfusion pressure, changes in cerebral blood flow, and 
aggravation of consciousness.7 NGF is one of the earliest neurotrophic factors to be found and investigated. When an 
acute craniocerebral injury occurs, there is an increase in the expression of NGF and its receptors at the damage site and 
in effector neurons, which is related to their protective effects.8

In recent years, HBO therapy has progressively evolved into a new discipline. The use of HBO in the adjuvant 
treatment of severe craniocerebral trauma was primarily motivated by the following two factors: Firstly, it can shorten 
cerebral vessels, reduce cerebral blood flow, reduce intracranial pressure, stabilize the blood-brain barrier, and reduce 
cerebral edema;9 secondly, partial pressure of oxygen and blood oxygen content are increased, together with the oxygen 
diffusion radius of capillaries in brain tissue, which can improve the hypoxic state of brain tissue, improve the function of 
mitochondria, and promote aerobic metabolism of neurons.10 In this study, the effect of HBO on the condition of patients 
was further investigated from the aspects of intracranial oxidative stress and the production of NGF after severe 
craniocerebral trauma. The results of this study indicate that there was no significant difference in NGF levels between 
the two groups upon admission (P > 0.05). However, there was a statistically significant difference in NGF levels 
between the two groups before and after treatment (P < 0.01), with a significantly greater increase observed in the 
hyperbaric oxygen group compared to the control group (P < 0.01). This suggests that the use of hyperbaric oxygen 
therapy is more beneficial in promoting nerve growth compared to conventional treatment methods, thereby exerting 
a positive effect on improving the patient’s condition.

In the early stage of craniocerebral injury, the level of oxidative stress increased significantly, but the severity of 
oxidative stress varies greatly with the severity of brain injury.11 In acute traumatic brain injury, the impact of external 
trauma on cells can lead to excessive production of free radicals, resulting in intensified oxidative stress. These highly 
reactive free radicals can cause damage to important molecules such as cell membranes, proteins, and DNA. The 
presence of superoxide dismutase (SOD) is crucial for controlling free radical damage. SOD catalyzes the dismutation of 
superoxide anions, converting them into oxygen and hydrogen peroxide, effectively reducing the generation of free 
radicals and alleviating cellular damage.12 Additionally, SOD indirectly participates in the degradation of other nitric 
oxide-related free radicals, further protecting brain tissue. Therefore, it is widely believed that increasing SOD activity or 
supplementing with exogenous SOD can mitigate inflammation caused by brain injury. This study suggests a significant 
increase in SOD levels in patients after receiving hyperbaric oxygen therapy, indicating that this treatment method is 
beneficial in regulating oxidative stress levels in patients.

Free radicals of oxygen attack polyunsaturated fatty acids in the biofilm, resulting in lipid peroxidation and the 
formation of lipid peroxides. For example, the aldehyde group (malondialdehyde (MDA)), and the concentration of 
MDA in serum can reflect the severity of brain injury.13 Lipid peroxidation can not only transform ROS into active 
molecules, but also accelerate the effect of ROS through chain or chain-branched chain reaction. Therefore, even if there 
is only one ROS at the beginning, it eventually leads to the formation of many lipolysis products, some of which are 
harmless, while others can cause cell metabolism and dysfunction, and even death. Therefore, the content of MDA can 
often reflect the degree of lipid peroxidation in the body, thus indirectly reflecting the degree of cell damage. In this 
study, following the administration of HBO therapy, there was a notable improvement in the patients’ condition, 
indicating a superior curative impact of HBO therapy. Furthermore, the analysis of SOD and MDA results provided 
valuable insights into the clinical therapeutic effect of HBO therapy.

Endothelium-derived relaxing factor—nitric oxide (NO) is a highly reactive free radical in organisms, which works as 
both a second messenger and a neurotransmitter; it is also an effector molecule that has a wide range of physiological 
effects on the body.14 NO can swiftly flow through the biofilm through simple diffusion without any medium or energy 
and can easily participate in the electron transfer reaction and the oxidation-reduction reaction of the body. Abnormal NO 
production is closely related to the occurrence and progression of various diseases. After the blood-brain barrier of 
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patients with craniocerebral injury is damaged, the endothelial function of cerebral capillaries is reduced. NO can widen 
blood arteries, which is good for accelerating blood circulation to a certain extent. However, a large amount of NO can 
aggravate nerve cell damage.15 In this study, the NO content was comparatively low at the time of admission of patients. 
After treatment with atmospheric pressure oxygen and HBO, the condition improved, and there was a significant increase 
in NO content after HBO therapy. The results of SOD, MDA, and NO analysis revealed that HBO intervention could 
successfully lower the oxidative stress response in patients.

NGF is the most extensively researched neurotrophic factor currently. Existing research demonstrates that the 
expression of NGF is early, transient, and considerably up regulated after brain damage, demonstrating that NGF is 
associated with the modulation of neuronal response following brain injury.16 According to studies, the protective effects 
of NGF on neurons can be produced in the following ways: 1. Anti-oxygen free radical effect; 2. Increase the activity of 
free radical scavengers and reduce the damage to ischemic nerve cells; 3. Antagonize the neurotoxicity of excitatory 
amino acids; 4. Regulate the calcium ions in the neuronal cytoplasm, inhibit calcium ion overload, and protect injured 
neurons; 5. Inhibit programmed cell death.17 Currently, it is believed that NGF is a water-soluble macromolecule that is 
unable to penetrate the blood-brain barrier. Nonetheless, numerous studies on NGF in craniocerebral trauma have 
demonstrated that administration via different routes produces curative effects without obvious adverse effects.18 It is 
hypothesized that the administration of NGF through multiple routes and the use of medications to temporarily access the 
blood-brain barrier following cerebral trauma can ensure the maintenance of a high level of NGF in damaged brain 
tissue, thus exerting the neuroprotective effect of NGF. In this study, following HBO therapy, there was an improvement 
in the condition, and the NGF content saw a more significant increase. This, in turn, further enhanced the survival of 
damaged neurons.

Conclusion
In conclusion, HBO intervention for patients with craniocerebral injury following emergency surgery can effectively inhibit 
the oxidative stress response of the body, enhance the survival of damaged neurons and accelerate the recovery of clinical 
symptoms in patients. It provides new ideas for the clinical treatment strategy for patients with severe craniocerebral injury 
and is a dependable strategy to improve the treatment outcome for patients with craniocerebral injury.
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