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Thank you and members of the AABP. It’s nice to
be able to come to Atlanta and spend some time with
you. It is a real honor to come down here. I don’t know
when I have enjoyed an evening as much as I did last
evening. I just hope we can put on as good a show for
you in California next year. We would like to try and
present here today how maybe structure and some of
the defense mechanisms interrelate and may result in
production of disease; and then how the bovine lung
responds to disease. These may explain possibly why
we have such a problem with the resolution of some of
the respiratory problems in the bovine lung. I will
quickly review some of the anatomy of the lung and
see if we can’t relate some of it to the disease
mechanisms.

We will start down with the lobule. The lobule is
the functional unit of the lung itself. What is the
lobule? A lobule has a respiratory bronchiole, alveolar
ducts, and alveoli which are all supplied by a
bronchus that enters usually at the apex. Then along
with that are the vascular and the nervous supply to
the lobule. Now when you start looking at the
different types of morphology of the lung, that of cat-
tle, sheep, and the hog lobules are very well-defined.
There is a very extensively interlobular connective
tissue present in these three species. Then you go
down through these other species, and it becomes less
well defined. In the dog you can see it is very poorly
defined. In the horse, intermediate between the two.
The bovine lobule has a very extensive septum. Again
it is a very distinct unit and there is very little or no
connection between the adjacent lobules. The sheep,
cow and pig are the only species that we deal with
that have an anatomy or morphology such as that.
Now when you look at the scanning electron
micrograph of the bovine lung, looking at the lobule
you see how well demarcated the lobule is again. You
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need an appreciation for the complete septum that is
present there.

The one thing in the sheep, cow and the pig that
sets them apart is that due to this complete septum
there is a lack of colateral ventilation between adja-
cent lobules. I think this is somewhat important in
disease processes as we go along. Looking just briefly
at the horse, the septum is not quite complete.
Remember that in contrast to the way the bovine
appears. In the dog there is no hint of lobular separa-
tion as in the bovine and much less in the horse. Now
we’ve kind of established the individual lobule
morphology in the lung, let us look at what the ter-
minal airways look like. In the cow, again it goes for
the sheep and hog also, the terminal bronchiole is the
terminal airway when we get down into the lobule,
and the respiratory bronchioles are very poorly
developed. What we’ll try and hopefully show is the
difference between the terminal bronchiole and a
respiratory bronchiole. Respiratory bronchioles have
alveoli opening off of them. The terminal bronchiole
doesn’t until right at the end. Then the horse again is
somewhat intermediate between the dog and the cow.
The dog has respiratory bronchioles developed nicely.
In the horse you see no hint of any alveoli opening
from the lumen.

Now looking at the pig and the cow, they are very
similar. Again we see this same thing, the terminal
bronchiole coming down and you see no opening or
very little alveolization off of that airway. Now con-
trast to that of the dog. What that does, when we
come down later to clearance mechanisms, and
clearance from distal airways, is that it offers a lot
more avenues that clearance can take place from. If
(like in the cow, the sheep, and the pig) we are
limited to just one major opening, clearance problems
can be a real problem in the distal airways. But here
again, there are many alveoli opening up into the
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respiratory bronchioles so there is probably a lot
better chance for clearance in that type of an
anatomical arrangement.

Now let’s go down deeper into the bovine lung
itself, and look down into a bronchus supplying one of
the lobules. One thing that I think one might take
note of here is that you notice that there are not very
many holes between adjacent alveoli. In the younger
bovine lung, there just doesn’t seem to be as many
pores as there are in other species. Looking at this in
other types of lungs you would expect us to have pret-
ty much like a shotgun pellet that would hit the thing
and there were little holes between all the alveoli. In a
little older, more mature bovine lung there are little
pores that we are talking about and these com-
municate with adjacent alveoli. We feel that
probably these pores are fairly important in the
clearance mechanisms from the lung. Let’s say for ex-
ample, if an alveolus is plugged or has some debris in
it, and if there is a connection say from this alveolus
to the adjacent one, and considering that it may be
open, then air can be forced from the open one up
through the other one and hopefully force the debris
out of that alveolus. In the young bovine lung you just
don’t see the connections between adjacent alveoli.
So here I think we are starting to mount a little bit of
a case against the bovine lung. First off we’ve got the
complete septum and there is no chance for colateral
ventilation between septa, then also there is a
possibility of connecting airways between adjacent
alveoli. Now when you look at the lung itself it is es-
timated that there are probably about 40 different
cell types, and I don’t mean to profess by any means
that I am familiar with even 25% of them, but the
main cells that one does see lower down in the lung
are basically just the type 1 cell and it is a sort of a
flat cell. Then there is the type 2 cell that is often
referred to as the great alveolar cell. The type 2 cells
are the ones that seem to proliferate in response to
chronic irritation. The bovine lung has a fair number
in the alveoli, and in the septum. In chronic insult it
is this type cells that seem to proliferate in the bovine
lung. This is the real work horse when it comes to the
defense mechanism of the lung itself. The alveolar
macrophage is a very unique type cell in that it has
special metabolic requirements. This cell is very
heavily dependent on aerobic glycolysis. Now when
you look at this cell in comparison to other
macrophages in the body, this cell has 10 times the
requirement for an aerobic glycolysis as say does the
circulating neutrophil. It is estimated that its re-
quirement for an aerobic glycolysis is probably three
times that of the peritoneal macrophages, so
remember it is a very unique cell but it has a high
dependency on an aerobic situation, so if we get lungs
that are full of debris and not that well aerated, then
this cell loses a lot of its function. Andre Morrissey at
Davis has done some real nice work with the bovine
lung and a lot of this stuff is his, but one thing that he
has seen in the horse cell (the horse type 2 cell at any
rate) is that it has little openings, and it is felt that in
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the horse this cell probably secretes the surfactant
that enables the lung to keep expanding. It seems
that in the bovine their type 2 cells don’t seem to have
these similar openings. Why? This is not really un-
derstood. It is not really known for sure that the type
2 cell secretes surfactant, but that is one difference
that has been seen so far.

The bovine lung doesn’t seem to have as many
alveolar macrophages roaming around in the lungs as
the horse does. It has been more extensively studied.

Now let’s start our journey. We’ve been down in the
alveoli, let’s start back up through the airways and
talk a little about how the structure differs as you go
further up the airways. The major bronchiole comes
in and supplies the lobule. The alveolar duct opens
up into many alveoli, and the alveolar duct in turn
opens up into the respiratory bronchiole. Looking at
this situation you can see what a problem may
develop in a clearance type situation. We have all this
tremendous amount of respiratory tissue but its
clearance mechanism is solely dependent on getting
the debris from all of that area out from a small air-
way. So when we talk about treating pneumonias it is
well to keep in mind the important part we play in
prescribing the different medications that we often do
in the form of the antibiotic and other regimes, but I
think we also have to respect the host participation in
the clearance of a respiratory disease. Again, I think
we can put antibiotics into these animals until we are
blue in the face, but until that lung can get the debris
out of these terminal airways, we really haven’t
effected much of a resolution. So the other thing I'd
like to mention while we are talking in this area here
is that it isn’t as well ciliated. The cilia are a pretty
important part of the defense mechanism. What they
do in essence is help by beating in unison, help wash
these areas clean. Higher up in the bovine
respiratory, or any respiratory system, say in the
trachea and the major bronchi, this would almost
look like a picture of some grass. There would be con-
tinuous cilia throughout the whole field. Down in the
area near the terminal bronchiole there are many
non-ciliated cells scattered throughout. Well, what
this in effect does, it provides a less continuous
mechanism than say higher up in the airway. There is
also quite a distance between ciliated cells. Now that
is in contrast when we get higher up. In a major
bronchus, there are very dense ciliated membranes.
In this area there is a heavy overlay of a mucous layer,
and these cilia beating in unison help move stuff
along.

With this brief introduction and, hopefully, we’ll
refresh our memories about the anatomy, I'd like to
go now to the defense mechanisms that operate in the
lung using the basic anatomy as a basis for hopefully
trying to understand the pulmonary defense
mechanisms. Now let us start with the upper airways
themselves. The upper airways are extremely impor-
tant, I think it goes without saying, for air conduc-
tion. There is a lot of the defense mechanism that
resides in the upper respiratory tract. One thing that
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probably isn’t given its due credit is the function that
the upper respiratory system has in warming and
humidifying inspired air. The turbinate areas are
very vascular, very rich in mucous membranes and
they themselves probably play the most important
part in humidification. When you see an animal that
is open mouth breathing, it is by-passing that
mechanism almost entirely. Just to roughly
categorize the defenses of the respiratory tract, one
first can mention the cough reflex. A lot of times we
look at a cough as somewhat deleterious but then
when we really consider a cough, it is an important
part of the defenses helping rid material that is lower
down in the airways. I think, unless we have a non-
productive cough that it is really exacerbating the
condition, probably we ought not to try to depress the
cough reflex. I feel if it is a productive thing we are
not creating a lot more irritation with it, and we
ought to leave some of those animals coughing. We
mentioned the normal movement of the bronchi.
Some people would like to lead us to believe that the
bronchi maybe contract alternately and maybe help
move some of this out. This probably isn’t a very im-
portant mechanism for clearance. The two that are
probably the most important are the mucociliary
blanket and the alveolar macrophage per se. Now
when we stop and consider the lung again, I think it is
somewhat unique in the different organ systems of
the body, in that it has continuous involuntary ex-
posure to the outside environment. Probably the only
other system in the body that has a more intense ex-
posure to the outside environment is the skin, but the
skin is inherently better set up to take care of some of
the insults that may come upon it. In order to protect
the lung from different environmental agents that
may get into it, there has to be a very intact and func-
tioning host defense mechanism. You can divide
these defense mechanisms into three areas: the cir-
cuit fluid, the epithelial components and then some
of the immunological reserves. It is important here to
stress that all of these three components don’t func-
tion independently. They function continuously and
it is a well-integrated system. When you think about
it, it is amazing why we aren’t sick more often than
we are. There is just no way to say that if I cough in
this room that the individual sitting adjacent to me
can avoid breathing that in. The thing that takes care
of it most often is we do have a functional defense
mechanism that very effectively clears some of this
material out. As we go on down and start looking at
the function of the defense mechanism per se,
probably the first line of defense is that of the
aerodynamic filtration. All this is saying is that there
are three factors that help particles settle out when
they come into the lung. The first is just inertial im-
pacting. The particle is pounding along so fast that it
just impinges on a mucous membrane when it comes
in contact. The second factor is that of just sedimen-
tation or gravitational effects. The third is that of a
Brownian movement. The particles of large size
probably settle out high up in the upper airways.
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Here again just by the setup of the upper airways,
think of the airflow that goes through the turbinate,
that is somewhat of a turbulent airflow that is set up
in there. By creating that turbulence, it causes a lot of
the particles to impact on the mucous membranes.
Just consider yourself after spending a day in a dusty
corral, how much dust do you find in your upper air-
ways? Dust particles are very large and by breathing
in they do settle out here. This is a very important
part of the defense mechanism in that humidification
plays a very large role. By adding moisture to these
particles, they often get bigger, and if they can settle
out higher in the upper airways, they are a lot more
effectively cleared than they are down lower. Here
again there is probably a lot more inertial deposition
in these areas mainly just because of changing direc-
tion of airflow. They come down through the trachea
and hit at the main stem bronchus, where they bifur-
cate, and there is a direction change there. So these
particles are whistling along in one direction, all of a
sudden there is a direction change and they again will
impact on the airway. If they impact again here, here
is a very efficient defense mechanism, that of the
mucociliary blanket. It is said that probably 90% of
the particles are deposited from this area up. It takes
a very small and stable particle (half a micron) to get
down into the alveolus. Most viruses are smaller than
this, so the individual virus products can penetrate
this defense mechanism through the dynamic filtra-
tion if they exist again as single particles.

If a particle does settle out, then it is subjected to
probably three clearance mechanisms, actually the
physical removal of the particle, and then you can
categorize it down into four general areas that par-
ticles are handled inside after they do settle out. As
we’ve been alluding to, it is very close cooperation
between the physical clearance and the inactivation.
The mucociliary blanket of the airways is a very im-
portant part of the defense mechanism again. It is
usually felt that 90% of the material deposited on the
mucociliary blanket is probably cleared within an
hour. If something impedes or slows down the
mucociliary blanket, and we give for example-if a
bacterial agent settles out and remains on the
mucociliary blanket or in these airways for up to 3-4
hours-probably infection is going to take place. It is
very important that this mechanism be kept intact
and working. Just because this mechanism slows
down, that doesn’t mean that the animal is necessari-
ly going to develop a disease, just a cough can effec-
tively bring up a lot of this stuff. The point about
these different mechanism relating to each other. If
the particle gets below the mucociliary blanket into
the distal airways, the alveolar macrophage takes
over. It is a fairly efficient mechanism but clearance
isn’t all that efficient when you relate it to the
mucociliary blanket. Again remember how depen-
dent the alveolar macrophage is on aerobic glycolysis.
Then the third physical mechanism is that of
lymphatic drainage. You can say that briefly the
lymphatic drainage is a very inefficient clearance
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mechanism in the lower lung. As we’ve mentioned, all
of these three areas, the physical clearance
mechanisms, are aided by a cough or colateral ven-
tilation. Again remember that the bovine lung is
hampered because it just doesn’t have the colateral
ventilation that other lungs do.

What are some of the factors that can affect the
mucociliary blanket movement? Probably the one
most efficient mechanism for impeding mucociliary
blanket action is just dehydration. Insult makes the
mucous layer more viscid and then it does not move
along as well as it should.

If it dries out further, often the mucous blanket
may split so there isn’t a continuous layer covering
the cilia and there are gaps. Then the cilia become ex-
posed and that is probably when they may become in-
fected. Other things can affect ciliary motion or ac-
tivity, such as extreme cold. It has to be a very
prolonged cold and this will slow down the
mucociliary action. Irritant gases such as ammonia
and some other gases will slow the mucociliary
blanket. Probably the one we are most familiar with
is the infectious agent. Research work has
demonstrated that infectious agents such as
parainfluenza virus may have an effect in vivo on
some of the defense mechanisms in the upper air-
ways.

Until we can get that type of material cleared out of
a lung, I think it is somewhat ineffective to think
more antibiotics are going to do it. They are a very
important part of therapy but the host has to par-
ticipate in a resolution of pneumonia. This stuff has
to be cleared out of there.

I think it is important just to consider the viruses.
Just because a virus gets into the lower airways
doesn’t necessarily mean it is going to cause disease.
First, it is a numbers game and is related to the con-
centration of virus in the aerosol; then, how persistent
and how viable are these viruses. Some viruses are
less viable as they come into a more humid medium.
Then the thing that isn’t stressed that often is how
susceptible are cells at different sites in the
respiratory system. Different cells in the respiratory
system may not have the receptors for that virus and
then again how infectious and virulent is the virus
itself. Let’s just for a minute consider the secretion. It
is glibly put that they have a water-proofing effect.
We are talking about those secretions that contribute
to the mucous part of the mucociliary blanket. I think
it is well put as it acts as a physical barrier to inhale
the irritant and it is a very important part of the
mucous blanket. Substances are contained in the
secretions such as secretory antibodies such as IgA.
Then in the respiratory system in the secretions this
is most often where interferon is found. The impor-
tance of the secretions is they seem to increase in
response to irritation and infection. That is fine if it
doesn’t go overboard. With excessive mucus produc-
tion as sometimes is seen in chronic bronchitis, the
cilia are flooded and don’t beat as effectively. Again,
these secretions may obstruct the airways and render
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them nonfunctional, again reducing drainage. Then if
on the other hand there is insufficient mucus or they
dry out, this in turn affects ciliary activity.

What are some of the more important inactivation
mechanisms? What we have done (again in review) is
talk about the physical clearance mechanisms. Now
we’ll talk about the inactivation mechanisms that
take place if a particle gets down lower into the air-
ways. Here the alveolar macrophage plays a double
role. It does act in clearance, and it does act lower on
in the inactivation. Cellular immunity is a fairly im-
portant part of the inactivation. Humoral immunity,
and you can say IgA, seems to be one of the more im-
portant ones initially. Then again, we’ve made men-
tion of the interferon, and we talked about the anti-
oxidant and detoxification. Some of the inhaled gases
are detoxified lower in the airways. Going back again
to the alveolar macrophage, it has a very high
dependence on an aerobic condition. Let’s look briefly
at some conditions that may affect alveolar
macrophage function. These are things that many of
you have for years always referred to as stress in
recently shipped cattle, or other management effects,
but I think now we can start defining what makes up
some of these stress mechanisms-in other words, how
they really work. Just by starvation you can really
slow down the alveolar macrophage. Chilling does it.
Alcohol in man is one thing that does it. There is good
experimental work that shows the effect of some of
the acidodic and ketotic states. Look at how many
times we may be involved in those types of situations
with recently shipped cattle. Again viral infections
are glibly thrown into the pot, but this isn’t an all-or-
none function with viruses. At different stages of the
viral infection, the alveolar macrophage may or may
not be impaired, but a lot of viruses do knock out the
alveolar macrophage. Then we go down the lines,
some of the immunosuppressants, some of the im-
mune disorders, and then just chronic disease can im-
pair the macrophage. There is some interesting work
that was done in the lung. Just by doing a simple
nephrotomy they could almost bring a complete halt
to alveolar macrophage activity. It is a cell that is un-
ique but very susceptible to change in its envrion-
ment.

In pathogenesis there is a balance between the
deposition and the clearance of some of the irritant
particles. Clearance depends mainly on the
mucociliary blanket in the airways. Then the
clearance or inactivation lower in the distal airways
at the alveolar level depends primarily on the alveolar
macrophage. Then the immune and some of the non-
immune systems boost the efficiency of these
mechanisms. These systems work one with another in
the clearance of infectious particles.

I have briefly reviewed the anatomy and some of
the defense mechanisms and hopefully set the stage
for some other things to come.

(Editor’s Note: This paper was prepared from a tape recording of
Dr. Ardans’ presentation.)
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. White Muscle Disease
(Nutritional Muscular Dystrophy) Syndrome

Burns-Biotec Selenium-Tocopherol

White Muscle Disease (Nutritional Muscular
Dystrophy) Syndrome is a widespread condition
in lambs and calves as well as in their dams. Al-
though the disease is most commonly thought of
as being found in Oregon, Nevada, Idaho, Ohio,
Wisconsin, Minnesota, and Michigan, today it also
is being diagnosed with increasing frequency in
most other states.

Investigative veterinarians have found several ex-

fields, for example, the sulfur content in the feed
may interfere with the animal’s utilization of
selenium and tocopherol. Alfalfa, some clovers,
and other legumes fed to animals may be low in
selenium, thereby triggering the onset of the
disease. Another common cause of WMD Syn-
drome is drainage and irrigation which leaches
out selenium salts from the soil. Even feed addi-
tives with selenium may not sclve the problem

planations for the increasing incidence of WMD
Syndrome. In feed grown in highly fertilized

for calves and sheep

Acts on cells:
the heart of the problem

in animals that are incapable of metabolizing
this vital component of a healthy diet. .
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DESCRIPTION: BO-SE is an emulsion of
selenium-tocopherol. Each ml. contains:
sodium selenite (equivalent to selenium

1 mg.) 2.19 mg., vitamin E (as d-alpha
tocopheryl acetate) 50 mg. (68 1.U.),
polysorbate 80 250 mg., thimerosal
(preservative) 0.1 mg., water for injection
q.s. Sodium hydroxide and/or hydrochloric
acid may be present to adjust pH.
INDICATIONS: Prevention and treatment
of White Muscle Disease (STD) syndrome
in calves and sheep. Clinical signs are:
stiffness and lameness, diarrhea and un-

thriftiness, pulmonary distress and/or car-
diac arrest.

CAUTION: Selenium is toxic if admini-
stered in excess. A fixed dose schedule is
therefore important (read package insert
for each selenium-tocopherol product care-
fully before using).

PRECAUTIONS: Symptoms of Selenium-
Tocopherol Deficiency (STD) may mask
signs of other diseases with similar sy mp-
tomology. Careful consideration must be
given to all such diseases prior to treat-
ment of STD Syndrome. Elevated SGO-T

and creatine ievels may serve as aids in
diagnosing STD, when accompanied by
other indices. Important: Use only the
selenium-tocopherol product recommen-
ded for each species. Each formulation
is designed for the species indicated to
produce the maximum efficacy and
safety.

HOW SUPPLIED: 30 ml. and 100 ml.
sterile, multiple dose vials.

CAUTION: Federal (U.S.A.) law restricts
this drug to use by or on the order of a
licensed veterinarian.

...and these other fine products for large animal practice:

®

exclusive parenteral selenium-tocopherol
for lambs
®

exclusive parenteral selenium-tocopherol
for cattle
®

exclusive veterinary label repository
natural ACTH

®
bacterial antiserum, bovine formula
®
vibrio fetus bacterin, bovine strains
™

exclusive natural follicle stimulating
hormone

®

exclusive concentrated hexachloro-
phene surgical scrub
®

exclusive natural luteinizing hormone
®

exclusive highly purified parenteral
oxytocin preparation

AVAILABLE THROUGH YOUR DISTRIBUTOR OR FROM BURNS-BIOTEC

The Company That Introduced
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LABORATORIES DIVISION
CHROMALLOY PHARMACEUTICAL, INC.
OAKLAND, CALIFORNIA 94621 US.A.

SELENIUM-TOCOPHEROL ® IRON DEXTRAN ¢ NATURAL HORMONES
For Better Animal Health
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