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Abstract

Objectives: In this control trial study we showed the neuroprotective effects of the erythropoietin (EPO) in traumatic brain injury
in animal model.

Methods: The research was carried out on 50 male Wistar rats weighing 200 to 250 g. They were divided into two groups of control
and case. Therats were anesthetized, right frontal craniotomy was performed and then the brain damage was caused by weight-drop
model. In the case group, after 3 hours and again after 24 hours of craniotomy and creation of brain lesions in the right hemisphere,
500 u/kg erythropoietin was injected into peritoneum but in the control group, the rats did not receive any drug. Then the behavior,
motor function and balance on the second day and the fourteenth day after injection of erythropoietin were evaluated. After that,
the rats were killed and the brain tissues sent to the laboratory for pathological assessment of brain tissues.

Results: The average of cross-sectional damage in the case group that received erythropoietin drug was reported 22.55% and in the
control group 37.41%, and the motor balance function after fourteenth day in the group that received erythropoietin was 69.12% and
better in comparison with the control group (46.27%) that did not receive any drug.

Conclusions: erythropoietin has a protective effect on neurons and improves the sub-acute changes in head after brain injury and
increases the motor balance abilities in rats.
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1. Background damage. The primary damage is developed at the moment
of injury but the secondary damage is developed when the

Accidents are the third cause of death in human pop-  jpjjal injury starts and it can continue for months or even

ulations (1). Traumatic brain injury is the major cause of
morbidity and mortality in young adults (2). Annually,
about 5 million people around the world die by accidents
and the majority of them suffer from complications and
neurological disability due to the traumatic brain injury
(3). Traumatic brain lesions are the first cause of neuro-
logical disability in young adults. Thus, many studies have
been conducted in the field of assessment of traumatic
brain lesions, diagnostic measures, medical and surgical
treatments and rehabilitation; and the investigations in
this field have been continued due to the high level of mor-
tality and morbidity (4).

Generally, traumatic lesions of the brain tissue are di-
vided into two categories: primary damage and secondary

years(5). Treatmentin the field of primary damage of brain
parenchyma is very limited because neurological cells are
non-proliferated but all the attention is focused on follow-
up medical care, treatment and preventing the develop-
ment of the brain’s secondary damage.

Secondary damage refers to the development of brain
cell damage when the primary damage occurs in the ar-
eas that are less damaged or undamaged, and it can con-
tinue after a month or years. In the secondary damage of
brain, a cascade of biochemical and physiological changes
occurs and causes more damages to the neurons in the af-
fected area. The secondary damage causes the primary in-
jury to spread and worsen the patients’ condition and also
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worsen the complications after trauma. The secondary
damages are really important for neurosurgeons because
many therapies and interventions have been focused on
them (6).

The basic mechanism of secondary damage develop-
ment is the disruption of calcium homeostasis in brain.
Due to the trauma, extra calcium is entered into the cells
through the membrane channels and membrane recep-
tors. Also, trauma causes depolarization of cell membrane
and as a result, ca + 2 enters into the cell through voltage-
sensitive channels. Traumatic brain injury causes increase
in the membrane potential leading to the excitatory re-
lease of amino acids through the Na + [ k + pump in the
membrane. Theses excitatory amino acids like glutamate,
activate some receptors like N-methyl- d-aspartate (NMDA)
that are a gateway for Na+ and Ca+ entrance to the cells.
Stimulatory neurotransmitters cause cell damage by sev-
eral mechanisms: acute increase in Na+ and Ca entrance
into the cells and then cell swelling, increase in Ca+ en-
trance into the cells, exit of K+ from the cells, activation
of protolithic enzymes, production of oxygen radicals and
synthesis of nitric oxide (7).

Erythropoietin is a glycoprotein that is produced by
the kidneys. It is well known that Erythropoietin stimu-
lates production of red blood cells in bone marrow. Protec-
tive effect of Erythropoietin has been proven in ischemic
lesions of the brain and spinal cord. The effect of this drug
on traumatic brain lesions has been proven (8). Assess-
ments have showed the strong protective effects of ery-
thropoietin on spinal cord against ischemia and mechani-
cal trauma in rats (9, 10). Erythropoietin has protective ef-
fects by several ways: decreasing apoptosis cells, disabling
of inflammatory cytokines, activating endothelial progen-
itor cells, stimulating angiogenesis and decreasing lipids
peroxidation (11-13). There are several studies carried out to
show the effect of erythropoietin on recovering the spinal
cord and brain of traumatic models in rats. To promote
previous studies, in this study we evaluate the effect of
erythropoietin on the behavior, balance control and histo-
pathological changes in traumatic brain injury rats.

2. Methods

2.1. Subjects

This study was a clinical trial and was done on 50 male
Wistar rats weighing 200 to 250 g. The rats were divided
randomly into two groups of 25. In the case group, after 3
hours and again after 24 hours of craniotomy and creation
of brain lesions in the right hemisphere, we injected 500
u/kgerythropoietin into peritoneum. In the control group,
craniotomyand brain lesions in the right hemisphere were

done on the rats but in this group, the rats did not receive
any drug (include erythropoietin) after creation of trau-
matic brain injury.

2.2. Methods

First, the rats were anesthetized, right frontal cran-
iotomy was done for them and then the brain damage was
caused by weight-drop. After 14 days, the brain was re-
moved and samples were sent to the pathology laboratory
to assess the pathological findings and the extent of dam-
age.

In our study, we anesthetized the rats by two drugs,
ketamine 10% and midazolam. Ketamine and midazolam
each were injected in intra-peritoneal at a dose of 50 to 100
mg/kg and 5 mg/kg. The rats were usually anesthetized 5
minutes after injection and they were prepared for the ex-
periment.

Considering the previous literatures, we used the
weight-drop model for traumatic brain injury. A bar
weighting a 12 g counter-weight was used for this purpose.
This bar had 10 cm length and 5 mm diameter. It was re-
leased towards the Dura mater without any uncoated bone
and without any additional force through a tube 15 cm
from a distance of 8 cm on the rats’ brains. This was done
several times for all the samples. Craniotomy in rats was
performed in RAZI vaccine and serum research institute
and it took 2 months.

After the surgery, the rats were placed into their cases
and warmed with a warmer; and they became conscious
2 or 3 hours later. After recovery, most of the rats had
left hemiparesis and the weakness of their upper limb was
more than their lower limb.

Some of the rats died during induction of anesthesia
due to the respiratory and cardiac arrest and some of them
were not conscious after the surgery. The rats that died
around the time of surgery were excluded from this study.

To evaluate the effect of erythropoietin on traumatic
brain injury in rats, two ways were considered: the first was
the evaluation of behavior, motor function and balance on
the second day and the fourteenth day after injection of
erythropoietin and the second was the pathological find-
ings in the laboratory.

There are many methods for evaluation of the motor
function in rats; for examples, the pole test, beam walking
test, wire hang test, and footprint test; but in this study, we
used angle board test to evaluate the motor function and
behavioral experiments in order to investigate the effect of
erythropoietin. For this purpose, the rats were trained be-
fore the test. Usually, 3 to 4 times each day, the rats were
placed on the inclined board devices to learn how to exer-
cise three days before surgery, or they were excluded from
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the study if they did not have motivation to do the test. Af-
ter training, the rats were prepared for surgery.

The first evaluation on the second day was done with
an inclined board in order to assess balance and motor
function. Plates were inclined at 45 degrees and rats were
placed on them. The period during which the rats could
maintain their balance on an inclined board were calcu-
lated and considered as the data. After fourteen days, mo-
tor function and balance were evaluated again, and finally
data were analyzed.

On the fourteenth day, after the motor functional and
behavioral tests were performed, the rats were killed by
injection of 3 cc KCL solution in the intra-peritoneal; rat’s
brain were immediately isolated and the samples such as
brain, cerebellum and primary parts of the spinal cord
were fixed in formalin and 24 hours later, they were sent
to the pathology laboratory. In the pathology department,
the brain samples were cut in to the slices of 1.5 to 2 mm
thickness and were placed on slides for microscopic evalu-
ation. Damage to the cross-sectional area was calculated as
a percentage of the total brain.

2.3. Statistics

Data were collected and analyzed with SPSS. Indepen-
dent T-test was used to analyze the data, and P value < 0.05
was considered to be statistically significant. In addition,
the data were compared and shown by

3. Results

According to the results, erythropoietin drug reduced
the cross-sectional area injuries of brain in rats. The av-
erage of cross-sectional damage in the case group that
received erythropoietin drug was 22.55% and in the con-
trol group 37.41%; therefor, a significant difference was re-
ported in cross-sectional damages between the two groups
(Pvalue < 0.001) (Figure 1).

No significant difference was reported in evaluation of
motor function on the second day after brain damage be-
tween the case group that received erythropoietin drug
and the control group (P value: 0.4) (Figure 2).

Evaluation of motor function on the fourteenth day af-
ter the brain damage indicated a significant difference in
the final status of motor function between the case group
thatreceived erythropoietin drug and the control group (P
value = 0.03) (Figure 3).

Evaluation of motor function and balance on the sec-
ond day after the brain damage showed no significant dif-
ference between the rats that received erythropoietin drug
and were tested with an inclined board and the control
group (P value = 0.2) (Figure 4).
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Figure 2. Brain Damage

Evaluation of motor function and balance on the four-
teenth day after the brain damage and inclined board test
indicated that time balancing on the board was more in
rats that received erythropoietin drug in comparison with
the control group (P value = 0.01) (Figure 5).

4. Discussion

The best results obtained from this study are related to
the pathology results. The pathological changes in brain
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tissues in the case group that received erythropoietin in-
cluded: increased neovascularization, reduction in the ex-
tent of contusion, angiogenesis with thin-walled vessels
and sedimentation of hemosiderin (Figure 6). Pathologi-
cal changes in the brain tissues in the control group that

200 B Erythropoietin
149.68 L

180 No Erythropoietin

160 120.21

140
120

100
80
60
40

20

Erythropoietin No Erythropoietin

Figure 5. Fourteenth Day

did not receive Erythropoietin included: Increased infil-
tration of inflammatory cells including lymphocytes and
plasma cells and histiocytes much less, formation of fi-
brous tissue, necrosis, abundant neutrophils, angiogene-
sis with thick-walled vessels, proliferation of endothelial
cells, extent of high contusion and hemorrhage (Figure 7).

In our research, the microscopic assessments after two
weeks demonstrated sub-acute changes in in head after
brain injury, and it was clear that erythropoietin drug has
good effects in sub-acute phase on the traumatic brain in-
juries. As the novelty of our research, we found that ery-
thropoietin can improve the motor balance abilities of rats
after treatment with erythropoietin.

There are many literatures showing the effect of ery-
thropoietin on improvement of the brain and spinal in-
juries and its neuroprotective effect in-vitro (14, 15) and in
vivo with stroke model (16, 17). In contrast to that litera-
ture, in our study we injected erythropoietin into the peri-
toneum 3 hours and again 24 hours after development of
brain injury and also we investigated microscopic evalua-
tion of brain with motor balance skills.

According to the studies conducted by scientists, the
hypoxia and CNS injuries can increase the level of erythro-
poietin hormone and the number of receptors of erythro-
poietin in CNS(18). Recent studies in animal model demon-
strated that erythropoietin is an effective hormone that in-
creases the improvement of neurological disorders after
spinal cord injuries (19).

Research articles about this topic in recent years have
demonstrated the effect of erythropoietin on the protec-
tion of neurons after traumatic brain injuries. Also, in
some studies erythropoietin is a valuable hormone in pro-
tection of brain in neonatal brain injuries and other neu-
rological disorders such as epilepsy (20, 21).

Some of the studies in animal models showed that re-
combinant human erythropoietin can decrease the exten-
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Figure 6. Pathological Assessments of Brain Tissues Demonstrated the Increase of Neovascularization, Increase of Inflammatory Macrophages in Trace Amounts in Rats that

Received Erythropoietin After Brain Lesion.
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Figure 7. Increasing Infiltration of Inflammatory Cells Including Lymphocytes and Plasma Cells and Histiocytes with Formation of Fibrous Tissue, and Necrosis in Pathological

Finding of Brain Tissues in the Control Group that Did not Received Erythropoietin Drug.

sion of post-traumatic brain edema in traumatic brain in-
jury (TBI) (22).

In spite of of several studies in neuroprotective effect
of erythropoietin on animal model, there are limited stud-
ies on neuroprotective consequences of erythropoietin in
human and contradictory consequences in human (23).
The clinical trials have only been conducted since 2011, and
most of the studies on human have not yet finalized (24).
Therefore, further studies are needed in this regard and
some other unpublished documents may help to explain
the protective effects of EPO on TBI.

4.1. Conclusions

According to our research and other similar papers,
EPO has a protective effect on neurons and it can improve
the sub-acute changes in head after brain injury and in-
crease the motor balance abilities in rats. Further studies
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are needed to investigate the effect of EPO on human brain
injuries.
Acknowledgments

This research was supported by Mashhad University of
Medical Sciences.

Footnote

Conflict of Interest: None.

References

1. Soundappan SS, Holland A, Lam L, Roy G, Evans |B, Adams S, et al. Off-
road vehicle trauma in children: a New South Wales perspective. Pedi-
atr Emerg Care. 2010;26(12):909-13. doi: 10.1097/PEC.0bo13e3181ff0d11.
[PubMed: 21088633].


http://dx.doi.org/10.1097/PEC.0b013e3181ff0d11
http://www.ncbi.nlm.nih.gov/pubmed/21088633
http://razavijournal.com

Bahadorkhan G et al.

10.

11.

12.

14.

. Graham DI, Adams JH, Gennarelli TA. Pathology of brain damage in

head injury. Head injury. 1993:91-113.

. Thurman DJ, Alverson C, Dunn KA, Guerrero ], Sniezek JE. Traumatic

brain injury in the United States: A public health perspective. | Head
Trauma Rehabil. 1999;14(6):602-15. [PubMed: 10671706].

. Naghavi M. Mortality in provincesof iran. Health Deputy. Thran: Iran

Ministry of Health and medical Education; 2010. pp. 171-3.

. Povlishock T, Becker DP, Cheng CL, Vaughan GW. Axonal change

in minor head injury. | Neuropathol Exp Neurol. 1983;42(3):225-42.
[PubMed: 6188807].

. Katayama Y, Becker DP, Tamura T, Hovda DA. Massive increases in ex-

tracellular potassium and the indiscriminate release of glutamate
following concussive brain injury. | Neurosurg. 1990;73(6):889-900.
doi: 10.3171/jns.1990.73.6.0889. [PubMed: 1977896].

. Rosner MJ.Introduction to cerebral perfusion pressure management.

Neurosurg Clin N Am. 1995;6(4):761-73. [PubMed: 8527917].

. Xiong Y, Zhang Y, Mahmood A, Chopp M. Investigational agents

for treatment of traumatic brain injury. Expert Opin Investig Drugs.
2015;24(6):743-60. doi:  10.1517[13543784.2015.1021919. [PubMed:
25727893].

. AkyurekS.The effect of erythropoietin in the prevention of radiation-

induced spinal cord damage. Med Hypotheses. 2007;68(1):238-9. doi:
10.1016/j.mehy.2006.05.040. [PubMed: 16824697].

American Association of Neurological Surgeons . Pharmacologi-
cal Therapy after Acute Cervical Spinal Cord Injury. Neurosurgery.
2002;50(suppl_3):563-72. doi: 10.1097/00006123-200203001-00013.
Brines M, Cerami A. In: Erythropoietin and the nervous system. Novel
therapeutic options for neuroprotection. Hoke A, editor. New York:
Springer; 2006. pp. 147-64.Erythropoietin in spinal cord injury.
Copeland NG, Gilbert DJ, Schindler C,Zhong Z, Wen Z, Darnell J], et al.
Distribution of the mammalian Stat gene family in mouse chromo-
somes. Genomics. 1995;29(1):225-8. [PubMed: 8530075].

. Villa P, Bigini P, Mennini T, Agnello D, Laragione T, Cagnotto A, et

al. Erythropoietin selectively attenuates cytokine production and in-
flammation in cerebral ischemia by targeting neuronal apoptosis.
J Exp Med. 2003;198(6):971-5. doi: 10.1084/jem.20021067. [PubMed:
12975460].

Morishita E, Masuda S, Nagao M, Yasuda Y, Sasaki R. Erythropoietin
receptor is expressed in rat hippocampal and cerebral cortical neu-
rons, and erythropoietin prevents in vitro glutamate-induced neu-

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

ronal death. Neuroscience. 1997;76(1):105-16. [PubMed: 8971763].
Sinor AD, Greenberg DA. Erythropoietin protects cultured cortical
neurons, but not astroglia, from hypoxia and AMPA toxicity. Neurosci
Lett. 2000;290(3):213-5. [PubMed: 10963901].

Bernaudin M, Marti HH, Roussel S, Divoux D, Nouvelot A, MacKenzie
ET, et al. A potential role for erythropoietin in focal permanent cere-
bral ischemia in mice. ] Cereb Blood Flow Metab. 1999;19(6):643-51. doi:
10.1097/00004647-199906000-00007. [PubMed: 10366194].

Brines ML, Ghezzi P, Keenan S, Agnello D, de Lanerolle NC, Cerami C,
etal. Erythropoietin crosses the blood-brain barrier to protect against
experimental brain injury. Proc Natl Acad Sci U S A. 2000;97(19):10526-
31. [PubMed: 10984541].

Juul SE, Stallings SA, Christensen RD. Erythropoietin in the cere-
brospinal fluid of neonates who sustained CNS injury. Pediatr Res.
1999;46(5):543-7.doi: 10.1203/00006450-199911000-00009. [PubMed:
10541316].

Celik M, Gokmen N, Erbayraktar S, Akhisaroglu M, Konakc S, Ulukus
C, et al. Erythropoietin prevents motor neuron apoptosis and neu-
rologic disability in experimental spinal cord ischemic injury. Proc
Natl Acad Sci US A. 2002;99(4):2258-63. doi: 10.1073/pnas.042693799.
[PubMed: 11854521].

Gorio A, Gokmen N, Erbayraktar S, Yilmaz O, Madaschi L, Cichetti C,
et al. Recombinant human erythropoietin counteracts secondary in-
jury and markedly enhances neurological recovery from experimen-
tal spinal cord trauma. Proc Natl Acad Sci U S A. 2002;99(14):9450-5.
doi:10.1073/pnas.142287899. [PubMed: 12082184].

Merelli A, Czornyj L, Lazarowski A. Erythropoietin: a neuroprotec-
tive agent in cerebral hypoxia, neurodegeneration, and epilepsy. Curr
Pharm Des. 2013;19(38):6791-801. [PubMed: 23530506].

Xiong T, Qu Y, Mu D, Ferriero D. Erythropoietin for neonatal brain in-
jury: opportunity and challenge. Int | Dev Neurosci. 2011;29(6):583-91.
doi: 10.1016/j.ijdevneu.2010.12.007. [PubMed: 21277366].

Verdonck O, Lahrech H, Francony G, Carle O, Farion R, Van de
Looij Y, et al. Erythropoietin protects from post-traumatic edema
in the rat brain. J Cereb Blood Flow Metab. 2007;27(7):1369-76. doi:
10.1038/sj.jcbfm.9600443. [PubMed: 17264861].

Peng W, Xing Z, Yang ], Wang Y, Wang W, Huang W. The efficacy of
erythropoietin in treating experimental traumatic brain injury: a
systematic review of controlled trials in animal models. | Neurosurg.
2014;121(3):653-64. doi: 10.3171/2014.6.JNS132577. [PubMed: 25036201].

Razavi Int | Med. 2017; 5(4):65025.


http://www.ncbi.nlm.nih.gov/pubmed/10671706
http://www.ncbi.nlm.nih.gov/pubmed/6188807
http://dx.doi.org/10.3171/jns.1990.73.6.0889
http://www.ncbi.nlm.nih.gov/pubmed/1977896
http://www.ncbi.nlm.nih.gov/pubmed/8527917
http://dx.doi.org/10.1517/13543784.2015.1021919
http://www.ncbi.nlm.nih.gov/pubmed/25727893
http://dx.doi.org/10.1016/j.mehy.2006.05.040
http://www.ncbi.nlm.nih.gov/pubmed/16824697
http://dx.doi.org/10.1097/00006123-200203001-00013
http://www.ncbi.nlm.nih.gov/pubmed/8530075
http://dx.doi.org/10.1084/jem.20021067
http://www.ncbi.nlm.nih.gov/pubmed/12975460
http://www.ncbi.nlm.nih.gov/pubmed/8971763
http://www.ncbi.nlm.nih.gov/pubmed/10963901
http://dx.doi.org/10.1097/00004647-199906000-00007
http://www.ncbi.nlm.nih.gov/pubmed/10366194
http://www.ncbi.nlm.nih.gov/pubmed/10984541
http://dx.doi.org/10.1203/00006450-199911000-00009
http://www.ncbi.nlm.nih.gov/pubmed/10541316
http://dx.doi.org/10.1073/pnas.042693799
http://www.ncbi.nlm.nih.gov/pubmed/11854521
http://dx.doi.org/10.1073/pnas.142287899
http://www.ncbi.nlm.nih.gov/pubmed/12082184
http://www.ncbi.nlm.nih.gov/pubmed/23530506
http://dx.doi.org/10.1016/j.ijdevneu.2010.12.007
http://www.ncbi.nlm.nih.gov/pubmed/21277366
http://dx.doi.org/10.1038/sj.jcbfm.9600443
http://www.ncbi.nlm.nih.gov/pubmed/17264861
http://dx.doi.org/10.3171/2014.6.JNS132577
http://www.ncbi.nlm.nih.gov/pubmed/25036201
http://razavijournal.com

	Abstract
	1. Background
	2. Methods
	2.1. Subjects
	2.2. Methods
	2.3. Statistics

	3. Results
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5

	4. Discussion
	Figure 6
	Figure 7
	4.1. Conclusions

	Acknowledgments
	Footnote
	Conflict of Interest

	References

