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ABSTRACT

In clinic practice the reduction of cerebral blood flow in particular zones of the brain as
brainstem can cause early cerebral damage then, ischemia and posterior reperfusion
induce an inflammatory response leading to further cellular death. Indeed, inflammatory
cells may release deleterious compounds or cytokines that exacerbate oxidative damage to
metabolically compromised neurons, and similar mechanisms may operate in the
pathophysiology of neurodegenerative diseases in which vascular factors, inflammation
and oxidative stress are implicated. In the present work, the issue referent to mechanisms
of pro-oxidants in inflammatory processes, and its relation with common pathogenesis and
clinical manifestations are analyzed in detailed and updated form.
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1. INTRODUCTION

Neuroinflammation diseases rise to complications that affect cognitive regions of the
cerebrum, modulate the memory, or culminate in neurodegenerative diseases (ND) [1],
especially those induced by the presence of free radicals in central nervous system (CNS)
[2], that make the cells of this system susceptible to oxidative damage caused by excessive
production of reactive oxygen species (ROS) implicated in pathologic process [3]. This
review was undertaken to investigate possible protection by the neuroprotective and/or anti-
inflammatory drugs that have different putative mechanisms of action, as consequence of
neuroinflammation diseases or neurological disorders; due an early neuroprotective effect
does not necessarily lead to increased long-term neuronal survival.

Free radicals (FR) are reactive species possessing unpaired electron that principally comes
from nitrogen and oxygen metabolism, and are generated from normal metabolic reactions,
and exogenous factors can increase them [4]. This group is formed by one superoxide
anion, one hydroxyl radical and FR that come from organic compounds: alcoxyl, peroxyl,
hydrogen peroxide and singlet oxygen [5] (Fig. 1).

Fig. 1. Formation of superoxide anion, hydroxyl radical and FR that come from
organic compounds: alcoxyl, peroxyl, hydrogen peroxide and singlet oxygen.

Therefore, the general denomination ROS is used nodaway to include chemical species that
act like oxidants but that are not FR (hydrogen peroxide, hypochlorous acid, hydroperoxides
and epoxide metabolites) see Table 1 [6].

These substances have been implicated in oxidative stress mechanism and cerebral
dysfunction leading to neurodegenerative disorders related to age [7]. An alternative to
combat endogenous free radicals induced by aging and neurodegenerative diseases
requires the presence of absorbers of free radicals [8].
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Table 1. Main reactive oxygen species

Name Formula Formation
Superoxide 02- Intermediate in 02 reduction to H2O
Hydroxyl
Peroxyl

HO.
ROO.

Powerful oxidant in biological systems
Low oxidant ability, but high diffusibility

Alkoxyl RO. Medium oxidant ability with lipids
Hydrogen peroxide H202 Originated from 02
Hypochlorous acid HClO- Formed through mieloperoxidase action
Singlet oxygen radiation lO2 Molecularly excited oxygen through sunlight and

*Adapted from Juárez and Calderón 2009 [6]

Glutathione (GSH) is the principal regulator of redox equilibrium and contributes to protection
of tissues exposed to oxidizing agents, which can damage the cell membrane lipids [9]. The
excessive formation of FR could be interpreted as oxidizing damage, which have dual
participation not only deleting, but also beneficial effects to maintain the physiological
functions of every cell structure [10].

Inflammatory diseases associated with pain are often difficult to treat in the clinic due to
insufficient understanding of the nociceptive pathways involved. For example, acute
ischemic stroke is a clinical condition accompanied by inflammation and oxidative stress. In
patients suffering from this problem, the levels of inflammation markers as high-sensitivity C-
reactive protein [hs-CRP], fibrinogen, erythrocyte sedimentation rate, and white blood cell
count are high [11].

There has been considerable interest in the role of ROS in inflammatory disease, but still,
little is known on the role of hydrogen peroxide (H2O2) in hyperalgesia. Keeble et al. [12],
demonstrated the notable effect of H2O2 in mediating inflammatory hyperalgesia, thereby
highlighting H2O2 removal as a novel therapeutic target for anti-hyperalgesic drugs in the
clinic.

Although the inhalation of highly concentrated solutions of hydrogen peroxide can cause
severe irritation and inflammation of mucous membranes, with coughing and dyspnea, the
mechanism of damage in the CNS is thought to be by arterial gas embolism with subsequent
brain infarction. The rapid generation of oxygen in closed body cavities can also cause
mechanical distension, and there is potential for the rupture of the hollow viscous secondary
to oxygen liberation [13].

Inflammation is deleterious for organs with reduced capacity of regeneration, such as the
brain. In patients who are very sick, supportive treatment, such as mechanical ventilation, is
equally important and several drugs are used to reduce brain swelling and inflammation, or
simply affect cerebral functions and causes health complications [14].

1.1 Immune Response

Peripheral inflammation leads to immune responses in brain. These responses are
characterized by microglial activation, elaboration of pro-inflammatory cytokines and ROS,
and secondary neuronal injury. The inducible cyclooxygenase (COX), COX-2, mediates a
significant component of these responses in brain Via downstream pro-inflammatory PG
signaling [15]. Shi et al. reported that PGE2 EP4 signaling mediates an anti-inflammatory
effect in brain by blocking LPS-induced proinflammatory gene expression in mice, and
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suggested that EP4 selective agonist decreased LPS-induced proinflammatory gene
expression in hippocampus and in isolated adult microglia. In plasma, EP4 agonist
significantly reduced levels of pro-inflammatory cytokines and chemokines, indicating that
peripheral EP4 activation protects the brain from systemic inflammation.

Beside, Ullen et al. [16] propose that one of the oxidants released by activated leukocytes is
hypochlorous acid (HOCl) formed via the myeloperoxidase (MPO)-H2O2-Cl(-) system, which
evidence that interference with the MPO pathway could protect against BBB dysfunction
under (neuro) inflammatory conditions.

Reports about treatment options have been developed for clinical management of the
complications of clinical disorders (Table 2). Those studies suggest relevant substances to
ameliorate oxidative stress and can prevent or retard the development of have involved
oxidative stress and antioxidant agents could prove to be useful for treating patients with
those disorders, because patients with a severe trauma exhibit a strong oxidative stress, an
intense inflammatory response, and long-lasting hypermetabolism, all of which are
proportional to the severity of injury [17].

1.2 Role of Pro-oxidants in Inflammatory and Neurodegenerative Diseases

Pro-oxidants are chemicals that induce oxidative stress, either by generating ROS or by
inhibiting antioxidant systems [33]. The oxidative stress produced by these chemicals can
damage cells and tissues, for example an overdose of the analgesic paracetamol
(acetaminophen) can fatally damage the liver, partly through the production of ROS [34,35].
Some substances can serve as either antioxidants or pro-oxidants, depending on conditions
[36]. This conditions that are important include the concentration of the chemical and if
oxygen or transition metals are present.

1.3 Oxidative Stress

Neurodegenerative diseases as Alzheimer (AD) and Parkinson (PD) are age-related
disorders characterized by deposit of abnormal forms of specific proteins in the brain [37].
Fig. 2 shows mechanism of a neurodegenerative disease [38].

A growing body of evidence suggests that the accumulation of misfolded proteins is likely to
be a key event in PD neurodegeneration. Pathogenic mutations may directly induce
abnormal protein conformations (as believed to be the case with synuclein) or damage the
ability of the cellular machinery to detect and degrade misfolded proteins (Parkin, UCH-L1);
the role of DJ-1 remains to be identified. Oxidative damage, linked to mitochondrial
dysfunction and abnormal dopamine metabolism, may also promote misfolded protein
conformations. It remains unclear whether misfolded proteins directly cause toxicity or
damage cells via the formation of protein aggregates.

(Lewy body). Controversy exists regarding whether Lewy bodies promote toxicity or protect a
cell from harmful effects of misfolded proteins by sequestering them in an insoluble
compartment away from cellular elements. Oxidative stress, energy crisis (i.e., ATP
depletion) and the activation of the programmed cell death machinery are also believed to be
factors that trigger the death of dopaminergic neurons in Parkinson’s disease [38].
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Table 2. Biomarkers of events and clinical disorders that induce inflammation

Clinical disorders Biomarkers Tissue Reference
Atherosclerosis Activation of NADPH oxidase Caveolae Hayashi et al. [18]
Metabolic síndrome C-reactive protein Blood Pizent et al. [19]
Anemia of inflammation Pro-inflammatory macrophageal cytokines (IL-6, IL-l

alpha), and tumor necrosis factor-alpha
Hepatic cells Smirnov, [20]

Dialyzed patients C-reactive protein Blood Guo et al. [21]
Atherosclerosis Plasma high-sensitivity C-reactive protein (hsCRP),

interleukin (IL)-6.
Human aortic
endothelial cells

(Bao et al. 2010) [22]

Sporadic colorectal
adenoma

Tumor necrosis factor-alpha (TNF-alpha),
interleukin-6

Plasma Hopkins et al. [23]

Neurological disorders Cytokines Blood Prasad [24]
Severe trauma Interleukin-6/10, and nuclear factor kappa binding

(NF-kappaB) activity.
Serum Yuan et al. [25]

Chronic inflammation
(Diabetes)

Brain angiotensin II (Ang II), monocyte/macrophage
(ED-1 positive cells), CD8.

Brain Vargas et al. [26]

Multiple sclerosis CD3 positive T cells and human leucocyte antigen-
D expressing macrophages and microglia in the
lesions.

Oligodendrocytes
and astrocytes

(Haider et al. [27]

Cerebral ischemic injury Inflammatory cytokines TNF-α and IL-6 PC-12 cells (Rajput et al. [28]
Huntington's disease Pro-inflammatory cytokines, TNF-α, IL-6 Striatum (Kalonia and Kumar

[29]
Alzheimer´s Disease Microglia, astrocytes and cytokines Blood (Galasko and Montine,

[30]
Hypoxia and hyperthermia TNF-alpha, nitrite/nitrate, and MDA/4-HAD Brain (Wang et al. [31]
Alzheimer´s Disease Activation of glial cells and release of Interleukin-1β

(IL-1β) and IL-18
Brain (Liu and Chan  [32]
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Fig. 2. Mechanisms of Neurodegeneration suggest by Dauer and Przedborski

However, the underlying factor in neurological disorders is increased oxidative stress
substantiated by the findings that the protein side-chains are modified either directly by ROS
or reactive nitrogen species (RNS), or indirectly by the products of lipid peroxidation [39].
The level of oxidative stress in brain of patients with AD is reflected by an increment in the
content of iron (Fe) and copper (Cu), both of which are capable of stimulating free radical
formation [40].

Iron is an important catalyst of oxidative radical reactions and promotes the formation of
hydroxyl radical from superoxide anion radical and hydrogen peroxide. This means that free
iron may directly promote inflammation and that iron chelating agents may have useful anti-
inflammatory properties [41].

Inflammatory and neurodegenerative diseases are pathological conditions involving
oxidative stress. An important source of ROS are lipoxygenases (LOX) - enzymes
responsible for the metabolism of arachidonic acid and other polyunsaturated fatty acids.
LOX inhibitors have a protective effect in inflammatory diseases and in neurodegenerative
disorders because of its anti-inflammatory activity [42]. Lipid messengers participate in the
interactions among neurons, astrocytes, oligodendrocytes, microglia, cells of the
microvasculature, and other cells.
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A single treatment with acetylcholinesterase (AChE) inhibitors at the beginning of hyperoxia
attenuates the detrimental effects of oxygen toxicity in the developing brain. These
compounds are currently used for the treatment of AD, as potential candidates for adjunctive
neuroprotective therapies to the immature brain. Indeed, the cholinergic anti-inflammatory
pathway is a neural mechanism that suppresses the innate inflammatory response and
controls inflammation by employing acetylcholine as the key endogenous mediator [43].

Inducible nitric oxide synthase (i.NOS) is the major contributor to the initiation and
exacerbation of the central nervous system (CNS) inflammatory/degenerative conditions
through the production of excessive NO which generates reactive nitrogen species (RNSs).
Activation of iNOS and NO generation have came to be accepted as a marker and
therapeutic target in neuroinflammatory conditions such as those observed in ischemia,
multiple sclerosis (MS), spinal cord injury (SCI), AD and inherited peroxisomal and
lysosomal disorders. iNOS is one of the three NOS isoforms that generates nitric oxide (NO)
by converting l-arginine to l-citrulline [44]. NO generated from GSNO acts as second
messenger molecule which through S-nitrosylation controls important cellular processes by
regulating the expression and the activity of certain proteins such as NF-kappaB.

1.4 Neurodegenerative Disorders

With respect to neurological disorders, if the inflammatory response is persistent it may
become chronic. Any chronic inflammatory process can damage healthy tissue and the brain
may be particularly vulnerable, since neurons once lost cannot be replaced [45]. There is a
significant evidence of the central role of inflammation in the development of AD, a
progressive neurodegenerative disorder that destroys the memory and cognition;
communicative ability with the social environment; and the ability to carry out daily activities.
As astrocytes or microglia activation (reactive gliosis), and associated inflammatory events
play a decisive role in the neurodegeneration, they could represent a target for treating these
neurodegenerative disorders [46].

Recently, studies have focused on investigating the therapeutic effects of nonsteroidal anti-
inflammatory drugs (NSAIDs) in Alzheimer, Parkinson, and Huntington's diseases; and
multiple sclerosis. Excitotoxicity is a pathological process which occurs when receptors for
the excitatory neurotransmitter glutamate as N-methyl-D-aspartate (NMDA) receptors, are
over-activated. D-serine is one of the co-agonist of NMDA receptors, and increased levels of
D-serine are associated with excitotoxicity [47]. Kynurenine pathway generates excitotoxic
NMDA receptor agonist, quinolinic acid and glutamate antagonist, kynurenic acid, as well as
free-radical generators. Therefore, this study suggests that in brain-damaged patients,
increased activation of kynurenine pathway, oxidative stress, and raised levels of
inflammation continue to take place many years after the original insult [48]. Such
abnormalities in kynurenine pathway may play a role in Huntington's disease (HD), a
disorder characterized by evidences of persistent inflammation [49].
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Table 3. Common drugs used to reduce brain inflammation

Num Drug Biomarkers Reference
1 Colchicine (Cuc) Neuronal degeneration, cellular apoptosis and iNOS expression Gahm et al. [54]
2 Fisetin (Com) Pro-inflammatory cytokines, such as tumor necrosis factor alpha,

interleukin-1β.
Prakash et al. [46]

3 Trehalose (Com) Pro-inflammatory cytokines, and endothelin-1 Echigo et al. [55]
4 Atorvastatin (Cuc) Anti-inflammatory responses Piermartiri et al. [56]
5 Ibuprofen (Cuc) Microglial NADPH oxidase (NOX2) activation Wilkinson et al. [57]
6 Zileuton (Cuc) Reduces lipid peroxidation and inhibit expression of NF-kappaB Tu el at. [58]
7 Caffeic acid

phenethyl ester
(Com)

Suppresses about 70% of TNF-alpha, 26% of IFN-gamma and
NOS

Celik and Erdogan [59]

8 Rofecoxib,
valdecoxib (Cuc)

Non-selective and selective COX-2 inhibitors Kumari et al. [60]

9 DL-alpha lipoic
acid (Com)

Nuclear factor kappa-B (NFkappaB) and glial fibrillary acidic protein
(GFAP).

Jesudason et al. [61]

10 Dimemorfan (Cuc) Inflammation-related signals (p38 mitogen-activated protein kinase,
nuclear factor-kappaB, and signal transducer and activator of
transcription-1)

Shen et al. [62]

11 Methylene Blue
(Cuc)

Decrease of lipid peroxidation and inflammation Wiklund  et al. 2007; Castillo
and Leira [63,64]

12 Melatonin (Cuc) Expression of glial fibrillary acidic protein (GFAP) and nuclear
factor kappa B (Nf kappa B)

Jesudason et al. [65]

Commonly used in clinic (Cuc), Used as complement (Com)
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Other studies indicate that chronic use of NSAIDs reduces the risk of developing AD in
healthy aging populations, because NSAIDs inhibit the enzymatic activity of the inflammatory
cyclooxygenases COX-1 and COX-2. The deletion of PGE(2) EP3 receptor in a model of
Aβ(42) peptide-induced neuroinflammation reduced proinflammatory gene expression,
cytokine production, and oxidative stress. The findings of Shi et al., [50], identified PGE(2)
EP3 receptor as a novel proinflammatory, proamyloidogenic, and synaptotoxic signaling
pathway, and suggested the role of COX-PGE(2) -EP3 signaling in the development of AD.
These findings were in accordance with that of Liang et al., [51], who identified EP2 receptor
signaling as a novel proinflammatory and proamyloidogenic pathway, and put up the
rationale for developing a therapy that targets EP2 receptor in neuroinflammatory diseases
as AD.

Kubera et al. [52], suggested that neurodegeneration and reduced neurogenesis that
characterize depression are caused by inflammation. External stress-induced depression-
like behaviors are associated with a) increased interleukin-(IL)1β, tumor necrosis factor-α,
IL-6, nuclear factor κB, cyclooxygenase-2, expression of Toll-like receptors and lipid
peroxidation and b) antineurogenic effects and reduced brain-derived neurotrophic factor
(BDNF) levels. Stress-induced inflammation, e.g. increased IL-1β, but not reduced
neurogenesis, is sufficient to cause depression. As pharmacological action, antidepressants
a) reduce peripheral and central inflammatory pathways by decreasing IL-1β, TNFα, and IL-
6 levels; b) stimulate neuronal differentiation, synaptic plasticity, axonal growth, and
regeneration through stimulatory effects on the expression of different neurotrophic factors,
e.g. trkB, the receptor for brain-derived neurotrophic factor [52]. Indeed, pro-inflammatory
cytokines (TNF-alpha and IL-1), secretory phospholipase A2 IIA, and lipoprotein-PLA2 are
implicated in vascular inflammation. These inflammatory responses promote atherosclerotic
plaques, and formation and release of blood clot that can induce ischemic stroke. TNF-alpha
and IL-1 alter lipid metabolism and stimulate production of eicosanoids, ceramide, and ROS
that potentiate CNS injuries and certain neurological disorders [53]. Adibhatla and Hatcher
suggested that understanding cytokine-induced changes in lipid metabolism will promote
novel concepts and steer bench-to-bedside transition for therapies.

Finally, some authors propose that the clinical efficacy of anti-inflammatory substances may
be ascribed to their ability to reverse these different pathways (Table 3 above), that could
attenuate acute inflammatory responses and brain injury.

2. CONCLUSION

In clinical practice the reduction in cerebral blood flow in a particular cerebral zone as
midbrain causes very early cerebral damage as a consequence of a significant liberation of
neuroexcitatory amino acids, followed by an excessive entry of calcium into the cells. This
process brings about lipid peroxidation, damage of cellular membranes, nuclear destruction,
and neuronal death. Moreover, ischemia and posterior reperfusion induce an inflammatory
response leading to further cellular destruction. It is to say that therapeutic interventions
should aimed at decreasing pro-inflammatory cytokines and cell adhesion molecules i.e. in
patients with deteriorating cerebral infarct. Indeed, inflammatory cells may release
deleterious compounds or cytokines that exacerbate the oxidative damage to metabolically
compromised neurons, and similar mechanisms may operate in the pathophysiology of
neurodegenerative diseases in which vascular factors, inflammation and oxidative stress are
implicated.
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