
Therapeutic efficacy of tadalafil and eriythropoietin 
in experimental spinal cord injury
Çağrı Kökoğlu, M.D.,1 Emre Delen, M.D.,2 Ali Arslantaş, M.D.,3 Didem Arslantaş, M.D.,4

Burcu Kökoğlu, M.D.,5 Zühtü Özbek, M.D.,3 Sema Uslu, M.D.,6 Ahmet Tolgay Akıncı, M.D.7

1Department of Neurosurgery, Eskişehir Yunus Emre State Hospital, Eskişehir-Turkey
2Department of Neurosurgery, Trakya University Faculty of Medicine, Edirne-Turkey
3Department of Neurosurgery, Eskişehir Osmangazi University Faculty of Medicine, Eskişehir-Turkey
4Department of Public Health, Eskişehir Osmangazi University Faculty of Medicine, Eskişehir-Turkey
5Department of Family Medicine, Eskişehir Osmangazi University Faculty of Medicine, Eskişehir-Turkey
6Department of Biochemistry, Eskisehir Osmangazi University Faculty of Medicine, Eskişehir-Turkey
7Department of Neurosurgery, Tokat State Hospital, Tokat-Turkey

ABSTRACT

BACKGROUND: This experimental study was an investigation of the efficacy of erythropoietin and tadalafil in rats with induced 
spinal cord injury (SCI).

METHODS: Thirty-five Sprague Dawley rats were distributed into 5 groups. First group was used for normal biochemical values. Spi-
nal cord injury was induced in 4 remaining groups with clip compression technique after laminectomy process to T10 vertebra. Second 
group was designated solvent group and received 1 cc physiological serum after injury. Third group was medicated with intraperitoneal 
2000 u/kg single dose erythropoietin after injury. Orogastric 2 mg/kg single dose tadalafil was administered to fourth group after injury. 
Fifth group did not receive any treatment and was used for biochemical values with injury. All subjects were sacrificed 48 hours after 
application. Malondialdehyde (MDA) and total antioxidant capacity (TAOC) values were evaluated using blood and tissue samples.

RESULTS: Lowest serum and tissue MDA values were found in group with erythropoietin intake. While highest serum TAOC values 
of all groups were seen in tadalafil group, highest tissue TAOC values were observed in group given erythropoietin. 

CONCLUSION: It was concluded that by decreasing oxidative stress, tadalafil and erythropoietin can inhibit secondary damage in SCI.

Keywords: Erythropoietin; neuroprotection; spinal cord injury; tadalafil.

yet been found. In recent years, additional therapeutic effects 
of erythropoietin (EPO) and tadalafil have been studied aside 
from its routine clinical use, and promising results have been 
published. Presently described is research regarding effects of 
both agents on reducing secondary damage in cases of SCI, 
and discussion based on data available in the literature.

MATERIALS AND METHODS

This experimental study was conducted at the Medical and 
Surgical Experimental Research Center (MESERC) with the 
approval of the university ethics committee for animal experi-
mentation. Total of 35 female Sprague Dawley rats weighing 
between 200 and 250 g were randomly divided into 5 groups. 
General anesthesia for the subjects was provided with in-
traperitoneal injection of 60 mg/kg ketamine hydrochloride 
(Ketalar; Pfizer, Inc., NY, NY, USA) and 12 mg/kg xylazine 
(Rompun, Bayer AG, Leverkusen, Germany) mixture. T10 
laminectomy was performed to expose spinal cord. Clip com-
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INTRODUCTION

Though no longer thought to be hopeless, spinal cord injury 
(SCI) still cannot be treated efficiently with modern medicine. 
Therefore, it creates physical, emotional, and economic bur-
dens for both the individual and society.[1] Allen’s 2-step injury 
model encouraged related studies and additional laboratory 
studies are ongoing, but efficient treatment for SCI has not 
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pression technique was then used to achieve experimental 
SCI in all groups except first group, which served as control 
group. Aneurysm clip providing closing force of 1.43 N (Yasar-
gil FE 740 K; Aesculap AG, Tuttlingen, Germany) was applied 
to the spinal cord, and macroscopic SCI was observed (Fig. 1). 
Second group was designated solvent group (injury+solvent) 
and was given 1 cc physiological serum. Single dose 2000 u/
kg EPO (Eprex 2000; Cilag AG, Schaffhausen, Switzerland) 
(treatment 1) was administered intraperitoneally to third 
group after clip application to the spinal cord. Orogastric 2 
mg/kg single dose tadalafil (Cialis; Eli Lilly and Co., Indianapo-
lis, IN, USA) (treatment 2) was given to fourth group. Fifth 
group received no treatment after SCI (injury group). Sub-
jects were sacrificed using intracardiac exsanguination tech-
nique 48 hours post surgery. Serum and tissue malondialde-
hyde (MDA) and total antioxidant capacity (TAOC) values 
were measured using blood and tissue samples.

Biochemical Measures
Blood samples were centrifuged for 10 minutes at 3000 rpm 
to obtain serum for MDA and TAOC studies. Spinal cord seg-
ments 1 cm in length, which included injured cord area, were 
harvested as samples. Blood and tissue samples were trans-
ferred immediately to deep freezer for preservation at -80°C 
until biochemical testing was conducted. Measurement of 
lipid peroxide levels was performed using method described 
by Ohkawa et al., which consists of spectrophotometric mea-
surement of color at 532 nm created by reaction of tiobarbu-
turic acid with MDA in acid environment. Protein levels were 
expressed as nmol/mg in tissue and as nmol/mL in plasma.
[2] TAOC was measured using Total Antioxidant Status kit 
(Mega Tıp San. Tic. Ltd. Şti., Gaziantep, Turkey) in automatic 
biochemical analyzer and results obtained were expressed as 
nmol Trolox Eq/L.[3]

Statistical Method
SPSS (Statistical Package for Social Sciences) software version 
15.0 (SPSS, Inc., Chicago, IL, USA) was used to evaluate study 
findings. Results were presented as mean±standard deviation. 
One way analysis of variance was applied and least significant 
difference test was used for group comparisons. Confidence 
interval of 95% and value of p<0.05 were accepted as signifi-
cance thresholds. 

RESULTS

Serum and tissue MDA and TAOC levels were examined in 
every group. Post-hoc evaluation for in-group comparison re-
vealed serum TAOC levels were highest after tadalafil medi-
cation (p<0.0001). Minimum tissue TAOC level was seen in 
injury group and maximum was demonstrated in EPO group 
(p<0.0001). Distribution of mean TAOC values can be seen 
in Figure 2. Serum and tissue TAOC levels are summarized 
in Table 1.

Statistical evaluation indicated maximum serum MDA values 
were found in injury group, decreased with tadalafil treat-
ment, and were lowest after EPO treatment (p<0.05). Tissue 
MDA values were highest maximum in injury group, and low-
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Figure 1. Clip application to the spinal cord. Figure 3. Serum and tissue MDA levels.
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Figure 2. Serum and tissue TAOC levels. 
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est in EPO group (p<0.05). Distribution of serum and tissue 
MDA mean values is provided in Figure 3. Serum and tissue 
levels of MDA are summarized in Table 2.

DISCUSSION
EPO is a glycoprotein hormone. It was first isolated from 
urine of anemic patients.[4] Essentially, it participates in pro-
liferation and differentiation of erythroid precursor cells. 

Therefore, routine clinical use includes anemia treatment for 
primary patients with renal tumors and chronic renal insuf-
ficiency. EPO is produced in the kidneys[5] and its secretion 
increases in response to hypoxia, reaching 50 times normal 
physiological values in blood.[6]

Neuroprotective effects of EPO have been reported in re-
cent years in addition to previously known clinical effects.[7,8] 
In experimental studies done in field of SCI, EPO has been 
reported to be extremely effective at enhancing neurological 
recovery.[9–12] In clinical studies, EPO has been demonstrated 
to be spinal as well as cranial neuroprotective agent. Ehren-
reich et al. associated high dose intravenous EPO treatment 
with improvement in clinical outcome in study evaluating clin-
ical results in cases of acute stroke at the end of first month.
[13] There are also other studies in the literature supporting 
neuroprotective impact of EPO in acute stroke cases.[14]

This neuroprotective quality of EPO on central and peripheral 
nervous systems has been reported to occur through various 
mechanisms. EPO has been claimed to promote axonal regen-
eration to increase neoangiogenesis, to inhibit apoptosis, to 
have anti-inflammatory effects, to have anti-ischemic effects, 
to decrease microglial infiltration, to inhibit scar formation, 
and thereby may contribute to neurological improvement.
[15–19] Nevertheless, the exact mechanism of neuroprotection 
of EPO is still not certain. Even if key determinant to EPO 
secretion is hypoxia, EPO receptors are more sensitive to 
pro-inflammatory cytokines such as tumor necrosis factor-1 
and interleukin-1 beta than hypoxia.[20,21] Weak stimulation of 
EPO receptors as result of hypoxia, unlike stimulation of EPO, 
makes us think that there is a not-yet discovered mechanism 
for neuroprotective role of EPO.

Tadalafil augments cyclic guanosine monophosphate (cGMP) 
concentration by inhibiting phosphodiesterase 5 enzyme 
(PED5).[22] CGMP is a strong mediator of nitric oxide pathway. 
In sum, tadalafil inhibits PED5 enzyme and as a consequence, 
increasing nitric oxide concentration causes vasodilatation.

Tadalafil is used for routine treatment of erectile dysfunction. 
Clinical studies supporting use for pulmonary hypertension 
and heart disease have also been published.[23,24] In recent 
years, alongside routine clinical use, neuroprotective effect 
has been subject of much study. 

Neuroprotective effect of tadalafil is reported to be espe-
cially efficient in brain ischemia.[25,26] Similar efficiency has 
been reported in decreasing oxidative stress related to SCI.
[27] Neuroprotection mechanism of tadalafil is not yet known; 
neurogenesis, synaptic plasticity, and physiological modula-
tion of neurotransmitters caused by cGMP have all been pro-
posed.[28–31] Most likely, tadalafil plays role in neuroprotection 
through effect on cGMP.

In the present study, neuroprotective effects of EPO and 
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Table 1. TAOC levels by group

 TAOC levels of serum Statistical values

 Mean±SD

Control 1.85±0.35 F=162.03

Solvent 1.83±0.52 p=0.000

Eriythropoietin 2.14±0.64

Tadalafil 2.17±0.33

Injury 1.64±0.24

 TAOC levels of tissue

 Mean±SD

Control 0.36±0.44 F=130.16

Solvent 0.33±0.02 p=0.000

Eriythropoietin  0.67±0.06

Tadalafil 0.54±0.01

Injury 0.22±0.03

TAOC: Total Anti-Oxidant Capacity; SD: Standard deviation.

Table 2. MDA levels by group

 MDA levels of serum Statistical values

 Mean±SD

Control 1.87±0.43 F=2.68

Solvent 2.04±1.05 p=0.05

Eriythropoietin 1.32±0.70

Tadalafil 1.50±1.16

Injury 2.68±0.70

 MDA levels of tissue

 Mean±SD

Control 1.49±0.62 F=6.28

Solvent 1.31±0.73 p=0.001

Eriythropoietin  0.55±0.24

Tadalafil 0.58±0.59

Injury 1.83±0.65

MDA: Malondialdehyde; SD: Standard deviation.



tadalafil on SCI were analyzed. MDA and TAOC values, which 
reflect lipid peroxidation, were measured using blood and 
tissue samples. Most efficient decrease of serum and tissue 
MDA values was found in EPO-treated group. Neuropro-
tective effect of EPO use in SCI by decreasing MDA values 
is consistent with existing literature. Antioxidant effect of 
tadalafil in SCI was observed in finding of maximum serum 
TAOC values in tadalafil-treated group, which is also as previ-
ously stated in the literature. In general, all of present study 
data confirm what is found in the literature; EPO and tadalafil 
have an effect on reducing secondary damage in SCI cases. 
However, additional clinical and experimental studies of neu-
roprotective abilities of these agents are needed.

Conflict of interest: None declared.

REFERENCES

1. Collie A. Gains in neurotrauma research activity and output associ-
ated with a Victorian state government funding program. Med J Aust. 
2010;192:712–4. 

2. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues 
by thiobarbituric acid reaction. Anal Biochem 1979;95:351–8. Crossref

3. Erel O. A novel automated method to measure total antioxidant response 
against potent free radical reactions. Clin Biochem 2004;37:112–9.

4. Powell JS, Berkner KL, Lebo RV, Adamson JW. Human erythropoietin 
gene: high level expression in stably transfected mammalian cells and 
chromosome localization. Proc Natl Acad Sci U S A 1986;83:6465–9.

5. Jacobson LO, Goldwasser E, Fried W, Plzak L. Role of the kidney in 
erythropoiesis. Nature 1957;179:633–4. Crossref

6. Carelli S, Marfia G, Di Giulio AM, Ghilardi G, Gorio A. Erythropoietin: 
recent developments in the treatment of spinal cord injury. Neurol Res 
Int 2011;2011:453179. Crossref

7. Montero M, Poulsen FR, Noraberg J, Kirkeby A, van Beek J, Leist M, et 
al. Comparison of neuroprotective effects of erythropoietin (EPO) and 
carbamylerythropoietin (CEPO) against ischemia-like oxygen-glucose 
deprivation (OGD) and NMDA excitotoxicity in mouse hippocampal 
slice cultures. Exp Neurol 2007;204(1):106–17. Crossref

8. Okutan O, Solaroglu I, Beskonakli E, Taskin Y. Recombinant human 
erythropoietin decreases myeloperoxidase and caspase-3 activity and 
improves early functional results after spinal cord injury in rats. J Clin 
Neurosci 2007;14:364–8. Crossref

9. Sekiguchi Y, Kikuchi S, Myers RR, Campana WM. ISSLS prize win-
ner: Erythropoietin inhibits spinal neuronal apoptosis and pain following 
nerve root crush. Spine (Phila Pa 1976) 2003;28:2577–84. Crossref

10. Kaptanoglu E, Solaroglu I, Okutan O, Surucu HS, Akbiyik F, Beskonakli 
E. Erythropoietin exerts neuroprotection after acute spinal cord injury in 
rats: effect on lipid peroxidation and early ultrastructural findings. Neu-
rosurg Rev 2004;27:113–20. Crossref

11. Celik M, Gökmen N, Erbayraktar S, Akhisaroglu M, Konakc S, Ulukus 
C, et al. Erythropoietin prevents motor neuron apoptosis and neurologic 
disability in experimental spinal cord ischemic injury. Proc Natl Acad Sci 
U S A 2002;99:2258–63. Crossref

12. Gorio A, Gokmen N, Erbayraktar S, Yilmaz O, Madaschi L, Cichetti C, 
et al. Recombinant human erythropoietin counteracts secondary injury 
and markedly enhances neurological recovery from experimental spinal 
cord trauma. Proc Natl Acad Sci U S A 2002;99:9450–5. Crossref

13. Ehrenreich H, Hasselblatt M, Dembowski C, Cepek L, Lewczuk P, Sti-

efel M, et al. Erythropoietin therapy for acute stroke is both safe and ben-
eficial. Mol Med 2002;8:495–505.

14. Yip HK, Tsai TH, Lin HS, Chen SF, Sun CK, Leu S, et al. Effect of 
erythropoietin on level of circulating endothelial progenitor cells and out-
come in patients after acute ischemic stroke. Crit Care 2011;15:R40. 

15. Matis GK, Birbilis TA. Erythropoietin in spinal cord injury. Eur Spine J 
2009;18:314–23. Crossref

16. Gorio A, Madaschi L, Di Stefano B, Carelli S, Di Giulio AM, De Biasi 
S, et al. Methylprednisolone neutralizes the beneficial effects of eryth-
ropoietin in experimental spinal cord injury. Proc Natl Acad Sci U S A 
2005;102:16379–84. Crossref

17. Lombardero M, Kovacs K, Scheithauer BW. Erythropoietin: a hormone 
with multiple functions. Pathobiology 2011;78:41–53. Crossref

18. Sargin D, Friedrichs H, El-Kordi A, Ehrenreich H. Erythropoietin as 
neuroprotective and neuroregenerative treatment strategy: comprehen-
sive overview of 12 years of preclinical and clinical research. Best Pract 
Res Clin Anaesthesiol 2010;24:573–94. Crossref

19. Kretz A, Happold CJ, Marticke JK, Isenmann S. Erythropoietin pro-
motes regeneration of adult CNS neurons via Jak2/Stat3 and PI3K/
AKT pathway activation. Mol Cell Neurosci 2005;29:569–79. Crossref

20. Nagai A, Nakagawa E, Choi HB, Hatori K, Kobayashi S, Kim SU. 
Erythropoietin and erythropoietin receptors in human CNS neurons, 
astrocytes, microglia, and oligodendrocytes grown in culture. J Neuro-
pathol Exp Neurol 2001;60:386–92. Crossref

21. Beleslin-Cokic BB, Cokic VP, Yu X, Weksler BB, Schechter AN, Noguchi 
CT. Erythropoietin and hypoxia stimulate erythropoietin receptor and 
nitric oxide production by endothelial cells. Blood 2004;104:2073–80. 

22. Uckert S, Hedlund P, Andersson KE, Truss MC, Jonas U, Stief CG. Up-
date on phosphodiesterase (PDE) isoenzymes as pharmacologic targets 
in urology: present and future. Eur Urol 2006;50:1194–207. Crossref

23. Sebkhi A, Strange JW, Phillips SC, Wharton J, Wilkins MR. Phospho-
diesterase type 5 as a target for the treatment of hypoxia-induced pulmo-
nary hypertension. Circulation 2003;107:3230–5. Crossref

24. Katz SD, Balidemaj K, Homma S, Wu H, Wang J, Maybaum S. Acute 
type 5 phosphodiesterase inhibition with sildenafil enhances flow-medi-
ated vasodilation in patients with chronic heart failure. J Am Coll Cardiol 
2000;36:845–51. Crossref

25. Gulati P, Singh N. Neuroprotective effect of tadalafil, a PDE-5 inhibitor, 
and its modulation by L-NAME in mouse model of ischemia-reperfu-
sion injury. J Surg Res 2014;186:475–83. Crossref

26. Kim KT, Chung KJ, Lee HS, Ko IG, Kim CJ, Na YG, et al. Neuroprotec-
tive effects of tadalafil on gerbil dopaminergic neurons following cerebral 
ischemia. Neural Regen Res 2013;8:693–701. 

27. Yazihan N, Uzuner K, Salman B, Vural M, Koken T, Arslantas A. Eryth-
ropoietin improves oxidative stress following spinal cord trauma in rats. 
Injury 2008;39:1408–13. Crossref

28. Prickaerts J, Steinbusch HW, Smits JF, de Vente J. Possible role of nitric 
oxide-cyclic GMP pathway in object recognition memory: effects of 7-ni-
troindazole and zaprinast. Eur J Pharmacol 1997;337:125–36. Crossref

29. Prickaerts J, Sik A, van Staveren WC, Koopmans G, Steinbusch HW, 
van der Staay FJ, et al. Phosphodiesterase type 5 inhibition improves 
early memory consolidation of object information. Neurochem Int 
2004;45:915–28. Crossref

30. Lin CS, Lin G, Xin ZC, Lue TF. Expression, distribution and regulation 
of phosphodiesterase 5. Curr Pharm Des 2006;12:3439–57. Crossref

31. Giorgi M, Melchiorri G, Nuccetelli V, D’Angelo V, Martorana A, Sorge 
R, et al. PDE10A and PDE10A-dependent cAMP catabolism are dys-
regulated oppositely in striatum and nucleus accumbens after lesion of 
midbrain dopamine neurons in rat: a key step in parkinsonism physiopa-
thology. Neurobiol Dis 2011;43:293–303. Crossref

Ulus Travma Acil Cerrahi Derg, November 2016, Vol. 22, No. 6524

Kökoğlu et al. Therapeutic efficacy of tadalafil and eriythropoietin in experimental spinal cord injury

https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/j.clinbiochem.2003.10.014
https://doi.org/10.1073/pnas.83.17.6465
https://doi.org/10.1038/179633a0
https://doi.org/10.1155/2011/453179
https://doi.org/10.1016/j.expneurol.2006.09.026
https://doi.org/10.1016/j.jocn.2006.01.022
https://doi.org/10.1097/01.BRS.0000096674.12519.12
https://doi.org/10.1007/s10143-003-0300-y
https://doi.org/10.1073/pnas.042693799
https://doi.org/10.1073/pnas.142287899
https://doi.org/10.1186/cc10002
https://doi.org/10.1007/s00586-008-0829-0
https://doi.org/10.1073/pnas.0508479102
https://doi.org/10.1159/000322975
https://doi.org/10.1016/j.bpa.2010.10.005
https://doi.org/10.1016/j.mcn.2005.04.009
https://doi.org/10.1093/jnen/60.4.386
https://doi.org/10.1182/blood-2004-02-0744
https://doi.org/10.1016/j.eururo.2006.05.025
https://doi.org/10.1161/01.CIR.0000074226.20466.B1
https://doi.org/10.1016/S0735-1097(00)00790-7
https://doi.org/10.1016/j.jss.2013.08.005
https://doi.org/10.1016/j.injury.2008.03.010
https://doi.org/10.1016/S0014-2999(97)01301-0
https://doi.org/10.1016/j.neuint.2004.03.022
https://doi.org/10.2174/138161206778343064
https://doi.org/10.1016/j.nbd.2011.04.006


Ulus Travma Acil Cerrahi Derg, November 2016, Vol. 22, No. 6 525

Kökoğlu et al. Therapeutic efficacy of tadalafil and eriythropoietin in experimental spinal cord injury

OLGU SUNUMU

Deneysel spinal kord travmasında eritropoetin ve tadalafilin terapötik etkinliği
Dr. Çağrı Kökoğlu,1 Dr. Emre Delen,2 Dr. Ali Arslantaş,3 Dr. Didem Arslantaş,4 Dr. Burcu Kökoğlu,5 
Dr. Zühtü Özbek,3 Dr. Sema Uslu,6 Dr. Ahmet Tolgay Akıncı7

1Eskişehir Yunus Emre Devlet Hastanesi, Nöroşirürji Kliniği, Eskişehir
2Trakya Üniversitesi Tıp Fakültesi, Nöroşirürji Anabilim Dalı, Edirne
3Eskişehir Osmangazi Üniversitesi Tıp Fakültesi, Nöroşirürji Anabilim Dalı, Eskişehir
4Eskişehir Osmangazi Üniversitesi Tıp Fakültesi, Halk Sağlığı Anabilim Dalı, Eskişehir
5Eskişehir Osmangazi Üniversitesi Tıp Fakültesi, Aile Hekimliği Anabilim Dalı, Eskişehir
6Eskişehir Osmangazi Üniversitesi Tıp Fakültesi, Biyokimya Anabilim Dalı, Eskişehir
7Tokat Devlet Hastanesi, Nöroşirürji Kliniği, Tokat

AMAÇ: Bu çalışma, spinal kord travması (SCI) oluşturulan sıçanlarda eritropoetin ve tadalafilin etkinliğini araştırmak için yapıldı.
GEREÇ VE YÖNTEM: Sprague-Dawley cinsi 35 adet sıçan beş gruba ayrıldı. Spinal kord travması T10 vertebraya laminektomi işleminden sonra klip 
kompresyon yöntemi uygulanarak gerçekleştirildi. Birinci grupta travma yapılmadı ve normal biyokimyasal değerler için kullanıldı. İkinci grup çözücü 
grubu idi ve travma sonrası 1 cc serum fizyolojik verildi. Üçüncü grup travma sonrasında tek doz 2000 ü/kg intraperiteneal yol ile eritropoetin veril-
di. Dördüncü gruba ise travma sonrasında tek doz 2 mg/kg oragastrik yol ile tadalafil verildi. Beşinci gruba herhangi bir tedavi verici işlem yapılmadan 
sadece travma uygulandı ve travmadaki biyokimyasal değerlerin tespiti için kullanıldı. Tüm denekler cerrahi işlemden 48 saat sonra desakrafiliye 
edildi. Kan ve doku örneklerinden malondialdehid (MDA) ve toplam antioksidan kapasite (TAOK) değerleri ölçüldü.
BULGULAR: Eritropoetin verilen grupta diğer tüm gruplara göre en düşük serum ve doku MDA değerlerine ulaşılmıştır. Tüm gruplara göre serum 
TAOK değerleri en yüksek tadalafil verilen grupta bulunmuş iken doku TAOK değerleri en yüksek eritropoetin verilen grupta tespit edilmiştir.
TARTIŞMA: Tadalafil ve eritropoetinin dokudaki oksidatif  stresi azaltarak spinal kord travmasında ikincil hasarlanmayı engelleyebileceği sonucuna 
varıldı.
Anahtar sözcükler: Eritropoetin; nöroproteksiyon; spinal kord hasarı; tadalafil.
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