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1. Introduction

Acute bovine respiratory diseases (ABRD) are the most important cause of
sanitary economic losses in cattle. These problems are increasing despite the
use of preventive and therapeutic agents. This could be due to several factors
like increase of the population density in the cattle units, increase of the
virulence of the pathogens, increase of air pollution, etc .. Another
explanation could be that, in the past, bovine respiratory diseases have been
analysed at a pathological but not functional level. In the light of new
information on bovine pulmonary function in health and disease, it appears
that, before the occurrence of irreversible and of course untreatable lung
damages, there are some reversible dysfunctions at the level of pulmonary
ventilation, perfusion or gas diffusion. An early and appropriate correction
of these dysfunctions is of a critical importance in order to decrease the rate
of mortality and chronic pneumonia.

The purpose of this paper is to analyse the pecularities of the bovine
pulmonary physiology and pathophysiology in order to try to improve the
efficiency of the treatment of ABRD.

The prevention of ABRD, although highly important, is not analysed in this
paper.

2. Theoretical studies

Measurement of the pulmonary function is necessary not only for the
understanding of the bovine physiological and pathophysiological pecularities
but also for the study of the efficacy of therapeutical agents.

Information about the pulmonary function may be obtained by the measurement
of some parameters of the mechanics of breathing. For example, the measure of
the airway resistance, the dynamic compliance and the viscous work of breathing
gives us information about the airway's permeability, the lung's elastic
properties and the energetical cost of breathing respectively. On the other
hand, the measure of arterial blood gases, i.e. Pa02 and PaCO2, gives us
information about the ability of the lungs to meet the gas exchange
requirements of the body.

3. Technical studies

Pulmonary function tests have been specially adapted for unsedated cattle
both in physiological and pathological conditions. Some techniques, i.e. the
pneumotachograph-oesophageal balloon one (1) and the forced oscillation one (2)
must be used in laboratory conditions.

Some others, like the monofrequency forced oscillation method (3) have been
specially developped for field studies. This last technique is indeed a
simple, portable, reproducible, fast and accurate method for analysing the
resistive and elastic properties of the bovine respiratory system under field
conditions.

4. Physiological studies

Many factors may explain the pecularities of the bovine pulmonary function,
when compared to common mammals.

Their low alveolar surface area and their lower pulmonary
capillaries/alveolar section are responsible of a higher basal ventilatory
activity and lower ventilatory reserves (4).

The high anatomical compartmentalization of the bovine lungs is responsible
of their lack of collateral ventilation which may induce a less appropriate
ventilation to perfusion adequation (5).

The high hypoxic vasoconstriction can be responsible for a pulmonary
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hypertension which can enhance the occurrence of oedema (6)

Their higher airway resistance and lung elastance are responsible for an
increase in their viscous work of breathing and therefore in their energetical
cost of breathing (7).

Concerning the control of breathing, their ventilatory response to
hypercapnia and hypoxemia is lower, which may disturb gas exchange (8).

There is an exponential relation between arterial oxygen tension and the
somatic growth; therefore the maximal gas exchange efficiency is not reached
before one year of age in cattle (9).

The fact that cattle are ruminant has also some respiratory consequences.
Firstly, 50 % of the ruminal eructated gases are eliminated via the airways and
the alveoli. Therefore the occurrence of toxic gases in the rumen may induce
lung damages and disturb gas exchanges (10). Secondly, the rumen mass
influence the transdiaphragmatic pressure. Therefore an increase in the rumen
pressure may anticipate the occurrence of the inspiratory muscles fatigue which
can be responsible for a fatal ventilatory failure (11).

The breed is also of importance as regard to the ventilatory capacities.
Indeed, the ratio lung mass/muscle mass is significantly higher in dairy than
in beef cattle which is responsible in these last ones for their lower ability
to meet the gas exchange requirements in some pathological conditions (12).

All these factors explain why cattle, and mainly beef ones, are
disadvantaged for their pulmonary function and their sensitivity to severe
respiratory diseases. Young animals are more concerned by these problems
because of the functional immaturity of their respiratory system before one
year of age.

5. Pathophysiological studies

Common ABRD have been analysed at a functional point of view, i.e. IBR,
Shipping Fever, RSV pneumonia, ABRD due to 3MI, organophosphate poisoning,
necrotic laryngitis, etc .. (13). Following these studies, new hypothesis have
been developped in order to try to explain how cattle react to the agression of
their respiratory system.

When- the pulmonary agression (i.e. by biological, chemical or physical
agents) is moderate, the organism will react by a moderate inflammation
directed against the agressor. The undesirable effects of this weak lung
inflammation will be reduced by negative feed-back mechanisms induced by the
organism, i.e., stimulation of respiratory centers, increase of muco-ciliar and
alveolar clearance, increase of cardiac function and surfactant production, etc
In these conditions, a spontaneous recovery may be observed.

However, when the lung agression is too severe, the subsequent heavy
inflammation will be able to also damage the lungs. Indeed the inflammatory
process, via the release of endotoxin lipopolysaccharide, complement
activation, release of C5 peptide and activation of alveolar neutrophils and
macrophages, will bring to the lungs a lot of very powerfull substances (14).
Some of these (i.e. arachidonate metabolites, platelet activating factors,
autacoides like histamine and serotonine, cytokines like interleukines and
tumor necrosis factor, etc ..) are able to induce severe dysfunctions like
bronchoconstriction, pulmonary hypertension, capillary leakage, hypersecretion
and decrease of airway clearance, etc .. which will be responsible for poor gas
exchange in the lungs. These resulting mechanical disorders, associated with
the products issued from the activation of the neutrophiles, i.e. oxygen
radicals and proteases, may be responsible for the occurrence of lung damages,
i e limited cells injuries up to diffuse emphysema. This hypothesis of a non
exclusive but predominant role of the mechanical disorders in ABRD is
reinforced by a recent publication which demonstrated that ABRD in beef cattle
can be successfully treated by the use of bronchodilators without any
antiinflammatory drugs (15).

In these dramatic conditions, the organism will react in an unappropriate
way by positive feed back mechanisms (i.e. metabolic acidosis, unappropriate
vasoconstriction, respiratory muscles fatigue, etc ..), which will induce a
deterioration instead of an improvement of the clinical status. The resulting
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vicious circles will be responsible for a fatal evolution if an appropriate
treatment is not promptly used.

6. Pharmacological studies

In agreement with the above considerations, the therapeutical strategies of
ABRD could include 3 ways, i.e. suppression of the aetiological agents,
modulation of the lung inflammation and correction of the mechanical disorders,
taking into account the efficacy, innocuity and lack of residues of the used
drugs.

This optimal treatment should improve the (appropriate) negative feed-back
mechanics and inhibit the (unappropriate) positive ones.

6.1. Suppression of the aetiological agents

Most of the ABRD are due to a multifactorial aetiology where virus and
bacteria play an important role.

Antiviral agents like ribavirine have been showed to be active in vitro
against the RS virus (16). However, the efficacy and safety of these drugs
have not yet been demonstrated in infected calves (17). 1Inhalation of these
drugs could maybe increase their efficacy and innocuity (18).

Anti-microbial treatments are needed in most severe ABRD because of primary
or secondary involvement of bacteria and/or mycoplasma. The respect of all the
golden rules of antibiotherapy is of course an important condition of efficacy.
However, the importance of antibiotherapy must not be overestimated. Indeed
many antibiotics have been recently showed to be highly active in vitro and in
vivo against pulmonary pathogens (19-23). The remaining uncurred patients must
not be systematically due to a lack of efficacy of the anti-bacterial drugs.
Therefore they seem not to be the major limiting factor of any further
improvement in the management of ABRD.

6.2. Modulation of the lung inflammation

As mentioned earlier in this paper, the inflammation process in the
pneumonic lung involves many types of mediators with complex and multiple
interactions. Some of these mediators have benefical effects. Some others
must be inhibited when they disturb the gas exchange processes in the lungs.
Several strategies may therefore be recommended alone or in association.

6.2.1. Inhibitors of the arachidonate metabolites

Prostaglandins (i.e. PGD2, PGF2a), thromboxanes (TXA2) and leukotrienes
(LTC4, LTD4, LTE4) can induced severe pulmonary dysfunctions. Their global
inhibition by antiinflammatory steroidal drugs, although very potent, seems not
to be recommended during infectious diseases because of their side effects on
the defense mechanisms. The use of more specific inhibitors like
antiprostaglandins (24), antithromboxanes (25) and anti-leukotrienes (26)
should be more appropriate in the treatment of ABRD.

6.2.2. Inhibitors of autocoides

Some autocoides like histamine are able to disturb the bovine pulmonary
function during experimental administration but do not play a crucial role in
naturally occurring ABRD (27). Some others like serotonine (28) and platelet
activating factor (29) seem to play a significant role in the pathogeny of some
pneumonia and the blockage of their specific receptors could improve the
treatment of ABRD (30, 31).

6.2.3. Peptides antagonists

Peptides like cytokines (interleukines, tumor necrosis factor), opioids,
substance P and neurokine A may play a role in the genesis of lung inflammation
(32) . The usefullness of their inhibition by specific antagonists or
antibodies must still be investigated in ABRD (33).

6.2.4. Inhibitors of cytolytic inflammatory products
Oxygen radicals and several proteases released by activated neutrophiles are
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known to be responsible for severe cells injuries in the pneumonic lung (34,
35). These damages could be reduced by the use of antagonists like
antioxydants (catalase, superoxyde dismutase, gluthation peroxydase, vitamin 3,
C and E, iron chelators, etc ..) (36).

6.3. Correction of the mechanical disorders

An excess in the contraction of the pulmonary smooth muscles and in the
permeability of the pulmonary capillaries and a lack of appropriate airway
clearance can induce severe lung dysfunctions with potential dramatic
consequences. The correction of these disorders will decrease the work of
breathing (and therefore the risk of diaphragmatic fatigue) (37) and improve
the gas exchange, helping the patient to come back from (fatal) positif feed-
back mechanisms to (saiving) negative ones.

6.3.1. Bronchodilators

Beta 2 mimetic and anticholinergic drugs were showed to be highly active in
the prompt treatment of ABRD, mainly when these drugs are given in situ, i.e.
by aerosol-therapy, and in association (15).

The possible availability of long-acting aerosol preparations could make of
this way of administration a method of choice for the treatment of ABRD,
because of its high level of efficacy and innocuity and the low level of
residues.

Other drugs like calcium channels blokers (38) and sodium cromoglycate (39)
are also potent bronchodilators and need to be investigated in ABRD.

6.3.2. Vasodilators

Inhibition of the vasoconstriction can reduced the pulmonary hypertension
and the lung capillary filtration responsible for the occurrence of oedema.
Substances like aminophylline (40), pentoxiphylline (41) and sodium
nitroprusside (42) could act in this way.

On the other hand, diuretics and aerosolised antifoam agents are also
usefull in the management of acute pulmonary oedema.

6.3.3. Increase of mucociliar clearance

Several drugs like N-acetylcysteine, mercaptoethane sulfonate, bromhexine,
clenbuterol, theophylline, etc .. are supposed to increase the mucco-ciliar
clearance by different pathways and therefore improve the airway permeability
(43-45) .

However their ability to significantly increase the clearance rate in
pneumonic calves has not yet been clearly demonstrated.

7. Conclusions

The control of ABRD is becoming one of the sine qua none conditions of
profit for cattle production. This control includes preventive and therapeutic
strategies which must be adapted to several individual factors like age, breed,
economical value, severity of the disease, etc ..

8. Summary

This paper analyses the physiological, pathophysiological and
pharmacological pecularities of the bovine pulmonary function in order to
propose new strategies for improving the treatment of acute respiratory
diseases.

9. Résumé

Cet article analyse les particularités physiologiques, pathophysiologiques
et pharmacologiques de la fonction pulmonaire des bovins dans le but de
proposer des nouvelles stratégies destinées a améliorer l'efficacité du
traitement des pathologies respiratoires aigies.

10. 2Zusammenfassung
Dieser Beitrag analysiert die physiologischen, pathophysiologischen und
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pharmakologischen Besonderheiten in der Lungenfunktion des Rindes mit dem ziel,
neue Strategien fir eine verbesserte Therapie von akuten respiratorischen
Erkrankungen vorzuschlagen.
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