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INTRODUCTION

Although there is no universal agreement on the criteria for the diagnosis of the adult respiratory
distress syndrome (ARDS), the syndrome is characterized by distinct clinical and pathophysiological
features (Ashbaugh et aI., 1967; Petty and Ashbaugh 1971). ARDS can be the outcome of a number of
disorders including shock of any etiology, infectious causes, trauma, drug overdose and many others
(Hopewell and Murray, 1977). During the past 20 years little has changed in the possibilities for the
treatment of ARDS ~d the mortality rate is still extremely high (SO - 70%) (Shale, 1987).

In this study a model of acute respiratory failure due to viral pneumonia in rats, closely resembling
ARDS, is presented. This model permits evaluation of different therapeutical approaches for improving gas
exchange during ARDS. Furthermore, preliminary results of surfactant substitution therapy in this model
are presented.

MATERIALS AND METHODS

Male Sprague-Dawley rats (SPF, 170-200 g, 6 - 8 weeks old) were used. Rats were housed under
fJlter bonnets and autoclaved food and water were available ad libitum. Infected animals were removed and
kept separately in another facility.

Sendai virus (Myxovirus parainfluenza type 1) is a single-stranded RNA virus (150-200 nm diameter)
belonging to the family of the paramyxoviruses, to which several important human viruses also belong (e.g.
mumps, measles and respiratory syncytial virus). Sendai virus generally replicates in respiratory epithelium
(Ito et aI., 1982; Ito et aI., 1983; Tyrrell and Coid, 1970), primarily in bronchial and bronchiolar epithelium
(Blandford and Heath, 1972). Sendai virus was propagated in ll-day embryonated chicken eggs. The
hemagglutination (HA) titre of the stock solution was determined to be approximately 1:3000.
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Animal inoculation

Twenty-four non-anesthetized animals were randomly assigned to four groups and were exposed for
90 min in an 11 liter aerosol chamber, through which an aerosol (1 : 2 dilution in PBS of stock solution)
flow of 5 Ijmin was led. Aerosol was produced with an air jet nebulizer (Ultravent, Malinckrodt
Diagnostica, The Netherlands). This device produces smaJI particles, size 0.6 - 2 I'm (Dahlbiick et aI., 1986),
which allows for alveolar deposition ofthe aerosol (Brain and VaJberg 1979). Two additional animals were
infected in the same way for histological examination of the lungs.

Evaluation of arterial blood gases and surfactant substitution

Each day 6 animals were anesthetized (pentobarbital sodium 60 mg/kg Lp.), tracheotomized and a
metal cannula was inserted into the trachea. A catheter (0.8 mm outer diameter) was inserted into the right
carotid artery for drawing arterial blood samples. Animals were paralyzed (pancuronium bromide 0.1
mg/kg Lm.) and mechanicaJJy ventilated with a Siemens 900c ventilator, in a pressure controlled mode, at
a rate of 35/min, Ppeak = 15 em H20 (15/0), I/E ratio 1:2 and Fi02=1. Then peak-airway pressure was
increased to 20 cm H20 (20/0). Next, peak-airway pressure was increased to 25 cm H20 and positive
end-expiratory-pressure (PEEP) of 4 cm Hp (25/4) was introduced. At each different ventilator setting
15 min was allowed for stabilization before 0.3 ml blood was collected and arterial blood gases were
determined (ABL 330, Radiometer, Copenhagen, Denmark). On the second day after infection, two
animals received 1.5 ml exogenous natural, bovine surfactant (phospolipids 50 mg/ml) intratracheally and
were monitored for two hours after surfactant substitution; airway pressures 25/4, rate 35/min, I/E ratio
1:2 and Fi02= 1.

Thorax-lung compliance registration

After evaluation of the influence of different ventilator settings on blood gases, animals were
transferred to a body-plethysmograph (for details see Lachmann et aJ., 1980) and thorax-lung compliance
was registered at a rate of 6/min, Ppeak = 15 cm H20, I/E ratio 1:2 and Fi02= 1.

Statistical evaluation of data

Data are presented as mean ± standard deviation (SD). Statistical analysis of data was done with the
Wilcoxon test for within-group comparison and with the Mann-Whitney U test for between-group
comparison. Statistical significance was accepted at p < 0.05 (two-tailed).

RESULTS

Bodyweight of infected animals (182.8 ± 35.3 g, day 3 and day 4 group, n=12) increased during the
first day after infection (202.1 ± 52.3 g); animals suffered significant weightloss during the second (197.3
± 51.3 g) and the third day (173.0 ± 44.8 g) after infection. Furthermore, animals showed clinical signs of
iJlness like rumed fur, tachypnea, rhinitis and reduced motility from the first day after infection.
Figure 1 shows mean arterial oxygen (p.02) and carbon dioxide (P.C02) tension of control animals and
three groups of infected animals, on three successive days after infection, during artificial ventilation
(Ppeak = 15 cm H20, I/E ratio 1:2 and Fi02 = 1). With these ventilator settings p.02 dramatically
decreased from the first day after infection whereas P.C02 significantly increased. Arterial pH (table 1)
was significantly decreased in all groups of infected animals whereas arterial bicarbonate concentration
(HCO;) was not significantly different compared to controls. The remaining six animals (day 4 group) died
spontaneously between the third and the fourth day after infection and blood gases and thorax-lung
compliance could, therefore, not be evaluated.

320



700

sso

•

•

70

35

o L-_........._---'-_---''___-'--_....J 0

contr 1 2 3
Deya efter Infection

Figure 1. Mean arterial oxygen (p.OJ and carbon dioxide (p.C02) tension of control animals and
three groups of rats, infected with Sendai virus, on three successive days after infection, during
artificial ventilation (Ppeak = 15 ern Hp, I/E ratio 1:2 and Fi02 = 1).
• P < 0.05, vs controls, n=6/group.

Table 1. Influence of different ventilator settings on arterial PC02> pH and HC03',
during the course of infection in rats infected with Sendai virus. Animals were mechanically
ventilated with a Siemens 900c ventilator, pressure controlled, at different pressures at a
rate of 35/min, I/E ratio 1:2 and Fi02=1. Data are presented as mean (SO), n=6 per group.
# p < 0.05, MW V-test, infected animals vs controls. • p < 0.05, Wilcoxon test, vs controls.

P.C02 pH HC03'
(mmHg) (mmol/l)

15/0 20/0 25/4 15/0 20/0 25/4

contr. 32.7 7049 2404
(5.6) (0.03) (2.6)

day 1 45.7# 36.1· 38.6· 7.31# 7.40· 7.36· 22.6 21.6 21.3
(3.9) (3.7) (3.0) (0.02) (0.03) (0.03) (1.3) (1.1) (1.2)

day 2 44.3# 43.9 38.3 7.32# 7.32 7.35 21.5 21.5 19.9
(10.8) (lOA) (8.1) (0.1) (0.09) (0.07) (1.0) (1.5) (1.5)

day 3 56.8# 54.9 57.6 7.29# 7.30 7.29 26.3 25.8 26.7
(12.3) (12.6) (14.0) (0.07) (0.08) (0.08) (2.0) (1.9) (1.7)
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Thorax-lung compliance was significantly decreased on the second and the third day after infection
(Fig. 2) whereas protein concentrations of bronchoalveolar lavage (BAL) fluids were significantly increased
on all three days after infection (Fig. 2).

The effect of increased peak airway pressures on p.Oz is shown in figure 3. Only on the second day
after infection Ppeak of 25 em HzO with PEEP of 4 em HzO significantly increased p.Oz. Increased airway
pressures did not result in significantly increased p.Oz on days one and three after infection. However,
increased airway pressures significantly reduced p.COz and increased pH on the first day after infection
whereas levels of significance were not reached on days two and three (table 1). Increased airway pressures
did not significantly influence HC03°(table 1).
The increase of airway pressures from 15/0 to 25/4 only slightly increased p.Oz, whereas instillation of
surfactant restored p.Oz almost to normal (Fig. 4).
Histological examination of lungs of two infected animals two days after infection ,;howed alveolar flooding
with protein rich fluid and atelectatic areas.
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FJgIlre 2. Thorax-lung compliance (C/kg) and protein content (mg/ml) of BAL fluid of rats infected
with Sendai virus. * p < 0.05, vs controls, n=6/group.

DISCUSSION

We wanted to investigate whether we could induce severe respiratory failure in rats by infection with
Sendai virus. Studies of intranasal inoculation of rats with high dose Sendai virus, as described byGiddens
et aI. (Giddens et aI., 1987), performed earlier in our laboratories, did not result in hypoxemia or acidosis.
This in spite of the fact that animals showed clinical signs of illness like ruffled fur, rhinitis, reduced motility
and loss of bodyweight. However, animals spontaneously recovered within one week after infection.
Therefore, we decided to employ concentrated live Sendai virus aerosol during an extended period of time.
In this way we were able to induce severe respiratory failure with lethal outcome in four days. During the
progression of the infection animals suffered significant loss of bodyweight and showed severe signs of
illness.

At ventilator settings which resulted in hyperventilation and respiratory alkalosis in control animals,
infected animals showed hypoventilation and respiratory acidosis as a result of mismatching between
ventilation and perfusion ofthe lungs; p.COzof infected animals increased to 135% (day 2) and 173% (day
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Figure 3. Effect of increased airway pressures on arterial oxygen content (P.Oz) during artificial
ventilation of rats infected with Sendai virus. • p < 0.05, vs 15/0, n=6/group.
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Figure 4. Effect of increased airway pressures and surfactant instillation on arterial oxygenation
during artificial ventilation of 2 rats infected with Sendai virus.
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3) of P.C02of control animals. Furthermore, infected animals developed severe hypoxemia as a result of

atelectasis, flooded alveoli and, as mentioned above, mismatching between ventilation and perfusion; P.02
of infected animals decreased to 31% (day 2) and 35% (day 3) of P.02of control animals in three days.

An intact surfactant system is indispensable for the maintenance of proper lung function and
therefore any type of surfactant deficiency, whether primary or secondary, will contribute to the
development of severe pulmonary pathology. It appears that loss of surfactant function is not the primary
pathogenic factor for the occurrence of the severe respiratory failure in this study, but it may contribute
significantly. Infection with Sendai virus may lead to destruction of type I cells and loss of integrity of the
alveolar-capillary membrane, allowing albumin and other macromolecules to enter the alveoli, as observed

in this study. One of the common characteristics of ARDS is the accumulation of protein-rich edema in

the alveolar space (Hopewell and Murray, 19n; Rinaldo and Rogers, 1982; Shale, 1987; Bradley, 1987).
Edema components like plasma proteins and cell membrane constituents inhibit the biophysical activity of

the surfactant system (Holm et aI., 1985; Holm and Notter, 1987; Ikegami et aI., 1984; Fuchimukai et aI.,
1987; Seeger et aI., 1985). Furthermore, destruction of type II cells may decrease surfactant synthesis and
secretion.

Increasing ventilatory pressures to 20/0 did not significantly increase Pa02' Only PpeIIt = 25 em H20
with PEEP (4 em HP) could significantly increase p.02 of infected animals (92% increase) on day 2,
which is direct evidence for a surfactant deficiency. Any tendency for alveolar collapse during endexpiration

- which can be compensated only by counterpressure e.g. PEEP - speaks for a surfactant deficiency in these
areas. To prove this, we performed surfactant replacement in two animals with severely reduced arterial

oxygenation. Surfactant substitution restored arterial oxygenation to normal whereas increased airway
pl·essures (25/4) alone did not; this indicates that surfactant deficiency is one of the major pathogenic

causes of respiratory failure in this model of ARDS. However, since the applied ventilator settings were

not very effective in restoring gas exchange, higher pressures or different modes of ventilation might have

improved arterial oxygenation and reduced acidosis in infected animals.
Although there is no overall consensus on the criteria for the diagnosis of ARDS, the essential

features of ARDS are met in this animal model (pepe et aI., 1982; Fowler et aI., 1983; Stevens and Raffin,
1984). Infection of rats with Sendai virus led to acute respiratory failure with severe hypoxemia, increased

intrapulmonary shunting, stiff lungs and pulmonary edema.
Surfactant replacement therapy seems to be a promising approach for the treatment of ARDS-Iike

syndromes caused by viral pneumonia, as can be concluded from the preliminary results following surfactant
replacement in this study. Several animal models of ARDS have demonstrated some form of surfactant
deficiency or dysfunction and in seven of these models the beneficial effects of exogenous surfactant has
been demonstrated: pulmonary oxygen toxicity (Holm et aI., 1985), pulmonary damage induced by xanthine
oxidase instillation (Saugstadt et aI., 1984), in vivo lung lavage (Lachmann et aI., 1980), bilateral cervical
vagotomy (Berry et aI., 1986), anti-lung serum infusion (Lachmann et aI., 1987), induced damage to
bronchial surfactant by artificial ventilation combined with saline instillation (Lachmann, 1985), and fmally
influenza A virus pneumonia in mice (Lachmann and Danzmann, 1984).

Although most of these models show characteristic features of ARDS, inevitable variations exist
concerning the technique employed for the induction of pulmonary damage.
Therefore, we opine that this virus model may help clarify the underlying principles of ARDS and from
the various therapeutic approaches available elucidate which approach is most appropriate.

SUMMARY

In this study a model of acute respiratory failure due to viral pneumonia in rats, closely resembling
ARDS, is presented. Severe respiratory failure with lethal outcome in four days was induced by infection
concentrated Sendai virus aerosol. This model permits evaluation of different therapeutical approaches for
improving gas exchange during ARDS. Furthermore, preliminary results of surfactant substitution therapy
in this model are presented.
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