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Influenza continues to be a significant threat to global public health.
Even annual vaccination fails to prevent complicated illness and death.
The findings in various studies suggest that severe disease is attributed
to pulmonary complications — primary viral and secondary bacterial
pneumonia. A number of investigations on influenza virus infection
in the mouse model demonstrate that overproduction of free radicals,
including nitric oxide (NO), contributes to the development of pneu-
monia during influenza virus infection. The role of NO on influenza
virus infection in mice and differences between inducible nitric oxide
synthase activation in mouse and human systems are discussed in this
review. The biosynthesis of NO, mechanisms for regulation of NO pro-
duction, nitrative stress during pathogenesis of various microbial infec-
tions are overviewed as well.
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INTRODUCTION

seen four influenza pandemics: HINI in 1918,
H2N2 in 1957, H3N2 in 1962, and H1N1 in 2009

Influenza, in its zoonotic, seasonal epidemic and
pandemic forms, causes a substantial impact on
global public health. Every year, an estimated
500,000 deaths worldwide, both of very young
children, but mostly older adults, are attribut-
ed to seasonal influenza virus infections (World
Health Organization, 2009). The past 100 years have
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(Simonsen et al., 1998; Bautista et al., 2010). With
each pandemic came a spike in hospitalization and
death rates in addition to a higher proportion of
deaths in people under the age of 65, although the
relative impact varied widely with the different vi-
ruses (Simonsen et al., 1998; Belongia et al., 2010).
On May 28, 2010 worldwide more than 214 coun-
tries and overseas territories or communities have
reported laboratory confirmed cases of pandemic
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influenza HIN1 2009, including over 18,114 deaths
(Belongia et al., 2010).

Although pandemic and seasonal influenza usu-
ally cause self-limited illnesses, a small percentage
of cases are fatal (Taubenberger, Morens, 2008).
The findings in various studies suggest that severe
disease is associated with the development of in-
fluenza viral pneumonia (Taubenberger, Morens,
2008; Gill et al., 2010; Morens et al., 2008; Mulder,
Hers, 1972; Kuiken, Taubenberger, 2008), with or
without secondary bacterial pneumonia (Morens
et al., 2008; McCullers, 2008; Klugman et al., 2009).
Influenza precedes outbreaks of certain bacterial
infections, for example, pneumococcal or staphy-
lococcal (Kuster et al., 2011; Tasher et al., 2011).
Some of the pulmonary abnormalities of fatal in-
fluenza viral pneumonia might be induced by the
release of host inflammatory mediators, rather than
by a direct viral cytopathic effect (Kash et al., 2006;
De Jong et al., 2006).

Results of mouse respiratory infection models
clearly demonstrate the contribution of free radi-
cals, including nitric oxide (NO), to the develop-
ment of acute lung inflammation and mouse mor-
tality during the viral infection (Akaike et al., 1996;
2003; Ricciardolo, 2003; Xiong et al., 1999; Karu-
piah et al., 1998; Domachovske et al., 2001; Suli-
man et al., 2001; Shanley et al., 2002).

Biosynthesis of nitric oxide

In the respiratory tract, NO is produced by a wide
variety of cell types, including epithelial cells, air-
way nerves, inflammatory cells (monocytes, mac-
rophages, neutrophils, mast cells) and vascular
endothelial cells (Ricciardolo, 2003; Barnes, Bel-
visi, 1993). NO is synthesized from L-arginine in a
reaction catalyzed by a family of nitric oxide syn-
thase (NOS) enzymes. Conversion of L-arginine
to NO and L-citrulline requires also nicotinamide
adenine dinucleotide phosphate (NADPH) and
oxygen (O,) as co-substrates and tetrahydrobi-
opterin (BH,), flavin adenine dinucleotide (FAD),
flavin mononucleotide (FMN) and iron (heme) as
cofactors (Ricciardolo, 2003; Hobbs, Ignarro, 1997).
The NOS is structurally divided into two major
domains, the reductase and oxygenase domains
(Ricciardolo, 2003; Marletta, 1993). Calmodulin
couples these domains and transfers electrons be-
tween flavins and the heme moiety (Ricciardolo,
2003; Abu-Soud, Stuehr, 1993).

The NOS exists in three distinct isoforms. Con-
stitutive neural NOS (nNOS or NOS I) is predomi-
nantly expressed within neurons in brain and pe-
ripheral nervous system. Constitutive endothelial
NOS (eNOS or NOS III) is mainly expressed in
endothelial cells (Ricciardolo, 2003; Forstermann
et al,, 1991). Increase in free intracellular calcium
concentration ([Ca?']) stabilizes the binding of
calmodulin to eNOS and nNOS, and activates the
enzyme to produce NO. NO production by consti-
tutively expressed NOSs is transient and short last-
ing (Ricciardolo, 2003; Forstermann et al., 1991;
Korhonen et al., 2005).

The third isoform of NOS family is the inducible
NOS (iNOS, NOS II). Exposure to microbial pro-
ducts such as lipopolysaccharide (LPS) and double
stranded (ds) RNA or proinflammatory cytokines
induces the expression of iNOS gene in various in-
flammatory and tissue cells. Binding of calmodu-
lin to iNOS is tight even at low [Ca**] and it can
constantly produce high levels of NO for prolonged
periods (Ricciardolo, 2003; Korhonen et al., 2005;
Morris, Billiar, 1994; Bogdan, 2001).

Regulation of inducible nitric oxide synthase ex-
pression

Human iNOS shares 80% homology to murine
iNOS at the amino acid levels (Chartrain et al.,
1994; Guo et al., 2006), but translation of the re-
sults describing the mechanisms of mouse iNOS
expression to that of human is not always straight-
forward. The size of the iNOS promoter differs
greatly between mouse (~1.5 kb) and man (up to
16 kb) (Lowenstein et al., 1993). Many mouse cells
readily express iNOS in response to LPS or to a
single cytokine, whereashuman cellsusuallyrequire
a combination of different cytokines for detectable
iNOS expression and NO synthesis (Korhonen
et al.,, 2005). Unlike rodent mononuclear phago-
cytes and granulocytes, both human macrophages
and monocytes do not release significant amounts
of NO in vitro when stimulated with the classical
iNOS inducers - interferon-gamma (IFN-y) and
lipopolysaccharide, although in vivo NO produc-
tion during inflammatory processes seems evident
(Muijsers et al., 2001). iNOS has been immunolo-
calized within the airway cells or human lung tissue
that has been obtained from patients with acute re-
spiratory distress syndrome, bacterial pneumonia,
lung cancer, pulmonary sarcoidosis, idiopathic
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pulmonary fibrosis and asthma (Sittipunt et al.,
2001; Tracey et al., 1994; Liu et al., 1998; Moodley
et al., 1999; Saleh et al., 1997; Shiloh et al., 1999).
Alveolar macrophages isolated from the lungs of
patients with tuberculosis or acute respiratory dis-
tress syndrome (ARDS) following sepsis have been
shown to express iNOS (Nicholson et al., 1996;
Kobayashi et al., 1998). Uetani et al. (2000) in their
study showed induction of iNOS gene expression
in human airway epithelial cells by influenza A vi-
rus or synthetic dsSRNA.

Despite the differences noted above, similari-
ties exist between murine and human iNOS genes
in terms of activating factors and conditions. The
viral replication or viral components, bacterial
LPS and cytokines, such as interleukin 1B (IL-1p),
tumor necrosis factor a (TNF-a), interferon a/p
(IFN-a/p) and IFN-y can stimulate expression of
the iNOS gene in both mouse and human cells
during infectious processes. These inducers me-
diate the activation of cellular transcription fac-
tors — nuclear factor kB (NF-xB), signal transducer
and activator of transcription (STAT), interferon
regulatory factor 1 (IRF-1), which, in turn, bind
to their respective binding sites in the promoter
region of iNOS gene and initiate transcription of
the gene (Lowenstein et al.,, 1993; Taylor, Geller,
2000; Akaike, Maeda, 2000; Jacobs, Ignarro, 2001;
Kacergius, Ambrozaitis, 2003).

The expression of iNOS is regulated at tran-
scriptional and posttranscriptional levels (Turp-
einen et al,, 2011). LPS and IFN-y induce mouse
iNOS promoter activity 50-100-fold (Lowenstein
et al., 1993). Cytokine stimulation increases hu-
man iNOS promoter activity only approximately
7- to 10-fold, while mRNA expression increases
more than 100-fold (Rodriguez-Pascual et al., 2000;
De Vera et al., 1996). This demonstrates important
differences in transcriptional and posttranscrip-
tional regulation of iNOS expression between
mouse and human cells (Turpeinen et al., 2011).
Recent evidence supports the idea that regulation
of iNOS mRNA stability is an important means
to regulate iNOS expression. In the unstimulated
macrophages and monocytes, nuclear run-on as-
says show continuous iNOS transcription, where-
as human iNOS promoter constructs have basal
activity (Korhonen et al., 2005). However, no iNOS
mRNA or protein can be detected within the un-
stimulated macrophages and monocytes, indicat-

ing the highly unstable nature of iNOS mRNA
is highly unstable in these cells (Korhonen et al,,
2005).

Role of nitric oxide during infections: molecular
mechanisms of action

During microbial infections, excessive NO pro-
duced by iNOS has diverse functions ranging from
antimicrobial and antiinflammatory host defense
and cytoprotection to proinflamatory and cyto-
toxic activities (Zaki et al., 2005). The host defense
function of NO is best characterized by antimicro-
bial and cytoprotective activities that have been ob-
served in bacterial, fungal, and parasitic infections
(Nathan, Hibbs, 1991; Doi et al., 1993; Umezawa
et al., 1997; James, 1995). In contrast, NO-media-
ted inflammation and pathogenesis have been do-
cumented in several diseases including arthritis,
encephalitis, ulcerative colitis, and viral infections
(Akaike et al., 1996; Moncada et al., 1991; Nathan,
Xie, 1994; Liew, 1995).

The chemical and biological reactivities of NO
produced in inflamed tissues during infection or
inflammation are greatly affected by concomitant
production of oxygen radicals, particularly super-
oxide (O2°) and hydrogen peroxide. The interac-
tion of NO with reactive oxygen species causes
formation of several reactive nitrogen oxides, such
as peroxynitrite (ONOO") and nitrogen dioxide
(NO,). Excessive peroxynitrite formation leads to
the formation of nitrated proteins, inhibition of mi-
tochondrial respiration, depletion of cellular ener-
gy, nucleic acid damage, apoptosis and necrotic cell
death, resulting in cellular/tissue injury (Korho-
nen et al., 2005; Zaki et al., 2005; Szabo et al., 2007)
(Figure).

3-Nitrotyrosine has been used as a marker of
peroxynitrite formation and tissue injury. Tyrosine
nitration is becoming increasingly recognized also
as a functionally significant protein modification.
Nitration of proteins and enzymes modulates their
catalytic activity, cell signaling and cytoskeletal or-
ganization (Korhonen et al., 2005; Zaki et al., 2005;
Szabo et al., 2007).

Another marker of nitrative stress during viral in-
fections is 8-nitroguanosine, which is formed by ni-
tration of guanosine by ONOO™ or NO, (Zaki et al.,
2005). The first report of NO-dependent guanosine
nitration during viral infection in vivo was pro-
vided in 2003 (Akaike et al., 2003). In that study,
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extensive 8-nitroguanosine formation in bron-
chial and bronchoalveolar epithelial cells during
both influenza virus and Sendai virus infection was
demonstrated. The 8-nitroguanosine formation
correlated well with NO production and 3-nitroty-
rosine generation. Contrariwise, 8-nitroguanosine
staining was absent in the airways of iNOS™~ mice
infected with influenza virus. In subsequent studies,
certain unique features of 8-nitroguanosine were
identified. This line of work established that 8-ni-
troguanosine has a potent redox-active property
and mutagenic potential. Electron spin resonance
(ESR) analysis determined that 8-nitroguanosine
stimulated generation of O, from cytochrome
P450 reductase and iNOS (Akaike et al., 2003;
Sawa et al., 2003). This process is pathophysiologi-
cally significant because O] causes increased oxi-
dative damage and ONOO"™ formation (Zaki et al.,
2005).

ONOO" not only damages host tissues and cells
in a nonselective manner, it also affects biomole-
cules of a host in a relatively selective fashion. For
example, ONOO™ activates matrix metalloprotei-
nases (MMPs) - the enzymes that participate in
the destruction of the extracellular matrix, which
leads to tissue damage and remodeling (Okamoto
et al., 2001; 2004). MMPs are also known to have
a critical role in apoptosis induction (Okamoto
et al., 2004). ONOO readily inactivates both tis-
sue inhibitor of MMP and al-proteinase inhibi-
tor, which is a major proteinase inhibitor in hu-
man plasma (Moreno, Pryor, 1992; Frears et al.,
1996).

ONOO™ also activates cyclooxygenase - the
key enzyme for production of potent inflammat-
ory prostaglandins (Landino et al.,, 1996). Thus,
ONOO™ produced during virus-induced inflam-
mation may promote tissue injury in many ways.

Other important functions of ONOO™ include
the induction of apoptosis and necrosis, possibly
via mitochondrial damage, which leads to cyto-
chrome c release (Hortelano et al., 1999).

During viral and other microbial infections, NO
is produced by iNOS in macrophages and phago-
cytic cells as an innate host response to the infect-
ious agent. Studies with murine models on the
molecular mechanism of iNOS activation revealed
that several cytokines, including IFN-y, TNF-a,
and IL-1, are responsible for this activation, with
IFN-y playing the pivotal role (Drapier et al., 1988;

Xie et al., 1993). IFN-y is a cytokine of major im-
portance for inducing iNOS and NO overproduc-
tion during viral infections (Zaki et al., 2005).

Role of nitric oxide on influenza virus infection
in mice

As an effector molecule produced by phagocytic
cells, NO has antiviral activity that is associated
with nonspecific damage of host cells and tissues
worsening the clinical course of viral infections.
Therefore, in spite of the antiviral activity, excessive
production of NO may facilitate viral pathogenesis
(Zaki et al., 2005). This was demonstrated in a se-
ries of investigations on influenza virus infection in
mice.

In 1996, Akaike et al. (1996) demonstrated that
overproduction of NO in mouse lungs during in-
fluenza virus infection leads to the development
of pneumonia. Both the enzymatic activity and
mRNA expression of the iNOS were greatly in-
creased in the mouse lungs, and it was mediated
by IFN-y. The time profile of iNOS induction in
the lung correlated well with that of pulmonary
consolidation rather than that of viral replication
(iNOS expression began to increase on the 4th day
after virus infection followed by rapid increment
until 8 days after infection and diminished quickly
thereafter). To establish the occurrence of NO over-
production directly in the mouse lung after infect-
ion with influenza virus, lung tissue was analyzed
via ESR spectroscopy with a dithiocarbamate and
iron complex as a spin trap for NO. Inhibition of
NO by N°-monomethyl-L-arginine (L-NMMA)
treatment of the influenza virus-infected mice re-
sulted in significant improvement of the survival
rate. Immunohistochemistry with a specific anti-
3-nitrotyrosine antibody showed intense staining
of alveolar phagocytic cells, such as macrophages
and neutrophils, and intraalveolar exudate in the
virus-infected lung. 3-Nitrotyrosine formation as a
consequence of peroxynitrite caused protein nitrat-
ion thus indicating generation of peroxynitrite in
the pathological process of influenza virus-induced
pneumonia (Akaike et al., 1996).

NO-mediated pathogenesis of viral pneumonia
was further investigated using genetically deficient
iNOS™~ mice. The results revealed that influenza
virus infection of the wild-type (iNOS**) mice in-
creased NO levels in the bronchoalveolar lavage
fluid and led to high mortality apparently because
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of the associated consolidating pneumonitis with
massive inflammatory foci and edema within the
lungs. The mice lacking the iNOS gene survived
with little histopathologic evidence of pneumo-
nitis (Karupiah et al., 1998).

Protein nitration as indicated by formation of
3-nitrotyrosine is not the only marker of nitrative
stress occurring during viral infections (Zaki et al.,
2005). In 2003, Akaike et al. reported NO-depend-
ent nucleic acid damage during viral infection
in vivo with guanosine nitration and 8-nitroguano-
sine formation. Wild-type mice and mice deficient
in iNOS were infected with influenza or Sendai vi-
rus. Formation of 8-nitroguanosine in the virus-in-
fected lungs was assessed immunohistochemically
with an antibody specific for 8-nitroguanosine.
The most intense immunostaining for 8-nitro-
guanosine was detected in bronchial and bron-
chiolar epithelial cells at 6-8 days post infection.
The staining was lighter in alveolar macrophages.
The time profile of 8-nitroguanosine production
correlated well with that of NO production and
3-nitrotyrosine generation during influenza virus
infection. Moreover, the 8-nitroguanosine staining
colocalized with iNOS immunostaining and was
absent in the airways of iNOS™~ mice infected with
influenza virus. A significant improvement of the
survival as well as reduced pathological change in
the lung was found in both iNOS™~ and iNOS*~
mice compared with iNOS** mice. iNOS** mice
infected with influenza virus or Sendai virus had
extensive inflammatory cell infiltration and alveo-
lar exudates as well as destruction of pulmonary
architecture, whereas in the iNOS”~ mice these
changes were significantly less. It is noteworthy
that 8-nitroguanosine markedly stimulates O;
generation from cytochrome P450 reductase and
iNOS in vitro (De Jong et al., 2006).

The enhanced antiviral antibody secretion and
attenuated immunopathology during influenza vi-
rus infection was also reported in the study with
iNOS-deficient mice (Jayasekera et al., 2006). The
data of this investigation suggest that an increased
virus-specific antibody response, rather than an
enhanced cytotoxic T-cell response, may account
for the reduced susceptibility of iNOS”~ mice to
influenza A virus infection. Previous studies have
demonstrated that influenza A virus replication is
sensitive to CD8+ T cell-mediated cytolysis, NK-
cell effector activity and the presence of virus-spe-

cific antibody (Bender et al., 1992; Mozdzanowska
et al., 1997; Stein-Streilein, Guftee, 1986). Each of
these components of the immune response during
infection of iNOS”~ mice with a sublethal dose of
virulent influenza A virus was examined in this
study. Both influenza A virus specific CD8+ T-
cell and NK-cell cytolytic activities were similar
in iNOS™~ and iNOS** mice. Thus, the T-cell and
NK-cell cytotoxic responses do not contribute to
the increased viral clearance in iNOS~~ mice. How-
ever, the virus-infected iNOS”~ mice produced
higher levels of virus-specific IgG2a antibody. Fur-
thermore, more viable B cells and plasmablasts,
along with greater levels of IFN-y, were found in
iNOS™" splenocyte cultures stimulated with B-cell
mitogens. iNOS”~ mice demonstrated a delay in
manifestation of clinical illness and developed a
statistically lower clinical illness score from day 7 of
infection compared with iNOS** mice. Also, there
was a significant attenuation in the extent of lung le-
sions in iNOS™~ mice. Inflammatory cell migration
and proinflammatory cytokine production were at-
tenuated significantly in the lungs of influenza A
virus-infected iNOS”~ mice. Importantly, this cor-
related directly with lower clinical illness and lung
lesions observed in iNOS™~ mice, suggesting that
iNOS exacerbates viral pneumonia by contributing
to the recruitment of inflammatory leucocytes and
to the prolonged expression of proinflammatory
cytokines (Jayasekera et al., 2006).

In a recently performed study with mice,
Aldridge et al. (2009) analyzed the new possibility
for a new therapeutic intervention proposed for the
case of a catastrophic pandemic. They showed that
challenging mice with virulent influenza A viruses,
including H5N1 strains, caused an increased select-
ive accumulation of a particular dendritic cell sub-
set, the TNF-a/iNOS-producing DCs (tipDC), in
the pulmonary airways. However, although it might
be expected that eliminating the tipDCs would
ameliorate the disease process, the authors found
the opposite phenomenon. The tipDCs also drive a
local, protective CD8* “killer” T cell response in the
virus-infected respiratory tract. Most interestingly,
this study established that partially compromising
tipDC recruitment can be protective. Giving mice
the peroxisome proliferator-activated receptor-y
agonist pioglitazone diminishes but does not pre-
vent tipDC recruitment, while allowing for sufhi-
cient CD8" T cell expansion to protect against an
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otherwise lethal or at least highly pathogenic influ-
enza virus challenge (Aldridge et al., 2009).

It is noteworthy that not only influenza virus
infection causes pulmonary pathology associated
with iNOS. Other pneumotropic viral infections
are also responsible for NO induced damage of
lung tissues. A study with herpes simplex virus type
1 (HSV-1)- induced pneumonia in mice was per-
formed (Adler et al., 1997). Immunohistochemical
staining demonstrated iNOS induction and the ni-
trotyrosine antigen in the lungs of infected, but not
of uninfected mice, suggesting that NO contributes
to the development of pneumonia. Infected mice
treated with the NOS inhibitor, N®~-monomethyl-1-
arginine (1-NMMA), had less histological evidence
of pneumonia, improved survival and pulmonary
compliance of HSV-1 infected mice compared with
those receiving placebo treatment, despite the pre-
sence of high pulmonary viral titers (Adler H et al.,
1997).

Stark etal. (2005) examined the effect of respirat-
ory syncytial virus (RSV) infection on expression
of iNOS and the role of NO in the host responses
to RSV in vivo. NO production, iNOS mRNA and
protein levels were significantly increased in RSV-
infected mice, and immunohistochemical analysis
clearly identified iNOS in the respiratory epithe-
lium. Suppression of NO synthesis using iNOS
inhibitors increased RSV titers in the lungs, on
the other hand, it reduced lung inflammation and
RSV-induced airway hyper-responsiveness (Stark
et al., 2005).

Role of nitric oxide on influenza virus infection
in humans

Data about the implication of NO to the patho-
genesis of influenza virus infection in humans are
lacking. After the recent 2009 pandemics, more
studies focused on human lung histopathology in
the course of influenza A (HIN1) virus infection
were performed, with greater attention paid to ni-
trative stress.

Increased NO and reactive oxygen species form-
ation plays a critical role in lung dysfunction during
acute lung injury and ARDS (Sittipunt et al., 2001;
Kobayashi et al., 1998). Nin et al. (2012) analysed
light microscopy findings as well as changes in the
nitro-oxidative stress in lung tissue samples from
pandemic 2009 influenza (A/HINT1) viral pneumo-
niaand ARDS fatalities. Study specimens came from

6 intensive care unit patients with lethal A/HIN1
influenza viral pneumonia. The most predominant
pathological findings were diffuse alveolar damage,
accompanied by hemorrhage in all cases and necro-
tizing bronchiolitis. All cases showed increased ty-
rosine nitration in the immunofluorescence stud-
ies, which indicates formation of peroxynitrite
and subsequent protein nitration. The iNOS pro-
tein levels were increased in all cases. In addition,
oxidized dihydroethidium staining, indicating the
formation of oxygen free radicals, was increased in
all cases. The increased oxidized dihydroethidium
and nitrotyrosine reactivity were observed even
in cases with prolonged ARDS, suggesting a role
for prolonged oxidative and nitrative stress in the
pathogenesis of ARDS in HIN1 influenza virus in-
fection despite antiviral treatment. Other data from
this study demonstrated viral proteins within mac-
rophages and type I pneumocytes indicating they
may remain in lung tissues for prolonged periods
of time (Nin et al., 2012) and possibly participating
in the prolongation of the inflammatory response.

In another study, a detailed histopathological
analysis of the open lung biopsy specimens from
five patients with ARDS with confirmed HIN1
was performed (Capelozzi et al., 2010). Lung
specimens underwent microbiologic analysis
and examination by optical and electron micro-
scopy. Immunophenotyping was used to charac-
terize macrophages, natural killer, T and B cells
as well as the expression of cytokines and iNOS.
Ultrastructural analysis showed viral-like par-
ticles in bronchiolar and alveolar epithelial cells
in all cases. The main pathological findings re-
vealed necrotizing bronchiolitis and diffuse al-
veolar damage; the altered respiratory epithelial
cells probably served as the primary target of
the infection. In these cases, expression in the
lung of IFN-y by small mononucleated cells and
TNF-a by macrophages and alveolar epithelial
cells was low. Conversely, a very strong expres-
sion of IL-4, IL-10 and iNOS by macrophages was
found. The results of this study indicate that in
swine-origin influenza virus infection, altered in-
nate and adaptive immune responses may lead to
incomplete virus eradication in the primary tar-
get of the infection and, consequently, imbalance
between inflammation and immune down-regulat-
ion resulting in bronchiolar obliteration and dif-
fuse alveolar damage (Capelozzi et al., 2010).
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The nitrative stress during influenza infection
may be evaluated not only by histopathological
findings in the lungs, but also serologically. In 2011
Al-Nimer et al. (2011) evaluated the levels of NO
and peroxynitrite in the serum of patients dur-
ing seasonal and pandemic HIN1 infection. They
found the greater levels of serum NO and peroxy-
nitrite in patients infected with seasonal and pan-
demic HINT influenza as compared to the healthy
control subjects. Although side-by-side compari-
sons may not be valid, it is interesting to note that
the reported serum concentrations of reactive ni-
trogen species were higher in seasonal influenza
patients than pandemic influenza patients.

CONCLUSIONS

Despite the differences between murine and hu-
man iNOS genes and their induction mechanisms,
the evidence supports that infectious processes,
including influenza, can trigger a nitrative stress
in human lungs contributing to the pulmonary in-
flammation and tissue injury. More investigations
need to be performed in order to extend our under-
standing on the role of reactive nitrogen oxides in
inflammation and on the mechanisms that regulate
iNOS expression, especially in human cells. This
may offer new insights for the development of no-
vel treatment of diseases complicated by increased
iNOS expression and NO overproduction.
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AZOTO OKSIDO REIKSME GRIPO INFEKCIJOS
ATVEJU

Santrauka

Gripo infekcija iSlieka aktuali sveikatos problema vi-
same pasaulyje dél $ios ligos sukelty komplikacijy ir
mirties atvejy. Dauguma mirciy gripo protrikio metu
biina susije su virusinés ar bakterinés kilmeés plauciy
pazeidimu. Istirta, kad plaucdiy pazeidimg sergant gripu
salygoja laisvyjy radikaly, tokiy kaip azoto oksido, pa-
gauséjimas.

Straipsnyje apZvelgiama azoto oksido reik§meé peliy ir
zmoniy gripo infekcijos atveju, aptariami indukuojamos
azoto oksido sintetazés aktyvavimo skirtumai Zmonéms
ir peléms; taip pat aprasoma azoto oksido biosintezé, jo
gaminimosi reguliavimas bei nitratinis stresas jvairiy
mikrobiniy infekcijy metu.

Raktazodziai: gripo viruso infekcija, azoto oksidas,

indukuojama azoto oksido sintetazé



