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Objective: To study the correlation of serum GFAP, S100B and NSE contents with posttraumatic oxidative stress response and insulin resistance in patients with traumatic brain
injury. Methods: A total of 110 patients with traumatic brain injury who were treated in
our hospital between January 2015 and December 2016 were collected as the observation
group, and 60 healthy subjects who received physical examination in our hospital during the
same period were collected as normal control group. Serum GFAP, S100B and NSE levels
as well as oxidative stress index and insulin resistance index levels of two groups of subjects
were detected, and Pearson test was used to further evaluate the correlation of serum GFAP,
S100B and NSE contents with oxidative stress response and insulin resistance in patients with
traumatic brain injury. Results: Serum GFAP, S100B and NSE contents of observation group
were significantly higher than those of normal control group; serum oxidative stress indexes
MDA, MPO and LPO contents were higher than those of normal control group while SOD and
TAC contents were lower than those of normal control group; serum insulin resistance indexes
GLU, INS and HOMA-IR levels were higher than those of control group. Pearson test showed
that serum GFAP, S100B and NSE contents in patients with traumatic brain injury were
directly correlated with post-traumatic oxidative stress and insulin resistance. Conclusion: The
serum GFAP, S100B and NSE contents increase in patients with traumatic brain injury, and the
increase is directly correlated with the oxidative stress and insulin resistance.
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1. Introduction

brain injury with oxidative stress and insulin resistance, the study
focused on the differences in brain injury index contents between
patients with brain injury and normal people, and the inner link of

Traumatic brain injury is a clinical typical emergency, patients
are mostly with nerve injury and changes in contents of multiple
neuron-specific indexes, including glial fibrillary acidic protein

brain injury index contents with insulin resistance and oxidative
stress was further analyzed, now reported as follows.

(GFAP), S100B protein (S100B), neuron-specific enolase (NSE)
and so on, and their contents can objectively reflect the degree of
brain injury[1,2]. Recent studies have shown that there are significant

local and systemic oxidative stress and insulin resistance in acute
stage of traumatic brain injury, they may be the important reasons

2. Information and methods
2.1 Case information

for the secondary brain injury, and early judging its severity can
provide the basis for selection of subsequent treatment options[3,4].

There is not much research at present about the internal relations of
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A total of 110 patients with traumatic brain injury who were
treated in our hospital between January 2015 and December 2016
were collected as the observation group, and 60 healthy subjects
who received physical examination in our hospital during the
same period were collected as normal control group, and family
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members of observation group/normal control group themselves

between groups was by grouping t test. Correlation analysis was by

signed informed consent. Observation group included 59 male

Pearson test. P＜0.05 indicated statistical significance in differences.

cases and 51 female cases that were 23-68 years old; normal control
group included 32 male cases and 28 female cases that were 25-69
years. The gender and age distribution of the two groups were not

3. Results

significantly different, and the research was approved by the hospital

3.1 Serum GFAP, S100B and NSE

ethics committee.

2.2 Serum GFAP, S100B and NSE

Immediately after admission, comparison of serum GFAP (ng/
L), S100B (μg/L) and NSE (μg/L) contents between two groups of

Immediately after admission, 3.0 mL of cubital venous blood was
extracted from the two groups, anti-coagulated and then centrifuged
at low speed to get supernatant liquid, and enzyme-linked
immunosorbent assay (ELISA) was used to measure glial fibrillary
acidic protein (GFAP), S100B protein (S100B) and neuron-specific
enolase (NSE) levels.

subjects was as follows: serum GFAP, S100B and NSE contents of
observation group were significantly higher than those of normal
control group. Differences in serum GFAP, S100B and NSE contents
were statistically significant between two groups of subjects (P＜
0.05), shown in Table 1.

3.2 Oxidative stress indexes

2.3 Oxidative stress
Immediately after admission, serum was obtained from the
two groups in the same way, and ELISA was used to detect the
contents of oxidative stress indicators, including malondialdehyde
(MDA), myeloperoxidase (MPO), lipid peroxide (LPO), superoxide
dismutase (SOD) and total antioxidant capacity (TAC).

Immediately after admission, comparison of serum oxidative stress
indexes MDA (nmol/mL), MPO (mg/L), LPO (μmol/L), SOD (U/L)
and TAC (μmol/L) contents between two groups of subjects was as
follows: serum MDA, MPO and LPO contents of observation group
were significantly higher than those of normal control group while
SOD and TAC contents were lower than those of normal control
group. Differences in serum oxidative stress indexes MDA, MPO,

2.4 Insulin resistance indexes

LPO, SOD and TAC contents were statistically significant between

Immediately after admission, serum was obtained from the two

two groups of subjects (P＜0.05), shown in Table 2.

groups in the same way, and radioimmunoassay was used to detect
glucose (GLU) and insulin (INS) levels, and assess the insulin

3.3 Insulin resistance indexes

resistance index (HOMA-IR).
Immediately after admission, comparison of serum insulin

2.5 Statistical processing

resistance indexes GLU (mmol/L), INS (mU/L) and HOMA-IR
levels between two groups of subjects was as follows: serum GLU,

Statistical software was SPSS 23.0. GFAP, S100B, NSE, oxidative

INS and HOMA-IR levels of observation group were significantly

stress indexes, insulin resistance indexes and other measurement

higher than those of control group. Differences in serum insulin

data were in terms of mean ± standard deviation, and the comparison
Table 1.
Comparison of serum GFAP, S100B and NSE contents between two groups of subjects.
n
60
110

Groups
Control group
Observation group
T
P

GFAP (ng/L)
0.48±0.06
5.43±0.69
12.193
＜0.05

S100B (μg/L)
0.14±0.03
0.38±0.05
8.261
＜0.05

NSE (μg/L)
0.76±0.08
4.51±0.59
10.831
＜0.05

Table 2.
Comparison of serum oxidative stress index contents between two groups of subjects.
Groups
Control group
Observation group
T
P

n
60
110

MDA (nmol/mL)
1.81±0.25
4.29±0.61
9.092
＜0.05

MPO (mg/L)
0.65±0.08
1.98±0.25
7.143
＜0.05

LPO (μmol/L)
5.17±0.64
8.92±0.96
8.498
＜0.05

SOD (U/L)
16.05±2.94
9.71±0.98
12.476
＜0.05

TAC (μmol/L)
6.21±0.75
2.79±0.35
8.497
＜0.05
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Table 3.
Comparison of serum insulin resistance index levels between two groups of subjects.
Groups
Control group
Observation group
T
P

n
60
110

GLU (mmol/L)
4.83±0.59
10.27±1.65
12.871
＜0.05

INS (mU/L)
14.19±1.86
32.47±4.51
15.436
＜0.05

HOMA-IR
4.82±0.69
10.37±1.76
10.928
＜0.05

resistance indexes GFAP, S100B and NSE levels were statistically

- adrenaline system, and the released various chemotactic active

significant between two groups of subjects (P＜0.05), shown in

substances can attract and activate neutrophils, produce a large

Table 3.

number of oxygen free radicals, and further lead to intracranial local

3.4 Correlation analysis

and systemic oxidative stress reaction[11,12]. Oxidative/antioxidant
imbalance is the direct cause of oxidative stress response. MDA,
MPO and LPO are typical lipid oxidation products, and their

Analysis of the correlation of serum GFAP, S100B and NSE

overexpression can directly damage tissue viscera; SOD is an

contents in patients with traumatic brain injury with oxidative stress

antioxidant substance that can neutralize oxygen free radicals and

and insulin resistance was as follows: serum GFAP, S100B and NSE

oxidative products and reduce stress damage. TAC can objectively

contents were positively correlated with oxidative stress indexes

reflect the antioxidant capacity[13]. In the study, serum contents of

MDA, MPO and LPO contents, and negatively correlated with

oxidative stress indexes were compared between the two groups,

SOD and TAC contents; they were positively correlated with insulin

and it was found that compared with normal control group, the

resistance indexes GFAP, S100B and NSE levels (P＜0.05).

observation group were with higher serum MDA, MPO and LPO
contents, and lower SOD and TAC contents, showing that there is
indeed systemic oxidative stress response in patients with traumatic

4. Discussion

brain injury. Further Pearson test showed that serum GFAP, S100B
and NSE contents in patients with traumatic brain injury were

There are different levels of neurological impairment in patients

positively correlated with oxidation indexes MDA, MPO and LPO

with traumatic brain injury. In addition to imaging findings, there

contents, and negatively correlated with anti-oxidation indexes SOD

is the change in the contents of various nerve injury markers in

and TAC contents, confirming that the oxidative stress damage is one

serum[5,6]. GFAP belongs to astrocytes intermediate filament and

of the direct causes of secondary brain injury in patients.

constitutes the skeleton of nerve cells, the current study shows that it

Increase in blood sugar in patients with traumatic craniocerebral

belongs to cell damage indicator, and its content increases after brain

trauma is one of the important factors that affect the prognosis.

injury and is highly consistent with trauma severity[7]. S100B is the

With the deepening of the animal experiment and clinical research,

most deeply studied nerve injury marker, and it is widely distributed

it is found that there is the simultaneous increase in blood glucose

in nerve tissue under physiological status and involved in the

and insulin levels after craniocerebral trauma, which is speculated

regulation of various calcium-dependent intracellular function. After

to be associated with the body's resistance to insulin [14,15] .

nerve damage, the S100B is released by the damaged glial cells, and

Insulin resistance is the decrease of systemic insulin sensitivity

enters the blood circulation via the damaged blood-brain barrier[8,9].

and reactivity, which leads to the glucose uptake and utilization

NSE is the key enzyme of glycolytic pathway, it is specifically

disorder, and directly causes the energy supply disturbance of brain

located within the neurons, the NSE levels in the circulating blood

tissue. Excessive blood glucose in the cerebral ischemic lesion

is extremely low under normal state, and it is massively leaked out

can aggravate local edema and lactic acidosis, and cause the area

from the neurons after nerve injury and enters into the cerebrospinal

of ischemic injury to increase[16]. In the study, the levels of serum

fluid and blood through the blood brain barrier[10]. In the study, the

insulin resistance indexes were compared between the two groups,

nerve damage index contents in serum were compared between

and it was found that compared with normal control group, the

patients with traumatic brain injury and healthy subjects, and it was

observation group were with higher serum GLU, INS and HOMA-

found that compared with normal control group, the observation

IR levels, confirming that craniocerebral trauma can lead to insulin

group were with higher serum GFAP, S100B and NSE contents,

resistance in patients. Further Pearson test showed that serum GFAP,

indicating from serology that there is substantial neuronal damage in

S100B and NSE levels in patients with traumatic brain injury were

patients with traumatic brain injury.

positively correlated with insulin resistance indexes GLU, INS and

In the process of secondary brain injury caused by craniocerebral

HOMA-IR levels, indicating that craniocerebral trauma can cause

trauma, stress stimuli can cause strong excitement of sympathetic

insulin resistance, and continuous insulin resistance may further
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aggravate the degree of craniocerebral injury.

[8] Welch RD, Ellis M, Lewis LM, Ayaz SI, Mika VH, Millis S, et al.

Above all, it can be concluded that serum GFAP, S100B and NSE

Modeling the kinetics of serum glial fibrillary acidic protein, ubiquitin

contents are higher in patients with traumatic brain injury, and the

carboxyl-terminal hydrolase-l1, and s100b concentrations in patients

specific contents are closely related to the degree of oxidative stress

with traumatic brain injury. J Neurotrauma 2017; 34(11): 1957-1971.

and insulin resistance.

[9] Thelin EP, Nelson DW, Bellander BM. A review of the clinical utility of
serum S100B protein levels in the assessment of traumatic brain injury.
Acta Neurochir (Wien) 2017; 159(2): 209-225.

References

[10]Krohn M, Dreßler J, Bauer M, Schober K, Franke H, Ondruschka
B. Immunohistochemical investigation of S100 and NSE in cases

[1] G
 uo XB, Deng X, Wei Y. Homing of cultured endothelial progenitor cells
and their effect on traumatic brain injury in rat model. Sci Rep 2017; 7(1):
4164.
[2] Zhang WT, Wang YF. Efficacy of methylphenidate for the treatment of
mental sequelae after traumatic brain injury. Medicine (Baltimore) 2017;
96(25): e6960.

of traumatic brain injury and its application for survival time
determination. J Neurotrauma 2015; 32(7): 430-440.
[11]Zhang B, Wang B, Cao S, Wang Y. Epigallocatechin-3-gallate (EGCG)
attenuates traumatic brain injury by inhibition of edema formation and
oxidative stress. Korean J Physiol Pharmacol 2015; 19(6): 491-497.
[12]Kabu S, Jaffer H, Petro M, Dudzinski D, Stewart D, Courtney A, et al.

[3] Z
 hang W, Li B, Guo Y, Bai Y, Wang T, Fu K, et al. Rhamnetin attenuates

Blast-associated shock waves result in increased brain vascular leakage

cognitive deficit and inhibits hippocampal inflammatory response and

and elevated ros levels in a rat model of traumatic brain injury. PLoS One

oxidative stress in rats with traumatic brain injury. Cent Eur J Immunol
2015; 40(1): 35-41.
[4] Karelina K, Sarac B, Freeman LM, Gaier KR, Weil ZM. Traumatic brain
injury and obesity induce persistent central insulin resistance. Eur J
Neurosci 2016; 43(8): 1034-1043.
[5] Hassan A, Jokar TO, Rhee P, Ibraheem K, Kulvatunyou N, Anderson
KT, et al. More helmets fewer deaths: motorcycle helmet legislation
impacts traumatic brain injury-related mortality in young adults. Am Surg
2017; 83(6): 541-546.
[6] Ngwenya LB, Suen CG, Tarapore PE, Manley GT, Huang MC. Safety
and cost efficiency of a restrictive transfusion protocol in patients with
traumatic brain injury. J Neurosurg 2017; 23(4): 1-8.
[7] R hine T, Babcock L, Zhang N, Leach J, Wade SL. Are UCH-L1
and GFAP promising biomarkers for children with mild traumatic brain
injury. Brain Inj 2016; 30(10): 1231-1238.

2015; 10(5): e0127971.
[13]Zhang WT, Wang YF. Efficacy of methylphenidate for the treatment of
mental sequelae after traumatic brain injury. Medicine (Baltimore) 2017;
96(25): e6960.
[14]Hamed SA. Brain injury with diabetes mellitus: evidence, mechanisms
and treatment implications. Expert Rev Clin Pharmacol 2017; 10(4): 409428.
[15]Jin P, Zhu L, Zhang J, Xie S, Pan D, Wen H, et al. A correlation study
of the expression of resistin and glycometabolism in muscle tissue after
traumaticbrain injury in rats. Chin J Traumatol 2014; 17(3): 125-129.
[16]Pepping JK, Otvos L Jr, Surmacz E, Gupta S, Keller JN, Bruce-Keller AJ.
Designer adiponectin receptor agonist stabilizes metabolic function and
prevents brain injurycaused by HIV protease inhibitors. J Neuroimmune
Pharmacol 2014; 9(3): 388-398.

