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1. Introduction
Oxidative stress arises when the antioxidant capacity of cells to scavenge the excess
production of reactive oxygen species(ROS) falls short. It may also be due to changes in the
redox status of the cell. In health, pro-oxidants engage in useful signaling pathways that are
important for growth and cellular health. Overstimulation of signaling pathways leads to
sustained pro-oxidant production in the form of ROS that disrupt cellular structures and
impair function leading to disease. Normally, antioxidants counteract the activity of prooxidants to retain cellular homeostasis and therefore a state of health.
In this review the cellular sources of reactive oxygen species (ROS) will be discussed in
addition to its effect on macromolecular structures, cellular function and health. The ROS
referred to in the text are:superoxide, hydrogen peroxide, hydroxyl radicals; reactive
nitrogen species (RNS) nitric oxide and peroxynitrite.
The primary source of ROS is molecular oxygen (O2). In aerobic cells during electron
transport about 10% of reducing equivalents from NADH leaks to produce superoxide
(O2͞ ·) and hydrogen peroxide (H2O2). These diffuse out of mitochondria and form the
starting materials for subsequent generation of ROS through a serial one electron acceptor
process. RNS (NO) also fuel ROS generation through a similar interaction with
cytochrome c oxidase to give rise to O2͞ ·/H2O2 or react with O2͞ ·to generate peroxynitrite
(ONOO-).
The oxidative stress effect on health is discussed from the point of view of
infectious/communicable diseases, non-infectious/non communicable diseases, genetic
diseases and oxidant stress factors (mutation/hemolysis).
The respective infectious/communicable and non communicable diseases that are discussed
are malaria, HIV/AIDS, and diabetes, obesity, sickle cell disease and ageing. Except for
ageing, the biology of the diseases is briefly outlined and host immunological responses to
the disease state that augments ROS generation and its effects are discussed.
The review ends with a brief on oxidative stress and ageing and a summary of how
oxidative stress is at the core of the physiological processes that maintain a healthy body
and longevity.
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2. ROS activity in normal cell function
The designation ‘reactive oxygen species’ refers to the unpaired electrons on an oxygen
atom, molecule or ion that confers reactivity to the species (1, 2). By this definition oxygen
molecule is the weakest radical as the ground state has two unpaired electrons (1)
although it is unreactive. Multicellular organisms maintain a network of signals to ensure
growth, defense and repair. These signals begin outside of the cell, with ligand receptor
interaction, followed by conformational changes in the receptor that enables it to be
activated through phosphorylation by kinases and inhibition of phosphatases (3, 4). The
signal is then carried by second messengers for transduction into the cell nucleus (5, 6).
Transcription factors constitute the terminal signal receivers to initiate gene expression
critical for normal cell function. ROS act as second messengers in signal transduction in
normal housekeeping cell functions (7, 8). ROS signaling can also be through regulation of
ion channels, in particular potassium and calcium ion channels to modulate nerve
conduction and apoptosis (9).
In normal cell function ROS is generated constitutively by non-phagocytic cells and in
response to injury, trauma or infection by phagocytic cells (10, 11). A common functional
attribute of the two sources of ROS is that moderate amounts is largely associated with
signaling activity while increasing amounts is important in cellular defense and or repair
(12). Moderate amounts of ROS are generated through electron transport, vascular smooth
muscle cell (VSMC) and endothelial cell (EC) activities (13). Other cellular sources of ROS
that may be limited by the changes in cellular metabolic activity include lipoxygenases,
cyclooxygenase, cytochrome P450 enzyme activities and lipid peroxidation (7).
2.1 ROS generation in non phagocytic conditions
Non phagocytic generation of superoxide occurs constitutively and intracellularly in
fibrobrast , smooth muscle cells (14), renal mesanglial cells (15), hematopoietic stem cells,
neurons, hepatocytes, vascular endothelium and for the cellular organelles mitochondria,
peroxisomes and the cytochrome P450 system. When generated, ROS participate in the
maintenance of baseline signal transduction needed for normal cell function in the
absence of activation (16-18). The non phagocytic oxidases (NOX) are transmembrane
proteins that transport electrons across cell membranes to reduce oxygen to superoxide.
To date six human isoforms have been isolated (Nox 1, 3, 4, 5, and Duox 1 and 2) (19, 20).
They utilize a system that is dependent on NADPH, although, NADH can also be used as
substrate (21). As a result they are referred to as NAD(P)H oxidases (12, 22). A large
component of the non-phagocytic ROS is from mitochondria during electron transport
under normal physiological conditions (23). The primary ROS is superoxide generated
from reduction of oxygen. It has a short half-life and so its availability is limited, making
it a poor signaling molecule (24). In low pH environments as in phagosomes however, the
reactivity of superoxide is enhanced by conversion to hydrogen peroxide (25). Unlike
superoxide, hydrogen peroxide which is generated from superoxide dismutation (26), is
stable and can selectively diffuse through membrane pores to stimulate distant targets,
including downstream kinases (27, 28). It also activates the antioxidant function of p53
which potentiates the activity of glutathione peroxidase to convert it to water (29). A
summary of ROS generation in the mitochondria in normal physiology and some effects
attributed to ROS is presented in Figure 1.
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Fig. 1. Mitochondrial ROS generation sites by partial reduction of oxygen through a series of
one electron acceptance and a role in oxidative stress effects.
2.2 ROS generation in the electron transport chain
At the end of the electron transport chain, molecular oxygen receives 4 electrons and is
reduced to water providing energy for ATP synthesis. When oxygen is incompletely
oxidized through the sequential acceptance of one electron, it gives rise to oxygen radicals
that are more reactive than the molecule. These are in order of one electron acceptance, O2͞ ·,
H2O2 and OH˙ (30, 31). Acquisition of an electron by molecular oxygen generates O2͞ · as the
primary ROS. The sites in the electron transport chain known to significantly contribute to
ROS are complex I and III. Complex I ROS production is mediated by NADH coenzyme Q
reductase while in complex III ROS production is through the binding of NO to ubiquinol
cytochrome c oxidase to produce O2͞ · and H2O2 (31-33). Mitochondrial nitric oxide synthase
produces NO, the primary RNS which reacts with O2͞ · to give peroxynitrite. Therefore NO
production is central to the generation of O2͞ · and H2O2 in the electron transport chain (34,
35). Mitochondria also functions as an oxygen sensor under hypoxia to produce hydrogen
peroxide which stabilizes hypoxia inducible factor (HIF) to modulate its effect on hypoxia
(36-38). HIF is degraded by the hydroxylation of prolyl residues and requires iron as an
obligatory cofactor, so when ROS oxidizes iron, it is unavailable for hydroxylation thereby
retaining cellular response to hypoxia (38). In normal cellular metabolism, low to moderate
ROS/RNS are generated as part of the signaling pathways, cellular response to growth and
in innate and adaptive immune response against danger signals (39).

www.intechopen.com

100

Insight and Control of Infectious Disease in Global Scenario

2.3 ROS generation in VSMC and EC
ROS generation in non-phagocytic cells other than mitochondria, is through the activity of
non-phagocytic NAD(P)H oxidase (Nox) following ligand binding to the cognate receptor
(cytokines, growth factor and G-protein coupled receptor agonists, e.g. angiotensin II) (40,
41). Of particular note is the binding of vascular endothelial growth factor (VEGF), platelet
derived growth factor and epidermal growth factor (EGF) to their cognate receptors that
lead to receptor dimerization, auto-phosphorylation and signaling to activate redox
sensitive transcription factors (eg. NF-кB) responsible for the expression of target genes (40).
2.4 Functional significance of ROS/RNS generation
ROS generated by non-phagocytic cells channel signals to induce cell migration,
proliferation and vessel wall formation (42). This activity is particularly important for
angiogenesis and in ischemia/reperfusion response (27). In order to sustain signal
transduction, ROS generated from ligand receptor interactions can oxidize cysteine residues
in phosphatases to inhibit their function and sustain signal transduction to the nucleus (43,
44). Within the endothelial cell (EC), hydrogen peroxide or angiotensin II (Ang II)
stimulation of ROS production activates eNOS to produce NO which facilitates cell
migration and proliferation (2, 45, 46).
2.5 ROS and danger sensing
The cells of the innate immune system sense danger by recognizing highly conserved
pathogen associated molecular patterns (PAMP) present on all the major pathogens;
bacteria, parasites, viruses and yeast, or danger associated molecular patterns (DAMP)
through germ line encoded pattern recognition receptors (PRR) (47-50). While PAMP
enables ROS generation in response to an infection, DAMP enables cellular response to
danger (damage, stress) in the absence of an infection (51-53). These molecules that signal
cell damage or stress include ATP, nucleotides and uric acid (54). Through ligand receptor
interactions and phagocytosis, ROS signaling molecules (hydrogen peroxide and
superoxide) are generated intracellularly to promote signaling cascades on one hand and/or
activate inflammasome (55). The inflammasome is a descriptive term for cytosolic pattern
recognition receptors belonging to members of the caspase-1 activating platform, nucleotide
oligomerization domain (NOD) like receptor family (NLR) or AIM2 DNA binding proteins
(56, 57). The proteins activate the expression of pro-inflammatory cytokines (IL-1 and IL18) necessary to amplify ROS generation against pathogen elimination or containment
through pyroptosis (57, 58). ROS can be generated extracellularly when a ligand binds to a
receptor. This source of phagocytic ROS is through NADPH oxidase, largely in neutrophils
engaged in phagocytosis, when activated by PAMP. Activated neutrophils undergo a burst
of ROS production to eliminate the offending organism (59).

3. ROS in oxidative stress
Oxidative stress arises when the activity of oxidant species (ROS) overwhelms the cells
capacity to counteract with antioxidants (60-65). In oxidative stress, excess ROS (O2͞ ·, H2O2,
OH·) are involved in three main activities:
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Causing damage to cellular macromolecules (DNA, proteins and membrane lipids) due
to their chemical reactivity,
Causing changes in membrane potential, which in the inner mitochondrial membrane
directly causes mitochondrial permeability transition (MTP) and
Acting as a sink for cellular antioxidants.

Whereas superoxide and hydrogen peroxide target Fe-S clusters and cysteine residues
respectively, hydroxyl radical appears to be indiscriminate on targets, including oxidation of
thiol groups in membrane proteins, making it the most damaging oxygen species (66-68).
a.

ROS effect on macromolecules

DNA damage
The type of DNA damage attributed to ROS species may fall into several forms: single and
double strand breaks; (69), sister chromatid exchange, DNA-DNA and DNA protein cross
links and base modifications (71). Single strand breaks may be due to oxidation of
phosphodiester bonds by direct abstraction of hydrogen by OH· from the deoxyribosephosphodiester backbone giving rise to abnormal 3’ and 5’ ends which are not recognized
by DNA polymerases (72). The bases may undergo hydroxylation or part of the ring may
open up particularly for pyrimidine bases (73). Hydroxyl radicals also interact with DNA
bases to form adducts. For instance reaction with guanine generates 8-oxo-7,8-dihydro-2’deoxyguanosine (8-oxodG) adducts (74). Peroxynitrites generated from the reaction between
NO and superoxide also react with guanine to form adducts (8-nitodG) (66, 71, 75, 76). The
formation of DNA adducts can lead to loss of the bases giving rise to apurinic or
apyrimidinic (AP) sites (77, 78). These adducts also contribute to accelerated telomere
shortening, which regulates senescence. They can also lead to G→T transversion and
microsatellite instability, a recipe for cell transformation (79). ROS attacks DNA to form
hydroperoxides and peroxides (80-82). Lipid peroxidation by ROS is mediated through the
Fenton reaction (Fe2+ + H2O2 = Fe3+ + OH·) to produce lipid hydroperoxides (LOOH) and 4hydroxynonenal (4-HNE) (1, 67, 83). These reactive metabolites impair membrane function
and lead to changes in Ca2+ flux (84). They also serve as signaling molecules for activating
or inhibiting apoptosis through the activity of serine/threonine kinase Akt in the PI3K/Akt
pathway (85). Lipid peroxides are the major end products for stress induced oxidative
damage that mediate apoptosis (86).
Protein damage
Oxidative ROS damage of proteins can lead to disruption of several vital cellular activities
such as replication, transcription, and protein synthesis (78, 87, 88). The breakdown of
amino acids occurs largely through the reactivity of hydroxyl radicals. Hydroxyl radical is
generated by Fenton Chemistry through superoxide in the Haber-Weiss reaction (O2·¯ +
H2O2 O2 + ·OH + OH¯) (88). It attacks amino acids abstracting hydrogen atom from the
alpha carbon to generate the alkyl radical as the primary radical (89). This then undergoes a
series of reactions to generate alkyl peroxide and alkoxyl radicals. These radicals not only
disrupt the protein backbone but also engage in peptide bond cleavages to disrupt protein
function (90). ROS can also oxidize almost all amino acid side chains, in particular sulphur
containing amino acids, cysteine and methionine (1, 91). Other well-known targets are
glutamyl and prolyl side chains to induce peptide bond cleavage. RNS also contribute to
amino acid oxidation (nitration of tyrosine residues, nitrosation of cysteine sulfhydryl
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groups and oxidation of methionine) through the activity of peroxynitrite generated from a
reaction between NO and superoxide (87). Oxidized amino acids have a higher tendency to
cross link which affects folding and function. A major physiological impact of protein
oxidation is accelerated ageing (92-94). This is attributed to increased degradation of
oxidized proteins, limiting function (83, 87, 91, 95).
b.

ROS and changes in mitochondrial membrane potential

Oxidation of mitochondrial membrane sulfhydryl groups is associated with membrane
permeability transitional states (65). Mitochondrial membrane permeability transition (MPT)
occurs when the inner membrane becomes non selectively permeable leading to
accumulation of Ca2+, loss of matrix components, impairment in mitochondrial function,
excessive fluid accumulation and outer membrane burst (64, 96, 97). This leads to loss of
cytochrome c and a drive towards apoptosis (96, 97). Currently, it has been shown that
changes in mitochondrial redox status due to oxidation of NAD(P)H by ROS serves as the
starting point for MPT (64, 98). NAD(P)H is critical for maintaining mitochondrial redox
status through reduction of oxidized glutathione (GSSH) and thioredoxin (TSSH) necessary
for reducing thiol groups in the inner membrane (27, 99, 100). Oxidized thiol groups in
membrane proteins, cross link and aggregate to form the non selective permeability pores
that disrupt mitochondrial function (101).

4. ROS in infectious diseases
4.1 Oxidative stress in malaria
Malaria is caused by parasites belonging to the genus Plasmodium. In humans four major
species are responsible for the disease: P. falciparum, P. vivax, P. ovale, and P. malariae (102).
Recently, P. knowlesi has been shown to be a major cause of malaria in parts of South East Asia
(Borneo) (103, 104).The parasites are obligate and belong to the Phylum Apicomplexa (105). P.
falciparum accounts for most severe malaria globally (106). The major vector for parasite
transmission is the female anopheline mosquito (107). During a blood meal, sporozoites are
inoculated under the skin and travel through the blood stream, liver sinusoids to settle in a
hepatocyte after traversing several (108-111). This journey usually takes approximately 1 hour
(112). Each sporozoite in a parasitophorous vacuole in the liver divides to generate between
10,000 to 30,000 merozoites (110). In P. ovale, P. malariae, and P. vivax some sporozoites turn to
hypnozoites which can remain dormant for months or several years and then get reactivated
(113, 114). Merozoite maturation occurs within two weeks in a process called tissue shizogony.
The merozoites invade RBCs and develop into ring forms, trophozoites and blood schizonts
which repeat the cycle of RBC invasion leading to significant hemolysis. The cycle repeats
every 48 hours for P. falciparum, P. ovale, and P vivax called tertian malaria and every 72 hours
for P. malariae called quartan malaria. Each RBC can harbor up to 20 trophozoites. Following a
cycle of blood schizogony some merozoites develop into gametocytes which are the sexual
forms. These are taken up in a next meal to undergo sexual reproduction and eventually
generate sporozoites ready for inoculation(115) .
4.2 Generation of ROS in plasmodium infection
When Plasmodium species infects an individual, the clinical presentation may be described
as uncomplicated (asymptomatic or mild) or complicated (severe). In uncomplicated
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malaria host exposure to the parasite is significant enough to generate protective immunity
such that the parasite burden is limited (116). This is usually seen in endemic areas (116,
117). In contrast, in low endemicity and low parasite exposure, because of lack or low host
immune response, infection can lead to severe disease. It has been shown that whether an
infection is uncomplicated or severe, there is a higher generation of ROS that is host and
parasite derived (118). Host derived ROS generation arises from interaction of parasite
ligands with host receptors during sporozoite invasion leading to phagocytosis and
activation of NADPH dependent oxidases for ROS release (119). In addition
polymorphonuclear neutrophil attraction to the site of infection and activation is associated
with significant release of ROS as a defense mechanism for parasite clearance (120-122). This
mechanism also occurs during blood schizogony to inhibit merozoite invasion of RBCs.
During the period of blood schizogony, significant quantities of heme are released into
circulation that overwhelms the scavenging activity of hemopexin, so that free heme is
available to induce further neutrophil migration and catalyze its activation (123). Free heme
also binds to and oxidizes lipoproteins in membranes increasing RBC breakdown (124, 125).
Malaria parasites release a large quantity of ROS in the infected RBC in the process of
converting heme to hemozoin for heme detoxification (126). It has been shown that
hemozoin (Pf, Hz) mediates peroxidation of unsaturated fatty acids and contributes to the
production of 4-hydroxynonenal (HNE) which reacts with proteins to form adducts
disrupting their function (127). The impact of disrupted protein function is down regulation
of receptors required for gene expression and cell division. This is suggested to be a factor in
decreased erythropoiesis and malaria induced anemia. An additional source of ROS recently
identified is from infected rbc membrane microparticles which enable activation of
macrophages and increase ROS generation.
4.3 Oxidative stress in HIV infection
The classical pathway of HIV infection is through binding of the envelope glycoprotein to
CD4+ cells mediated by the coreceptors CXCR4 and CCR5 chemokine receptors (128) .HIV-1
isolates that replicate primarily in activated CD4 T-lymphocytes in vitro are said to be Ttropic whereas isolates replicating in primary macrophages are M-tropic (129). Dual tropism
is shown by isolates with the ability to infect both cells efficiently. CXCR4 and CCR5 act as
coreceptors for T-tropic and M-tropic isolates respectively (129-131). CCR5 target cells
appear to be important in the early phase of transmission switching to CXCR4 as the disease
progresses (129, 132). For the most part however both receptors are expressed on known
target cells (CD4+ T cells, monocyte/macrophages, dendritic cells, Langerhans cells and
rectal and vagina mucosa) (133). Recently it has been shown that HIV-1 can be transmitted
into cells directly by a tunneling mechanism independent of receptor functions (134). HIV-1
has been divided into nine subtypes called clade A-D, F-H, J and K based on variation in the
viral envelope. Clade B is predominant in Europe, the Americas and Australia, while the
rest are found in Africa and Asia (135).
A common comorbidity in HIV infection is dementia, which is a combination of behavioral,
cognitive, and motor dysfunction following HIV infection (134, 136). It is estimated that in
adults below the age of 40, HIV accounts for the most cause of dementia (137, 138). Data
accumulated to date shows that oxidative stress is an underlying cause of HIV associated
dementia (HAD) (139). Brain polyunsaturated fatty acids readily undergo peroxidation by
free radicals to generate the 4-HNE which breaks bonds in cysteine, histidine and lysine
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residues to disrupt protein function (140). 4-HNE also disrupts mitochondrial function to
generate ROS aggravating oxidative stress in the process (141). Lipid peroxidation and
protein oxidation also contribute to the generation of carbonyl groups, which characterize
HIV dementia (142, 143). Some of the proteins that are affected due to lipid peroxidation
include ATPases and glucose transporters. HIV regulatory protein Tat and structural
protein gp120 are known to exert neurotoxicity by increasing ROS generation and lipid
peroxidation (140). HIV gp41 is documented to induce iNOS expression and NO generation
to react with superoxide forming peroxynitrite. Peroxynitrites cause nitration of tyrosine
residues to disrupt protein function while its decomposition gives rise to hydroxyl radicals,
a highly potent lipid peroxidizing agent (138). Over production of NO has been suggested to
also increase HIV-1 replication. HIV-1 infection not only causes an increase in ROS
generation but also leads to depletion of protective antioxidants in particular, glutathione
(138, 144). Thus HIV disease is characterized by chronic oxidative stress which drives
disease pathogenesis.

5. ROS in non communicable diseases
5.1 ROS in type 2 diabetes
Diabetes is a metabolic disease caused by derangement in carbohydrate and lipid
metabolism due to defects in insulin secretion, action or both (145). Two major forms are
defined, type 1 and 2. Type 1 is due to an absolute deficiency in insulin secretion attributed
to autoimmune destruction of the cells of the Islet and genetic factors (145, 146). Type 2 is a
combination of insulin resistance and inadequate compensatory insulin secretory response.
It is now confirmed that diabetes is an inflammatory disease with elevated plasma
concentrations of IL-6, CRP, orosomucoid and sialic acid (146-148).
5.2 ROS in pancreatic β cell damage
In type 1 diabetes cell damage partly initiates from cellular response to the danger signal,
dsRNA which leads to overexpression of Toll like receptors (TLR3, 4). The TLR then
activates redox sensitive transcriptions factors including NF-kB (149).The major source of
ROS in pancreatic cells is from mitochondria and activity of non phagocytic NADPH
oxidase (98, 150, 151). When ROS generation is high, the cell which is known to have lower
levels of antioxidants (catalase, glutathione peroxidase and superoxide dismutase)
compared to other cell types is damaged leading to decreased insulin secretion. It is also
reported that autoimmune activities fuel an inflammatory phenotype to damage cells. In
insulin sensitive tissues glucose is transported intracellularly by specific membrane
transporters (GLUT). Once inside the cell glucose is phosphorylated by glucokinase and
goes through the glycolytic pathway (152, 153). Increased glycolytic activity feeds into
higher ATP production, closure of K+ channels and increased intracellular Ca2+ which can
stimulate ROS generation by mitochondria (153). The increased Ca2+ flux can also promote
NADPH oxidase activity to produce more ROS (154). As previously noted, low levels of
ROS generated by glucose metabolism, is important for glucose stimulated insulin secretion
while higher levels damage
cells of the Islets and induce insulin resistance through
activation of redox sensitive intracellular signaling pathways (6). Changes in glucose and
lipid metabolism contribute to ROS generation through the formation of diacylglycerol
(DAG), advanced glycation end products (AGE), increased polyol formation and increased
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hexosamine pathway flux (155, 156). The polyol pathway involves the conversion of glucose
to sorbitol when hyperglycemia persists. Metabolism of sorbitol generates fructose in a
dehydrogenation reaction so that the NADH/NAD+ ratio increase favoring DAG synthesis.
DAG potently stimulates protein kinase C, for activating non phagocytic NADPH oxidases
(157). In addition increase in mitochondrial NADH/NAD ratio increases the proton
gradient and probability of electron donation to molecular oxygen to generate superoxide
(156). The  cell is insulin independent for glucose uptake so under elevated plasma glucose,
the cells fail to down regulate glucose entry by insulin resistance. Free available reducing
sugars (eg.glucose), can react with free amino groups to form a Schiffs base which
rearranges into an Amadori glycation product (158-160). When accumulated in proteins,
these AGEs modify protein function and or contribute to generation of ROS thereby
damaging the cell (151). Another mechanism is the hexosamine pathway flux which
functions under normal metabolism but is increased under hyperglycemia. In this process
glucose metabolism in glycolysis is channeled into glucosamine phosphate from fructose 6phosphate. The end product of the pathway is UDP-N-acetylglucosamine, which acts as a
substrate for glycosylation of intracellular proteins, including transcription factors (161).
Therefore, the expression of several genes including insulin is affected.
5.3 ROS and insulin resistance
In general insulin resistance leads to a sustained inflammatory state (162). Overt insulin
resistance occurs from an initial impairment in insulin mediated glucose up take (IGT) (146,
163, 164). If this state is sustained, the impaired insulin response becomes blunted to
constitute resistance (146, 164-166). In the end the blunted response leads to overt type 2
diabetes as glucose uptake is severely compromised leading to derangement in lipid
metabolism (167, 168). Target tissues (muscle and adipose tissues) may fail to respond to
insulin because of the diminished secretion or decreased sensitivity. Hyperglycemia, raised
serum free fatty acids (FFA) and increased inflammatory phenotype indicated by high
TNF , CRP, IL-6 and IL-1 ((165, 167, 169) predominate in insulin resistance. High FFAs
repress translocation of GLUT4 transporters to the plasma membrane and resistance to
insulin mediated glucose uptake in muscle and adipose tissues, particularly (167). High FFA
gives rise to elevated fatty acid metabolites; DAG, ceramides and fatty acyl CoA which
activate protein kinase C resulting in activation of serine/threonine cascades (170). In
skeletal muscle and adipose tissue the insulin receptor is phosphorylated at tyrosine sites
upon binding by insulin (171, 172). The receptor in turn causes phosphorylation of
substrates: insulin receptor substrate 1 and 2 (IRS1 and IRS2), which activates PI3-kinase,
Akt/protein kinase B to recruit GLUT4 to the plasma membrane for glucose uptake ((167,
173). Elevated lipid metabolites scuttle this mechanism, and instead cause phosphorylation
of serine sites on insulin receptor substrates, which inhibit their activation of phosphatidylinositol 3-kinase (PI3-kinase) and induce failure of transport of GLUT4 to the cell membrane
(150, 171, 174). Also these metabolites decrease downstream signaling activities whereby
insulin receptor substrates are activated for insulin secretion and response. ROS can also
mediate these responses by inhibiting insulin receptor substrates 1 and 2 (IRS-1, and IRS-2)
tyrosine auto-phosphorylation, while increasing phosphorylation of serine sites (173-175).
Inhibition of tyrosine phosphorylation limits gene expression, cell growth and
differentiation of the Islets.
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5.4 ROS in obesity
Obesity is defined as a body mass index greater than or equal to 30 kg/m2 (176). It is
established to be a state of chronic low grade inflammatory disease (meta-inflammation)
grouped together with insulin resistance, type 2 diabetes, cardiovascular disease and fatty
liver disease as the metabolic syndrome (167). Excess calories stored in adipose tissue,
causes it to expand, accompanied by infiltration of macrophages (176-179). The
macrophages drive production of pro-inflammatory cytokines (TNF , IL-6. iNOS, TGF- ,
MCP-1) through toll like receptor 4 (TLR4) and so present the inflammatory phenotype (176,
180). In addition, increasing adiposity is associated with changes in the expression of
adipokines (leptin, adiponectin, IL-6, resistin and TNF- ) which regulate energy intake and
insulin sensitivity (176). With the exception of adiponectin, the expression of all the
adipokines is increased with increasing fat mass (166, 178, 181). Adiponectin promotes
insulin sensitivity by reducing fat and glucose storage. In Obese individuals, insulin
resistance is characterized by upregulation of TNF- by resident macrophages, a mechanism
that is similar to that seen in type 2 diabetes (177). The location of the increased fat mass is
known to affect the degree of inflammation. While visceral adipocity exacerbates, lower
body fat mass has limited effect (177, 182). Enhanced DAG synthesis also affects
downstream signaling pathways required to synthesize protein for Islet cell differentiation.
As result islet cell differentiation is limited; this in turn affects insulin secretion and
regulation of metabolic pathways (173).
5.5 ROS in sickle cell disease
Sickle cell disease arises from a mutation in the beta globin gene with substitution of
glutamate for lysine at the 6th codon of -globin to give hemoglobin S (HbS) variant (183185). A homozygous HbSS is referred to as sickle cell anemia, while a heterozygous globin
mutant with HbS constitutes sickle cell disease (186). The abnormal Hb has defining
characteristics: it undergoes polymerization under low oxygen tension, precipitates when
polymerized leading to generation of ROS which oxidizes the rbc membrane and makes it
fragile and brittle (187). In sickle cell disease, the vascular endothelium becomes
dysfunctional and shows increased inflammatory state, adhesiveness, and activation,
concomitant with decreased NO bioavailability (188, 189). The disease makes subjects
amenable to ischemic stroke, ischemia reperfusion injury, chronic renal disease, pulmonary
hypertension, priapism, fetal wastage and growth retardation (190).
The propensity towards sickling is greatly enhanced if the transit time of rbc in the
capillaries is increased. In the inflammatory state such delays become common place leading
to severer hemolytic episodes and ‘crisis’. Sickle cell anemia has high hemolytic episodes.
The average life span of a normal rbc of 120 reduces to 14 days in sickle cell disease (190).
The enhanced hemolysis contributes significantly to instigate a proinflammatory phenotype
as free heme and hemoglobin are strong oxidants (191). Heme can donate electrons or Fe to
membrane lipids through the fenton reaction to generate ROS that contributes to membrane
damage and sustained hemolysis(188). Under sustained hemolytic conditions, the cellular
mechanisms for scavenging hemoglobin and heme are overwhelmed (haptoglobin and
hemopexin respectively) so that free heme and Hb are present intravascularly to initiate
inflammation (192, 193). Extravascular hemolysis arising from ineffective scavenging of rbcs
worn out or damaged, and ineffective erythropoiesis also contribute to heme and Hb leak
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into circulation. So in essence, sickle cell anemia is a typical systemic proinflammatory
disease with sustained ROS production. Typical sources of ROS include activated NADPH
oxidases from activated monocytes and endothelium, increased Xanthine oxidase
expression and diminished NO availability (194, 195, 196). Activated endothelium increase
expression of adhesion molecules for binding leukocytes and rbcs which contribute to
hemostasis, rbc lysis and increased inflammatory phenotype (194).
5.6 ROS and endothelial dysfunction
The endothelium is the organ situated at the interface between the wall of the blood vessel
and blood stream, functioning as a sensor for modulating vasomotor function, hemostasis
and inflammation (197). Endothelial dysfunction refers to impairment of these functions
associated with vascular remodeling and vascular growth, but more commonly to
impairment of endothelium dependent vasodilation due to depletion of NO in the vessel
wall (198). The factors released by the endothelium may lead to vasodilation or constriction.
Some of these factors are NO, prostacycling, C-type natriuretic peptide, and endothelium
derived hyper polarizing factors which act as vasodilators. ROS along with Ang II,
endothelin 1 (ET-1) and thromboxane A2, act as vasoconstrictors and up regulate adhesion
molecules, intercellular adhesion molecule (ICAM-I), vascular cell adhesion molecule
(VCAM-I) and E-selectin (197). The major sources of ROS in the endothelium are
mitochondria, lipoxygenases, cyclooxygenases, cytoP450s, xanthine oxidases and NADPH
oxidases (2, 14, 198, 199).
5.7 NO depletion and endothelium
In endothelial dysfunction NO synthesis is reduced. This affects vasodilation,
inflammation and hemostasis. NO synthesis is by eNOS using L-arginine as substrate in
the endothelium. Suggested mechanism for reduced NO synthesis is substrate
unavailability, reduced eNOS synthase activity and quenching of NO when synthesized
(200-204). ROS constitutes a major quencher of NO bioavailability. Reaction of NO with
superoxide generates peroxynitrite which in turn reacts with proteins, lipids, and eNOS
cofactor tetrahydrobiopterin (BH4). By oxidizing BH4 to generate BH2, eNOS synthase
activity is uncoupled, so that instead of producing NO, more ROS is generated from
increased reductase activity of eNOS (199, 205). ROS up regulates the expression of
adhesion molecules, ICAM-1, VCAM-1 and chemoattractant molecules (MCP-1) for
neutrophil and macrophage attraction and activation (206, 207). eNOS synthase may also
be competitively inhibited by asymmetric dimethylarginine (ADMA). It has been shown
that increased ADMA concentration correlates with high blood pressure (BP) as renal
plasma flow is impaired while flow resistance is increased leading to high BP (208, 209).
As protein degradation increases in the cell, ADMA concentration also rises and is
excreted in the kidneys or degraded to citrulline by the enzyme dimethylarginine
dimethylaminohydrolase (DDAH) (208, 210, 211). As DDAH concentration increases in
the cell, ADMA levels correspondingly decrease, associated with increased eNOS
activation and reduced BP (211). Recently, the degree of endothelial dysfunction has been
shown to inversely correlate with amount of endothelial progenitor cells in circulation.
Endothelial progenitor cells have the capacity to develop into endothelial cells and are
used to repair endothelial lesions (212, 213).
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5.8 ROS in ageing
The free radical theory of ageing postulates that accumulated cellular damage by ROS over
a period of time is associated with shortened life span (214). This includes effect on telomere
shortening, dementia, accumulation of glycation end products and changes in signaling
pathways that affect cellular function. A rise in the intracellular ROS generation as outlined
previously damages cells, macromolecules and affects signaling pathways (1, 39, 214). These
cumulatively drive cellular ageing.

6. Summary
Cumulative evidence shows that ROS is like a ‘double edged sword’ that on one side
enables normal physiological cellular functions to be sustained and provides defense against
invading organisms. However when in excess shown as oxidative stress, it plays a
destructive role leading to cellular damage, senescence or death. These life attributes make
ROS an essential investigative target in the biochemistry and physiology of health and
pathological mechanisms of disease.

7. References
[1] Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J. Free radicals and
antioxidants in normal physiological functions and human disease. Int J Biochem
Cell Biol 2007;39:44-84.
[2] Taniyama Y, Griendling KK. Reactive oxygen species in the vasculature: molecular and
cellular mechanisms. Hypertension 2003;42:1075-81.
[3] Ha H, Lee HB. Reactive oxygen species amplify glucose signalling in renal cells cultured
under high glucose and in diabetic kidney. Nephrology (Carlton) 2005;10 Suppl:S710.
[4] Lee SR, Kwon KS, Kim SR, Rhee SG. Reversible inactivation of protein-tyrosine
phosphatase 1B in A431 cells stimulated with epidermal growth factor. J Biol Chem
1998;273:15366-72.
[5] Reth M. Hydrogen peroxide as second messenger in lymphocyte activation. Nat
Immunol 2002;3:1129-34.
[6] Bogeski I, Kappl R, Kummerow C, Gulaboski R, Hoth M, Niemeyer BA. Redox
regulation of calcium ion channels: Chemical and physiological aspects. Cell
Calcium 2011.
[7] Reth M, Wienands J. Initiation and processing of signals from the B cell antigen receptor.
Annu Rev Immunol 1997;15:453-79.
[8] Mahadev K, Wu X, Zilbering A, Zhu L, Lawrence JT, Goldstein BJ. Hydrogen peroxide
generated during cellular insulin stimulation is integral to activation of the distal
insulin signaling cascade in 3T3-L1 adipocytes. J Biol Chem 2001;276:48662-9.
[9] Reth M, Dick TP. Voltage control for B cell activation. Nat Immunol 2010;11:191-2.
[10] Lau AT, Wang Y, Chiu JF. Reactive oxygen species: current knowledge and
applications in cancer research and therapeutic. J Cell Biochem 2008;104:657-67.
[11] Endemann DH, Schiffrin EL. Nitric oxide, oxidative excess, and vascular complications
of diabetes mellitus. Curr Hypertens Rep 2004;6:85-9.
[12] Bedard K, Krause KH. The NOX family of ROS-generating NADPH oxidases:
physiology and pathophysiology. Physiol Rev 2007;87:245-313.

www.intechopen.com

Oxidative Stress in Human Health and Disease

109

[13] Spooner R, Yilmaz O. The role of reactive-oxygen-species in microbial persistence and
inflammation. Int J Mol Sci 2011;12:334-52.
[14] Griendling KK, FitzGerald GA. Oxidative stress and cardiovascular injury: Part I: basic
mechanisms and in vivo monitoring of ROS. Circulation 2003;108:1912-6.
[15] Shiose A, Kuroda J, Tsuruya K, Hirai M, Hirakata H, Naito S, Hattori M, Sakaki Y,
Sumimoto H. A novel superoxide-producing NAD(P)H oxidase in kidney. J Biol
Chem 2001;276:1417-23.
[16] Starkov AA. The role of mitochondria in reactive oxygen species metabolism and
signaling. Ann N Y Acad Sci 2008;1147:37-52.
[17] Balaban RS, Nemoto S, Finkel T. Mitochondria, oxidants, and aging. Cell 2005;120:48395.
[18] Nabeebaccus A, Zhang M, Shah AM. NADPH oxidases and cardiac remodelling. Heart
Fail Rev 2011;16:5-12.
[19] Guichard C, Pedruzzi E, Fay M, Ben Mkaddem S, Coant N, Daniel F, Ogier-Denis E.
The Nox/Duox family of ROS-generating NADPH oxidases. Med Sci (Paris)
2006;22:953-9.
[20] Cai H, Griendling KK, Harrison DG. The vascular NAD(P)H oxidases as therapeutic
targets in cardiovascular diseases. Trends Pharmacol Sci 2003;24:471-8.
[21] Kim JA, Neupane GP, Lee ES, Jeong BS, Park BC, Thapa P. NADPH oxidase inhibitors:
a patent review. Expert Opin Ther Pat 2011;21:1147-58.
[22] Krause KH, Bedard K. NOX enzymes in immuno-inflammatory pathologies. Semin
Immunopathol 2008;30:193-4.
[23] Bedard K, Lardy B, Krause KH. NOX family NADPH oxidases: not just in mammals.
Biochimie 2007;89:1107-12.
[24] Reeves EP, Nagl M, Godovac-Zimmermann J, Segal AW. Reassessment of the
microbicidal activity of reactive oxygen species and hypochlorous acid with
reference to the phagocytic vacuole of the neutrophil granulocyte. J Med Microbiol
2003;52:643-51.
[25] Klebanoff SJ. Myeloperoxidase: friend and foe. J Leukoc Biol 2005;77:598-625.
[26] Geiszt M, Witta J, Baffi J, Lekstrom K, Leto TL. Dual oxidases represent novel
hydrogen peroxide sources supporting mucosal surface host defense. FASEB J
2003;17:1502-4.
[27] Hoek JB, Rydstrom J. Physiological roles of nicotinamide nucleotide transhydrogenase.
Biochem J 1988;254:1-10.
[28] Li JM, Shah AM. Mechanism of endothelial cell NADPH oxidase activation by
angiotensin II. Role of the p47phox subunit. J Biol Chem 2003;278:12094-100.
[29] Fujita T, Maruyama M, Araya J, Sassa K, Kawagishi Y, Hayashi R, Matsui S, Kashii T,
Yamashita N, Sugiyama E, Kobayashi M. Hydrogen peroxide induces upregulation
of Fas in human airway epithelial cells via the activation of PARP-p53 pathway.
Am J Respir Cell Mol Biol 2002;27:542-52.
[30] Genova ML, Bianchi C, Lenaz G. Structural organization of the mitochondrial
respiratory chain. Ital J Biochem 2003;52:58-61.
[31] Genova ML, Pich MM, Biondi A, Bernacchia A, Falasca A, Bovina C, Formiggini G,
Parenti Castelli G, Lenaz G. Mitochondrial production of oxygen radical species
and the role of Coenzyme Q as an antioxidant. Exp Biol Med (Maywood)
2003;228:506-13.

www.intechopen.com

110

Insight and Control of Infectious Disease in Global Scenario

[32] Bianchi C, Fato R, Genova ML, Parenti Castelli G, Lenaz G. Structural and functional
organization of Complex I in the mitochondrial respiratory chain. Biofactors
2003;18:3-9.
[33] Nohl H, Jordan W. The mitochondrial site of superoxide formation. Biochem Biophys
Res Commun 1986;138:533-9.
[34] Packer MA, Porteous CM, Murphy MP. Superoxide production by mitochondria in the
presence of nitric oxide forms peroxynitrite. Biochem Mol Biol Int 1996;40:527-34.
[35] Szabo C, Ischiropoulos H, Radi R. Peroxynitrite: biochemistry, pathophysiology and
development of therapeutics. Nat Rev Drug Discov 2007;6:662-80.
[36] Muller FU, Neumann J, Schmitz W. Transcriptional regulation by cAMP in the heart.
Mol Cell Biochem 2000;212:11-7.
[37] Acker T, Fandrey J, Acker H. The good, the bad and the ugly in oxygen-sensing: ROS,
cytochromes and prolyl-hydroxylases. Cardiovasc Res 2006;71:195-207.
[38] Bruick RK, McKnight SL. A conserved family of prolyl-4-hydroxylases that modify
HIF. Science 2001;294:1337-40.
[39] Martins Chaves M, Rocha-Vieira E, Pereira dos Reis A, de Lima e Silva R, Gerzstein
NC, Nogueira-Machado JA. Increase of reactive oxygen (ROS) and nitrogen (RNS)
species generated by phagocyting granulocytes related to age. Mech Ageing Dev
2000;119:1-8.
[40] Griendling KK, Sorescu D, Ushio-Fukai M. NAD(P)H oxidase: role in cardiovascular
biology and disease. Circ Res 2000;86:494-501.
[41] Basset O, Deffert C, Foti M, Bedard K, Jaquet V, Ogier-Denis E, Krause KH. NADPH
oxidase 1 deficiency alters caveolin phosphorylation and angiotensin II-receptor
localization in vascular smooth muscle. Antioxid Redox Signal 2009;11:2371-84.
[42] Chen KC, Zhou Y, Zhang W, Lou MF. Control of PDGF-induced reactive oxygen
species (ROS) generation and signal transduction in human lens epithelial cells.
Mol Vis 2007;13:374-87.
[43] Hunter T. Tyrosine phosphorylation: thirty years and counting. Curr Opin Cell Biol
2009;21:140-6.
[44] Hunter T, Sun H. Crosstalk between the SUMO and ubiquitin pathways. Ernst
Schering Found Symp Proc 2008;(1):1-16.
[45] Diep QN, El Mabrouk M, Cohn JS, Endemann D, Amiri F, Virdis A, Neves MF,
Schiffrin EL. Structure, endothelial function, cell growth, and inflammation in
blood vessels of angiotensin II-infused rats: role of peroxisome proliferatoractivated receptor-gamma. Circulation 2002;105:2296-302.
[46] Diep QN, Amiri F, Touyz RM, Cohn JS, Endemann D, Neves MF, Schiffrin EL.
PPARalpha activator effects on Ang II-induced vascular oxidative stress and
inflammation. Hypertension 2002;40:866-71.
[47] Matzinger P. An innate sense of danger. Ann N Y Acad Sci 2002;961:341-2.
[48] Medzhitov R, Janeway C,Jr. The Toll receptor family and microbial recognition. Trends
Microbiol 2000;8:452-6.
[49] Medzhitov R, Janeway C,Jr. Innate immune recognition: mechanisms and pathways.
Immunol Rev 2000;173:89-97.
[50] Andrews T, Sullivan KE. Infections in patients with inherited defects in phagocytic
function. Clin Microbiol Rev 2003;16:597-621.
[51] Medzhitov R, Janeway C,Jr. Innate immunity. N Engl J Med 2000;343:338-44.

www.intechopen.com

Oxidative Stress in Human Health and Disease

111

[52] Medzhitov R, Janeway CA,Jr. How does the immune system distinguish self from
nonself? Semin Immunol 2000;12:185,8; discussion 257-344.
[53] Janeway CA,Jr. The immune system evolved to discriminate infectious nonself from
noninfectious self. Immunol Today 1992;13:11-6.
[54] Piccini A, Carta S, Tassi S, Lasiglie D, Fossati G, Rubartelli A. ATP is released by
monocytes stimulated with pathogen-sensing receptor ligands and induces IL1beta and IL-18 secretion in an autocrine way. Proc Natl Acad Sci U S A
2008;105:8067-72.
[55] Dunne A. Inflammasome activation: from inflammatory disease to infection. Biochem
Soc Trans 2011;39:669-73.
[56] Martinon F, Mayor A, Tschopp J. The inflammasomes: guardians of the body. Annu
Rev Immunol 2009;27:229-65.
[57] Martinon F, Tschopp J. NLRs join TLRs as innate sensors of pathogens. Trends
Immunol 2005;26:447-54.
[58] Bergsbaken T, Fink SL, Cookson BT. Pyroptosis: host cell death and inflammation. Nat
Rev Microbiol 2009;7:99-109.
[59] Faurschou M, Borregaard N. Neutrophil granules and secretory vesicles in
inflammation. Microbes Infect 2003;5:1317-27.
[60] Vurusaner B, Poli G, Basaga H. Tumor suppressor genes and ROS: complex networks
of interactions. Free Radic Biol Med 2011.
[61] Lushchak VJ. Budding Yeast Saccharomyces as a model to study modification of
proteins in eukaryotes.Acta Biochimica Polonica 2006;53:679-684
[62] Mena S, Ortega A, Estrela JM. Oxidative stress in environmental-induced
carcinogenesis. Mutat Res 2009;674:36-44.
[63] Berk BC. Novel approaches to treat oxidative stress and cardiovascular diseases. Trans
Am Clin Climatol Assoc 2007;118:209-14.
[64] Kowaltowski AJ, Castilho RF, Vercesi AE. Mitochondrial permeability transition and
oxidative stress. FEBS Lett 2001;495:12-5.
[65] Zoratti M, Szabo I. The mitochondrial permeability transition. Biochim Biophys Acta
1995;1241:139-76.
[66] Marnett LJ, Riggins JN, West JD. Endogenous generation of reactive oxidants and
electrophiles and their reactions with DNA and protein. J Clin Invest 2003;111:58393.
[67] Davies KJ. An overview of oxidative stress. IUBMB Life 2000;50:241-4.
[68] Cadenas E, Davies KJ. Mitochondrial free radical generation, oxidative stress, and
aging. Free Radic Biol Med 2000;29:222-30.
[69] Davies KJ. Oxidative stress, antioxidant defenses, and damage removal, repair, and
replacement systems. IUBMB Life 2000;50:279-89.
[70] Hazen SL, d'Avignon A, Anderson MM, Hsu FF, Heinecke JW. Human neutrophils
employ the myeloperoxidase-hydrogen peroxide-chloride system to oxidize alphaamino acids to a family of reactive aldehydes. Mechanistic studies identifying
labile intermediates along the reaction pathway. J Biol Chem 1998;273:4997-5005.
[71] Marnett LJ, Plastaras JP. Endogenous DNA damage and mutation. Trends Genet
2001;17:214-21.

www.intechopen.com

112

Insight and Control of Infectious Disease in Global Scenario

[72] Cadet J, Carvalho VM, Onuki J, Douki T, Medeiros MH, Di Mascio PD. Purine DNA
adducts of 4,5-dioxovaleric acid and 2,4-decadienal. IARC Sci Publ 1999;(150):10313.
[73] Uchida K. Cellular response to bioactive lipid peroxidation products. Free Radic Res
2000;33:731-7.
[74] Wagner JR, Hu CC, Ames BN. Endogenous oxidative damage of deoxycytidine in
DNA. Proc Natl Acad Sci U S A 1992;89:3380-4.
[75] Burney S, Niles JC, Dedon PC, Tannenbaum SR. DNA damage in deoxynucleosides
and oligonucleotides treated with peroxynitrite. Chem Res Toxicol 1999;12:513-20.
[76] Burney S, Caulfield JL, Niles JC, Wishnok JS, Tannenbaum SR. The chemistry of DNA
damage from nitric oxide and peroxynitrite. Mutat Res 1999;424:37-49.
[77] Halliwell B, Zhao K, Whiteman M. Nitric oxide and peroxynitrite. The ugly, the uglier
and the not so good: a personal view of recent controversies. Free Radic Res
1999;31:651-69.
[78] Halliwell B. Free radicals, proteins and DNA: oxidative damage versus redox
regulation. Biochem Soc Trans 1996;24:1023-7.
[79] Di Micco R, Fumagalli M, Cicalese A, Piccinin S, Gasparini P, Luise C, Schurra C,
Garre' M, Nuciforo PG, Bensimon A, Maestro R, Pelicci PG, d'Adda di Fagagna F.
Oncogene-induced senescence is a DNA damage response triggered by DNA
hyper-replication. Nature 2006;444:638-42.
[80] Bartkova J, Bakkenist CJ, Rajpert-De Meyts E, Skakkebaek NE, Sehested M, Lukas J,
Kastan MB, Bartek J. ATM activation in normal human tissues and testicular
cancer. Cell Cycle 2005;4:838-45.
[81] Swenberg JA, Ham A, Koc H, Morinello E, Ranasinghe A, Tretyakova N, Upton PB,
Wu K. DNA adducts: effects of low exposure to ethylene oxide, vinyl chloride and
butadiene. Mutat Res 2000;464:77-86.
[82] Swenberg JA, Christova-Gueorguieva NI, Upton PB, Ranasinghe A, Scheller N, Wu
KY, Yen TY, Hayes R. 1,3-butadiene: cancer, mutations, and adducts. Part V:
Hemoglobin adducts as biomarkers of 1,3-butadiene exposure and metabolism. Res
Rep Health Eff Inst 2000;(92):191,210; discussion 211-9.
[83] Davies KJ, Pryor WA. The evolution of Free Radical Biology & Medicine: a 20-year
history. Free Radic Biol Med 2005;39:1263-4.
[84] Van der Vliet A, Bast A. Effect of oxidative stress on receptors and signal transmission.
Chem Biol Interact 1992;85:95-116.
[85] Sharma LK, Fang H, Liu J, Vartak R, Deng J, Bai Y. Mitochondrial respiratory complex
I dysfunction promotes tumorigenesis through ROS alteration and AKT activation.
Hum Mol Genet 2011.
[86] Jing Y, Liu LZ, Jiang Y, Zhu Y, Guo NL, Barnett J, Rojanasakul Y, Agani F, Jiang BH.
Cadmium Increases HIF-1 and VEGF Expression through ROS, ERK and AKT
Signaling Pathways and Induces Malignant Transformation of Human Bronchial
Epithelial Cells. Toxicol Sci 2011.
[87] Stadtman ER. Protein oxidation and aging. Free Radic Res 2006;40:1250-8.
[88] Liochev SI, Fridovich I. The Haber-Weiss cycle -- 70 years later: an alternative view.
Redox Rep 2002;7:55,7; author reply 59-60.

www.intechopen.com

Oxidative Stress in Human Health and Disease

113

[89] Pastor N, Weinstein H, Jamison E, Brenowitz M. A detailed interpretation of OH
radical footprints in a TBP-DNA complex reveals the role of dynamics in the
mechanism of sequence-specific binding. J Mol Biol 2000;304:55-68.
[90] Roubal WT, Tappel AL. Damage to proteins, enzymes, and amino acids by
peroxidizing lipids. Arch Biochem Biophys 1966;113:5-8.
[91] Stadtman ER. Cyclic oxidation and reduction of methionine residues of proteins in
antioxidant defense and cellular regulation. Arch Biochem Biophys 2004;423:2-5.
[92] Dalle-Donne I, Scaloni A, Giustarini D, Cavarra E, Tell G, Lungarella G, Colombo R,
Rossi R, Milzani A. Proteins as biomarkers of oxidative/nitrosative stress in
diseases: the contribution of redox proteomics. Mass Spectrom Rev 2005;24:55-99.
[93] Fossel M. The long run. J Anti Aging Med 2003;6:1-2.
[94] Hayflick L. How and why we age. Exp Gerontol 1998;33:639-53.
[95] Jenner A, England TG, Aruoma OI, Halliwell B. Measurement of oxidative DNA
damage by gas chromatography-mass spectrometry: ethanethiol prevents
artifactual generation of oxidized DNA bases. Biochem J 1998;331 ( Pt 2):365-9.
[96] Green DR, Reed JC. Mitochondria and apoptosis. Science 1998;281:1309-12.
[97] Kowaltowski AJ, Vercesi AE. Mitochondrial damage induced by conditions of
oxidative stress. Free Radic Biol Med 1999;26:463-71.
[98] Green DR, Amarante-Mendes GP. The point of no return: mitochondria, caspases, and
the commitment to cell death. Results Probl Cell Differ 1998;24:45-61.
[99] Kowaltowski AJ. Alternative mitochondrial functions in cell physiopathology: beyond
ATP production. Braz J Med Biol Res 2000;33:241-50.
[100] Hoek JB, Harada N, Moehren G, Tomsho M, Stubbs CD. The role of calcium and
phospholipase A2 in glucagon-induced enhancement of mitochondrial calcium
retention. Adv Exp Med Biol 1988;232:25-36.
[101] Lenartowicz E, Bernardi P, Azzone GF. Phenylarsine oxide induces the cyclosporin Asensitive membrane permeability transition in rat liver mitochondria. J Bioenerg
Biomembr 1991;23:679-88.
[102] Kantele A, Jokiranta TS. Review of cases with the emerging fifth human malaria
parasite, Plasmodium knowlesi. Clin Infect Dis 2011;52:1356-62.
[103] Figtree M, Lee R, Bain L, Kennedy T, Mackertich S, Urban M, Cheng Q, Hudson BJ.
Plasmodium knowlesi in human, Indonesian Borneo. Emerg Infect Dis 2010;16:6724.
[104] Cox-Singh J, Davis TM, Lee KS, Shamsul SS, Matusop A, Ratnam S, Rahman HA,
Conway DJ, Singh B. Plasmodium knowlesi malaria in humans is widely
distributed and potentially life threatening. Clin Infect Dis 2008;46:165-71.
[105] Ralph SA, van Dooren GG, Waller RF, Crawford MJ, Fraunholz MJ, Foth BJ, Tonkin CJ,
Roos DS, McFadden GI. Tropical infectious diseases: metabolic maps and functions
of the Plasmodium falciparum apicoplast. Nat Rev Microbiol 2004;2:203-16.
[106] Newbold C, Warn P, Black G, Berendt A, Craig A, Snow B, Msobo M, Peshu N, Marsh
K. Receptor-specific adhesion and clinical disease in Plasmodium falciparum. Am J
Trop Med Hyg 1997;57:389-98.
[107] Patz JA, Strzepek K, Lele S, Hedden M, Greene S, Noden B, Hay SI, Kalkstein L, Beier
JC. Predicting key malaria transmission factors, biting and entomological
inoculation rates, using modelled soil moisture in Kenya. Trop Med Int Health
1998;3:818-27.

www.intechopen.com

114

Insight and Control of Infectious Disease in Global Scenario

[108] Amino R, Thiberge S, Blazquez S, Baldacci P, Renaud O, Shorte S, Menard R. Imaging
malaria sporozoites in the dermis of the mammalian host. Nat Protoc 2007;2:170512.
[109] Kappe SH, Kaiser K, Matuschewski K. The Plasmodium sporozoite journey: a rite of
passage. Trends Parasitol 2003;19:135-43.
[110] Vaughan AM, Aly AS, Kappe SH. Malaria parasite pre-erythrocytic stage infection:
gliding and hiding. Cell Host Microbe 2008;4:209-18.
[111] Yamauchi LM, Coppi A, Snounou G, Sinnis P. Plasmodium sporozoites trickle out of
the injection site. Cell Microbiol 2007;9:1215-22.
[112] Frevert U, Usynin I, Baer K, Klotz C. Nomadic or sessile: can Kupffer cells function as
portals for malaria sporozoites to the liver? Cell Microbiol 2006;8:1537-46.
[113] Imwong M, Snounou G, Pukrittayakamee S, Tanomsing N, Kim JR, Nandy A,
Guthmann JP, Nosten F, Carlton J, Looareesuwan S, Nair S, Sudimack D, Day NP,
Anderson TJ, White NJ. Relapses of Plasmodium vivax infection usually result
from activation of heterologous hypnozoites. J Infect Dis 2007;195:927-33.
[114] Mueller I, Galinski MR, Baird JK, Carlton JM, Kochar DK, Alonso PL, del Portillo HA.
Key gaps in the knowledge of Plasmodium vivax, a neglected human malaria
parasite. Lancet Infect Dis 2009;9:555-66.
[115] Garcia LS. Malaria. Clin Lab Med 2010;30:93-129.
[116] Malaguarnera L, Musumeci S. The immune response to Plasmodium falciparum
malaria. Lancet Infect Dis 2002;2:472-8.
[117] Marsh K, Forster D, Waruiru C, Mwangi I, Winstanley M, Marsh V, Newton C,
Winstanley P, Warn P, Peshu N. Indicators of life-threatening malaria in African
children. N Engl J Med 1995;332:1399-404.
[118] Delmas-Beauvieux MC, Peuchant E, Dumon MF, Receveur MC, Le Bras M, Clerc M.
Relationship between red blood cell antioxidant enzymatic system status and
lipoperoxidation during the acute phase of malaria. Clin Biochem 1995;28:163-9.
[119] Schofield
L,
Tachado
SD.
Regulation
of
host
cell
function
by
glycosylphosphatidylinositols of the parasitic protozoa. Immunol Cell Biol
1996;74:555-63.
[120] Dondorp AM, Angus BJ, Chotivanich K, Silamut K, Ruangveerayuth R, Hardeman
MR, Kager PA, Vreeken J, White NJ. Red blood cell deformability as a predictor of
anemia in severe falciparum malaria. Am J Trop Med Hyg 1999;60:733-7.
[121] Djeu JY, Serbousek D, Blanchard DK. Release of tumor necrosis factor by human
polymorphonuclear leukocytes. Blood 1990;76:1405-9.
[122] Djeu JY, Matsushima K, Oppenheim JJ, Shiotsuki K, Blanchard DK. Functional
activation of human neutrophils by recombinant monocyte-derived neutrophil
chemotactic factor/IL-8. J Immunol 1990;144:2205-10.
[123] Jakeman GN, Saul A, Hogarth WL, Collins WE. Anaemia of acute malaria infections in
non-immune patients primarily results from destruction of uninfected
erythrocytes. Parasitology 1999;119 ( Pt 2):127-33.
[124] Mohan K, Ganguly NK, Dubey ML, Mahajan RC. Oxidative damage of erythrocytes
infected with Plasmodium falciparum. An in vitro study. Ann Hematol
1992;65:131-4.

www.intechopen.com

Oxidative Stress in Human Health and Disease

115

[125] Mohan K, Dubey ML, Ganguly NK, Mahajan RC. Plasmodium falciparum: role of
activated blood monocytes in erythrocyte membrane damage and red cell loss
during malaria. Exp Parasitol 1995;80:54-63.
[126] Omodeo-Sale F, Motti A, Dondorp A, White NJ, Taramelli D. Destabilisation and
subsequent lysis of human erythrocytes induced by Plasmodium falciparum haem
products. Eur J Haematol 2005;74:324-32.
[127] Foldes J, Matyi A, Matkovics B. The role of free radicals and antioxidative enzymes in
erythrocytes and liver cells in the course of Plasmodium berghei and Plasmodium
vinckei infection of mice. Acta Microbiol Immunol Hung 1994;41:153-61.
[128] Marx PA, Chen Z. The function of simian chemokine receptors in the replication of
SIV. Semin Immunol 1998;10:215-23.
[129] Berger EA, Murphy PM, Farber JM. Chemokine receptors as HIV-1 coreceptors: roles
in viral entry, tropism, and disease. Annu Rev Immunol 1999;17:657-700.
[130] Alkhatib G, Combadiere C, Broder CC, Feng Y, Kennedy PE, Murphy PM, Berger EA.
CC CKR5: a RANTES, MIP-1alpha, MIP-1beta receptor as a fusion cofactor for
macrophage-tropic HIV-1. Science 1996;272:1955-8.
[131] Dragic T, Litwin V, Allaway GP, Martin SR, Huang Y, Nagashima KA, Cayanan C,
Maddon PJ, Koup RA, Moore JP, Paxton WA. HIV-1 entry into CD4+ cells is
mediated by the chemokine receptor CC-CKR-5. Nature 1996;381:667-73.
[132] Alkhatib G, Broder CC, Berger EA. Cell type-specific fusion cofactors determine
human immunodeficiency virus type 1 tropism for T-cell lines versus primary
macrophages. J Virol 1996;70:5487-94.
[133] Rottman JB, Ganley KP, Williams K, Wu L, Mackay CR, Ringler DJ. Cellular
localization of the chemokine receptor CCR5. Correlation to cellular targets of HIV1 infection. Am J Pathol 1997;151:1341-51.
[134] Eugenin EA, Osiecki K, Lopez L, Goldstein H, Calderon TM, Berman JW.
CCL2/monocyte chemoattractant protein-1 mediates enhanced transmigration of
human immunodeficiency virus (HIV)-infected leukocytes across the blood-brain
barrier: a potential mechanism of HIV-CNS invasion and NeuroAIDS. J Neurosci
2006;26:1098-106.
[135] Navia BA, Jordan BD, Price RW. The AIDS dementia complex: I. Clinical features. Ann
Neurol 1986;19:517-24.
[136] King JE, Eugenin EA, Buckner CM, Berman JW. HIV tat and neurotoxicity. Microbes
Infect 2006;8:1347-57.
[137] Gonzalez-Scarano F, Martin-Garcia J. The neuropathogenesis of AIDS. Nat Rev
Immunol 2005;5:69-81.
[138] Steiner J, Haughey N, Li W, Venkatesan A, Anderson C, Reid R, Malpica T, Pocernich
C, Butterfield DA, Nath A. Oxidative stress and therapeutic approaches in HIV
dementia. Antioxid Redox Signal 2006;8:2089-100.
[139] Turchan J, Sacktor N, Wojna V, Conant K, Nath A. Neuroprotective therapy for HIV
dementia. Curr HIV Res 2003;1:373-83.
[140] Haughey NJ, Cutler RG, Tamara A, McArthur JC, Vargas DL, Pardo CA, Turchan J,
Nath A, Mattson MP. Perturbation of sphingolipid metabolism and ceramide
production in HIV-dementia. Ann Neurol 2004;55:257-67.
[141] Esterbauer H, Schaur RJ, Zollner H. Chemistry and biochemistry of 4-hydroxynonenal,
malonaldehyde and related aldehydes. Free Radic Biol Med 1991;11:81-128.

www.intechopen.com

116

Insight and Control of Infectious Disease in Global Scenario

[142] Butterfield DA. beta-Amyloid-associated free radical oxidative stress and
neurotoxicity: implications for Alzheimer's disease. Chem Res Toxicol 1997;10:495506.
[143] Butterfield DA, Howard BJ, Yatin S, Allen KL, Carney JM. Free radical oxidation of
brain proteins in accelerated senescence and its modulation by N-tert-butyl-alphaphenylnitrone. Proc Natl Acad Sci U S A 1997;94:674-8.
[144] Gaskill PJ, Calderon TM, Luers AJ, Eugenin EA, Javitch JA, Berman JW. Human
immunodeficiency virus (HIV) infection of human macrophages is increased by
dopamine: a bridge between HIV-associated neurologic disorders and drug abuse.
Am J Pathol 2009;175:1148-59.
[145] American Diabetes Association. Diagnosis and classification of diabetes mellitus.
Diabetes Care 2011;34 Suppl 1:S62-9.
[146] Dabelea D, Pihoker C, Talton JW, D'Agostino RB,Jr, Fujimoto W, Klingensmith GJ,
Lawrence JM, Linder B, Marcovina SM, Mayer-Davis EJ, Imperatore G, Dolan LM,
SEARCH for Diabetes in Youth Study. Etiological approach to characterization of
diabetes type: the SEARCH for Diabetes in Youth Study. Diabetes Care
2011;34:1628-33.
[147] Duncan BB, Schmidt MI, Pankow JS, Ballantyne CM, Couper D, Vigo A, Hoogeveen R,
Folsom AR, Heiss G, Atherosclerosis Risk in Communities Study. Low-grade
systemic inflammation and the development of type 2 diabetes: the atherosclerosis
risk in communities study. Diabetes 2003;52:1799-805.
[148] Schmidt MI, Duncan BB. Diabesity: an inflammatory metabolic condition. Clin Chem
Lab Med 2003;41:1120-30.
[149] Rasschaert J, Ladriere L, Urbain M, Dogusan Z, Katabua B, Sato S, Akira S, Gysemans
C, Mathieu C, Eizirik DL. Toll-like receptor 3 and STAT-1 contribute to doublestranded RNA+ interferon-gamma-induced apoptosis in primary pancreatic betacells. J Biol Chem 2005;280:33984-91.
[150] Newsholme P, Haber EP, Hirabara SM, Rebelato EL, Procopio J, Morgan D, OliveiraEmilio HC, Carpinelli AR, Curi R. Diabetes associated cell stress and dysfunction:
role of mitochondrial and non-mitochondrial ROS production and activity. J
Physiol 2007;583:9-24.
[151] Newsholme P, Keane D, Welters HJ, Morgan NG. Life and death decisions of the
pancreatic beta-cell: the role of fatty acids. Clin Sci (Lond) 2007;112:27-42.
[152] Newsholme P, Bender K, Kiely A, Brennan L. Amino acid metabolism, insulin
secretion and diabetes. Biochem Soc Trans 2007;35:1180-6.
[153] Bender K, Newsholme P, Brennan L, Maechler P. The importance of redox shuttles to
pancreatic beta-cell energy metabolism and function. Biochem Soc Trans
2006;34:811-4.
[154] Kruman I, Guo Q, Mattson MP. Calcium and reactive oxygen species mediate
staurosporine-induced mitochondrial dysfunction and apoptosis in PC12 cells. J
Neurosci Res 1998;51:293-308.
[155] Bosch RR, Janssen SW, Span PN, Olthaar A, van Emst-de Vries SE, Willems PH,
Martens JMG, Hermus AR, Sweep CC. Exploring levels of hexosamine biosynthesis
pathway intermediates and protein kinase C isoforms in muscle and fat tissue of
Zucker Diabetic Fatty rats. Endocrine 2003;20:247-52.

www.intechopen.com

Oxidative Stress in Human Health and Disease

117

[156] Buse MG, Robinson KA, Gettys TW, McMahon EG, Gulve EA. Increased activity of the
hexosamine synthesis pathway in muscles of insulin-resistant ob/ob mice. Am J
Physiol 1997;272:E1080-8.
[157] Brownlee M. Biochemistry and molecular cell biology of diabetic complications.
Nature 2001;414:813-20.
[158] Coughlan MT, Yap FY, Tong DC, Andrikopoulos S, Gasser A, Thallas-Bonke V,
Webster DE, Miyazaki J, Kay TW, Slattery RM, Kaye DM, Drew BG, Kingwell BA,
Fourlanos S, Groop PH, Harrison LC, Knip M, Forbes JM. Advanced Glycation End
Products Are Direct Modulators of {beta}-Cell Function. Diabetes 2011;60:2523-32.
[159] Iborra RT, Machado-Lima A, Castilho G, Nunes VS, Abdalla DS, Nakandakare ER,
Passarelli M. Advanced Glycation in macrophages induces intracellular
accumulation of 7-ketocholesterol and total sterols by decreasing the expression of
ABCA-1 and ABCG-1. Lipids Health Dis 2011;10:172.
[160] Madian AG, Myracle AD, Diaz-Maldonado N, Rochelle NS, Janle EM, Regnier FE.
Determining the Effects of Antioxidants on Oxidative Stress Induced
Carbonylation of Proteins. Anal Chem 2011.
[161] Gabriely I, Yang XM, Cases JA, Ma XH, Rossetti L, Barzilai N. Hyperglycemia induces
PAI-1 gene expression in adipose tissue by activation of the hexosamine
biosynthetic pathway. Atherosclerosis 2002;160:115-22.
[162] Dandona P, Aljada A, Mohanty P, Ghanim H, Hamouda W, Assian E, Ahmad S.
Insulin inhibits intranuclear nuclear factor kappaB and stimulates IkappaB in
mononuclear cells in obese subjects: evidence for an anti-inflammatory effect? J
Clin Endocrinol Metab 2001;86:3257-65.
[163] Eizirik DL, Colli ML, Ortis F. The role of inflammation in insulitis and beta-cell loss in
type 1 diabetes. Nat Rev Endocrinol 2009;5:219-26.
[164] Fernandez-Real JM, Pickup JC. Innate immunity, insulin resistance and type 2 diabetes.
Trends Endocrinol Metab 2007.
[165] Feve B, Bastard JP, Vidal H. Relationship between obesity, inflammation and insulin
resistance: new concepts. C R Biol 2006;329:587,97; discussion 653-5.
[166] Das UN. Obesity, metabolic syndrome X, and inflammation. Nutrition 2002;18:430-2.
[167] Steinberg GR. Inflammation in obesity is the common link between defects in fatty acid
metabolism and insulin resistance. Cell Cycle 2007;6:888-94.
[168] Steinberg GR, Jorgensen SB. The AMP-activated protein kinase: role in regulation of
skeletal muscle metabolism and insulin sensitivity. Mini Rev Med Chem
2007;7:519-26.
[169] Zulet MA, Puchau B, Navarro C, Marti A, Martinez JA. Inflammatory biomarkers: the
link between obesity and associated pathologies. Nutr Hosp 2007;22:511-27.
[170] Saltiel AR, Kahn CR. Insulin signalling and the regulation of glucose and lipid
metabolism. Nature 2001;414:799-806.
[171] Chiang SH, Baumann CA, Kanzaki M, Thurmond DC, Watson RT, Neudauer CL,
Macara IG, Pessin JE, Saltiel AR. Insulin-stimulated GLUT4 translocation requires
the CAP-dependent activation of TC10. Nature 2001;410:944-8.
[172] Saltiel AR. New perspectives into the molecular pathogenesis and treatment of type 2
diabetes. Cell 2001;104:517-29.

www.intechopen.com

118

Insight and Control of Infectious Disease in Global Scenario

[173] Hotamisligil GS, Peraldi P, Budavari A, Ellis R, White MF, Spiegelman BM. IRS-1mediated inhibition of insulin receptor tyrosine kinase activity in TNF-alpha- and
obesity-induced insulin resistance. Science 1996;271:665-8.
[174] Paris M, Bernard-Kargar C, Vilar J, Kassis N, Ktorza A. Role of glucose in IRS signaling
in rat pancreatic islets: specific effects and interplay with insulin. Exp Diabesity Res
2004;5:257-63.
[175] Hotamisligil GS, Budavari A, Murray D, Spiegelman BM. Reduced tyrosine kinase
activity of the insulin receptor in obesity-diabetes. Central role of tumor necrosis
factor-alpha. J Clin Invest 1994;94:1543-9.
[176] Nathan C. Epidemic inflammation: pondering obesity. Mol Med 2008;14:485-92.
[177] Bastard JP, Maachi M, Lagathu C, Kim MJ, Caron M, Vidal H, Capeau J, Feve B. Recent
advances in the relationship between obesity, inflammation, and insulin resistance.
Eur Cytokine Netw 2006;17:4-12.
[178] Drevon CA. Fatty acids and expression of adipokines. Biochim Biophys Acta
2005;1740:287-92.
[179] Trayhurn P, Wood IS. Signalling role of adipose tissue: adipokines and inflammation
in obesity. Biochem Soc Trans 2005;33:1078-81.
[180] Onat A, Ayhan E, Hergenc G, Can G, Barlan MM. Smoking inhibits visceral fat
accumulation in Turkish women Relation of visceral fat and body fat mass to
atherogenic dyslipidemia, inflammatory markers, insulin resistance, and blood
pressure. Metabolism 2009.
[181] Steinberg GR, Kemp BE. Adiponectin: starving for attention. Cell Metab 2007;6:3-4.
[182] Bastard JP, Maachi M, Van Nhieu JT, Jardel C, Bruckert E, Grimaldi A, Robert JJ,
Capeau J, Hainque B. Adipose tissue IL-6 content correlates with resistance to
insulin activation of glucose uptake both in vivo and in vitro. J Clin Endocrinol
Metab 2002;87:2084-9.
[183] Kauf TL, Coates TD, Huazhi L, Mody-Patel N, Hartzema AG. The cost of health care
for children and adults with sickle cell disease. Am J Hematol 2009.
[184] Adams-Graves P, Ostric EJ, Martin M, Richardson P, Lewis JB,Jr. Sickle cell hospital
unit: a disease-specific model. J Healthc Manag 2008;53:305,15; discussion 316-7.
[185] Aliyu ZY, Kato GJ, Taylor J,4th, Babadoko A, Mamman AI, Gordeuk VR, Gladwin MT.
Sickle cell disease and pulmonary hypertension in Africa: a global perspective and
review of epidemiology, pathophysiology, and management. Am J Hematol
2008;83:63-70.
[186] Hebbel RP. Adhesion of sickle red cells to endothelium: myths and future directions.
Transfus Clin Biol 2008;15:14-8.
[187] Eaton WA, Hofrichter J. Hemoglobin S gelation and sickle cell disease. Blood
1987;70:1245-66.
[188] Reiter CD, Wang X, Tanus-Santos JE, Hogg N, Cannon RO,3rd, Schechter AN,
Gladwin MT. Cell-free hemoglobin limits nitric oxide bioavailability in sickle-cell
disease. Nat Med 2002;8:1383-9.
[189] Gladwin MT, Schechter AN, Ognibene FP, Coles WA, Reiter CD, Schenke WH, Csako
G, Waclawiw MA, Panza JA, Cannon RO,3rd. Divergent nitric oxide bioavailability
in men and women with sickle cell disease. Circulation 2003;107:271-8.
[190] Hebbel RP. The systems biology-based argument for taking a bold step in
chemoprophylaxis of sickle vasculopathy. Am J Hematol 2009;84:543-5.

www.intechopen.com

Oxidative Stress in Human Health and Disease

119

[191] Wu CJ, Krishnamurti L, Kutok JL, Biernacki M, Rogers S, Zhang W, Antin JH, Ritz J.
Evidence for ineffective erythropoiesis in severe sickle cell disease. Blood
2005;106:3639-45.
[192] Taylor JG 6, Nolan VG, Mendelsohn L, Kato GJ, Gladwin MT, Steinberg MH. Chronic
hyper-hemolysis in sickle cell anemia: association of vascular complications and
mortality with less frequent vasoocclusive pain. PLoS ONE 2008;3:e2095.
[193] Muller-Eberhard U, Javid J, Liem HH, Hanstein A, Hanna M. Plasma concentrations of
hemopexin, haptoglobin and heme in patients with various hemolytic diseases.
Blood 1968;32:811-5.
[194] Sultana C, Shen Y, Johnson C, Kalra VK. Cobalt chloride-induced signaling in
endothelium leading to the augmented adherence of sickle red blood cells and
transendothelial migration of monocyte-like HL-60 cells is blocked by PAFreceptor antagonist. J Cell Physiol 1999;179:67-78.
[195] Houston M, Estevez A, Chumley P, Aslan M, Marklund S, Parks DA, Freeman BA.
Binding of xanthine oxidase to vascular endothelium. Kinetic characterization and
oxidative impairment of nitric oxide-dependent signaling. J Biol Chem
1999;274:4985-94.
[196] Wood KC, Hsu LL, Gladwin MT. Sickle cell disease vasculopathy: a state of nitric
oxide resistance. Free Radic Biol Med 2008;44:1506-28.
[197] Endemann DH, Schiffrin EL. Endothelial dysfunction. J Am Soc Nephrol 2004;15:198392.
[198] Cai H, Harrison DG. Endothelial dysfunction in cardiovascular diseases: the role of
oxidant stress. Circ Res 2000;87:840-4.
[199] Griendling KK, FitzGerald GA. Oxidative stress and cardiovascular injury: Part II:
animal and human studies. Circulation 2003;108:2034-40.
[200] Griendling KK, Sorescu D, Lassegue B, Ushio-Fukai M. Modulation of protein kinase
activity and gene expression by reactive oxygen species and their role in vascular
physiology and pathophysiology. Arterioscler Thromb Vasc Biol 2000;20:2175-83.
[201] Griendling KK, Ushio-Fukai M. Reactive oxygen species as mediators of angiotensin II
signaling. Regul Pept 2000;91:21-7.
[202] Higashi Y, Noma K, Yoshizumi M, Kihara Y. Endothelial Function and Oxidative
Stress in Cardiovascular Diseases. Circ J 2009.
[203] Higashi Y, Noma K, Yoshizumi M, Kihara Y. Endothelial Function and Oxidative
Stress in Cardiovascular Diseases. Circ J 2009.
[204] Kato GJ, Hebbel RP, Steinberg MH, Gladwin MT. Vasculopathy in sickle cell disease:
Biology, pathophysiology, genetics, translational medicine, and new research
directions. Am J Hematol 2009;84:618-25.
[205] Wood KC, Hebbel RP, Lefer DJ, Granger DN. Critical role of endothelial cell-derived
nitric oxide synthase in sickle cell disease-induced microvascular dysfunction. Free
Radic Biol Med 2006;40:1443-53.
[206] De Caterina R, Libby P, Peng HB, Thannickal VJ, Rajavashisth TB, Gimbrone MA,Jr,
Shin WS, Liao JK. Nitric oxide decreases cytokine-induced endothelial activation.
Nitric oxide selectively reduces endothelial expression of adhesion molecules and
proinflammatory cytokines. J Clin Invest 1995;96:60-8.
[207] Libby P. Inflammation in atherosclerosis. Nature 2002;420:868-74.

www.intechopen.com

120

Insight and Control of Infectious Disease in Global Scenario

[208] Boger RH, Bode-Boger SM, Szuba A, Tsao PS, Chan JR, Tangphao O, Blaschke TF,
Cooke JP. Asymmetric dimethylarginine (ADMA): a novel risk factor for
endothelial dysfunction: its role in hypercholesterolemia. Circulation 1998;98:18427.
[209] Boger RH, Bode-Boger SM, Phivthong-ngam L, Brandes RP, Schwedhelm E, Mugge A,
Bohme M, Tsikas D, Frolich JC. Dietary L-arginine and alpha-tocopherol reduce
vascular oxidative stress and preserve endothelial function in hypercholesterolemic
rabbits via different mechanisms. Atherosclerosis 1998;141:31-43.
[210] Achan V, Broadhead M, Malaki M, Whitley G, Leiper J, MacAllister R, Vallance P.
Asymmetric dimethylarginine causes hypertension and cardiac dysfunction in
humans and is actively metabolized by dimethylarginine dimethylaminohydrolase.
Arterioscler Thromb Vasc Biol 2003;23:1455-9.
[211] Dayoub H, Achan V, Adimoolam S, Jacobi J, Stuehlinger MC, Wang BY, Tsao PS,
Kimoto M, Vallance P, Patterson AJ, Cooke JP. Dimethylarginine
dimethylaminohydrolase regulates nitric oxide synthesis: genetic and physiological
evidence. Circulation 2003;108:3042-7.
[212] Hill JM, Zalos G, Halcox JP, Schenke WH, Waclawiw MA, Quyyumi AA, Finkel T.
Circulating endothelial progenitor cells, vascular function, and cardiovascular risk.
N Engl J Med 2003;348:593-600.
[213] Szmitko PE, Fedak PW, Weisel RD, Stewart DJ, Kutryk MJ, Verma S. Endothelial
progenitor cells: new hope for a broken heart. Circulation 2003;107:3093-100.
[214] Finkel T, Holbrook NJ. Oxidants, oxidative stress and the biology of ageing. Nature
2000;408:239-47.

www.intechopen.com

Insight and Control of Infectious Disease in Global Scenario
Edited by Dr. Roy Priti

ISBN 978-953-51-0319-6
Hard cover, 442 pages
Publisher InTech

Published online 21, March, 2012

Published in print edition March, 2012
This book is projected as a preliminary manuscript in Infectious Disease. It is undertaken to cover the foremost
basic features of the articles. Infectious Disease and analogous phenomenon have been one of the main
imperative postwar accomplishments in the world. The book expects to provide its reader, who does not make
believe to be a proficient mathematician, an extensive preamble to the field of infectious disease. It may
immeasurably assist the Scientists and Research Scholars for continuing their investigate workings on this
discipline. Numerous productive and precise illustrated descriptions with a number of analyses have been
included. The book offers a smooth and continuing evolution from the principally disease oriented lessons to a
logical advance, providing the researchers with a compact groundwork for upcoming studies in this subject.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:
Isaac K. Quaye (2012). Oxidative Stress in Human Health and Disease, Insight and Control of Infectious
Disease in Global Scenario, Dr. Roy Priti (Ed.), ISBN: 978-953-51-0319-6, InTech, Available from:
http://www.intechopen.com/books/insight-and-control-of-infectious-disease-in-global-scenario/oxidative-stressin-health-and-disease

InTech Europe

University Campus STeP Ri
Slavka Krautzeka 83/A
51000 Rijeka, Croatia
Phone: +385 (51) 770 447
Fax: +385 (51) 686 166
www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai
No.65, Yan An Road (West), Shanghai, 200040, China
Phone: +86-21-62489820
Fax: +86-21-62489821

© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

