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Abstract. Intracerebral hemorrhage (ICH) represents the most lethal form of stroke and has deleteri-
ous conequences. Primary injuries are generated by the blood collection itself and consist in local tissue
destruction. They are prolonged and amplified by a combination of secondary injuries involving the
toxic effects of blood, oxidative stress, recruitment of activated microglia/macrophages and neutrophils
and excitotoxicity. Brain tissue is particulary vulnerable oxidative attack due to its rich content in poly-
unsaturated fatty acids which favors lipid peroxidation. Different from other tissues, brain presents only
reduced amounts of antioxidant enzymes — catalase (CAT), glutation peroxidase (GPX) and superoxid
dismutase ( SOD) and their activity decreases with age. It also contains elevated amounts of non-heme
iron. The study of neuroprotection in ICH use as targets pathological processes like oxidative stress,
inflammation, cerebral edema. In this context, the role for oxidative stress in and potential antioxidant

therapies were analysed.
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Physiopathological background

rain has a particular predisposition to oxida-

tive aggression, due to an increased oxygen
consumption; even though it represents 2% from
body weight, brain benefits of an important blood
supply- 20% from cardiac output. It uses 20% from
total body oxygen consumption, receiving 3,5 ml
oxygen/100 g. of cerebral tissue/min. It is also cha-
racterized by a rich content in polyunsaturated
fatty acids which favors lipid peroxidation. Brain
contains elevated amounts of non-heme iron. Speci-
fic brain teritories (globus pallidus, substantia nigra,
circumventricular organs) contain large amounts of
iron which may amplify lipid peroxidation. In the
event iron becomes liberated and encounters H202,
it generates, via the Fenton reaction, the highly
reactive and destructive _OH. In addition to iron,
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certain areas of the brain are rich in ascorbic acid
(vitamin C). In the presence of free iron, vitamin C
becomes a potent pro-oxidant [1]. In normal brain,
the mitochondrial respiratory chain represents the
major intracellular source of reactive oxygen spe-
cies (ROS). During mitochondrial metabolism, 4%
to 5% from consumed oxygen is converted into
reactive oxygen species, mainly superoxide anion
(O,). Superoxide dismutase reduces O, to hydro-
gen peroxide H O, which can be further converted
into hydroxyl radicals HO- via the Fenton reaction.
Hydroxyl radicals and superoxide anions can further
react with other molecules in biological systems,
leading to the formation of other free radicals and
changes in intracellular signaling [2].

Intracerebral hemorrhage

Intracranial hemorrhage comprises bleeding
within the cranial vault and includes ICH, subdu-
ral hematoma, epidural bleeds, and subarachnoid
hemorrhage (SAH). From these, ICH is a stroke
subtype accounting for about 10% of all strokes [3].

Causes of ICH are represented in most cases
(70 — 80%) hypertension. Bleeding is associated
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with intraparenchymal small vessel degenerative
processes such as hypertensive small vessel microa-
neurysms or amyloid angiopathy (primary ICH).
Other causes (secondary ICH) are represented
by structural lesion like tumours, arteriovenous
malformations, intracranial aneurysm bleeding
diathesis. [4,5,6].

Intracerebral hemorrhage (ICH) is a bleeding
that occurs directly into the brain parenchyma whi-
ch occurs twice as common as SAH and is equally
as deadly. The hematoma locations in descending
order are: ganglionic, lobar, cerebellar, and brain
stem[7,8,9].

ICH evolves in two phases: the first one is
believed to cause damages due to the local mass
effect of an expanding haematoma. Even though
animal models have failed to reveal such a local
pressure, it was showed that blood mass induce
a mechanical disruption of the neurons and glia,
accompanied by mechanical deformation[10].

Dependent on the severity of mitochondrial
dysfunction, the results of injury range from tem-
porary metabolic suppression (hibernation phase)
to cellular swelling and necrosis. Because ICH
triggers a multitude of deleterious cascades in
both white and gray matter, neuroprotection has
a complex meaning. Blood extravasation into the
brain parenchyma compress brain tissue, increa-
ses intracranial pressure and produce ischemia
and destruction. Ischemia activates inflammatory
and oxidative pathways leading to tissue necrosis,
apoptosis, breakdown of the blood— brain barrier,
edema and by this closing a positive feedback loop
with further increases in intracranial pressure [11].

Studies regarding cerebral blood flow described
a risk area of decreased perfusion arround the
cerebral hemorrhage. This teritory is also charac-
terized by an ondulatory evolution as long as it
represents a subject of an intense metabolic fluster
due to ischemia, inflammatory cascade and oxi-
dative stress activation. Transient ischemia elevates
cerebral levels of both excitatory neurotransmitters
including glutamate and hydroxyl radical formation.
Hemoglobin release from lysing erythrocytes may
contribute to oxidative injury to tissue surrounding
a hematoma. Hemoglobin toxicity is mediated its
heme which oxidizes to hemin and acts on sur-
rounding cells. Astrocytes respond to hemoglobin
exposure by rapidly inducing ferritin. Instead,
cortical neurons express very little ferritin after
hemoglobin treatment[12].

The study of Perez de la Ossa et al identified
the high-serum ferritin levels as predictors of poor
outcome in patients with ICH. In their study, high
ferritin levels were also related to poor outcome
in patients with acute ischemic stroke and with
a higher risk of hemorrhagic transformation in

patients treated with reperfusion therapies.

The hemoglobin release represents a notable
event and its removal begins immediately, due to
plasma haptoglobin and local phagocytes. More,
a haptoglobin overexpression was identified in
preclinical studies in cerebral tissue surrounding
haematoma. The toxicity of blood is continued
by free iron release due to extravascular hemo-
lysis. Iron released may augment oxidative stress,
glutamate release, and inflammatory response. In
experimental models of ICH it was shown that
iron chelators may reduce brain edema and im-
prove neurological function [13]. This role is also
sustained by another article which found that iron
chelator deferoxamine, reduced lipid peroxidation,
improved post-ischemic vasoreactivity, cerebral per-
fusion and facilitae ATP recovery[14]. A phase I
study assessing the feasibility, safety, and maximum
tolerated dose of deferoxamine in ICH patients was
successfully completed.

However, another clinical trial using a previously,
preclinical succesfull free radicals neutralizer - .
NXY-059, showed inefficacy in ICH patients [15].

The selective cyclo-oxygenase-2 inhibitor cele-
coxib demonstrated efficacy in reducing edema and
inflammation and improving functional recovery in
a rat ICH model [16].

The evaluation of antioxidant enzymes showed
that Mn-SOD and CuZn-SOD brain contents are
decreased, protein carbonyl levels increased and
apoptotic marker appeared in brain tissue [17, 18].

In order to stimulate endogenous antioxidant
capacity of the brain, nuclear factor erythroid
2-related factor 2 Nrf2 — a transcription factor
which regulates the expression of many antioxidant
enzymes (SOD, CAT, GTS, GPX and others) was
succesfully tested in preclinical studies. Nrf2 act as
an effective regulator of oxidative stress and blood
detoxification components[19]. Nrf2 also mediates
GSH biosynthesis and release from astrocytes and
through this it protects neurons from oxidative
stress. Experimental, Nrf2 overexpression specifi-
cally in astrocytes leads to neuroprotection in in
vivo models [20].

The ability of SOD to buffer superoxide excess
may be increased by SOD overexpression and poten-
tially by treatment with SOD mimetic compounds.
Several major classes of SOD mimetics have been
reported: Mn(II) cyclic polyamines, Mn(III) salen
derivatives, Mn(III) porphyrins and stable cyclic
nitroxides. All neutralize superoxide in catalytic
pattern [21].

Melatonin (N-acetyl-5-methoxytryptamine)
released by the pineal gland, was shown to exert
neuroprotection in models of brain trauma cere-
bral ischemia and excitotoxicity. In these models,
oxidative stress is a common element and the ne-
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uroprotective effects of melatonin as antioxidant
was claimed [22].

Melatonin neuroprotection is mediated via
potentiation of other brain antioxidants (ascorbic
acid) thus altering the redox state of the cell and
consequently attenuating NF-kB activation.

More, melatonin is an endogenous molecule and
this enhance its safety. Surgical removal of the pineal
gland, has been shown to aggravate the amount
of oxidatively damaged molecules which implies
that physiological concentrations of melatonin, are
effcetive in scavenging toxic reactants [23].

Peroxisome proliferator-activated receptor
(PPARg) is a member of the nuclear receptor super-
family of ligand-activated transcription factors and
is involved in the lipid and carbohydrate metabolism
regulation. During intracerebral hemorrhage, the
activation of nuclear factor kappa-B (NF-kB) takes
place which leads to oxidative stress and secondary
brain damage. Transcription factor peroxisome
proliferator activated receptor-gamma (PPARg) via
inhibition of NF-kB and induction of antioxidative
defense components reduces inflammation and
oxidative stress and protect ICH-affected brain. In
addition, PPARg stimulates phagocytosis mediated
hematoma cleanup, thus facilitating removal of he-
matoma, the source of toxicity and inflammation.
The perixosome proliferator-activated receptor-_
agonist pioglitazone is thought to act in ICH
through interruption of matrix metalloproteinase
activation, microglial activation and resulting in-
flammation [24].

Rosiglitazone, a synthetic, high-affinity PPARg
ligand clinically used for management of type 2
diabetes mellitus, reduced oxidative stress and
lowered blood pressure in patients and animal
models with both diabetes mellitus/metabolic and
nondiabetes/metabolic syndrome. It promotes a
central antihypertensive effect by decreasing sym-
pathetic vasomotor activity via PPARg—dependent
transcriptional upregulation of the mitochondrial
antioxidant UCP2 [25].

In an animal model, it was demonstrated that
the presence of apoE4 is associated with enhanced
neuroinflammatory responses and cerebral edema
after ICH. Instead, the protective effect of the apoE3
isoform can be simulated by the administration of
an apoE-mimetic peptide. This therapeutic approach
improves outcomes in model animals, suggesting
that it may be a rational strategy for targeted phar-
macogenomic therapy humans after ICH [26,27].

The success of antioxidant strategies depends
largely upon timely administration and the rate of
penetration of the antioxidant into the site of tissue
injury [28,29]. Best medical management of the ICH
keeps in the first line the stabilization of airway,
breathing function, and circulation. These are fol-
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lowed by specific measures to decrease secondary
neurological damage and to prevent both medical
and neurological complications. The control of
coagulopathy when present is of the essence. Blood
pressure management can be key and continues as
an area of debate and ongoing research. Surgical
evacuation of ICH is of unproven benefit though a
subset of well-selected patients may have improved
outcomes.

To date neuroprotectants need to be addressed
in controlled randomized studies. Administration
of antioxidants affords significant neuroprotection
esspecially in ICH preclinical models and may hold
promises for future clinical applications.

Acknowlegment: This paper is supported by the Sectoral
Operational Programme Human Resources Develop-
ment, financed from the European Social Fund and by
the Romanian Government under the contract number
POSDRU/89/1.5/5/64109

References

1. Heistad DD (2006) Oxidative stress and vascular disease.
Arterioscler Thromb Vasc Biol 26 pg. 689-695

2. Juarez, J. C., Manuia, M., Burnett, M. E et al. Supe-
roxide dismutase 1 (SOD1) is essential for H,O,-mediated
oxidation and inactivation of phosphatases in growth factor
signaling. Proc Natl Acad Sci USA 2008 105, pg. 7147-7152

3. Qureshi Al, Palesch YY, Martin R, Novitzke J, Cruz-
Flores S, Ehtisham A. Effect of systolic blood pressure
reduction on hematoma expansion, perihematomal edema,
and 3-month outcome among patients with intracerebral
hemorrhage: results from the antihypertensive treatment
of acute cerebral hemorrhage study. Arch Neurol. May
2010;67(5):570-6

4. Ritter MA, Droste DW, Hegedus K. Role of cerebral
amyloid angiopathy in intracerebral hemorrhage in hyperten-
sive patients. Neurology. 12 2005;64(7):1233-7

5. Papacocea T. Rosca T, Badarau A., Papacocea R.,
Ciornei C., Ion A.D., Cystic meningioma — case report
Chirurgia, 2009 104(1), pg. 99-103

6. Danaila, L Papacocea T, Gheorghitescu L, Radiation —
induced Intracranial Meningiomas, Romanian Neurosurgery,
1993 1, pg. 57-71

7. Aguilar MI, Brott TG. Update in Intracerebral Hemor-
rhage, The Neurohospitalist 2011 vol. 1 no. 3 148-159

8. Papacocea A, Papacocea T, Danaila L, Papacocea R,
Ion D, Badarau A,. Primary intracerebellar hematomas: sur-
gical indications, prognosis. Chirurgia. 2010 105(6) pg 805-7.

9. Papacocea T, Papacocea A, Danaila L et al. Posterior
fossa epidural hematomas, Chirurgia. 2011 106(3) pg 309-313

10. Qureshi AI, Mendelow AD, Hanley DF. Intracerebral
haemorrhage. Lancet. 2009;373:1632-1644

11. Papacocea T., Papacocea R, The oxidative stress and
blood brain barrier disruption in Alzheimer disease, Thera-
peutics Pharmacology and Clinical Toxicology, 2008 12 (10),
pg. 74-78

272

Therapeutics, Pharmacology and Clinical Toxicology



Papacocea T. et al.

12. Regan RF, Li Z, Chen M, Zhang X, Chen-Roetling
J. Iron regulatory proteins increase neuronal vulnerability
to hydrogen peroxide. Biochem Biophys Res Commun. 2008
Oct 10;375(1):6-10.

13. Perez de la Ossa N, Sobrino T, Silva Y, Blanco M. Iron
Stores and Clinical Outcome in ICH, Stroke. 2010;41:810-813

14. Liachenko, S., Tang, P., Xu, Y.Deferoxamine improves
early postresuscitation reperfusion after prolonged cardiac
arrest in rats. J. Cereb.Blood Flow Metab. 2003 23, 574-581.

15. Aronowski J, Zhao X Molecular Pathophysiology
of Cerebral Hemorrhage Secondary Brain Injury Stroke.
2011;42:1781-1786

16. Park H-K, Lee S-H, Chu K, Roh J-K. Effects of celecoxib
on volumes of hematoma and edema in patients with primary
intracerebral hemorrhage.,] Neurol Sci. 2009; 279 pg. 43— 46.

17. Wu J, Hua Y, Keep RF, Schallert T,Hoff JT Xi G
Oxidative brain injury from extravasated erythrocytes after
intracerebral hemorrhage Brain Research, Volume 953, 1-2,
25 2002 45-52

18. Papacocea T, Papacocea R, Badarau A et al The oxida-
tive stress impact on brain aging, Therapeutics Pharmacology
and Clinical Toxicology, 2008, 12 (2) pg. 215-222

19. Zhao X, Sun G, Zhang J, Strong R, Dash PK, Kan
YW, et al. Transcription factor Nrf2 protects the brain
from damage produced by intracerebral hemorrhage. Stroke.
2007;38:3280 —-3286

20. Haskew-Layton ER, Jimmy B. Payappilly JB, Smirnova
NA, Controlled enzymatic production of astrocytic hydrogen
peroxide protects neurons from oxidative stress via an Nrf2-
independent pathway, PNAS, 2010, 107(4) pg 17385-17390

21. Warner DS, Huaxin Sheng H, Batinic Haberle I Oxi-
dants, antioxidants and the ischemic brain, The Journal of
Experimental Biology 207, 3221-3231

22. Beni SM, Kohen R, Reiter JR,. Tan DX,. Shohami E
Melatonin-induced neuroprotection after closed head injury
is associated with increased brain antioxidants and attenu-
ated late-phase activation of NF-xB and AP-1 The FASEB
Journal express 3, 2003

23. Reiter JR,. Tan DX,Leon J, Kilic E When Melatonin
Gets on Your Nerves: Its Beneficial Actions in Experimental
Models of Stroke Exp Biol Med 2005 230 pg. 104—-117

24. Lee S-R, Kim H-Y, Hong J-S, Baek W-K, Park J-W.
PPAR gamma agonist pioglitazone reduces matrix metallo-
proteinase-9 activity and neuronal damage after focal cerebral
ischemia. Biochem Biophys Res Commun. 2009;380 pg.17-21.

25. Chan SHH, Wu KLH, Kung PSS, Chan JYH. Oral
Intake of Rosiglitazone Promotes a Central Antihypertensive
Effect Via Upregulation of Peroxisome Proliferator-Activated
Receptor-_ and Alleviation of Oxidative Stress in Rostral
Ventrolateral Medulla ofSpontaneously Hypertensive Rats
Hypertension. 2010;55 pg.1444-1453

26. Zhao BQ, Tejima E, Lo EH Neurovascular proteases in
brain injury, hemorrhage and remodeling after stroke.Stroke
2007 38 pg.748-752

27. Kellner CP Connolly ES Neuroprotective Strategies
for Intracerebral Hemorrhage Trials and Translation Stroke.
2010; 41[suppl 1]:S99-S102

28. Gilca M, Stoian I, Lixandru D, Gaman L, Virgolici
B, Atanasiu V. Protection of erythrocyte membrane against
oxidative damage by geriforte in healthy human subjects. Rom
J Intern Med, Jan 2009; 47(3): 289-95

29. Gilca M, Gaman L, Panait E, Stoian I, Atanasiu V
Chelidonium majus-an integrative review: traditional knowl-
edge versus modern findings. Forsch Komplementmed, Oct
2010; 17(5): 241-8.

XV, Vol.15, Number 4/2011

273





