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ASFIXIA PERINATALA — MECANISME DE
PRODUCERE SI STRATEGII TERAPEUTICE TINTITE
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Asfixia perinatala survine atunci cand o leziune
antepartum, intrapartum, postpartum sau orice
combinatie a acestora conduce la:

* reducerea eliberdrii O, catre fat/nou-nascut

(hipoxemie);

* alterarea schimburilor respiratorii O,-CO,
(hipercapnie);

» perfuzie inadecvata tisularda si organica (is-
chemie).

Academia Americand de Pediatrie si Colegiul
American de Obstetrica si Ginecologie definesc in-
direct asfixia cu ajutorul a 4 parametri:

1. pH-ul din sangele din cordon < 7;

2. Apgar sub 3 la 1 minut, care se mentine sub

3 1a 5 si 10 minute;
3. Semne de encefalopatie hipoxic-ischemica
(tulburari de tonus si reflexe);

4. Modificari la nivelul altor organe (cord, ri-

nichi, ficat, intestin).

Asfixia se produce intre 50-91% antepartum si
intrapartum, in general prin traumatism hipoxic, §i
doar 9% postpartum prin tulburari ventilatorii apa-
rute la nou-nascutii cu patologie pulmonara.

Incidenta asfixiei perinatale este invers pro-
portionald cu varsta de gestatie: 1-8%o la nou-nas-
cutul la termen si mult mai mare la nou-nascutul
prematur (1).

REZUMAT

Asfixia perinatala complicata cu leziuni hipoxic-ischemice multiorganice reprezinta, in pofida progreselor
actuale din medicina neonatala, cea mai importanta cauza de morbiditate si mortalitate perinatala la nou-
nascutul la termen si prematur. Mecanismele lezionale sunt heterogene si au loc cu participarea factorilor
etiologici circulatori, metabolici si biochimici. In primele momente de dupa injurie, tratamentul se concentreaza
pe prevenirea formarii radicalilor liberi, combaterea inflamatiei si efectele anti-apoptotice. n stadiile tardive,
se urmareste regenerarea oligodendrogliei prin utilizarea medicatiei cu efect neurotrofic.

Cuvinte cheie: asfixie perinatala, leziune neuronala, strategii de neuroprotectie

Asfixia perinatald reprezinta un proces complex
de afectare a sistemului nervos central prin interac-
tiunea dintre o serie de factori:

e circulatori — pierderea autoreglarii fluxului

sanguin cerebral;

¢ biochimici — cresterea aminoacizilor excita-
tori, depolarizari membranare, scaderea me-
tabolismului energetic neuronal, influxul in-
tracelular de calciu, oxidarea proteinelor,
peroxidarea acizilor grasi nesaturati;

* metabolici — intensificarea metabolismului
anaerob, ceea ce determina aparitia leziunilor
de reperfuzie, intensificarea alterarii celulare
produse de ischemie, care constituie determi-
nantul secundar al extinderii injuriei cere-
brale.

Acesti factori interactioneaza printr-o multitu-

dine de mecanisme (Fig. 1):

1. Hipoxia

In timpul hipoxiei, modificarile receptorului
NMDA duc la cresterea influxului intracelular si
intranuclear de calciu, influx proportional cu gradul
hipoxiei. Ca™ activeaza proteazele, fosfolipazele si
NO-sintaza, care ajuta la eliberarea radicalilor liberi
de oxigen, peroxidarea lipidelor membranei nu-
cleare si activarea endonucleazelor, care la randul
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p» | FIGURA 1. Secventa
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mecanismelor patogenice in
leziunile neuronale postasfixice
(adaptat dupé Ferriero) (3)

Saptamani

lor determina fragmentarea ADN-ului nuclear.
Oxidul nitric afecteazd neuronii, reactionand cu
superoxidul pentru a forma peroxinitrit, un radical
liber toxic, cunoscut pentru lezarea membranei ce-
lulare.

2. Ischemia

In cazul nou-nascutului la termen cu leziuni
ischemice, neuronii de la nivelul nucleilor profunzi
si din cortexul perirolandic sunt mai predispusi la
lezare, in timp ce neuronii care produc NO-sintaza
sunt mai rezistenti.

3. Stresul oxidativ

Stresul oxidativ este generat de un dezechilibru
intre generarea excesiva de compusi de oxigen si
insuficienta mecanismelor antioxidante de aparare.
Reperfuzia/reoxigenarea tesuturilor ischemiate de-
termind formarea speciilor reactive de oxigen
(SRO), inclusiv anioni superoxid, peroxid de hi-
drogen, radicali hidroxil si specii reactive de azot,
mai ales peroxinitrit.

Speciile reactive de oxigen §i azot sunt agenti
puternici reducatori si oxidanti, cu actiune lezionala
directa asupra structurilor celulare, de peroxidare a
membranelor, proteinelor si enzimelor structurale
siacizilornucleici. In plus, sunt regulatori importanti
ai cailor de semnalizare intracelulara care modu-
leaza sinteza de ADN si ARN, proteine, activarea
enzimatica si influenteaza direct ciclul celular. In
conditii de hipoxie, radicalul superoxid, produs sub
actiuneaxantin-oxidazei, intrd in spatiul extracelular
cerebral unde se transforma in peroxid de hidrogen
prin conversia de catre superoxid dismutaza (SOD).
Deoarece sistemele antioxidante ale nou-nascutului
sunt imature si lichidul cefalo-rahidian contine con-
centratii micromolare de fier liber, peroxidul de hi-
drogen reactioneaza in cadrul unei reactii catalizate
de fier (Fenton) cu radicalul superoxid pentru a pro-
duce radicali hidroxil (2). Creierul nou-nascutului,

prin concentratia sa crescuta de acizi grasi nesa-
turati, consumul crescut de oxigen, concentratia
scazuta de antioxidanti si disponibilitatea pentru
fier redox-activ, este in mod particular vulnerabil la
leziunile oxidative prin peroxidarea lipidelor de
catre oxigenul molecular (3). Lipidele fiind elemente
constitutive ale membranelor biologice, peroxidarea
lor determina severe modificari la nivelul structurii
membranelor si astfel este alteratd functionarea
normala a celulei. Alcoolii, aldehidele, hidrocar-
burile volatile si hidroperoxizii, care sunt produsii
finali ai peroxidarii, inhiba sinteza de proteine si
sunt raspunzatori de alterarea permeabilitatii vas-
culare, de producerea raspunsului inflamator si ac-
tivitate a chemotactica.

4. Excitotoxicitatea

Activarea excesiva a neurotransmisiei glutama-
tergice duce la moarte celulara. Factorul declan-
sator initial poate fi un defect de preluare a gluta-
matului de catre celulele gliale, ceea ce are ca
rezultat supraactivarea receptorilor.

Productia de NO de catre neuronii rezistenti la
leziunile hipoxic-ischemice depinde de cuplarea si
activarea receptorilor pentru NMDA si de intrarea
calciului in celulele de la nivelul talamusului si
ganglionilor bazali. Cand oxidul nitric este produs
in exces in aceste regiuni in timpul unei perioade de
stres oxidativ, acesta contribuie la productia de ra-
dicali liberi. Totusi, neuronii imaturi producatori de
oxid nitric sunt ei insisi rezistenti atat la leziunea
hipoxic-ischemica, cat si la excitotoxicitatea me-
diatd de NMDA. Aceste celule devin vulnerabile pe
masurd ce se maturizeaza. In regiunile unde exista
receptori NMDA imaturi, cum ar fi ganglionii ba-
zali, neuronii care produc NO-sintaza sunt abun-
denti. Eliminarea acestor neuroni si Intreruperea
complexului postsinaptic care leagd NMDA 1la
acestia determina reducerea leziunii ischemice.
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5. Inflamatia

Infectia materna se asociazd cu leziuni ale sub-
stantei albe 1n cazul creierului imatur. Un studiu
populational care a folosit paralizia cerebrald ca
masura a lezarii cerebrale neonatale sugereaza co-
rioamniotita ca fiind un factor de risc independent
pentru paralizia cerebrala in cazul nou-nascutilor la
termen, din cauza cresterii antenatale a expresiei
citokinelor pro-inflamatorii (IL-1B, IL-6, IL-9) in
lichidul amniotic, in circulatia fetald si in lichidul
cefalo-rahidian. Acumularea neutrofilelor la nivelul
vaselor sanguine cerebrale si activarea acestora par
sd fie verigi de legatura intre expunerea la infectie
in utero si leziunea cerebrald ischemica. Markerii
inflamatori din lichidul amniotic al femeilor aflate
in travaliu prematur sau din sangele cordonului
ombilical au fost asociati cu defecte ale mielinizarii,
leucomalacia periventriculara si paralizia cerebrala
ulterioare. Originea celulara a mediatorilor infla-
matiei care par sd exacerbeze leziunile hipoxic-
ischemice este incd neclard. Mediatorii care sunt
produsi la nivel sistemic (de catre mama sau fat)
afecteaza sistemul nervos central fie prin mecanisme
vasculare, fie prin traversarea barierei hemato-en-
cefalice (BHE) si actiune directd asupra paren-
chimului cerebral (4). Modelele animale au aratat
ca administrarea de lipopolizaharid in doze mici
inaintea injuriei hipoxic-ischemice creste aceasta
afectare, demonstrand faptul ca inflamatia actio-
neaza ca un factor predispozant, facand creierul
mai susceptibil la un al doilea factor stresant — lezi-
unea hipoxic-ischemica (proces de sensibilizare)
(5). Mecanismele sensibilizarii nu sunt in intregime
cunoscute, dar ar putea include modificari ale trans-
criptiei unor gene si modificarea activitatii recep-
torilor pentru glutamat.

Inflamatia este, pe de alta parte, provocata de
necroza neuronald, un proces pasiv de edematiere
celulara, distrugere a organitelor celulare si pierdere
a integritatii membranare (6). Inflamatia duce la
cresterea nivelului de glutamat, care la randul sau
induce apoptoza.

6. Apoptoza

Moartea celulard programatd este un proces
activ, care implica activarea cascadei caspazelor (3,
8,9), un pas cheie in fragmentarea ADN-ului (7).
Caspaza 3 activata fragmenteazd numeroase pro-
teine intracelulare, care mentin structura celulara si
inactiveazd numeroase enzime cu rol in repararea
ADN. Aceasta secventd de evenimente duce la mo-
dificarile celulare si nucleare caracteristice apop-
tozei. Apoptoza joaca un rol important in evolutia
leziunilor hipoxic-ischemice cerebrale la nou-
nascut si poate fi chiar mai importanta decat necroza
in faza postlezionala.

STRATEGII TERAPEUTICE

Tratamentul profilactic este de baza si implica
prevenirea asfixiei intrauterine prin recunoasterea
factorilor de risc, monitorizare atentd antepartum si
intrapartum, reanimare prompta in sala de nastere.

Tratamentul suportiv include: ventilatie adec-
vatd, prevenirea hipo/hiperoxemiei, hipo/hiper-
capniei, hiperamoniemiei, mentinerea perfuziei
optime §i normoglicemiei, controlul convulsiilor,
evitarea supraincarcarii cu fluide.

Terapii experimentale:

e Terapie antioxidanta pentru blocarea radicalilor
liberi i cresterea capacitatii antioxidante

— Chelatori de fier: deferoxamina traverseaza
BHE si leaga fierul feric, prevenind formarea ra-
dicalilor hidroxil si avand efect neuroprotector
asupra hipocampului (8).

— Scavengeri ai speciilor reactive de oxigen:
melatonina, vitamina C (100 mg/kgc/zi, timp de 7
zile), catalaza, SOD, glutation peroxidaza, N-acetil-
cisteina, manitol. Melatonina a dovedit a avea
efecte protectoare Tmpotriva starilor patologice da-
torate eliberarii de radicali liberi de oxigen. Me-
latonina este un inhibitor direct al radicalului hi-
droxil, O, si NO, protejand impotriva injuriei
cerebrale provocate de stresul oxidativ, atit in
leziunea hipoxica experimentald, cat si in trialurile
clinice preliminare (9). De asemenea, nou-nascutii
care au primit tratament cu melatonind exprima
cantitati scazute de citokine proinflamatorii si can-
titati crescute de enzime antioxidante (2).

N-acetil cisteina (NAC) este un precursor al
glutationului, unul din cele mai importante mijloace
de aparare antioxidantd. NAC poate fi administrata
si antenatal, avand abilitatea de a traversa bariera
feto-placentara. NAC are si rol in protectia sub-
stantei albe cerebrale si, de asemenea, reduce ge-
nerarea nitrotirozinei. Glutation peroxidaza are rol
de a inlatura peroxidul de hidrogen din mitocondrie
si de la nivelul citosolului, dar traverseaza cu difi-
cultate BHE si are efect neuroprotector doar ad-
ministrata profilactic.

— Inhibitori ai xantin-oxidazei: allopurinol (peste
10 mg/kgc, 40-160 mg/doza). Allopurinolul este in
primul rand un inhibitor de xantin-oxidaza prezenta
in celulele endoteliale, dar, In cantitati mari, are si
efecte aditionale ca eliminator al SRO, mai ales sub
forma de oxipurinol. S-a demonstrat ca administra-
rea de allopurinol Tnaintea accidentului asfixic (in
timpul travaliului) reduce afectarea perinatala a
creierului si are efecte benefice asupra perfuziei ce-
rebrale si activitatii electrice (10).
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— Inhibitori ai peroxidarii lipidelor: lazaroide,
vitamina E (30 Ul/zi, in primele zile), purpurogalin,
triterpin, gingko biloba.

— Agenti reducatori ai formarii de radicali liberi:
eritropoietina, fenobarbital.

Eritropoietina (EPO), citokina produsa la nivel
cerebral de anumite populatii de celule, joaca un rol
protector impotriva injuriei hipoxice cerebrale. Re-
lativa insuficientd a EPO endogene in timpul pe-
rioadei de stres ischemic poate aduce dupa sine
apoptoza neuronald, care poate fi amelioratda prin
administrarea de EPO exogena. Eritropoietina
1.000-30.000 U/kgc/doza, administrata subcutanat/
intraperitoneal contribuie la minimizarea leziunilor
generate de radicalii liberi, manifestand un efect
protector.

EPO este direct implicata in combaterea stresului
oxidativ prin generarea de enzime antioxidante,
scaderea productiei citokinelor pro-inflamatorii, in-
hibitia eliberarii de NO si a peroxidarii lipidelor.
EPO are efecte antiapoptotice si anti-inflamatorii in
perioada acuta, imediata post-injurie si efecte ne-
urogenice si vasculogenice in perioada de recu-
perare. Tratamentul cu EPO in leziunile neurologice
neonatale a determinat imbunatatirea evolutiei pe
termen scurt si lung, atat in plan structural, cat si
comportamental, atat in leziunile substantei cenusii,
cat si cele ale substantei albe. Aceste efecte sunt
prezente cand EPO este administrata in perioada
postlezionald imediata sau in interval de 24h de la
injurie (11-14).

Fenobarbitalul sodic intravenos in doza unica 40
mg/kge actioneaza prin scaderea ratei metabolis-
mului celular si a peroxidarii lipidelor si reduce
incidenta complicatiilor neurologice pe termen
lung (15).

— Inhibitori ai NO-sintazei: aminoguanidina,
7-nitroindazol, L-arginina, iminobiotina

— Antagonisti ai mediatorilor inflamatiei: anta-
gonisti ai factorului de activare plachetara, inhibitori
ai ciclo-oxigenazei (ibuprofen, indometacin), glu-
cocorticoizi, IL-10

Alte efecte antioxidante: aminofilina, Cu, Zn,
Se, tianeptin.

e Terapie care limiteaza excitotoxicitatea:

— Antagonisti ai receptorilor aminoacizilor exci-
tatori (NMDA): ketamina, dizocilipina (MK 801),
topiramat, xenon — asigura protectia creierului in
95% dintre cazuri cand sunt administrate dupa
injuria asfixica, dar au toxicitate ridicata. Sulfatul
de magneziu (MgSO,), 125-250 mg/kgce determina
niveluri ale magneziului considerate neuropro-
tectoare prin oprirea influxului de calciu la nivelul
receptorilor glutamatergici (16). Mg are si efecte

hemodinamice, imbunatatind fluxul sanguin cere-
bral prin reducerea vasoconstrictiei arterelor cere-
brale. Xenonul in concentratii subanestezice, com-
binat cu hipotermia (chiar in cazul administrarii
neconcomitente) determina neuroprotectie, aspect
demonstrat prin Tmbunatatirea functiei neuromotorii
dupa 30 de zile de la administrare (17).

— Canabinoizi — scad expresia glutamatului,
citokinelor, eliberarea de NO si influxul intracelular
de calciu (2).

— Blocanti ai canalelor de calciu: flunarizina,
nimodipina.

— Hipotermia cerebrald/generalizatd usoara
(1-3°C) — moderata (4-6°C), cu o durata de 48-72
ore, este cea mai promitatoare si studiata interventie
cu rol de neuroprotectie la momentul actual (18).
Hipotermia scade la nivel cerebral consumul de
oxigen si rata de utilizare a energiei. Cu cat este
mai severa leziunea initiald, cu atat este mai ne-
cesard o perioadd mai indelungatd de hipotermie.
Studiile efectuate recomanda ca racirea sa fie ini-
tiata in timpul ferestrei terapeutice de maximum 6
ore postpartum, pentru a obtine efectul scontat (19).

— Anti-inflamatoare: minociclina are efecte anti-
inflamatorii la nivelul microgliei, moduleaza acti-
varea celulelor sistemului imun si cliberarea de
NO, scade expresia caspazelor 1 si 3, crescand
expresia genelor antiapoptotice (2).

e Inhibitori ai apoptozei: inhibitori ai poli-ADN-
riboz-polimerazei (PARP), inhibitori ai calpainei,
inhibitori ai caspazei 3. In prezent, se efectueaza
studii pe animale care testeaza utilitatea compusilor
cu litiu ca agenti anti-apoptotici (20).

e Factori neurotrofici (NGF, IGF-1, VEGF,
BDNF).

e Terapia cu celule stem neurale. Implantarea
intraventriculara a acestora dupa leziunea hipoxic-
ischemica determind migrarea lor in zonele afectate.
Celulele stem se diferentiaza apoi in neuroni, astro-
cite, oligodendrocite si progenitori nediferentiati.
Toate aceste celule nu numai ca determina regene-
rarea zonelor afectate, dar fenotipurile non-neuro-
nale inhiba inflamatia si formarea de cicatrice, pro-
movand in acelasi timp angiogeneza in modelele
experimentale (21).

Din cauza marii diversitati a mecanismelor im-
plicate in patogenia asfixiei perinatale, s-a renuntat
actualmente la descoperirea unui singur agent tera-
peutic, care sa actioneze dupa modelul ,,glontului
magic*. Tendinta actuala este de a asocia doud sau
mai multe mijloace terapeutice cu actiune con-
vergenta, acolo unde considerentele financiare si
etice permit acest lucru.
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In pofida progreselor realizate in ultimii ani in
privinta tratamentului, evolutia pe termen lung a
nou-nascutilor cu asfixie perinatala este grevata de
sechele neurologice importante, care pot merge

pana la paralizie cerebrala. Astfel, tratamentul pro-
filactic (monitorizarea sarcinii §i a nasterii) este In
continuare cel mai important.

Perinatal asphyxia — underlying mechanisms and targeted
therapeutic strategies

Andreea Avasiloaiei, Maria Stamatin
Universitatea de Medicina si Farmacie ,,Gr. T. Popa*, lasi

promote neuronal and oligodendrocyte regeneration.

Perinatal asphyxia occurs when an antepartum,
intrapartum or postpartum injury or any combination
or the three lead to:

e Poor delivery of oxygen to the foetus/

newborn (hypoxemia)

e Altered gas exchange (hypercapnia)

* Low tissue and organic perfusion (ischaecmia)

The American Academy of Pediatrics and the
American College of Obstetricians and Gyne-
cologists define indirectly perinatal asphyxia by 4
parameters:

1. Blood cord pH below 7

2. l-minute Apgar score below 3, that remains

low at 5 and 10 minutes

3. Signs of hypoxic-ischaemic encephalopathy

4. Multiorganic dysfunctions.

Perinatal asphyxia occurs in utero or intrapartum
in 50-91% of cases, generally due to hypoxia and
only in 9% it occurs postnatally through respiratory
dysfunctions in newborns with pulmonary im-
pairment.

The increased incidence of perinatal asphyxia is
proportional to the decrease in gestational age: 1-8%o

ABSTRACT

Perinatal asphyxia complicated with multiorganic hypoxic-ischaemic injuries represents, despite current
advances in neonatal medicine, the leading cause of morbidity and mortality in both term and premature
newborns. The mechanisms of neuronal damage are heterogeneous and include the participation of
circulatory, metabolic and biochemical factors. In the early stage, therapies are concentrated on prevention
of the production of reactive oxygen species or free radicals, anti-inflammatory effects and anti-apoptotic
interventions. In a later stage stimulation of neurotrophic properties in the neonatal brain can be targeted to

Key words: perinatal asphyxia, neuronal injury, neuroprotective strategies

in term newborns and larger in preterm infants (1).

Perinatal asphyxia represents a complex process

of central nervous system damage that occurs due
to the interaction of several factors:
» Circulatory — loss of cerebral blood flow
regulation
¢ Biochemical — increase of excitatory amino-
acids, decrease in neuronal energy meta-
bolism, intracellular calcium influx, protein
oxidation, unsaturated fatty acids peroxi-
dation.
* Metabolic — increase of cell alteration and
anaerobic metabolism, which leads to the
reperfusion injuries
These factors interact by several mechanisms
(Fig. 1):

1. Hypoxia

During hypoxia, NMDA receptor alterations
lead to the increase of intracellular calcium influx,
which is proportional to the degree of hypoxia. Ca™
activates proteases, phospholipases and NO-
synthase, which help the release of reactive oxygen
species, peroxidation of membrane lipids and
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Oxidative
stress

Excitotoxicity

Figure 1. Sequence of
> underlying mechanisms in

Hours Days

Weeks | postasphyxic neuronal injury
(adapted from Ferriero) (3)

endonuclease activation, that in turn, brakes the
nuclear DNA. Nitric oxide reacts with the superoxide
to form peroxinitrite, a toxic free radical, known for
its capability of cellular membrane damage.

2. Ischaemia

In term newborns with ischaemic injury, the
neurons located in the thalamus and in the periro-
landic area are predisposed to cellular damage, as
opposed to the neurons that produce NO-synthase,
which are more resistant.

3. Oxidative stress

Oxidative stress is generated by an imbalance
between the excessive release of oxygen compounds
and the immature antioxidant defense mechanisms.
Reperfusion leads to reactive oxygen and nitrogen
species. These are powerful oxidant agents that can
damage cells directly, by peroxidation of mem-
branes, proteins, structural enzymes and nucleic
acids. They regulate intracellular signaling
pathways that modulate DNA and RNA synthesis
and enzymatic activation. During hypoxia, the
superoxide radical enters the extracellular cerebral
space where it is converted to hydrogen peroxide
by superoxide dismutase. Due to the high iron con-
tent of the immature cerebrospinal fluid, hydrogen
peroxide reacts in the Fenton reaction with the
superoxide radical to produce hydroxyl radicals®.
The neonatal brain, with its high contents of
polyunsaturated fatty acids, high oxygen require-
ments and low concentration of antioxidants, is
particularly vulnerable to lipid peroxidation by
molecular oxygen (3). Lipids are constitutive
elements of cellular membranes and their pero-
xidation leads to severe disruption of membrane
structures, thus altering normal cellular functions.
Alcohols, aldehydes and volatile hydrocarbons, as
final products of peroxidation, inhibit protein
synthesis and are responsible for the alteration of

vascular permeability, inflammatory response and
chemotactic activity.

4. Excitotoxicity

Excessive activation of glutamate neuro-
transmission leads to cellular death. The initial
trigger may be the defective glutamate uptake by
the glial cells, which results in excessive receptor
activation.

NO production by neurons resistant to hypoxic-
ischemic injury depends on the coupling and
activation of NMDA-receptors and on the cellular
intake of calcium in the thalamus and basal ganglia.
As nitric oxide is produced excessively in these
areas during oxidative stress, it contributes to free
radical formation. Immature NO-generating ne-
urons are resistant to hypoxic-ischaemic injury and
NMDA-mediated excitotoxicity. These cells
become more vulnerable as they grow older.

5. Inflammation

Maternal infection is linked to white matter
injury in the immature brain. A cohort study
suggests chorioamnionitis as an independent risk
factor for cerebral palsy in term newborns with
brain injury, due to the antenatal rise of pro-
inflammatory cytokines (IL-1B, IL-6, IL-9) in the
amniotic fluid, foetal circulation and cerebrospinal
fluid. Neutrophil accumulation in the cerebral blood
vessels, and their activation seem to be the links
between inutero exposure to infection and ischaemic
cerebral injury. Inflammatory markers in the
amniotic fluid of women in preterm labor or in the
cord blood have been linked to myelinisation
defects, periventricular leucomalacia and sub-
sequent cerebral palsy. The cellular origins of the
inflammation mediators that seem to accentuate
hypoxic-ischaemic injury is still unclear. Systemic
mediators affect the central nervous system either
by vascular mechanisms or directly by crossing the
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blood-brain barrier (BBB) (4). Lipopolysaccharide
administration before the hypoxic-ischaemic events
leads to an aggravation of the injury, thus as-
certaining the role of inflammation as a predisposing
factor (sensitization process) (5). The mechanisms
that lead to this sensitization are still partly
unknown, but could include gene transcription
defects, and modified glutamate-receptor activity.

Inflammation is, on the other hand, caused by
neuronal necrosis, a passive process of cellular
swelling, organite destruction and loss of organite
integrity (6). Inflammation leads to rises in glu-
tamate levels, which in turn, cause apoptosis.

6. Apoptosis

Programmed cell death is an active process that
involves the activation of caspases (3, 6, 9), a key
step in DNA fragmenting (7). Activated caspase 3
fragments intracellular proteins which maintain
cellular structures and inactivates numerous DNA-
repairing enzymes. This sequence of events leads
to both cellular and nuclear damage, ending in cell
destruction. Apoptosis is of great importance in
neonatal hypoxic-ischaemic injury, maybe over-
powering necrosis during the reperfusion injury.

THERAPEUTIC STRATEGIES

Prophylactic treatment is capital and involves
prevention of perinatal asphyxia by prompt
recognition of risk factors, antepartum and intra-
partum careful monitoring and immediate
resuscitation in the delivery room.

Supportive treatment includes: adequate ven-
tilation and perfusion, prevention of hypo/
hyperoxemia, hypo/hypercapnia, normoglicaemia,
seizure control, avoidance of fluid overload.

Experimental treatment:

» free radical blockers and drugs that improve

antioxidant status

— Iron chelators: deferoxamine crosses the BBB,
binds non-protein bound iron and prevents the
formation of hydroxyl radicals, thus protecting
hippocampal neurons (8).

— Reactive oxygen species (ROS) scavengers:
melatonin, vitamin C (100 mg/kg/day, 7 days),
catalase, superoxide dismutase, glutation peroxi-
dase, N-acetyl cysteine, manitol. Melatonin proved
to be protective against ROS-induced conditions,
as it is a direct inhibitor of hydroxyl radicals,
oxygen, and NO (9). Newborns who receive mela-
tonin treatment express lower quantities of pro-
inflammatory cytokines and higher levels of anti-
oxidant enzymes (2).

N-acetyl cysteine (NAC) is a precursor of glu-
tation, one of the most important means of defense
against ROS-induced injury. NAC can be ad-
ministered antepartum to the mother, as it is capable
of crossing to the foetal circulation. NAC is an
important protective agent of the white cerebral
matter and minimizes the formation of nitrotyrozine.
Glutation peroxidase removes hydrogen peroxide
from the mitochondria and the cytosol, but needs
prolonged time to penetrate the BBB and is
protective only if administered many hours before
the insult.

— Xantine-oxidase inhibitors: allopurinol (40-
160 mg/dose). It has been proven that when
administered during labor, allopurinol is able to
minimize perinatal brain injury and has beneficial
effects on cerebral perfusion and electrical brain
activity (10).

— Lipid peroxidation inhibitors: lazaroids,
vitamin E (30 U/day, during the first few days),
purpurogaline, triterpine, gingko biloba

— Drugs that prevent the formation of free
radicals: erythropoietin, phenobarbital.

Erythropoietin (EPO) is an endogenous cytokine,
with protective effects against hypoxic-ischemic
injury. Its inadequate supply during ischaemic
stress can lead to neuronal apoptosis. Exogenous
subcutaneous/intraperitoneal EPO (1000-30000 U/
kg/dose) contributes to the lessening of ROS-ge-
nerated injury and has protective effects. EPO is
directly involved in oxidative stress prevention
with generation of antioxidant enzymes, decreased
production of pro-inflammatory cytokines, inhi-
bition of NO production and decrease of lipid pe-
roxidation. EPO has anti-apoptotic and anti-
inflammatory effects in the acute post injury period,
with neurogenic and vasculogenic effects in the
recovery period. EPO treatment of neonatal brain
injury results in improved short and long-term
outcomes, with both structural and behavioral im-
provement. Both white and grey matter injury
shows improvement with EPO treatment. These
effects are present when EPO is given immediately,
or up to 24 hours following injury (11-14).

High-dose intravenous phenobarbital (40 mg/kg)
decreases cellular metabolism and lipid pero-
xidation and improves long-term neurologic out-
come (15).

— NO-synthase inhibitors: aminoguanidine,
7-nitroindazole, L-arginine, iminobiotine

— Inflammation mediators antagonists: PAF
antagonists, COX inhibitors, glucocorticoids, IL-10

— Other antioxidant drugs: aminophylline,
coppetr, zingc, selenium, tianeptine
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» drugs that decrease excitotoxicity:

— NMDA receptor antagonists: ketamine, MK
801, topiramate, xenon — protect the brain in 95%
of cases, when administered in the acute phase, but
are highly toxic. Magnesium sulfate (MgSO,), 125-
250 mg/kg is neuroprotective, as magnesium stops
calcium influx to glutamate receptors (16). Mg also
has hemodynamic effects, such as increasing
cerebral blood flow and, thus, reducing the cons-
triction of cerebral arteries. Xenon, in sub-anaes-
thetic concentrations, combined with hypothermia,
is also neuroprotective, enhancing neuromotor
functions in 30 days after administration (17).

— Cannabinoids decrease glutamate, cytokines,
NO and the intracellular influx of calcium (2)

— Calcium blockers: flunarizine, nimodipine

— Mild (1-3°C) — moderate (4-6°C) cerebral/syste-
mic hypothermia, for 48-72 hours, is the most promising
and well-studied neuroprotective intervention to date
(18). It minimizes oxygen and energy demands of the
brain. The more serious the initial injury, the longer
hypothermia is needed. For optimal results, cooling
should be started in the first 6 hours after the injury,
during the “therapeutic window” period (19).

— Anti-inflammatory drugs: aminocycline has anti-
inflammatory effects on the microglia, modulates the
activity of immune cells and the release of NO,
decreases the activity of caspase-1 and caspase-3 and
increases the expression of anti-apoptotic genes (2).
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