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Objective: To study the effect of recombinant human erythropoietin (rHu-EPO) therapy on
convalescent serological indicators in patients with severe craniocerebral injury. Methods:
Patients with severe craniocerebral injury who were treated in Fifth Hospital in Wuhan
between July 2014 and February 2017 were selected and randomly divided into the rHu-EPO
group who accepted rHu-EPO combined with conventional therapy and the control group
who accepted conventional therapy. Before and after treatment, serum levels of nerve injury
indexes, inflammation indexes, oxidative stress indexes and apoptosis indexes were measured.
Results: Serum Tau, S100B, GFAP, NSE, IL-1β, TNF-α, VCAM-1, ICAM-1, LPO, AOPP,
8-iso-PGF2α, sTRAIL, sFas and sFasL levels of both groups of patients 14 d after treatment
were significantly lower than those before treatment, and serum Tau, S100B, GFAP, NSE, IL1β, TNF-α, VCAM-1, ICAM-1, LPO, AOPP, 8-iso-PGF2α, sTRAIL, sFas and sFasL levels
of rHu-EPO group were significantly lower than those of control group. Conclusion: rHu-EPO
therapy can significantly improve the convalescent nerve injury, inflammation, oxidative stress
and apoptosis in patients with severe craniocerebral injury.
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1. Introduction
Craniocerebral injury is a common traumatic disease in
neurosurgery, and severe craniocerebral injury is in critical
condition, and has high lethality and disability rate[1]. Although

emergency decompressive craniectomy and evacuation of
hematoma can effectively reduce intracranial pressure and avoid
continued hematoma compression on brain tissue, patients will still
have different degree of nerve function defect in convalescence[2,3].
In convalescence of patients with severe craniocerebral injury,

the process of nerve damage [4,5]. In the following study, the
effect of recombinant human erythropoietin (rHu-EPO) therapy
on convalescent serological indicators in patients with severe
craniocerebral injury was analyzed.

2. Patients’ general information and research methods
2.1 General information of severe craniocerebral injury
A total of 48 patients with severe craniocerebral injury who were

neurotrophic drugs combined with neural functional exercise can

treated in Fifth Hospital in Wuhan between July 2014 and February

promote the recovery of neural function to a certain extent, but

2017 were selected as the research subjects, all patients had a clear

patients still have disturbance of consciousness, body function

history of trauma, and were accompanied by varying degrees of

disorder, language disorders, etc., which seriously affect patients'

coma and with Glasgow coma scale 6-8 points, and head CT scan

daily life. Erythropoietin (EPO) was first used in the treatment

confirmed the existence of craniocerebral injury. Patients who were

of anemia, and it has been proven in recent years that it has

allergic rHu-EPO and had history of cerebrovascular disease were

neuroprotective function, and can promote the growth of neurons

excluded. Random number table was used to divide the 48 patients

and inhibit the inflammatory and oxidative stress reaction in

with severe craniocerebral injury into two groups, 24 cases in each
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group. The rHu-EPO group included 18 men and 6 women that were
29-52 years old; the control group included 17 men and 7 women
that were 32-51 years old. There was no significant difference in
general information between the two groups of patients (P>0.05).
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2.2 Clinical treatment methods

3. Results

Both groups of patients received sedation-analgesia, ice compress
on head for physical cooling, mannitol to reduce intracraninal

3.1 Serum nerve injury molecule levels

pressure, proton pump inhibitors to protect gastric mucosa,
antibiotics to prevent infection and other symptomatic and supportive

Before treatment and 14 d after treatment, analysis of serum nerve

treatments, as well as decompressive craniectomy, hematoma

injury molecules Tau (ng/L), S100B (μg/L), GFAP (ng/L) and NSE

suction, hematoma removal and other emergency operations if

(μg/L) levels between two groups of patients was as follows: serum

appropriate. Both groups of patients, on the basis of conventional

Tau, S100B, GFAP and NSE levels were not significantly different

symptomatic treatment, were given intravenous drip of ganglioside

between two groups of patients before treatment (P>0.05); serum

and intramuscular injection of mouse nerve growth factor to nourish

Tau, S100B, GFAP and NSE levels of both groups of patients 14

nerve as well as intravenous drip of edaravone to remove oxygen

days after treatment were significantly lower than those before

free radicals, and treatment lasted for 14 consecutive days; rHu-EPO

treatment (P<0.05), and serum Tau, S100B, GFAP and NSE levels of

group, based on above treatment, received rHu-EPO therpay, and

rHu-EPO group were significantly lower than those of control group

the method was as follows: they received subcutaneous injection of

(P<0.05).

rHu-EPO 10 000 IU respectively on the 3 d, 6 d, 9 d and 12 d after
admission.

3.2 Serum inflammation molecule levels
Before treatment and 14 d after treatment, analysis of serum

2.3 Clinical index detection methods

inflammation molecules IL-1β (μg/L), TNF-α (μg/L), VCAM-1

Before treatment and 14 d after treatment, 8-10 mL of cubital

(ng/L) and ICAM-1 (ng/L) levels between two groups of patients

venous blood was collected from two groups of patients and

was as follows: serum IL-1β, TNF-α, VCAM-1 and ICAM-1

centrifuged at 3 000 r/min to separate upper serum, enzyme-linked

levels were not significantly different between two groups of patients

immunosorbent assay kit was used to determine serum Tau, S100B,

before treatment (P>0.05); serum IL-1β, TNF-α, VCAM-1 and

GFAP, NSE, IL-1β, TNF-α, VCAM-1, ICAM-1, sTRAIL, sFas

ICAM-1 levels of both groups of patients 14 days after treatment

and sFasL contents, and radioimmunoprecipitation kit was used to

were significantly lower than those before treatment (P<0.05), and

determine serum LPO, AOPP and 8-iso-PGF2α levels.

serum IL-1β, TNF-α, VCAM-1 and ICAM-1 levels of rHu-EPO
group were significantly lower than those of control group (P<0.05).

2.4 Statistical methods

3.3 Serum oxidative stress molecule levels

SPSS 20.0 software was used to input and analyze data, serum
index analysis between two groups was by t test and P＜0.05
indicated statistical significance in differences.

Before treatment and 14 d after treatment, analysis of serum
oxidative stress molecules LPO (μmol/L), AOPP (μmol/L) and 8-isoPGF2α (mg/L) levels between two groups of patients was as follows:

Table 1.
Serum nerve injury molecule levels before and after treatment.
Groups
rHu-EPO group

n
24

Control group

24

Time
Before treatment
After treatment
Before treatment
After treatment

Tau
7.39±0.93
4.02±0.56*#
7.51±0.98
5.87±0.77#

S100B
0.42±0.07
0.18±0.03*#
0.44±0.08
0.29±0.05#

GFAP
5.32±0.77
1.45±0.19*#
5.27±0.72
2.89±0.35#

NSE
55.29±7.14
25.23±3.58*#
55.78±7.59
37.48±5.14#

: comparison between rHu-EPO group and control group, P＜0.05; #: comparison within group before treatment and 14 days after treatment, P＜0.05.

*

Table 2.
Serum inflammation molecule levels before and after treatment.
Groups
rHu-EPO group

n
24

Control group

24

Time
Before treatment
After treatment
Before treatment
After treatment

IL-1β
2.86±0.36
1.24±0.18*#
2.91±0.39
1.98±0.26#

TNF-α
7.59±0.93
3.04±0.55*#
7.71±0.98
4.69±0.72#

VCAM-1
94.52±10.28
38.59±6.41*#
95.12±11.28
57.58±8.92#

ICAM-1
146.36±18.56
65.28±8.41*#
148.14±17.59
98.41±11.28#

: comparison between rHu-EPO group and control group, P＜0.05; #: comparison within group before treatment and 14 days after treatment, P＜0.05.

*
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Table 3.
Serum oxidative stress molecule levels before and after treatment.
Groups
rHu-EPO group

n
24

Control group

24

Time
Before treatment
After treatment
Before treatment
After treatment

LPO
2.95±0.42
1.03±0.17*#
2.88±0.45
1.78±0.25#

AOPP
61.92±8.24
26.53±4.45*#
62.31±9.31
38.52±5.69#

8-iso-PGF2α
0.59±0.08
0.15±0.02*#
0.61±0.09
0.28±0.04#

: comparison between rHu-EPO group and control group, P＜0.05; #: comparison within group before treatment and 14 days after treatment, P＜0.05.

*

Table 4.
Serum apoptosis molecule levels before and after treatment (μg/L).
Groups
rHu-EPO group

n
24

Control group

24

Time
Before treatment
After treatment
Before treatment
After treatment

sTRAIL
109.36±17.46
47.24±7.14*#
110.17±18.15
78.36±9.98#

sFas
169.35±19.26
68.15±8.98*#
171.09±17.52
42.34±7.25#

sFasL
80.25±10.39
29.36±4.16*#
81.67±9.67
42.46±7.42#

: comparison between rHu-EPO group and control group, P＜0.05; #: comparison within group before treatment and 14 d after treatment, P＜0.05.

*

serum LPO, AOPP and 8-iso-PGF2α levels were not significantly

in nerve injury molecule levels were first analyzed in the study, and

different between two groups of patients before treatment (P>0.05);

the results showed that serum Tau, S100B, GFAP and NSE levels of
both groups of patients 14 d after treatment were significantly lower
than those before treatment, and serum Tau, S100B, GFAP and
NSE levels of rHu-EPO group were significantly lower than those

serum LPO, AOPP and 8-iso-PGF2α levels of both groups of patients
14 d after treatment were significantly lower than those before
treatment (P<0.05), and serum LPO, AOPP and 8-iso-PGF2α levels
of rHu-EPO group were significantly lower than those of control
group (P<0.05).

3.4 Serum apoptosis molecule levels
Before treatment and 14 d after treatment, analysis of serum
apoptosis molecules sTRAIL, sFas and sFasL levels between two
groups of patients was as follows: serum sTRAIL, sFas and sFasL
levels were not significantly different between two groups of patients
before treatment (P>0.05); serum sTRAIL, sFas and sFasL levels of
both groups of patients 14 d after treatment were significantly lower
than those before treatment (P<0.05), and serum sTRAIL, sFas and
sFasL levels of rHu-EPO group were significantly lower than those
of control group (P<0.05).

4. Discussion
The treatment of patients with severe craniocerebral injury in
rehabilitation period is a hot topic in clinical research, and rHu-EPO
is a new neuroprotective drug discovered in recent years[6,7]. Animal
studies have shown that the expression of EPO significantly reduces
in the craniocerebral injury model and is closely related to the extent
of the neurological deficit[8]. This suggests that supplementing EPO
has therapeutic value for severe craniocerebral injury. In the process
of craniocerebral injury, neurons and glial cells will rupture under the
sustained damage from mechanical pressure and side metabolites,
and then the Tau, S100B, GFAP, NSE and other marker molecules in
cells are released into the blood circulation[9-11]. In order to define
the effect of rHu-EPO treatment on convalescent neural functional
recovery in patients with severe craniocerebral injury, the changes

of control group. This shows that the rHu-EPO treatment is more
effective than conventional treatment in reducing the degree of nerve
damage in patients with severe craniocerebral injury.
In the course of craniocerebral injury, inflammation is an important
pathological link that causes neural functional secondary damage, and
the persistence of damaged local hematoma tissue will significantly
activate inflammatory reaction and cause the secretion of a variety
of inflammatory mediators, which cause neural functional secondary
damage on the basis of neurological damage directly caused by
mechanical factors[12,13]. IL-1β, TNF-α, VCAM-1 and ICAM-1
are the inflammatory mediators that are closely associated with local
inflammatory response after craniocerebral injury. IL-1β is the most
abundant in brain cell tissue space and in cerebrospinal fluid, which
is an important mediator mediating inflammatory response and
secondary injury in the brain tissue; TNF-α is the pro-inflammatory
factor that first changes during the inflammatory response, and it
can recruit multiple inflammatory cells in local arae and amplify the
inflammatory response; VCAM-1 and ICAM-1 are the important
adhesion molecules that can mediate the adhesion and infiltration
of inflammatory cells within the lesion, thereby promoting cascade
activation of inflammatory response. EPO can inhibit the activation
of the inflammatory response and the secretion of inflammatory
factors, and analysis of the changes in above inflammatory response
molecule levels in serum in the study showed that serum IL-1β,
TNF-α, VCAM-1 and ICAM-1 levels of both groups of patients
14 d after treatment were significantly lower than those before
treatment, and serum IL-1β, TNF-α, VCAM-1 and ICAM-1 levels
of rHu-EPO group were significantly lower than those of control
group. This means that the rHu-EPO treatment is more effective than
conventional treatment in reducing the inflammatory response in
patients with severe craniocerebral injury.
EPO not only has anti-inflammatory activity, but also has the
biological effect of anti-oxidative stress. Oxidative stress is an
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important secondary pathological factor causing craniocerebral
injury, local hematoma compression can lead to increased release
of oxygen free radicals, and oxygen free radicals have oxidizing
reaction with the multiple ingredients on the cell membrane and
biofilm, and cause damage to cells and organelles[14]. The lipid in
the cell membrane and biofilm reacts with oxygen free radicals and

[3] Cepeda S, Gomez PA, Castano-Leon AM, Martinez-Perez R, Munarriz

generates LPO, and lipodized arachidonate reacts with oxygen free

[5] Tunc Ata M, Turgut G, Akbulut M, Kocyigit A, Karabulut A, Senol H,

radicals and generates 8-iso-PGF2α; the protein in the cells reacts

et al. Effect of erythropoietin and stem cells on traumatic brain injury.

with oxygen free radicals and produces AOPP[15,16]. In order to

PM, Lagares A. Traumatic intracerebral hemorrhage: risk factors
associated with progression. J Neurotrauma 2015; 32(16): 1246-1253.
[4] Zhiyuan Q, Qingyong L, Shengming H, Hui M. Protective effect of
rhEPO on tight junctions of cerebral microvascular endothelial cells early
following traumatic brain injury in rats. Brain Inj 2016; 30(4): 462-467.

World Neurosurg 2016; 89: 355-361.

define the rHu-EPO effect on convalescent oxidative stress reaction

[6] B ramlett HM, Dietrich WD, Dixon CE, Shear DA, Schmid KE,

in patients with severe craniocerebral injury, serum levels of above

Mondello S, et al. Erythropoietin treatment in traumatic brain injury:

oxidative stress products were analyzed in the study, and the results
showed that serum LPO, AOPP and 8-iso-PGF2α levels of both
groups of patients 14 d after treatment were significantly lower than
those before treatment, and serum LPO, AOPP and 8-iso-PGF2α
levels of rHu-EPO group were significantly lower than those of
control group. This suggests that rHu-EPO therapy is more effective
than conventional treatment in reducing the degree of oxidative
stress response in patients with severe craniocerebral injury.
The activation of local inflammation and oxidative stress reaction
in patients with craniocerebral injury can not only directly cause
damage in neurons and glial cells, but can also start the apoptosis

operation brain trauma therapy. J Neurotrauma 2016; 33(6): 538-552.
[7] Wang L, Wang X, Su H, Han Z, Yu H, Wang D, et al. Recombinant
human erythropoietin improves the neurofunctional recovery of rats
following traumatic brain injury via an increase in circulating endothelial
progenitor cells. Transl Stroke Res 2015; 6(1): 50-59.
[8] Anderson GD, Peterson TC, Vonder Haar C, Farin FM, Bammler TK,
MacDonald JW, et al. Effect of traumatic brain injury, erythropoietin,
and anakinra on hepatic metabolizing enzymes and transporters in an
experimental rat model. AAPS J, 2015, 17(5): 1255-1267.
[9] Azar S, Hasan A, Younes R, Najdi F, Baki L, Ghazale H, et al. Biofluid
proteomics and biomarkers in traumatic brain injury. Methods Mol Biol
2017; 1598: 45-63.

and cause cellular damage. Fas/FasL is able to trigger the caspase-8/

[10]Rubenstein R, Chang B, Grinkina N, Drummond E, Davies P, Ruditzky

caspase-3 cascade activation through the combination of the

M, et al. Tau phosphorylation induced by severe closed head traumatic

receptor-ligand, causing cell apoptosis[17]; TRAIL is a new type

of inducer of apoptosis, and sTRAIL is its soluble form that can

brain injury is linked to the cellular prion protein. Acta Neuropathol
Commun 2017; 5(1): 30.

cause cell apoptosis when it is delivered to the lesion with the blood

[11]Thelin EP, Jeppsson E, Frostell A, Svensson M, Mondello S, Bellander

circulation[18]. In order to define the rHu-EPO effect on nerve cell

BM, et al. Utility of neuron-specific enolase in traumatic brain injury;

apoptosis when it was used for convalescent treatment of patients
with severe craniocerebral injury, the changes in serum levels of

relations to S100B levels, outcome, and extracranial injury severity. Crit
Care 2016; 8(20): 285.

above apoptosis molecules were analyzed in the study, and the

[12]Yang DB, Yu WH, Dong XQ, Zhang ZY, Du Q, Zhu Q, et al. Serum

results showed that serum sTRAIL, sFas and sFasL levels of both

macrophage migration inhibitory factor concentrations correlate with

groups of patients 14 d after treatment were significantly lower than

prognosis of traumatic brain injury. Clin Chim Acta 2017; 469: 99-104.

those before treatment, and serum sTRAIL, sFas and sFasL levels

[13]Wofford KL, Harris JP, Browne KD, Brown DP, Grovola MR, Mietus

of rHu-EPO group were significantly lower than those of control

CJ, et al. Rapid neuroinflammatory response localized to injured neurons

group. This suggests that rHu-EPO therapy may be more effective
than conventional treatment in suppressing the nerve cell apoptosis
in patients with severe craniocerebral injury.
To sum up, it is believed that rHu-EPO treatment could alleviate
convalescent nerve injury, inflammation, oxidative stress and cell
apoptosis in patients with severe craniocerebral injury, and it has
positive value for disease recovery.

after diffuse traumatic brain injury in swine. Exp Neurol 2017; 290: 8594.
[14]Wang HC, Lin YJ, Shih FY, Chang HW, Su YJ, Cheng BC, et al. The
role of serial oxidative stress levels in acute traumatic brain injury and as
predictors of outcome. World Neurosurg 2016; 87: 463-470.
[15]Anthonymuthu TS, Kenny EM, Bayır H. Therapies targeting lipid
peroxidation in traumatic brain injury. Brain Res 2016; 1640(Pt A): 5776.
[16]Lazaridis C. Cerebral oxidative metabolism failure in traumatic brain
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