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Summary. Influenza virus infection, induced experimentally in mice, was

associated with marked changes in lung morphology viz. epithelial damage

with focal areas of reactive papillary hyperplasia, infiltration of leukocytes and

development of oxidative stress, as evidenced by increased superoxide

radical production and lipid peroxidation (LPO) products by alveolar macro-

phages. These effects were observed on the 5th day after virus instillation.

The levels of superoxide and LPO were measured spectrophotometrically by

the nitroblue tetrazolium (NBT) assay and thiobarbituric acid reactive species

(TBARS) assay, respectively. The former increased by 1.5–2 fold and the

latter was raised by 85% when compared with normal control. Supplementa-

tion of intranasal viral instillation with the anti-oxidant, Quercetin, given orally,

resulted in a significant decrease in the levels of both superoxide radicals and

LPO products. There was also a significant decrease in the number of

infiltrating cells. A mild to moderate protective effect was observed in lung

morphology. Thus, Quercetin may be useful as a drug in reducing the

oxidative stress induced by influenza virus infection in the lung, and protect

it from the toxic effects of the free radicals.
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Influenza virus is an important human pathogen, which

causes worldwide epidemics and pandemics (Khanna &

Kumar 2002). The pathogenesis of the influenza virus

involves various factors and, despite considerable

research over many decades, the exact mechanism(s)

behind it still remain to be elucidated. The lung is one of

the most widely investigated targets for influenza virus

infection and potentially at high risk of injury mediated by

oxygen-derived free radicals and lipid peroxidation

products (Kornbrust & Mavis 1980; Cees et al. 1991).

Infiltration by leukocytes in the lung produces reactive
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oxygen species (ROS), which are normally involved

in killing of microorganisms that invade the body. The

involvement of ROS in the pathogenesis of influenza

virus infection has gained importance during the past

decade (Oda et al. 1989; Akaike et al. 1990; Buffington

et al. 1992). Oxidative stress is defined as an imbalance

between anti-oxidants and pro-oxidants in favour of pro-

oxidants. Treatment with anti-oxidant enzymes and

Vitamin E reduces free radical formation and decreases

the pathogenicity of the influenza virus (Christen et al.

1990; Hennet et al. 1992a; Jacoby & Choi 1994;

Peterhans 1997a; Mileva et al. 2000). The mechanisms

behind the protective action of anti-oxidants and their

possible use for the prevention and treatment of

influenza virus infection are areas in which researchers

and clinicians have shown keen interest in the recent

past (Jacoby & Choi 1994; Akaike et al. 1996; Peterhans

1997a). There are a few studies, which have reported

that Quercetin, a bioflavonoid, prevents lipid peroxida-

tion and scavenges superoxide radicals (Peter et al.

1995; Peterhans 1997b; Johnson & Loo 2000; O’Brien

et al. 2000). However, its role in lung morphology during

influenza virus infection is not well established.

In the present study, we investigated the histopatho-

logical changes in the lungs of influenza virus infected

mice with and without oral supplementation with

Quercetin. Simultaneously, we studied its effect on the

levels of superoxide and lipid peroxidation products. It

was anticipated that the results may throw some light on

the usefulness of Quercetin as a protective agent in the

lung pathology associated with influenza virus infection.

Materials and methods

Animal infection and treatment

BALB/c male mice (14–16g) were fasted for 24 h before

the study. These were distributed into four groups as

follows: Group I (n¼ 6) – control group (healthy animals);

Group II (n¼ 6)–mice infectedwith influenzavirusA/Udorn/

317/72(H3N2) 1.5mg of LD50 by intranasal instillation;

Group III (n¼ 6) – mice infected intranasally with influenza

virus A/Udorn/317/72(H3N2) 1.5mg of LD50 and supple-

mented orally with Quercetin in a dose of 1mg/day for

5 consecutive days; Group IV (n¼ 6) – mice treated

orally withQuercetin in a dose of 1mg/day for 5 consecutive

days.

Virulence of the influenza virus is well expressed on

the 5th to 6th days after virus instillation (Oda et al. 1989;

Gorbunov et al. 1992; Choi et al. 1996). Hence the

animals were sacrificed on the 5th day.

Influenza virus A/Udorn/317/72(H3N2) was obtained

from CDC Atlanta.

Histopathological analysis of the lungs

The lungs were fixed by intratracheal instillation of buf-

fered 20% formaldehyde solution. Lung sections were

embedded in paraffin, sectioned and stained with

haematoxylin and eosin.

Preparation and purification of alveolar macrophages

Alveolar macrophages were collected as described by

Richard et al. (1984). Briefly, 0.5mL of 0.5 M PBS was

injected into the lungs and the return fluid was collected

with a sterile syringe. This process was repeated until

the lung was lavaged with a total of 5mL of PBS. The

collected fluid was pooled, and centrifuged at 650g for

10min at 4 �C and the supernatant was discarded.

Alveolar macrophage enrichment was achieved by a

one-step adherence procedure as described by Holt

(1979). In brief, cell suspensions were plated into

60mm plastic Petri dishes and incubated at 37 �C with

5% CO2 for 1.5 h. The monolayer was washed

vigorously in medium with a Pasteur pipette to remove

non-adherent cells. Alveolar macrophages were scraped

and the pellet was re-suspended in RPMI, and viability

counts were performed by trypan blue exclusion.

Assessment of superoxide radical production

Nitroblue tetrazolium (NBT) reduction assay was carried

out to assess the superoxide radical generation capacity

of alveolar macrophages, as described by Baehner &

Nathan (1968). In brief, 500mL of cell suspension

adjusted to a density of 1� 106 macrophage/mL of

each of the various animal groups (Control, Infected,

Infected þ Quercetin treated, Quercetin treated) was

mixed with 500mL of 0.2% NBT in PBS and incubated

for 15min at 37 �C in a humid chamber. Tubes were

spun down at 650g for 5min at 4 �C. The supernatant

was discarded and 1mL of N,N-dimethyl formamide was

added to the pellet. The pellet was dispensed and placed

at 56 �C for 60min. The supernatant was collected and

absorbance was recorded at 520 nm.

Lipid peroxidation

Mice lung microsomes used for lipid peroxidation studies

were prepared by the method of Ernster et al. (1968). In

brief, freshly excised mouse lung was suspended in

0.25M sucrose solution and homogenized to obtain a
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30% homogenate, which was centrifuged at 10 000g for

30 �C min at 4 �C. The supernatant was spun at

100 000g for 1 h and the surface of pelleted microsomes

was rinsed with 0.15 M KCl and resuspended in 0.15 M

KCl. Protein was measured by the method of Lowry

et al. (1951). The homogenate was dissolved in PBS to

contain 1mg/mL of protein.

Endogenous LPO products reacting with 2-thiobarbituric

acid (TBA-reactive substances, TBARS) were measured

spectrophotometrically (lmax¼ 532nm) as described by

Asakawa & Matsushita (1980).

Statistical analysis

The data were analysed with one-way analysis of vari-

ance (ANOVA) followed by Student t-test. All the results

are expressed as mean �SD.

Results

Effect of instillation of influenza virus and

supplementation of Quercetin on lung morphology

BALB/c mice were infected intranasally with influenza

A/Udorn/317/72(H3N2) 1.5mg of LD50. The first symp-

toms of disease, such as piloerection, reduced food intake

and lethargy were apparent by 5days post instillation. The

lung fluid was influenza positive by the haemagglutination

test (HA) and the bacterial culture was negative. Histo-

pathological examination of lungs revealed epithelial

damage with focal areas of reactive papillary hyperplasia

(Fig 1.). The parenchymal response consisted of both

interstitial and intra-alveolar exudate of neutrophils and

macrophages leading to focal areas of consolidation. In a

few places, dense peribronchial lymphoid aggregates

were seen (Fig. 2).

Oral supplementation with Quercetin reduced the

severity of infection. The epithelial damage and leukocytic

influx were significantly reduced (Fig. 3).

Level of superoxide production

The 86% purified alveolar macrophages were obtained

by the adherence procedure. Superoxide production by

alveolar macrophages was measured by NBT assay.

The amounts of formazan formed by 1� 106 macro-

phages were expressed as optical densities. NBT acti-

vities of macrophages in influenza-infected mice were

increased 1.5–2 fold compared to the normal control.

Supplementation with Quercetin significantly reduced

the formazan-positive cells (Fig. 4).

Level of lipid peroxidation

The effect of influenza virus on lipid peroxidation (LPO)

products in lungs was measured by thiobarbituric acid

reactive species (TBARS). LPO levels were raised by

85% in the influenza group (2.67 nmol/mg protein)

compared to the normal control group (1.44 nmol/mg

protein). The raisewassignificant (P< 0.001). A significant

(P< 0.05) decrease of LPO was observed after supple-

mentation with Quercetin. The TBARS level was brought

Figure 1. Photomicrograph

showing intense infiltration of

inflammatory cells into alveolar

walls with focal areas of

consolidation, 5 days after influ-

enza virus instillation in lungs of

mice (Group II). H&E 100�.
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down to 43% (2.06nmol/mg protein) after Quercetin sup-

plementation. Supplementation with Quercetin alone

showed no alterations in the LPO level (Fig. 5).

Discussion

The morphological and biochemical studies on mouse

lungs 5 days after instillation of influenza virus A/Udorn/

317/72(H3N2) suggest that in the mouse model of

experimental influenza virus infection, there is progres-

sive damage of alveolar cells with acute inflammatory

reaction and development of pneumonitis and bronchitis.

Lung morphology revealed high recruitment of neutro-

phils and macrophages along with epithelial damage.

The massive infiltration of leukocytes into alveolar walls

and spaces (Fig. 1) was due to the pathogenic effects of

the virus only as no pathogenic bacterium or myco-

plasma was isolated from the lungs. The lung tissue

from the control animals showed no such pathological

features.

The infiltrated cells produce free radicals and cyto-

kines leading to inflammation in the lungs (Hers et al.

1958; Wyde & Cate 1978; Hennet et al. 1992a, 1992b).

The early phase of influenza virus infection is associated

with the development of oxidative stress in lung. Accu-

mulated leukocytic cells in the lung, a characteristic

feature of influenza, may produce free radicals and

pro-oxidants cytokines, which may contribute to virus

pathogenesis. Infiltration of phagocytic cells (mainly poly-

morphonuclear leukocytes) occurs in a sequential fashion,

in which several factors and adhesion molecules are

involved (Hennet et al. 1992a, 1992b; Pahl & Baeuerle

1995). Peterhans et al. (1987) have shown that the

influenza virus is capable of activating a respiratory burst

in a phagocytic cell. Rodgers & Mims (1981), Oda et al.

(1989) and Buffington et al. (1992) have reported that

intranasal infection of influenza virus in mice increased

the alveolar macrophage population and superoxide

production.

In the present study, it was demonstrated that the

influenza virus A/Udorn/317/72(H3N2) caused a marked

increase of superoxide radical production in lung macro-

phages. There were increases in the levels of LPO

products also (Figs 4 and 5). These data indicated the

potential role of the active products of free radical

processes and lipid peroxidation in the development of

such disorders in the lung under acute influenza virus

infection. The enhanced LPO level on the 5th day after

influenza virus infection is in concordance with other

studies (Cees et al. 1991; Akaike et al. 1996; Choi et al.

1996; Mileva et al. 2002). The increased levels of super-

oxide and LPO provide evidence for the presence of

oxidative stress during influenza virus infection.

It has been reported that Quercetin, a bioflavonoid,

possessed anti-oxidant and free radical scavenging

activity (Blackburn et al. 1987; Afanas’ev et al. 1989). It

occurs naturally in fruits, vegetables, nuts, seeds, red

wine, tea and flowers (Hertog et al. 1992; Hertog et al.

1993; McAnlis et al. 1999). Other studies have shown

that Quercetin prevented lipid peroxidation and

Figure2. Peribronchial lymphoid

infiltration in influenza virus

infected lungs ofmice, 5days post-

instillation (Group II). H&E 100�.

P. Kumar et al.

130 � 2003 Blackwell Publishing Ltd, International Journal of Experimental Pathology, 84, 127–133



scavenged superoxide radicals (Peter et al. 1995; Peter-

hans 1997b; Johnson & Loo 2000; O’Brien et al. 2000).

The histopathological study of the lung after supple-

mentation with Quercetin revealed a reduced infiltration

of polymorphonuclear leukocytes (Fig. 3). There was

also a decrease in the severity of infection. Thus,

Quercetin may protect cells from the cytopathological

effects of the influenza virus.

The results show that there is an increase in the level

of LPO products and an increase in generation of free

radicals during influenza virus infection. A previous

study (Hennet et al. 1992a) reported that activities of

anti-oxidant enzymes from the lungs of influenza virus

infected mice increased significantly, probably due to the

abnormal generation of superoxide radicals in lungs.

Supplementation of Quercetin resulted in significant

Figure 3. Photomicrograph

showing reduced number of

infiltrated cells in influenza virus

infected lung of mice following

Quercetin supplementation

(Group III). H&E 100�.

Figure 4. Effect of influenza virus infection on the NBT

activities of macrophages before and after supplementation

with Quercetin. I, control; II, influenza virus infection; III,

influenza virus infection þ Quercetin treated; IV, Quercetin

treated. ***P<0.001 vs. Group I; *P< 0.05 vs. Group II; ns, non

significant vs. Group I.

Figure 5. Effect of influenza virus infection on the level of LPO

products in the lung of mice. I, control; II, influenza virus

infection; III, Quercetin treated þ influenza virus infection; IV,

Quercetin treated. *P<0.05 vs. Group II; ***P<0.001 vs.

Group I; ns, non significant vs. Group I.
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decreases in superoxide production and LPO products.

It was also reported (Hayek et al. 1997; Mileva et al.

2000) that Vitamin E supplementation resulted in a

significant increase of anti-oxidant content in blood as

well as in lung. Concurrently, there was a significant

decrease of LPO products. The present results are in

agreement with the published reports. Additionally, they

show that supplementation of Quercetin alleviates the

toxic effects of free radicals, induced during influenza

virus infection. Several studies report that Quercetin

delays oxidative pathway mediated cell injury by scaven-

ging free radicals, affording protection against lipid per-

oxidation and chelating metal ions (Peter et al. 1995;

Johnson & Loo 2000; O’Brien et al. 2000).

The present study supports the suggestion that oxida-

tive stress is involved in the pathogenesis of influenza

virus infection of the lung and shows that Quercetin

reduces the damage caused by the free radicals pro-

duced. Thus, Quercetin seems promising as an antiviral

drug therapy in alleviating the oxidative stress induced

by influenza virus infection.
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