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Abstract:

The influenza virus (influenza) infection causes an intense infiltration of pulmonary tissues by macrophages, which abundantly

generate a free radical, nitric oxide (NO) resulting in lung damage. Neuraminidase inhibitors (NIs) restrict influenza virus replication

but whether they can suppress NO production within macrophages is unknown. RAW 264.7 macrophages were exposed to

interferon-gamma (IFN-�), live influenza (A/PR/8/34) or a combination of both and were treated with NIs (oseltamivir or

zanamivir). Results revealed that the drugs reduced a synergy between influenza and IFN-� in NO synthesis within the cells at all of

the used concentrations (0.01, 0.1, 1 µg/ml). In contrast to zanamivir, this effect occurred in a concentration-dependent manner with

oseltamivir treatment. On the other hand, all concentrations of zanamivir significantly suppressed NO production in comparison to

that upon the combined exposure only (p < 0.05). Both compounds also considerably decreased NO generation in the

IFN-�-stimulated macrophages, and zanamivir in the influenza-infected cells as well. However, neither of the drugs inhibited iNOS

mRNA expression in the cells containing these stimulants. Additionally, the data indicate that a prodrug oseltamivir can be activated

in vitro within the macrophage cultures. These findings are important for designing treatment approaches to limit pulmonary

inflammation during influenza infection.
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Abbreviations: bp – base pair, CPE – cytopathic effect,

DMEM – Dulbecco’s modified Eagle medium, iNOS – inducible

nitric oxide synthase, NI – neuraminidase inhibitor, NO – nitric

oxide, NO�

� – nitrite, OD – optical density, rIFN-� – recombi-

nant interferon-gamma, RT-PCR – reverse transcriptase-

polymerase chain reaction, SEM – standard error of the mean,

TCID�� – 50% tissue culture infectious dose

Introduction

Influenza remains a serious respiratory infection caus-

ing high rates of morbidity and mortality. The vast

majority of deaths during the outbreaks of influenza

occur because of the resultant pneumonia [17]. In the

past decade, several studies in mouse models demon-

strated that overproduction of free radicals, including

nitric oxide (NO), contributes to the development of

pneumonia during influenza virus infection [1, 2].

Pulmonary inflammation is a characteristic feature of the

immune response to primary influenza virus infection,

and also promotes the production of proinflammatory cy-

tokines and recruitment of macrophages into the lungs.

Cytokines, like tumor necrosis factor-alpha (TNF-�) and

interferon-gamma (IFN-�) stimulate the production of in-

ducible nitric oxide synthase (iNOS) leading to NO syn-
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