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Abstract: Perinatal asphyxia (PA) is still a serious health problem associated with neuronal loss and morbidity. PA 

pathophysiology implies oxidative stress, cell damage and over activation of inflammatory response. The absence of an 
established treatment for PA encourages research on neuroprotective mechanisms. Oleoylethanolamide (OEA), a 
cannabinoid agonist that exerts anti-inflammatory actions through PPAR  activation, could be a possible target for 

neuroprotection. However, its role in perinatal hypoxic brain injury remains still unknown. In this study, we evaluated the 
behavioral consequences of OEA treatment in 30 days-old asphyctic rats. Results indicated that rats subjected to OEA 
administration showed an improvement in exploratory locomotion. This data suggests a possible neuroprotective role of 

OEA in severe perinatal asphyxia modifications.  
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1. INTRODUCTION 

Perinatal asphyxia (PA) is a neonatal complication 

associated with an impaired gas exchange [1]. The 

most common reasons for this health problem are: 

abruption of the placenta, compression of the umbilical 

cord, abnormal uterine contractions or failure of the 

neonate to begin breathing [2]. The incidence of severe 

PA is estimated at 1/1000 live birth in developed 

countries and 5-10/1000 live births in developing 

countries [3]. Cerebral palsy, mental retardation, and 

epilepsy are among the most common complications of 

PA [4-7], which continues to be a determinant of 

neonatal mortality and neurological morbidity [8, 9]. 

Although hypothermia and estradiol therapy have 

shown favorable results [10, 11], there is not an 

established treatment for PA. 

Regarding the pathophysiology of PA, a decrease of 

oxygen saturation implies a severe energetic crisis: a 

shift to anaerobic metabolism takes place in order to  
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preserve the fundamental demands of energy. 

However, anaerobic metabolism is inefficient for 

providing enough energy for development of neuronal 

networks and is associated to lactate accumulation and 

acidosis. These functional consequences of the 

primary insult are exacerbated by and during the re-

oxygenation period, which is necessary for survival but 

implies free radicals accumulation, oxidative stress, cell 

damage and over activation of defense mechanisms 

such as inflammatory cascades [12].  

OEA is present in human and rat brain in 

considerable amounts [13-17]. This lipid amide is a 

PPAR  (alpha-type peroxisome proliferators activated 

receptor) agonist [13, 14, 18]. In experimental studies, 

OEA attenuated inflammation in wild-type mice but had 

no effect in mice deficient in PPAR . This finding 

suggests that PPAR  mediates the anti-inflammatory 

action of OEA [13, 14]. In fact, the alpha-type receptor 

is expressed in several immune cells [19, 20] and 

regulates the expression of large sets of genes, 

thereby modulating important metabolic processes [21], 

such as inflammatory reactions. In addition to its anti-

inflammatory properties, OEA showed cytoprotective 

effects both in vitro and in vivo models of substantia 
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nigra dopamine neuron degeneration [22]. Besides, a 

substantial body of evidence has suggested that 

cannabinoid agonists could exert its neuroprotective 

effect modulating the inhibitory and excitatory neuro- 

transmission or inducing hypothermia [23]. However, 

the neuroprotective properties of OEA on PA remain 

still unknown. Therefore, the aim of this experimental 

work was to elucidate this issue by analyzing the beh- 

avioral effects of OEA administration in asphyctic rats.  

In the present study, we used a rat model that 

induces global severe PA [11, 24, 25]. The advantages 

of this model are 2-fold: first, it mimics the asphyxia just 

in the moment of delivery; second, it allows studying 

both the short as well as the long-term effects, since it 

is a non-invasive procedure [26, 27]. The most obvious 

and serious short-term consequence of PA observed in 

this model is mortality. At 37°C, an asphyctic period 

longer than 20 min was inevitably associated with 

death probably induced by glutamate overactivation 

and excessive free radicals release [26, 27]. Rats 

subjected to 20 min of asphyxia at 37°C showed 

chronic defects in neurotransmitters such as decrease 

in dopamine, aspartate and glutamate release monitor- 

ed by microdialysis [28]. F-actin striatal cytoskeleton 

changes were observed in post-synaptic densities of 

asphyctic rats at postnatal day 30 P30 [29] and an 

increase in the nitric oxide in neostriatum and 

neocortex at short- and long term period was also 

found [30, 31]. Alterations in cytoskeletal organization 

were observed after 4 months of PA [11]. Recently, an 

increase in the ubiquitination level and 

neurodegeneration after 6 months of PA in neostriatum 

was also registered in our laboratory [25]. Finally, 

behavioral deficit in exploration was observed after 3 

months of PA [32]. The present study was focused on 

earlier behavioral effects of PA and its possible 

recovery through OEA treatment. To accomplish this 

purpose, exploratory locomotion and anxiety levels 

were measured in the Elevated Plus Maze test at post-

natal day 30 (P30). 

2. MATERIALS AND METHODS  

2.1. Animals  

Subjects consisted of 8 pregnant Sprague Dawley 

rats obtained from the School of Veterinary Sciences’ 

central vivarium at the Universidad de Buenos Aires.  

The sample (N=24) consisted of male rat pups and 

was divided into 4 groups: asphyctic rats undergoing to 

vehicle treatment (PA20), asphyctic rats subjected to 

treatment with OEA (PA20 OEA10), control of 

cesarean delivery undergoing to vehicle treatment 

(C+), control of cesarean delivery subjected to 

treatment with OEA (C+ OEA10).  

2.2. Induction of Perinatal Asphyxia  

PA was induced in newborn rat pups delivered by 

cesarean operation. Gestational age was determined 

by vaginal smear. After the surgical site was prepared 

for surgery (shaved, cleaned, antiseptic applied), rats 

within the last day of gestation were deeply 

anesthetized with Nembutal (30 mg/ml) by i.p. injection 

of 0.1 cc per 100 grams of body weight. Their entire 

uteri containing the fetuses were taken out by 

hysterectomy, and placed in a water bath at 37°C for 

20 min (severe asphyxia). The mother rat was euthani- 

zed. Cesarean-delivered control and asphyctic pups 

were obtained from the same mother. Following PA, 

the uterus horns were rapidly opened and the pups 

were removed and stimulated to breathe on a heating 

pad by cleaning off the delivery fluid and by tactile 

stimulation with small pieces of medical wipes. In all of 

the pups the umbilical cord was tied (previous anti- 

septic applied) and left to recover on a heating pad for 

1 h. After that the pups were given to the surrogate’s 

mothers, which had delivered few hours before the 

experiment, mixing their normal litters with previously 

marked asphyctic and control pups. Experimental and 

control pups were weaned at 24 days, and transferred 

to cages with free access to food and water [11, 24, 

25]. All experiments were conducted according to the 

principles of the Guide for the Care and Use of 

Laboratory Animals (NIH Publications No. 80-23, 

revised 1996), and approved by the Institutional Animal 

Care and Use Committee at the University of Buenos 

Aires (School of Medicine) No. 4081/04). 

2.3. Oleoylethanolamide Administration  

The respective treatment was performed within the 

first hour of life by subcutaneous injection. Vehicle 

used was 1:1:9 DMSO, Tween 80 y NaCl.  

OEA dose administered was 10 mg/kg (OEA 10 

mg/kg).  

2.4. Elevated Plus Maze  

This behavioral test is validated to evaluate anxiety 

and exploration [33]. The maze consists of a black 

central platform from which four black arms radiate in 

the form of a cross. Two of the arms have a wall all 

around its perimeter and are called closed arms. The 

other two arms are open. The maze is elevated one 
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meter from the floor. Rats are placed onto the central 

platform facing an open arm. The test lasts 5 minutes 

[32].  

In the present study, the elevated plus maze test 

was carried out at P30. Dependent variables were 

measured: Time spent in open arms (index of anxiety) 

and time spent in closed arms (index of exploratory 

locomotion). Time was measured in seconds.  

3. RESULTS  

Results were expressed as means ± SEM. One-way 

ANOVA followed by post-hoc comparisons (Fisher’s 

test) were carried out. Homoscedasticity was 

previously tested. A probability was considered to be 

significant at 5% or less. Statistical analyses were 

performed using the SPSS 18.0 for windows (SPSS 

Inc., Chicago, IL, USA).  

3.1. Exploratory Locomotion 

When time spent in closed arms was analyzed, a 

significant effect of group was found (F(3,20)=4.949; 

p=0.01). Post hoc analyses revealed that time 

exploration of PA rats was significantly lower than the 

other groups: C+ Veh (p=0.001), C+ OEA10 (p=0.007) 

and PA20 OEA10 (p=0.033). Figure 1 illustrates these 

results.  

 

Figure 1: Graph showing the performance of different group 
of animals during Elevated plus Maze test (close arms). 
Perinatal asphyxia animals show a significant decrease in the 
exploration locomotion activity. This activity was recovered 

with OEA treatment. C+ = Control cesarean; PA20 = 20 
minutes of Perinatal Asphyxia; C+ OEA10 = Control 
Cesarean& OEA treatment (10 mg/kg); PA20 OEA10: 20 
minutes of Perinatal Asphyxia& OEA treatment (10 mg/kg). 
*** p 0.001, ** p 0.01, * p 0.05 compared with PA20 group. 

3.2. Anxiety  

No significant differences between groups in terms 

of time spent in open arms were found (F (3,20)=1.554; 

p=0.232), as shown in Figure 2.  

 

Figure 2: Graph showing the performance of different group 
of animals analyzed during Elevated plus Maze test (open 
arms). No differences were observed between different 
groups. C+ = Control cesarean; PA20 = 20 minutes of 
Perinatal Asphyxia; C+ OEA10 = Control Cesarean & OEA 
treatment (10 mg/kg); PA20 OEA10: 20 minutes of Perinatal 

Asphyxia & OEA treatment (10 mg/kg). 

4. DISCUSSIONS AND CONCLUSION 

The main finding of this study is that OEA treatment 

(in a dose of 10 mg/kg) would be associated with an 

improvement in exploratory locomotion in asphyctic 

rats. Our behavioral results could be related to the 

apparent anti-inflammatory action of OEA, which is 

mediated by PPAR-  [13, 14]. Consistent with this 

data, a recent study of our laboratory has shown that 

the effects of OEA could prevent neuroinflammation in 

asphyctic rats
1
. Substantial body of evidence suggests 

that in neurodegenerative diseases, the inflammatory 

process, which attempts a tissue recovery through 

microglial action, could lose its regulation and become 

a powerful factor of neuronal destruction [34]. In fact, 

damage elicited by PA implies Poly (ADP- ribose) 

polymerase 1 (PARP-1) overactivation, promoting expr- 
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ession of proinflammatory cytokines and microglial 

migration toward the site of neuronal injury. But exces- 

sive PARP-1 activation could lead to energy crisis and 

to apoptosis [12]. Therefore, the apparent anti-inflam- 

matory actions of OEA would be neuroprotective for 

perinatal hypoxic brain damage.  

In addition, we observed behavioral modifications at 

P30. This data is consistent with previous studies from 

our laboratory using the same model of PA [11, 24, 25]. 

Asphyctic animals showed a decrease in exploration 

without an alteration in anxiety at post-natal day 90 

(P90) [32]. These behavioral modifications associated 

with PA could be related to F-actin neostriatal 

cytoskeleton changes observed in post-synaptic 

densities of asphyctic rats at P30. These morphological 

modifications described in our laboratory might be one 

of the mechanisms involved in the neuronal loss 

induced by PA, since we observed dramatic synaptic 

changes with ubiquitination, degeneration and 

inflammatory modifications 6 months after induction of 

PA [25, 29]. Further studies will be carried out to 

determine if OEA might have some protective effects 

on synaptic structure and functions.  

In conclusion, OEA treatment (10 mg/kg) in 

asphyctic rats would be accompanied by an improve- 

ment in exploratory locomotion at P30. A more 

thorough understanding of neuroprotective mechani- 

sms of OEA and its behavioral effects on PA may 

contribute to obtain effective treatments for this 

neonatal complication.  

ACKNOWLEDGMENTS 

This research has been supported by a grant to 

F.R.F. from “La Marató-TV3” (Contract grant number: 

TV3 386/C/2011). 

REFERENCES 

[1] Adcock LM, Papile LA. Perinatal asphyxia. In: Cloherty JP, 
Eichenwald EC, Stark AR, editors. Manual of Neonatal Care; 

2008: Lippincott, Williams, Wilkins. Philadelphia, PA, USA. 
518-528. 

[2] De Haan M, Wyatt JS, Roth S, Vargha-Khadem F, Gadian D, 
Mishkin M. Brain and cognitive-behavioral development after 
asphyxia at term birth. Dev Sci. 2006; 9: 350-358.  

[3] McGuire W. Perinatal asphyxia. Clin Evid. 2006. 511-519.  

[4] Nelson KB, Grether JK. Potentially asphyxiating conditions 

and spastic cerebral palsy in infants of normal birth weight. is 
J Obstet Gynecol. 1998; 179: 507-13. 

[5] Paneth N. The causes of cerebral palsy. Recent evidence. 
Clin Invest Med. 1993; 16: 95-102. 

[6] Rice JE, Vannucci RC, Brierley JB. The influence of 
immaturity on hypoxic-ischemic brain damage in the rat. Ann 
Neurol. 1981; 9 (2): 131-141. 

[7] Titomanlio L, Kavelaars A, Dalous J, Mani S, El Ghouzzi V, 

Heiinen C et al. Stem cell therapy for neonatal brain injury: 
perspectives and challenges. Ann Neurol. 2011; 70 (5): 698-
712 

[8] Sajjad ur Rahman. Neuroprotection in neonatal hypoxic 
ischemic encephalopathy: Therapeutic hypothermia and 
beyond. JPMI. 2011; 5 (1): 1-3.  

 

[9] Weitzdoerfer R, Pollak A, Lubec B. Perinatal asphyxia in the 

rat has lifelong effects on morphology, cognitive functions 
and behavior. Semin Perinatol 2004; 28: 249-256.  

[10] Muñiz J, Romero J, Holubiec M, Barreto G, González J, 
Saint-Martin M et al. Neuroprotective effects of hypothermia 

on synaptic actin cytoskeletal changes induced by perinatal 
asphyxia. Brain Res. 2014; 1563: 81-90.  

[11] Saraceno GE, Bertolino ML, Galeano P, Romero JI, García 
Segura LM, Capani F. Estradiol therapy in adulthood 
reverses glial and neuronal alterations caused by perinatal 
asphyxia. Exp Neurol. 2010; 223, 615-622.  

[12] Herrera-Marschitz M, Neyra-Pena T, Rojas-Mancilla E, 
Espina-Marchant P, Esmar D, Perez R et al. Perinatal 
asphyxia: CNS development and deficits with delayed onset. 
Frontiers Neuroscience 2014; 8(47): 1-11.  

[13] Lo Verme J, Fu J, Astarita G, La Rana G, Russo R, 

Calignano A et al. The nuclear receptor peroxisome 
proliferator-activated receptor mediates the anti-Inflammatory 
actions of palmitoylethanolamide. Mol Pharmacol. 2005; 67: 
15–19. 

[14] Sun Y, Alexander SP, Garle MJ, Gibson CL, Hewitt K, 

Murphy SP et al. Cannabinoid activation of PPAR alpha: a 
novel neuroprotective mechanism. Br J Pharmacol. 2007; 
152(5): 734-43. 

[15] Di Marzo V. ‘Endocannabinoids’ and other fatty acid 

derivatives with cannabimimetic properties: biochemistry and 
possible physiopathological relevance. Biochim Biophys 
Acta. 1998; 1392: 153-75.  

[16] Maccarrone M, Finazzi-Agrò A. Endocannabinoids and their 
actions. Vitam Horm. 2002; 65: 225–55.  

[17] Maccarrone M, Finazzi-Agrò A. The endocannabinoid 
system, anandamide and the regulation of mammalian cell 
apoptosis. Cell Death Differ 2003; 10: 946–55.  

[18] Fu J, Gaetani S, Oveisi F, Lo Verme J, Serrano A, Rodríguez 
De Fonseca F et al. Oleylethanolamide regulates feeding 

and body weight through activation of the nuclear receptor 
PPAR-alpha. Nature 2003; 425 (6953): 90-3. 

[19] Daynes RA, Jones DC. Emerging roles of PPARs in 
inflammation and immunity. Nat Rev Immunol. 2002; 2(10): 
748-59. 

[20] Lo Verme J, La Rana G, Russo R, Calignano A, Piomelli D. 
The search for the palmitoylethanolamide receptor. Life 
Sciences 2005; 77(14): 1685-98.  

[21] Berger JP, Akiyama TE, Meinke PT. PPARs: therapeutic 
targets for metabolic disease. Trends Pharmacol Sci. 2005; 
26(5): 244-51.  

[22] Galan-Rodriguez B, Suarez J, Gonzalez-Aparicio R, 
Bermudez-Silva FJ, Maldonado R, Robledo P et al. 
Oleoylethanolamide exerts partial and dose-dependent 

neuroprotection of substantia nigra dopamine neurons. 
Neuropharmacology 2009; 56 (3): 653-64.  

[23] Pellegrini-Giampietro DE, Mannaioni G, Bagetta G. Post-
ischemic brain damage: the endocannabinoid system in the 

mechanisms of neuronal death. FEBS Journal 2009; 276: 2-
12.  

[24] Bjelke B, Anderson K, Ogren SO, Bolme P. Asphyctic lesion: 
proliferation of tyrosine hydroxylase-inmunoreactive nerve 

cell bodies in the rat substantia nigra and functional changes 
in dopamine neurotransmission. Brain Res. 1991; 543: 1-9.  



26    Journal of Advanced Neuroscience Research, 2014, Vol. 1, No. 1 Herrera et al. 

[25] Capani F, Saraceno GE, Botti V, Aon-Bertolino L, de Olivera 

DM, Barreto G et al. Protein ubiquitination in postsynaptic 
densities after hipoxia in rat neostriatum is blocked by 
hypothermia. Exp Neurol. 2009; 219: 404-413.  

[26] Capani F, Loidl CF, Aguirre F, Piehl L, Facorro G, Hager A  
et al. Changes in reactive oxygen species (ROS) production 

in rat brain during global perinatal asphyxia: an ESR study. 
Brain Res. 2001; 914: 204-7.  

[27] Capani F, Loidl CF, Piehl LL, Facorro G, De Paoli T, Hager 
A. Long term production of reactive oxygen species during 

perinatal asphyxia in rat central nervous system: effects of 
hypothermia. Int J Neurosci. 2003; 113(5): 641-54.  

[28] Loidl CF, Herrera-Marschitz M, Andersson K, You Z-B, Goiny 
M, O’Connor WT et al. Long-term effects of perinatal 

asphyxia on basal ganglia neurotransmitter systems studied 
with microdialysis in rat. Neurosci Lett.1994; 175(1-2): 9-12. 

[29] Saraceno GE, Ayala MV, Badorrey MS, Holubiec M, Romero 
J, Galeano P et al. Effects of perinatal asphyxia on rat striatal 
cytoskeleton. Synapse 2012; 66: 9–19.  

[30] Capani F, Loidl CF, Lopez-Costa JJ, Selvin-Testa A, Pecci 

Saavedra J. Ultrastructural changes in nitric oxide synthase 

immunoreactivity in the brain of rats subjected to perinatal 

asphyxia: neuroprotective effects of cold treatment. Brain 
Res. 1997, 775(1–2): 11-23. 

[31] Loidl CF, De Vente J, Markerink van Ittersum M, Van Dijk 
EHJ, Vles JSH, Steinbusch HWM et al. Hypothermia during 
or after severe perinatal asphyxia prevents increase in cyclic 

GMP-related nitric oxide levels in the newborn rat striatum. 
Brain Res. 1998. 791(1-2): 303-7.  

[32] Galeano P, Blanco Calvo E, Madureira de Oliveira D, 
Cuenya L, Kamenetzky GV et al. Long-lasting effects of 

perinatal asphyxia on exploration, memory and incentive 
downshift. Int J Devl Neuroscience 2011; 29: 609-619. 

[33] Pellow S, Chopin P, File SE, Briley M. Validation of open: 
closed arm entries in an elevated plus-maze as a measure of 
anxiety in the rat. Journal of Neuroscience Methods 1985. 
14(3): 149-167.  

[34] Angoa Pérez M, Rivas Arancibia S. Estrés oxidativo y 
neurodegeneración ¿causa o consecuencia? Arch Neurocien 
2007; 12 (1): 45-54. 

 

Received on 17-06-2014 Accepted on 17-07-2014 Published on 18-10-2014 

 
 

© 2014 Herrera et al.; Licensee Cosmos Scholars Publishing House. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 

(http://creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction in any medium, 
provided the work is properly cited. 

 


