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SUMMARY

The swurface characteristics of the bovine lower respiratory
tract were studied with the use of the scanning electron microscope
(SEM). The first step 4in the investigation was to beconme
familiarized with the methods of SEM, Thereafter two different

projects were designed and performed.

The first project was to assess the pattern of ciliated cells
in normal one week old calves and compared this with the pattern in
adult cattle. Two groups of animals, one calves and the other
adult cattle,; were studied and none of them had gross morpholoyical
evidence of pulmcnary disease. The trachea was examined as well as
bronchi, bronchioles and alveocli in both the cranial and caudal
lobes of the righ lung. In general in both groups, the lumenal
surface of the large airways was conpletely covered by cilia
apparently forming an efficient "wmucociliary escalator®, liowever,
in the adult cows some areas of ciliated cells were found devoid of
cilia, and these were considered to be abnormal. The hon—ciliated
cells in this jpart of the lower raspiratory tract were not easily
identified unless they were discharging secretion. In spall
bronchi, non-ciliated cells were more evident and based on the fadct
that these cells ‘were present sometimes as freguently as the
ciliated cells, they were thought likely to be epithelial secretory

cells, either mucous or serous cells,

The bronchioles had many non-ciliated cells and almost no
significant ciliated cells capable of forming a complete c¢iliary
carpet. Type I and Type 1II alveolar epithelial cells, as well as
alveolar macrophages, were identified in both groups of animals.
Pores of Kohn were found in the alveolar walls in all the animals
and considared to be normal. No brush cells were £ound,
Distincfive respiratory bronchiocles were not seen and there was a
relativaly sudden transition from terminal bronchioles to alveolar

ducts.




hfter the normal patitern of the surface morphology was
established for normal bovine ldwér respiratory tract, a second
investigation was designed. This waz done to assegs the changes
that bould be observed with SEM on the surface of the respiratory

tract of calwves infected with Dictyocaunlusg viviparus and calves

vacecinated against lungworm and éexperimentally infected with P,
viviparus. Ten Friesian cross calves were divided into three
groups which received different treatments. Group 1 com;ariseii.@vio
calves vaccinated with Dictol as recommended by the manufacturers.
Group 2 comprised four calves experimentally infectéd with

approximately 5,000 infective larvae of D. viviparus and Group 3

comprised four calves wvacc¢inated with Dictel at the same tine as

Group 1 and challenged orally with the same dose of D. viviparus

larvae at the same time as Group 2., One calf from Grouwp 3, Group 2
and Group 3 was killed on 15, 25, 35 and 45 days after challenge.
The changes observed in the luminal surface of the trachea, as
well as the bronchi, broncﬁioles and alveoli of both the cranial
and the caudal lobes of the right lung were recorded on the pleural
surface of the lungs. In Group 2 the infected calves appeared with
a variety of pathological changes as the infection progressed.,
These changes were mainly described as adult parasites and eggs "in
the bronchi, a severe cellular infiltration of the lung with worm

eggs and aspirated larvae occupying thé'Lumena of the alveoli.

Intercurrent infection was diagnosed occurring on the surface
of the conducting airways, where mnicroorganisms were found
colonising the tips of the cilia. In addition, areas devoid of
cilia and extroded cells were observed and considered o have

resulted from viral infection.

‘he relative proportions of epithelial ciliated cells and
non~ciliated cells were also affected at these lavels. The surface
of the conducting airways of the calves in Group 3 were slightly
modified.. The lung showed infiltration .of <impmune cells,
lymphocytic nodules implanted in the ung pareanchyma in cibse
relation in close relation to bronchioles and small bronchi, was

the most relevant finding.




The SEM results produced three dimensional pictures which

strikingly illustrated the modified epithelium and the reactions

present during the courze of prepatent and patent lungworm

infection in susceptible and immune calves.
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INTRODUCTION

During the past 25 years studies using transmission and
scanning electron microscopy have provided much information abour
the fine structura of the cells in the conducting airways and
respiratory tissue of the lungs.

The discovery in the early 1960s, of the important physioclegic
role of lung surfactant led the way to the recognition of the luny .
as an active metabolic organ. It is now clear that the lung has
important metabolic functicns, influencing the whole body. The
structure and function of alveolar tissue, both the epithelium and
the interalveclar septum has been detailed on several occasions but
less attention has been paid to the epithelium of the condusting
airways. The multiplicity of cell types now known to e presant in
the epithelium of the airways in different species of animals has
raised new guestions about cell kinetics, relationships aad
functions. As a result of the increase in knowledge ahout these
cell types in the lung and the renewed interest in the gtructure
and function of these cells in relation to pulmonary defense
mechanisms more answers will be found in the near future.

Understanding the different functions of the cells of the lung
has now become possible with the availability of methods which
study individual lung cells in culture as well as in situ and more
recently by examining the interactions that can occur between the

cells.

Systematic morpholagic studies of’ the respiratory sysﬁéh in
numerous species has been the suvbiect of many recent publications.
In them the object was to investigate and compars the morpheologic
features of developing and mature lung, in commonly used domestic
and laporatory animals as well as man, in order to establish
structural and functional relationships when possible. Until
recently, very few comparative anatemic studias'h§Q=be9n performed
and in almost none of them is the ox included. There is.a tendency

to extrapolate from one species to another, howeaver it hzs been




found that although the same epithelial cell types are found in
nost species their detailed merpheology and fraguency distribution
varies. In addltion, thers are some aspectz of the distribution of
the airways that are alsc species specific and some caution should

ba taken when comparing structures.

Knowlaedge about the respiratory system in the ox is important
not only for reasons of comparative biology but also because
raspiratory disease is very orevalent in this speci=ss. In the past
20 years as the numbers of cattle kept on the farm unit has
increased under eccnomic pressures there has been a concomitant
rise in the prevalence of respiratory illness. Respiratory
infections arez a significant problem all owver the world, in
countries involved in intensive beef. or dairy production. The
total ecopomic impact of the diseases results from their high
morbidity and ability to cause death. Aall age groups of cattle
have their own particular problems. The sérioﬁs respiratory
diseases of adlt cattle inzlude fog. fever, farmer's lung, diffuse
fibrosing alveolitis and reinfection with lungworm. In young
grazing calves paragitic bronchitis and pneumonia caused by the

lungworm Dictyocaulus viviparus, is very important. Tha indoor

calf pneunonias represent a major common and economic probiem f£rom

which many infectious agents have been isélated.

The availability of the scanning electron microscope (SEM) has
provided an important tool that has been extensively used to study
the surface of the respiratory passages and pulmonary alvedli, in
sevaral species. The use of SEM has brought about a major advance
in our understanding and appreciation of the three dimensional
organisation and surface topography of tissues and crgans. The
instrument is particulariy useful for studying the respiratory
system because of its ability to examine large surface areas
rapidly at either low or high magnifications with greater depth of
focus at equivalent magnifications than any cother light or electron
optical system. The large area that can bs examinedj the intrinsic
depth of focus, and tha relatively simple specimen'gfé érations,

make the SEM very useful for the examination and evaluvation of




normal and abnormal lung structure. in particular, SEM has
provided information about the size, shape and density of surfacé:
structures characterising varions respiratory cell zypes. It hag
also usefully been applied to demonstrate the architecture of
alveoll and their reléticnéhip to each other and- to bronchioles,
‘Since there have been few studies with SEM on the respiratory
system of the ox it seemed useful to conduct the study de€scribed in
this thesis., This study involved the examination of the epithalial
surface of the lower respiratory tract of normal calves and normal
adult cattle to provide more information about the morvhology of
this. region. The objective was to‘deédribe and characterise the
distribution of the ciliated cells forming the muceciliary
apparatus, to assess differences in the surface related to age in -
normal bovine animals and then to associate these morphological

patterns with pathological conditions such as lungworm infection.




REVIEW O THE LITERATURE

The scanning electron microsceopy (SEM) has boen extensively
used to study the surface of the airways and respiratory acini of
the lungs (Andrew, 1979). By definition the SEM reveals the
surface topography of a specimen. Although it has been used for a
number of ye&ars by scientists to study inorgénic material €.
steel, bicligists have only recently developed techniques for
pfeparing non-conductive goft tissue for examination in the SEM
{Nowell and Tyilexr, 1971), One of the most useful characteristics
of this instrument is the ability, not only to examine a large
surface area, but to do this rapidly. Weibel (1963) had estimatéd
that the lung from a human adult has 95 m2 of air-tissue
interface. Ezamination of a significant amount. of this surface by
transmission electron micréscopy (TEM} igs not feasible. Peasa
(1964) has estimated that it would reguire seven and one half years
of continuous TEM use to photograph 1 cm? of ultrathin sectioned
material. This compariscon emphasised ' the usefulness of an
instrament capable of being applied to study the morphology of
large surfaces. Apart from the large surface area that can be
examined by SEM it is possible to examine longitudinal or obliqgue
conducting aixways and assess the relative proporticns of different
cells and their distributions on a surface (Nowell and Tyler,
1971}. It has been reportéd in a review of microscopic studies on
the respiratory tract that 13 cell zypes (Table 1} have been

identified in the epithelium (Breeze and Wheeldon, 1977).

A recent review {Tyler, 1983} provided detailed information on
the physicochemical nature of airways secretions. The
anatomny, pharmacology and phyéiology of airways and their secretion
in health and Jdisease were zreported. Comparative morphologic
agpects of the airways from various species were presented by Tyler
{1983) but most of the information was based on TEM and light
microscopy {(LM) studies and was not confirmed by SEM, Although SEM
is limited to the examination of surfaces it is very useful for
stud&ing distal airways as lavge blocks ¢an be examiﬁgé at very low

or high magnification with hich resolution and the view of the




COLMON; CELL TYPES IN NORMAL LUNGS

Epitheliel cells

Afrways
Ciliated
Goblet
Epithelial sercus:
Brush
K~(iﬁcluding neurcepithelial body calls)
Easal
Intermediate
§becial type

Non-ciliated bronchiolar secretory (CLARA)

Connective tissue cells

Globule leukocyte
Lymphocyte

Plasma cell

Subepithelial mast cell
Connective tissue mast o2l
Eosineophil

Cartilage

Gland

mrcCous

Serous

Alveoli

Wmlpmmwﬂ%
Type II "
Type IIX "

Alveolar mecrophage

Table 1: List of different cell types, according to Breeze and
wWheeldon (1977).




surface prowides much of the information in a readily comprehended
form. In addition, muterial prepared for SEM can ke processad for
examination by TEM'ér LM. Carr (1981) descriped procedures for
examining samples from SEM by TEM or LM on 1 sections after

embadding the sample in resin. In addition there have been studies
made on several species by LM and TEM and they have described

differences in the comparative anatomy of the lungs.

In humans, the lung at birth is nmot a small wversion of the
adult lveng (Reid 1972). Alvecli develop after birth, increasing in
number until the age of eight years and then increasing in size
until growth of the chest wall is finished. The known pattern of
growth of the human lung has facilitated the interpretation of the
pathagenesis of <ertain pathological changes. Bastacky (1983}
described the structure of human alrwayvs by a combined study using
SEM and airways dissection. He examined and mapped the luminal
surfazce of a single airway from the poinewwhere it had its origin
fIOlethE main stem bronchus through large and small bronchi to
bronchicles and continuing to alveclar ducts and te alveoli as far
as the pleura. He obtained lokes of human lung by surgery. They
were inflated with air, allowed to deflate and then reinflated with
fixative.. The airway was dissected and examined with a
stercomicroacope, then the samples were processed for SEM ana the
airway mapped at different magnifications. Tha interesting areas
were then excised and processed for TEM. He described a unit
‘airway as that continuous luminal surface consisting of one branch
of the airway at each bifurcation. Preliminary studies suggestad
that alveoli varied in shape; sgize and entrance width; all of
which were a function of the position of the alveoli along the
airway. The transition from ciliated conducting éirway epithelium
to squamous respiratory- epithelium was quite abrupt., The surfeace
of alveoli in the hydrated state were ¢uite swooth, tended to be

round and had surfactant occluding almost all thie pores of XKohn.

Jeffery (1983) proposed a classification (Figust] for all the
surface epithelial types on the basis of a review of their features

as determined by light and electron microscopy. The classification




Epithelial

BASAL
CILTATED ) " non-cillated

: Secretaory unknown function

PAS SPECIAL TYPE BRUSH
+ MUCOUS - SERDUS CLARA BENDOCRINE . Intermediate
)
; Migratory
LYMPHOCYTE GLOBULL~-LECCOCYTH
Neural

NEURO-EPITHELIAL RERVE TERMINALS

Fig} te A classification of respiratory tract surface epithelial

cells as proposed by Jeffery 1983.




was based on morphologic features and took into. consideration the
ageucrence and species distribution of each cell type. Jefiar
{1982} said that many, but not all, of the gepithelial cells were
found in humans,.  Ciliated, mucous, Cl;ra non-¢iliated bronchiolar,
and’ ~basal cells were consistently identified in all mammals. as
judged by light microscopy and transmission electron microscopy.
Not manf complete -studies had b;een done by SEM, therefore theré wag
a Bhortage of information in this respect. In his conclusion he
Su_ggested_ that any one c¢ell type might perform more than -one
function and that further research Qoﬂld canfirm o¢r refute these

hypothesegs.

Jdeffery and Reid (1975) had made a systematic survey of the
ul\"\i:-.".‘astruture of the cell types at different airway levels in
spécif--ic: pathogen~free (SPF) rats. The main objective was to
establish how far proximally Clara c¢ells weye found, The s-tiady'was
done using TEM to examine five extrapulmonary 2evels and five
in’tfapufl._:uonary levels., The distribution and f;éqdency of each
epithelial cell type, epithelial thickness and dapth of the ciliary
layer were asse'ssed and were exXpressed as a percentage of the total
epithelial.cells counted, Nearly 50% of the c¢ells at the levelf'oi_’.
the upper trachea end distal bronchioles were non-ciliated but -at
the lower paft of the trachea, extrapulmonary ‘bronchus, intra-~
_pu_l_monary bronchus and small bronchus only 40% ‘were non-cilated,
Té’king all.'levels together 22% of the epithelial cells were serous
and_ this was the moSt wf.;-eq‘uent cell type at all airway levels
eXxcept the upper Qaft of“t}Axe trachea. The serous epithelial cells
and the Clara cells c¢ould not be distinguished from gach other by
TEM and were counted as one cell type., .Goblet cells made up less
than 1% of the total at any level, The intermediate celis were
most numerous at the upper part of the trachea and significantly
fe‘;:ér were found in the d4distal parts. Basal cell decreased
progressively distally. Migratory cellsy lymphocytes and globuls
levcocytes were considered together in' these counts. Lymphocytes
were more numerous in extrapulmonary airways. Both lymphocytes and

globule Jleucocytes, were greatest in the upper segment of the




trachea, and their concentration  progressively decreaséd in -the

extrapulmonary and intrapulmonary bronchus.

In the mouse the conducting airwayz were studied by Pack et
al. (1880). A quantitative light microscopic and TEM investigaﬁioh
was mads at different airway levels since it was considered that
this had not been carried cut in tha mouse previously. They~tfied
to establish the distribution of cell types in the ai;Ways and to
determine whether the cells containing mucus’ oc?urreé" in the
primary bronchi or smaller airways. - Previous workers had ' shown
that the mucous cells of the mouse occurred in larger numbers in
the lower trachea than the upper trachea, espscially at the level
of the carina. Whether this increase in the mucous cell population
pefsisted in the primary bronchi was  unknown. The investigation
was done using MFI strain (8.P.F.) mice.  The epithelium of the
conducting airways was sampléd at five.levels from the tr&chéa,to
the distal brenchi and three sections ff;m each level were then
cbserved by LM and TEM. The authors concluded that, cdntrary.to'
what was found in other species, the majority of the cells (50-60%)
wvere Clara cells. Mucous producing tissue was infrequent although
epithelial mucous cells occurred in large numbers at the carina and
primary branchi. In thelr observations they pointed out that the
paucity of mucous cells in the trachea and primary bronchi and
their absence from the axial airways had been done only in SPF
animals and when stock mice were examined some mucus-containing
cells were moré frequently seen at every leval, On the other hand,
no mucous or serous cells or submucosal. glands were seen in the SPP
animal at the intralcbular airways. ©0n the morphological basis, as
judged by TEM, Pack et al. (1980) recognized three distinctive
forms of Clara cels. On occasion they also observed cells which
were apparently transitional typés petween these three types of
Clara cells and also between Clara cells and mucous: or ciliated
cells, - It was suggested that the transforming cell the might
indicate a role for the Clara c¢ell as a basic developmental cell in

the generation of the other cell types. Although ti lara cell is

generally thought to be a secretory cell type charaéteristic of the

epithelial 1lining of bronchioles, some investigators (Plopper,




.

1983) have shown that in scme species non-cliliated cells closely

resemblihg those in the bronchioles, the Clara cells cah be found
in. the epithelial lining of proximal cartilaginous -airways i.e.

trachea and bronchi.

In 1975, Castleman et al, studied the morpholegy of the
intrapulmonary airways in tﬁree species 6f-monkays by SEM and TEM.
Their results indicated that there was general similarity between
the mucosal structure of the bronchi and the respiratory
bronchicles in the three different monkeys and man. There were,
howevex, differencés in .-the number of genérations of terminal
bronchioles and dJdifferences in their epithelial lining. The
objective of the study was to £ind a model for experimental studies
on human pulmonary disease processes., There were soﬁe-diﬁferences
described by McLaughlin et al. (1951)»between the distal airways of

nonkeys compared © with rats and pigs, who have very short

réspiratory bronchioles; - however, cats and dogs have long well
developed respiratory bronchioles. McLaughlin et al. (l961)

described the main subgross- anatomical features of the Inngs of
variocus mammals and had grouped them into three distinctive
subgross lung types; according to which the monkey wag-consi&ared
te be included in the second group with the éat and tﬁe-dog. This
group was charvactarised by the aﬁéeﬁce of secondary lobules, with
an extremely thin membranous pleura. The most distal. alrways were
composed of numerous well developed respiratory brunéhioles leading
into large alveolar ducts. The monkeys were an extreme éxample of
this, possessing. only short, large, and well alveolarised
bronchiocles which terminate in lengthy alwveolar ducts., ‘The
diameter of the distal portion of these inflated bronchioles were
0.5 mm. Castleman et al. (1975) pointed out in their conclusion
that the terminal bronchioles in macaques were lined by
pseuvdostratified columnar epithelium. They could not find
non~ciliated cells similar in morpholcogy to bronchial brush cells
reported by Watson and Brinkman ({1964). An umasual form of
ciliated cell bontaining memdrane-~bound inclusions_wagfdescribed by
Castleman et al. (1975}, they were often.observea.iﬁ one of the

species of monkeys. This cell was suspected to have a secrstory




funétion. In addition, whersas non-ciliatsd cells containing
secretory droplets, comparableﬁto numan Llava cells weres observed
in bronchicles of bonnet and stumpystail monkeys, no such cells
wére obsrved in the rhesus monkeys which are usuvally considered to
be similar to man. They sugyested that ncn~ciliated bronchiolar
epithelial cells with a merocrine secretory fuﬁction ware mnot
normally present in rhesus lungs or that they were extremely scarce
in comparison to the other magaques. In. bath,  man. and macaques
alveoli were seen as outpockets from the respiratory bronchiolar
wall arnd these alveoli incrzased in frequency as awore distal areas
were reached. Cuboidai cells although continucus in the initial
portions of respiratory bronchiocles beccomes dispersed between
sguamous epithelial cells in more distal areas, In distal areas of
the respiratory bronchioles cells were ohserved containing
osmiophilic lamellar bodies. These <¢ells wers identical in
morphology to type II alveclar epithelial cells. It cculd be that
type II ocells 1lining respiratory bronchicles have a similar
function and lower surface tensicn in the distal airways (Castleman
et al., 1975},

In a recent report six morphologically distinctive granule
containing secretory cells were described in the sheep lungs (St.
George et al., 1983}. These cells were referred to as four wmucous
cell types (M1-M4), serous cells (S.C.) and Clara cells {C.C.).
The cells were classified on the basis of their airway distribution
and their ultrastructure. Mariassy and Plopper (1983) examined
airways generation in sheep lung by microdissection, and then
examined by IM tissue samples embedded in resin. Based on
differences in cell mnorphology, staining properﬁies and
distribution, eight major cell groups were recognised and
quantified. The four new mucous cell categories similar to those
of 3t. George et al. (1983), were referred as M1, MZ, M3 and M4;
ciliated cells, basal cells, Clara cells and. serous c¢ells were also
described. They said that the serous cells were restricted to

submucosal glands. The tracheal epithelium had the.mest cells per

~unit length, primarily due to large numberxs of basal ceils. Basal

cells were found in the epithelium of airways withnout cartilage or




giands. The goblet cells, M1, M2, M3 and M4 in prozimal alxzways
were a constant finding and M4 goblet rells (containing sulphated:
glycoproteins) were- present in glands of the proximal airways and
in the epithelivm lining the airwaysg. withoqt\ glén&. The most
distal airways were lined by Clara cells and ciliated cells and

were free of glands, basal cells and goblet cells,

There was no correlation between submucosal structure,
generations of airway branching and epithelial cell populations.,
They found a number of generations of intrapulmonary airways
lacking cartilage, which had submuccsal glands, basal calls, mucous
cglls, and ciliated cells. They alse found basal and macous cells
in the bronchioles- which also contained Clara cells. In the most
distal bronchicles these  were only secretory cells present. They
concluded that while a distribution pattern of cell populations in
the sheep tracheobronchial tree was clearly rclated to alxway
generations, there was no distict relationship between the
distribution of epithelial cell types and the submucosal stiactures

{giands and cartilage).

The tracheal epithelium differed bketween cartilaginous and
noep~cartilaginous regions, in hgight and in the abundance of basal
cells. The epithelium was lower and basal cells fewer in
non~cartilaginous regions. The epithelium of the extrapulmonary
bronchi and that of a few proximal intrapulmonary, cartilaginous
bronchi resembled the epithelium of the trachea. The first 20
genarations of airways .in both lobes had about the same number of
cells. The density decreased in the distal airways in the cranial
lobes, which had fewer total airwdy generation in the axial
pathway, c¢ompared with the caudal lobeé. Thae basal cells were.
abont 25% of the population in the trachea and decreased
progressively in mnoxe distal generations. The percentage of
ciliated cells was between 35 and 65% being lowest in the trachea
and the most distal airways. The proportion‘of secretory cells,

within the epithelial population was approximately  the same in all

the cartilaginous airways and increased ih  the  distal

non~catilaginous alrways.




The rabbit was the only other species in which a similarly
detailed study has been performed (Plopper et al., 1980}, In
contrast to the sheep, which has been between 20 and 23 generations
of. cartilaginous airways with submucosal glands, only the five most
proximal generations of intrapulmonary airways of the rabbit had
cartilage and most of these lacked glands. Goblet and basal cells
were pot as extensively Aistributed in rabbit airways as in sheep
and the wide variety of'epithelial cell typeé in proximnal airways
was not present, Less detailed studies in the hamster (Kennedy at
al., 1978) rat (Jeffery.and Reid, 1975) and wmouse (Pack et al.,
1980) have shown similar differences when compéned to the sheep.
As in the mouse, the predeminant secretory cell lining -all airway
generations in the rabbit was the (lara cells (Pack et al., 1980).
Mucous goblet cells were rarely observed in this species. The
serous cells were the major secretory cell in the proximal airways
of the rat (Jeffery and Reid, 1975). On the other hand, the mucous
cells had the same role in the hamster, being the main secretory
cell (Kenrnedy et al., 1978). Clara cells lined distal airways in

all of these species,

Basal cells also had interspecies variaticn in distribution
and abundance, More than 60% of the airways in the sheep had basal
cells, whereas they were found in less than a third of proximal
airways in the rabbit (Plopper et al.,; 1980}, The rat (Jeffery and
Reid, 1975) and hamster (Kennedy et al., 1978} apparently héve an
arfangement similar to the rabbit., The density of basal cells in
the nost Proximal airway generations cf the sheep, trachea 28.5%
and primary bronchué-IB% (Mariassy and Ploppex, 1983) were similar
to tnose in the rabbit, trachea 28% and primary bronchus 27%
{Plopper et al., 1980); the rat, trachea 27% and ‘bronchus 27%
(Jeffery and Reid, 1275) and the hamster, trachea and bronchus 20%
‘{Kennedy et al., 1878), The mouse however has lowar ﬁensities of_
basal .cells, trachea 8%, primary bronchus 3.3% {(Pack et al.,

1980}, The findings on cell distributions in the sheep when

compared with other species suggested differenges K in airways

function between species {(Mariassy and Plopper, 1983).




It seems likely -that +the composition of the mucgciliary
blanket would be different in thé different spécies. In addition,
vafiation in +the abundance of secfetcry cellftypes,and:giands;in
different airways generations of the same spécies Suggested that
the lihing varies wiéhin the tracheobronchial tree itself (Mariasay
and Plopper, 1983). They inferred that the differences in the
extent of basal cells within the tracheobronchial tree of  rabbit
and shéepimay indicate a difference in.pdnential for responding to
epithelial injury by infectious or. toxic agents. Basal cells wekre
thought to ke a primary szource of new cells for epithelial
replacenent in'proxihal airways (Gordqn and Lane, 19274; Xauffman,
19803}, . The sheep not only had greater nambers of airways
generations with progenitox cells, but also had a 'greater -abundance
of these cells in distal airways than did the rabbit (Mariassy and
Plopper, 1983). A number of factors may influence airway
epithelial repair in response to injury including degree of injury
number of progenitor cells present,.their ;ate of mitosis and the.
rate of differentiation of daughter cells.- They alsc emphééized
the necessity for clarification of the efféct of progenitor cell

abundance on the epithelial repair process following injury.

Although there have beén many detailed studies on the nature
and distribution o©f epithelial cells, in the airways of several
species, using the TEM and 1M, there is not much information about
the character of the surface epithelium of these airways seen by

SEM.

Nowell and Tyler (1971) conducted a SEM study on the surface
morphology of mammalian lungs on four horses and six haméteﬁs, o
determine the features of the airways and compare a -v&riety’ of
methods of preparing. pulmonary tissues for SEM. The lungs £rom
horses and hamsters werxe perfused via the airways with fixative,
using cacodylate buffered, glutaraldehyde of physioclogic osmalality. -

and cacodylate buffered formaldehyde~glutaraldchyde. After

dehydration by graded solutions of ethanol, some wq;énﬁfr dried and
some were dried by the critical point drying methods {CPD) usinhg

carbon-dioxide. In addition, hamster lung was prepared by freezing




in ligquid propane at -175°C after thofacotomy. The frozen-lung was
then sectioned a&and put in. absolute ethanol at -~84"'C and
subsequently dried by CPD. -The specimens that were fixed with
aldehyde fixarion and follow by CPD ‘were most useful because the
nmIcous blanket and surfactant were removed. ‘The air-drying from
ethanol resulted in extensive shrinkage. and loss of
ultrasﬁruétﬁral detail. It was concluded that this did not mérit
furtﬁer use in studies of pulmcnary,tissue. Studies that eéncerned
the shapes or relative distribution of tissues components could be
accomplished using the rapid freeze .methods followed by freéﬁe
substitution and CPD. Using those methods, Nowell and Tyler (1971)
presented low and high  magnification .photomicrographs shéwxgg
different’components_of'pulmonarf:tisspé at -different levels'bﬁt
without 'giving a proper cog;élétion of the position of the sagmeﬁts
studied in the two épecies. They - described in their resulfs
alveoli opening directly fxom.bronchiOIQS‘in the hamster, finding
ciliated and non-~ciliated cells in,hamster»bronchioles. They also
described the type II alveolar epithelial cells in both the horse
and the hamster with opehings and depressions associated with the
discharge of pulmonary surfégtant. The cother elements found wérg
alveclar macrophages adjacent to pores in the interalveolar sééfum

or the cut surfaces of interalveolar septa.,

Tyler et al. ({1971) studied the surface morphology of
hypoplastic and normal lungs from newborn lambs by SEM. 7Two normal
lambs were examined after being delivered by cesarian section, at
full term gestation. Prior to delivery, the trachea of the lambs
was clamped to prevent loss of fluid from the aifways and the heart
was arrested by injection of potassium chloride into the umbilical
vein to prevent absorption of lung fluid into the circulation,
After the lungs were removed from the thoracic cavity, they were
perfused with buffered 10% formalin and kept in the fixative for 72
hours. - The lungs were then cut into slices and some tissues weré

taken for LM, Selected pieces of lung were processed for SEM;

adijacent to those examined for LM and the CPD ‘methe FBf drying was
used. An alveolar duct space was described as a space between  the

terminal brorchicles and the alveoli and the bronchiolar space was




the space within airways gmaller than 0.5 mm, lined by cubeidal or
columtar epithelinm. and not containing zartilage or glands. Thiz
was: establishad according to the sites selected by LM, They
considered that the lung parenchyma of the newborn lamb appéared
similar to those from other species that had been exzamined before

in hamster and horse (Nowell and Tyler, 1971).

In the lungs of the newborn lambs all the typical structure
could ba readily identified. Very general infermaticon about the_
appearance of a perfused lung was presented, The alveoli were
described as uniform in size and well expanded within a well
organised parenchyma containing bronchi, bronchiocles, alveolar
ducts and alveoli. Five or more alvecli appeared to open into each
alveolar duct., =~ Free -cells were - algso deéscribed which were.
considered to be alveolar macrophages, sitting on the alveolar
surface. The surface of the interalveclar septa was described as
fhin and cleanly cout. Little information was given about tilie
mucous membrane of- the airways. However ciliated cellﬁ'
interspersed with the non-ciliated cells at the bronchiclar level
and at the termination of these into an alvaolaf duct were
mentioned. The ciliated cells looked poorly ciliated, fn the same
study type II alveolar epitheliél cells were seen and were present

in the alveolar ducts and in the alveoli,

In 1972, Greenwood and Holland carried ocut an investigation on
mice with the purpcse of describing the surface characteristic of
the respiratory tract, mfrom the . nares to the pulmonary alwveoli
using the SEM. In preparation for. SEM examination of the
respiratory tract, the trachea was exposed below the larynx and the
lungs were perfused intratracheally. Pirst they were lavaged with
0.1 M-sodium cacodylate buffer and then in the same way perfused
for fixation with é;S% glutaraldehyde. SpeciMens from trachea,
major bronchi, secondary broanchi and pulmonary parenchyma were:
obtained aftef fixation, deliydrated in graded alcohols and allowed

Lo alr-dry ox were dried by CPD. ‘The specimens -w

:then coated
with gold-palladitm: and examined at 20 kV, GreenWwood: and Holland

(1972) pointed out that their findings indicated that the surface




structural data were best obtained wusing SEM. They wers- able to
define cellular orientation snd relative distributicn cf varied
call types. In the trachea of the mouse, they observed two main
cell types and referred to the area containing them as microvillus-
covered respiratory epithelium and ciliated epi.thelium. The
ciliated cells were described as cells arranged in a group inter-
gsperced between numerous non-ciliated cells. Hansell and Moretti
(1969) using TEM also noted the abundance of the non-ciliated cells
and concluded that these ¢2lls were nueous secreting in naturé.
Later, and also hy THEM, Pack et al. (1980) pointed out that apy
mice had few mucous cells in their tracheas. However they addad
that stock mice had more mucous containing cells in the trachea and
that these were nore freque'n_tly seen at every level, Plopper
{1983) also emphasised that in some species of mice, non-zciliatéd
cells closely resempling bronchiolar Clara c¢ells, couwld ke found in
the trachea and bronchi. The capacity of microvillus~covered cells
and ciliated cells in the normal tracheaﬁ and bronchi to unde:rgo
regeneration was suggested by SEM observation of the same authors
{Greenwood and Holland 1972}, Previous workers had studied the
events following mechanical injury to tracheal epituelium and noted
that after removal of overlying ciliated cells, folded procegsss of
remaining cells straightened to form microvilli. Pour days after
injury immature cilia and microvilli uniformly covered the cell
surface and one day later a mixture of mature cilia, immature cilia
and microvilli were present. The varied length of microwilli, the
presence of cilia tufts projecting from the surface of
predominately microvillus=-covered cells and marked differe.ncas in
ciliary length between adjacent cells and cells in the same area
were observed in the trachea as well as in bronchi. For Greenwoad
and Holland (1872) this finding characterised the normal
respiratory trac¢t. They also described in normal pulmonary alveoli
fixed in linspiration, the surface of three distinct cell types; the
smocth surface of the type I alveolar epithelial cells lining the
alveolar ducts, alveclar sacs and alveoli. The large type II
alveolar epithelial cell surface covered with short. microvillous
projections. The third cell type observed was the alveolar

macrophage, visualised lying in situ on the epithelial surface.
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the epithelial surface. The plasma nmembranc zppsared ruifled due

to undulating waves of activity. The brusgn cell was not reported.

In the doy the SEM was used to establish and record the norikal
surface topography of the respiratory tract from the trachea ﬁo,thg
alveoli {(Wright et &l., 1983)., Studying the distriﬁution of tﬁe
ciliated cells in the tracheobronchial tree they establighed
differences related to age in the doys, They observed that in the
newborn puppies the dorszal wall of the trachea was completely
eidiated while the lateral and ventral walls showed patches vrit.poht
cilia. After five days of age the whole tracheal wall was founa'to
ke completely ciliated. The lower large airways i.e. the bronchi
of the newborn puppies were uniformly poorly ciliated but comélete
ciliation was achieved by two days of aga, In the same st—.-udy,
large and small bronchioles of the newborn animals had fewer cilia
and although the number of ciliated eells had increased by £wo
days, a complete carpet of ciliated cells was never observead
regardless of the age of the dog. Ciliated cells were not seen in
the respiratory bronchioles of any of the 25 animals investigated
in this study, corroborating the results presented by Plopper'ggi_
al,(1880) who established by TEM that 97% of the cells present in
the bronchioies of dogs were non-ciliated and the remaining celils

were poorly ciliated.

The povine lung was studied using the SEM by Mariassy et al.
{1875). This workx on the bovine animal was preceded by a TEM
investigation carried out by Epling {1964) and Rybicka et al,
{19743, At this time some useful observations wesre made by
McLhaughlin et al. (1964) on the anatomy of the bovine lung when

they compared the bovine lunyg with those of other species.

McLaughlin gt al.' {(1964) reported the subgross apatomical
differencas of specimens from laboratory animals and domastic

animals, including cattle. The bovine spécimens were obtained from

abbatoirs, inflated and washed with water to clea{}x’ them of bloed
and then injected with latex,., After solidification of the latex,

the . tissues were fixed for 48 hours, This treatment was followed
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by quick freezing and settioning to obtain specdinens which i»:,e-rf_:
studied under the dissecting micrescopé. The. authors tabulatedfand
gfouped the data obtained. intoc three. distinctive snb—éross Lﬁqg~
types, {(Table 2). The cow, the sheep and the piqrpossésse&mwﬁgt
was arbitrarily designated as sub-gross lﬁng T?pe I... The lungs of
animals in Group I, were characterised ny the pré‘sg'e‘née of extremely
well developed secondary. 1obg-l¢§';-_'- due to the. marked int’erl'obu_lé__r
septa and the thick pleura, The mbst distahl ai_rway_s- were compoé,ed
of numerous termiqél bronchioies leading either directly into
alveolar ducts, or into alveolar buds proximal to the junction. with
thé alveclar duct,. They considered that each of the sedbﬁdafy
lobhules constituted a swall individual lung becaﬁse cf their

extreme development.

Epling (1964) described the ultrastructure of the blood-air
barrier in normal cattle. Attention was focussed on the TEM
features of the alveclar epithelium and theualvéaiar wall. 'Type I
and Type II alveolar epithelial cells were éha-ra‘cte‘rised for the
first time in the bovine lung and the findings were the same as
those of previocus investigators studying othe;: .ma.mma-lian sPec'ie$.
Rybicka et al. (1974) made a more comprehensive study and described
some of the TEM features of. bovine lung, agaih, this =zeport
concentrated on the alveolar septum, Type I and Type II alveolar
epithelial cells were identified and illustrated by. these workers.

Alveclar macrophages were also found, although only occasicnally.

Observations based on a SEM study were made by Mariassy et
al., (1975) who described some characteristic of the bovine lung,
They proposed, and 1illustrated severial distinctive anatomic
features of the Jlung surface that might be important for an
understanding of pathophysiological responses. Twelve animals vere
studied, they were adult beef cattle, of different sexes, coming
from an abbatoir. Tissues were prepared for SE@ by perfusion of
the airways with Karnovsky's fixative. After thydration in
alcohol and CPD, the tissues were double coatedJﬁiEh silver and
gold before examination with an ETEC AUTOSCAM; Their main

observations cane from the Jlower intrapulmonary vrespiratory tract
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Subgross Lung Types found in Seven Species of Mammals.

Zubgross Type

Group I Group 11 Group IiX
Cow, Sheep, Pig, Monkey, Cat, Dog. Horse, Man
Lobulation Extremely well : Absent Imperfect
developed development
Pleura Thick Thin Thick
Terminal Present Rbsent Present
bronchioles Predominant

distal airways

Respiratory Infrequently Present Present
bronchioles observed
Extremely poor Very well Poorly
development developed developed

Table 2. A classification of some mammals based on the suvbygross

anatomy of their lungs, from MclLaughlin ét al. (1964).




as they did not examine the trachea or large bronchi. The bronchi
were identified by their large luminal diameters, the thick band of
smooth muscle and their dense connective ftissue as well as the
presence of glands and plates of cartilage. The epithelium
described was composed of ciliated and non-ciliated cells, In the
bronchi the ciliated cell was considered to be the predominate cell
type over the majority of the surface but there were interspersed
single-non-ciliated cells, The ciliated cells were described as
cells with a surface containing dense aggregatinns of long uniform
cilia, with microvilli distributed around their bases. The mucosal
surface of the non-ciliated cells were observed 4o be covered by
many short microvilli; these cells were considered not to protrude
into the lumen. Similar non-ciliated celis with few microvilli and
large pits or pores opening inte the surface were seen and
considered to pe mucous goblet cells, In their descriptions,
Mariassy et al., {1975}, considerad that these pores sometimes
contained secretory material fixed in situ and that an actively
secreting non-ciliated cell had very few microvilli in contrast to
the guiescent non-secreting cells which were covered by a dense
population of short stubby microvilli. Brush c¢ells were not

described.,

The bronchiolar mucosa, described by Mariassy et _al. (1979)
was composed of approximately equal numbers of ciliated and
non~¢ciliated cells. The ciliated cells were Jdescribed as having
slightly shorter cilia than those in the bronchi and it was noticed
that the bronchiolar ciliated cells had shorter but more numerous
microvillii when compared with their bronchial eguivalent. The
Jumninal surface of the non-ciliated bronchiolar cells were
described as having an gval perimeter and & granular surface with
few short microwvilli, It was not confirmed whether or not the
non;ciliated cells were Clara cells. They 4id not dJdetermine the
role of the pronchiolar nen-ciliated c¢ells or their resemblance to
Clara cells of other species., They confirmed the observations made
by McLaughlin et al. {(1964) on the paucity %Qﬁ respiratory
bronchiecles and, when they were present, their short length with

few alveoli. The proportion of non-~ciliated cells seemed to have
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increased in the respiratory bronchioles. Mariassy et al. (1975}
added that in respiratory bronchioles cillated cells becane few in
number, had shorter c¢ilia, which were less abundant and meore
digorderly at these other levels, Differesnces were found between
the non-ciliated cells of the bronchioles and those in the most
distal part of the bronchioles, The non-ciliated cells at the
bronchioclar Jjunction with the respiratory epithelium were nore
prominent in their apical protrusions. Three cells were described
in the aiveoli. Most of the alveclar surface was observed to 56
covered by the flattened, smooth surfaced sguamous (Type 1)
alveolar epithelial cells. The remainder of the surface contained
the second cell present which was the 'granular Type II alveolar
epithelial cell. 2according to Mariassy et al. (1975) these cells
usually lined only a swall portion of the alveclar surface, the
vell body protruded into the alveolar lumen and were covered Dby
many microvilli in contrast to the Type I alveolar epithelial cells

which had only a few small projections scattered on its surface.

The openings or pits on the surface ¢f the Type IT alveolar
epithelial cells as described by Nowell and Tyler (1971} in the
horse, were rarely seen by Mariassy et al. (1975} in cattle. 1In
these animals the Type II alveolar epithelial cells were
varticularly numerous in alveoli adjacent to interlobular septa and
in alveoli close to bronchioles. A prominent Jjunction was also
seen at the boundaries between epithelial cells. The third cell,
the pulmonary alveclar macrophage was rarely seen. Interalveolar
pores of Kchn were not often found and they interpreted that this

was to be considered typical for that age group of animals.

Newhouse et al., (1976} considered in their review on lung
defence mechanisms that one of the must important functions of the
lung, aside from its role in gas exchange and matabolism, was the
provision of an essential biological barrier between animals and
their envircnment. Green et al. (1977) alsc subscribed to the view
that the respiratory membrane is exposed to a large. volume of air
containing contaminants each day and considered that”the infectious

agents, chemical toxins, mineral dusts and imminogenic particles
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contained in this air would find & variety of pulmonry defence
mechanisms which could prevent these agents damaging the '\_.ful-rie-réb_le
tissues. The extent to which these -lung defences could be overcomg
by the inhaled foreign materials was i:hc}ught by Green et ai. (1977)
to determine the appearante of respiratory disease, The: lung
protected by these interlocking non-specific and specific defence
systems could be heavily exposed to inhaled substances without
suffering damage since thé:material could be removed physically or

neutralised by the mechanisms described by Green-et al.. (1977),

There have been ssveral studies by TEM and SEM of the dama.gc
produced in pulmonary tissue by ‘different types of injuriecus
agents, however, there have bgen very few studieés on the dahage

procduced in the bovine respiratory tract by these agents.

In the rat, Hijita (1977) studied the lung injury induced by
Bleomycin sulphate, therapeutic drug effective against sqguamous
cell carcinoma, malignant lymphoma and testicular tumours.
Unfortunately pulmonary injury eventually resulting in diffuse lung
fibrosis. was reported as a serious complication in patients
receiving large doses of the drug. Hijita (1978) using SEM had
followed the pathogenesis of Bleomycin induced lung injury. The
¢hanges obhserved depended on the route of administration. In the
case of administration wvia bromchioles and alveolax lunen, damage
to epithelial c¢ells was the most severe. ’I‘hrough.'a guantitative
study by SEM, the authors detected swellings and exscoriaticns on
the attenuated cytoplasm of Type I cells. atr this stage alsco
destruction of Type II c¢ells was noticed; necrosis of the
cytoplasm and increased secretion of lamellar bodies from Type IX
cells was commonly observed. The third epithelial cell, the
alveolar brush cell, was studied in this exéeriment. ' Ajdthough in
control animals, the ralveclar brush cells had a slight tendency to
increase in numbsr with age, there was a remarkable increase in
number brought about by the Bleomycin,treatment. Thé proliferation

of alveolar brush cells within a vascular ring wa! ';I‘_;_';_onsidered to

constitute a functional unit, Microvilli of Type 1L epithelial

cells in close proximity to the alveolar brush cells seemed to fuse




with each other, It seem=ad that Type 11 epikthelial cells with
highly fused mircovilli, represeated an intermediate cell between
alveolar brush cells and Type II epithelial cell. Adenomaﬁous
hfperplasia of the bronchiblat‘epithglium was alsoc recognised.as a
toxic effect of Bleomycin. ‘fihe increased number of the bronchiclar
brush cells was commenly reported to occur near -the bropcﬁidl&r
junction; this phenomenon was consid&réd to represent alvealar

hronchiolisation.

Organ cultur=zs of hamster trachea have been used extensively

to study the pathogenicity of Mycoélaswa pneumoniae. Using the
SEM, Gabridge et al., (1977} observed the luminal sgurface of the
trachea of adult Jdisease-free hamsters. These tracheas were
removed from the animals and cultured in vitro, then infected with

M. pneumoniae. After attachment of the organisas, ‘the trachea was

examined in the $EM. The attachment of M, pneﬁmonia& was invérsely
correlataed with the presence of extensi;e -éiliation; the most
heavily ciiiated areas having the least attachment, This was
explained by the author, as being due to the vigorous beating of
the cilia. The SEM revealed numercus relatively large patches of
unciliated cells where the mycoplasmas had attached. These were
more cdmmon on the ventral luminal surface of ‘the trachea and were
guite prominent in the middle portion. According o Gabridge at
al. {1977) the unciliated areas apparently contained several

different types of cells. When the ventral surface of the trachea

was examined in its entire length, the anterior region (nzarest the
larynx)} and the posterior region (nearest the bifurcation) appeared
to have the most extensive c¢iliation. The sides of the trachea
were similar in that the ciliated cells outnumbered all other cell
types on. the surface., The dorsal surface of the trachea had a mich
different morphological e¢onfiguration from the ventral one . The
mucosa was arrangad in a series of lengitudinal folds heavily
ciliated.

Mebus and Underdahl (1976) using the SEM, obscfved the effect

of Mycoplasma hyopneumoniae infection on the trdchea and bronchi of

gnotobiotic néonatal pigs. After infections :given intranasally



with M, hyopneumoniae cultures, the pigs were killed at different

times and the specimens were prepared for SiEM observation. The
resulis on the contrel group of animals indicated that ciliated
cells -v:ere the main ¢ell in the trachea, They were intermixed with
goblet cells which were obscured by the npumeyous long cilia
present, In the infected pigs the surface of the trachea had
severe changes consisting mainly of the loss of cilia, exposure of
the microvilli of the epithelial c¢ells and the presence of uwucus
and many spherules considered to be mycaplasms In some animals,
goblet cells were noted to be protruding. lLarge nunbers of
mycopiasﬁas forming clusters were seen, In the early stage of the
infection in the bronchi there was loss of c¢ilia and wycoplasmas
were associated with cilia. In the later stdges of infection the
loss of cilia was more extensive and the mycoplasmas were arranged
in & layer rather than in clusters. At the end of the experimént
about half of the bronchial epithelial cells had lost cilia ané ths
presence of leucocytes was also noted. The distribution and
severity of SEM bronchial changes coincided with the gross pulmonic
lésioné. However, the severity of the lesions was less in terminal
bronchicles than in the trachea. -

willlams and Gallangher (19?8) studied porcine tracheal rinags

and lungs inocalated with a virulent strain of M. hyopneumoniée.

The preparations were observed by different methods including SEM.
The main objective was to characterise the primary interaction

between M. hyopneumoniae and the host on the ciliated epithelial

surfaces of the respiratory systems. Previous reports, (Livingston
et al., 1972 and Mebus and Underdahl, 1976} had revealed that
nycoplasmas appeaﬁéd in c¢lose proximity to the cilia of the
brohchial epithelial cells. However, it was considered necessary
to conduct further investigations with the commonly occourring
secondary infections such as bacteria, viruses or other
mycoplaémas. An  investigation of a complicateagd mycoplaSma‘

infection in porcine respiratory tissue cultures using SEM wa

SELAL

considered by the authors to afford -a unique high:féEOLution view

of surface areas which could be compared with observations using

other mathods. The SEM mnethods appliesd were the conventional




onés. The eyplants of trachea and lung wers infected with
mycoplasmas only and with mycoplasmas plus a culture of porcine
luig fibroblast (PLF}. The ciliated pseudostratified columnar
epithelial cells of the trachea, lobar bronchi and prozximal
bronchicles, were considered to play an important role in removing
‘various inhaled particles and disease-promoting oryanisms from- the
respiratory systens. This study in wvitro demonstrated that the
mycoplasmas probably induced loss «f cilia gven when the infection
was considered to be of Jow titre and free ci cther
nicroorganisms . In this case the damage was focal and it seened
that the organisms wmight easily ke localised either on tracheal
cells or lung cells after the cilia were iost, possibly due to
toxic substances of an enzfme nature produced by the aycoplasicas,
When the infections were produced with mycoplasmas and PLF, the
damage was (reater because of the high concentration of toxic

products from damaged cells caused by the M, hyopneunonizez. Th=

authors (Williams and Gallanghexr, 18978) pointed ocut that since,
during in vitro experiunents, the organisms were not in contact with
immune  cellular respanses, the complexity of a given infection in

vitro could be different from what might occur in vivo,

Pneumcnic calves infected naturally with Mycoplasma dispar

have been studied by TEM {(Allan and Pirie, 1977}. The results
showed that the TEM was able to demaonstrate mycoplaémas in lung
tissue even when attempted isolation was negative. Mycoplasmas
detected hy TEM were always on the bronchial epitheliuvum and
scarcely found on alveolar tissue, Usually individual organisms in
close association with neutrophils and macrophages were found. The
grganisms were mainly seen on and between the cilia of the
bronchial EQitheiium\often in layers. 'as judged by TEM, giving the
appearance of a microcolony on the epithelial surface. They were
naﬁer seen within the cytoplasm of the epithelial cells. Loss of
cilia was a common feature as seen before with the SEM studies on
the in vitro experiments on pig tissues {(Mebus and Underdahl, 1976;
wiiliams and Gallangher, 1878}, The c¢ellular ﬂb“.pges such as

RIPSt N

protrusion of the apical cytoplasm of epithelinl rcells into the

bronchial lumen were also seéen.




A gtudy using SEM on the tracheal epitheliuvia of calvez
inoculated with bovine herpes virus I was described by Allan and
Msolla (1980). Infecious bovine rhinotracheitis viyrus wvas
experimentally inoculated onto the mucous nembrane of the upper
respiratory tract. The infecktion developed clinical signs and the
virus was reisolated from the nasal passages, Damage was
demonstrated on the mucous meémbrane of the trachea by LM, tnen
normal calves ware observed under SEM the surface of the mucoﬁs
mémbrane appeared to be cémpoéed of ciliated epithelial cells
intermixed with gohlet «ells, - The c¢ilia appeared to be all about
the same length and quite numerous. When the infected animals were
exanmined with SEM, loss of c¢ilia and consequent exzposure of the
microvilli on the epitheliai cells was detected. The injury seemed
to involve large areas and was accompanied by large amounts of
mucus on the luminal surface. The mucus appeared as strands of
material intruding into the lumen from the ducts of submucosal

glands.

Bryson et al, (1983) studied the ultrastructural featureé of
the lower respiratory tract of calves, experimentally infected with
parainfluenza Type 3 (PI3) wvirus. The acute stage and the repair
stage of the pneumonia ware investigated using TEM and SEM
procedures, applied on a conventional basis. In the acute stage of
the infection, viral replication was cobserved by TEM within ths
epithelial cells of the respiratory tract and within alveoclar
macraophagses.,. The major bronchi were less affected that small
bronchi. The nucleocapsid filaments were seen to be
intracytoplasmic and occasionally intranuclear in the bronchial
ciliated cells, bronchiolar ciliated cells and bronchiolar
non-ciliated cells (Clara cells). RNucleocapsid was also seen in
the Type I and Type II alveoclar epithelial cells, Marked changes
were observed in the ciliated c¢ells of bronchi and bronchioles
consisting of loss of cilia and disruption of the normal
orderly-arrangement of the basal bodies within the apical

‘eytoplasm, With the SIEM, loss of c¢ilia was obsegygd to be more
severe in bronchiocles and small intrapulmoaary B;onchi than in

large bronchi. The loss of cilia destroyed the ciliary carpet on

-
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the luminal surface and  exposed the microvilli.lPrQ;iferation of
Ciara cells producing zoﬁes. of. hyperplasiz in the bronchiolar
epithelium was seéﬁ with TEM.confifming the features observed by
LM, Within the alveoli, widespread proliferation of Type II
alveolar epitheliai cells led to-alveolar epithelialiéation. Thege

features were not studied by SEM.

1t would appear, therefore, from the literature cited that
there have been few comprehensive specific studiea, using SEM, on
the normal or diseased bovine respiratory tract and that such an
iavestigation <could yield useful information for workers wiith

research commitments in bovine respiratory discage.




- ' SECTION WO

MATERIALS AMND METHODS

ANIMALS AND RESPIRATORY TRACT SAMPLES
SCANNING ELECTRON MICROSCOPY
TRANSMISSION ELECTRON MICROSCOPRY

LIGHT MICROSCOPRY




ANIMALS AND RESPIRATORY TRACYT SAMPLES

The animals investigated during this study could be classified
into three groups: (i) adult cattle {(ii) week-o0ld calves and (3i1i)
paraslite free calves three months of age.

ADULT CATTLE

The adult cattle. examined, had been admitted to the Veterinary
Schuol, Clinical Depértment for a variety .of problems, These
‘apimals had no evidence of clinical respiratory disease although
minor Jesions were found in the lungs postwmoriem. These animals

formed one of the groups in the study described in Section 3.
WEEK~OLD CAILVES

These animals were purchased from a local market, at one week
of age, and brought to the Veterinary School. 2All were the same
breed, Friesian, and were male. fhey were. kept indoors and fed
with milk until the day of post—mortem'examihation. The calves
were examined cliniéally and were found to be free of respiratory
disease. No signifiant lesions were found post-mortem, These

animals were used for the study described in Setion 3.
PARASITE FREE CALVES

These calves had been reared indoors and then brought to the
Veterinary School when they were two months old, There they were
left indoors until they were three months of age. These animals

comprised the group of calves for the study deacribed in Section 4.

POST-MORTEM EXAMINATION

The normal calves and the parasite free calves were

anaesthetised by intravenous injections of peutobarbitcne sodium

solution (ﬁuthatal ~ May and Baker - Dagenlhiam, Fngland) into .the




jugular vein, To prevent the escape ©f stomach contents and the
contamination of the airways the cesophagus was expoged and ligated

hefore the calf wasz euthanasised by exanguination.

The adult cattle were stunned by shooting aprd killed by
bleeding.

2 post-mortem examination was carried out on all the animals.
First of all, however, immediately after death the lower
respiratary tract was removed from the carcase and dissected for
sampling and fixation. This was done as guickly as possible and

samples were never ceollected over 20 minutes after death.

After the samples for SEM had been selected the samples for

Jight microscopy were taken.
RESPIRATORY TRACT SAMPLES -

In orxder to make a comprehensive examination of the lower
respiratory tract, five levels were selected and at these levels
different sites. were established for the removal of the tissues.
These sampling sites in the trachea and the right luny were kept to
rigorously during the two experiments described in Section 3 and

Section 4 and the sites are illustrated in Fig. 2A and Fig. 2B.

Level 1 was the trachea which was sampled at three sites,
cranial trachea (1a), middle trachea (1bk) and caudal trachea {1c).
Level 2 was the large bronchi of the right lung; two sites were
sampled, one in the c¢ranial lcbe (2a) and the other in the caudal
lobe (2b). Level 3 was the small bronchi of the right lung; these
were also sampled at two sites, one in the cranial lobe (3a} and
the other in the caudal lobe (3b). Level 4 was the bronchioles of
the right lung; cranial lobe samples were {4a) and cauwdal. lobe
sanples were {4b). Level 5 was alveolar tissue in the right lung;
the two sites sampled were (5a)} in the cranial lobe and (5b} in the

By

caudal loche. S

32




*(S9gOoT Tepned pue TeTueId)
TIOSATY pueR SSTOTUDUCIG ‘P ToAdT (SOQAT Tepnes pue TeIURID) TyduOIg TIRWS ‘¢ Toae7 (seqoT
TRPPURD pue TeTueld) Tyduodg odIe] ‘g ToAdT (TeTuRId ‘aTppIu ‘Tepnen) vayoeay, ‘i TeAdq ‘' UOTIONS

UT POQTIOSAP SmOD pUR SHATED TRMIOU SU3 Jo Dbunl 3Jybrx pue eayosex3 syl ur pardwes sraRT Syl - vr *H1I




e

33



‘(30T TePRED pue TRTURID} TITOSATY

‘G TRADT pueR (SSQ0T Tepuerd pup TRIURIQ) SSTOTUDUOIY ‘P ToAST (S2QOT Tepnes pu? TeTURIS) FUIUOIG
TTRUS ‘g TSAST *9qOT Tepned UuT TITTqZ ‘TIGz ‘T4z Pue 8GQe] TETURIS UT ®vZ) Ty2uoIg 8bHieq ‘gz Toaan
*(OTPPTIH) ®ay2eay i YTSAd] {p UOTAIBE ‘IusuTiadxsd

wxombuny A3 UT pesn steuTuR Teausurxszdxw Syl 3Fo bunT 3ybtx pur eayowral SY3 UT patduers sTsART -~ g7 *Brd




qg
qy

qe

Pt

ey

34




These samples were fixed by a method which invelved them being

either {a) non-perfused or {(b) perfused).

Non~perfused samples were from Level 1 and Level 2, These
were complete rings of tissue, taken from each site, which
thereafter were washed in a jar containing rinse solution and then
transferred to a gsecond jar to be fixed with modified Xarnovsky's

fixative.

Perfused samples were c¢ollected as follows: After removing
the samples at Level 1 and Level 2, the remaining large broachi in
the cranial and in the caudal lobes were cannulated at the points
illustrated in Fig. 3, and the lung perfused with chilled modified
Karnovasky's fixative. Thereafter the perfused parenchyma was
separated from the rest of the organ and kept immersed in fixative
in sealed polythene boxes to complete the fixation procedures.

Slices of the perfused lung as illustrated in Fig., 4, were
then examined under a dissectng microscope., bLazvel 3, Level 4 and
Level 5 were identified and appropriate samples were removed f£rom
the sites described using forceps and a scalpel blade keeping the

tissues wet in rinse solution.

<~
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Fige. 3 -~ Levels in the cranial and caudal 1lobe where the points of

acculations are illustrated.

Fig., 4 - Perfused lung is illustrated where Level 3, Level 4 and

Level 5 are sampled.







SCANNING BLECTRON MICROSCOPY

The following methods were used on the specimens collected -at.

post-mortem examination in order to prepare them for exzamination

under the scannlng electron microscope.
FIXATION

The tracheal rings (la, 1b, 1c¢) and the bronchi {(2a, 2b, 2bI,
2bII, 2bIIX) were first carefully washed with a ijet of caccdylate
buffer 0.1M, to remove the film of muacus covering the epithelial
surface, and then Ffixed by immersion in modified Karnovsky's
fixative. The rest of the specimeps {32, 3b, 4d4a, 4b, ba, 5b) were
fixed by air-perfusion procedures. The route by which the £luid
was injected was the remaining large bronchi of the cranial and
caudal lcbes. 7They were cannulated and the lung perfused using a
S0 ml syringe filled with fixative .and” théy ‘attached to the
cannula. The rate of perfusion was contralled by means of the
syringe which could be refilled several times during the
perfusion. The specimens were then immerséd in the fixative and
kept in cold temperature (4°C) for at least one week in airtight

plastic boxes. H

The following solutions were used to rinse the tissue and to

prepare the Karnovsky fixative:

Rinse solution

“Yhe rinse solution used was Sodium cacodylate buffer 0.1M.

0.2M sodium cacodylate -~ 100 ml.
distilled water - 100 ml.

Buffer

a) 0.4M, sodium cacodylate
21,49 made up to 250 ml distilled H,0.




b) 0,24, sodium cacodylate buffer
50 ml1 0.4 sodium cacodylate
B mi 0.2 4 HCL.
42 ml distilled water.
Control pH = 7.2

c) 0.2 M, H1,

1.72 ml HCL in 100 rl distilled water,

Paraformaldehyde 10%:

Heat 29 of paraformaldehyde in 20 ml of distilled water to
60*C in a fume cupboard. &add a few drops of 1 NaOH to clear, Cool

before used,

Modified Karnovsky's Fixative

50 ml 0,.2M cacodylate buffer pH 7.2

20 ml 10% paraformaldehyde '

10 ml 25% glutaraldehyde

20 ml distilled water.

After adegquate fixation the processing of the specimens for
scanning electron microscopy comprised the following proceduras (i}
washing (ii) dehydration and critical point drying and {(iii)

mounting and sputter coating.
WASHING

Slices of perfused and non-perfused samples were removed from

the fixative and washed in 0Q.1M sodium cacodylate buffer.

a) Non~perfused samples: The samples from the trachea (Level 1)
and from the Jlarge bronchi (Level 2) which were in the form of
rings of tissue were cut into small, flat pieces, 1 mm x 6.5 mm. A
sample of this size was taken from the ventral and dorsal walls of

the rings at each site and washed overnight in sodium cacodylate
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buffer 0.1#, This was necessary to rlnse away fixative. It was
recommended to use buffer for washing fto maintain the osmelarity
with the tissue. When it was necessary to wash tissues for a long

time the tissues in the buffer were kept in cold conditions.

b} Perfused samples: Slices of perfused lung were examined under
a dissecting microscope. Sm2ll bronchi ({Level 3) bronchioles
{Level 4) and alveoclar tissue (Level §) were identified in slicey
from the cranial and the caudal lobes, keeping the tissues wet in
0.1 sodium cacodylate buffer, and appropriate samples were removed
from the sites dascribed using forceps and a scalpel blade. ‘The
selected tissues wers transferred intc bijou bottles containing
rinse solutions and were kept there at least two hours ox

overnight,
DEHYDRATION AND CRITICAI POINT DRYING

Specimens from the rinse solution were passed first through
graded acetone in which they wexe gradually dehydrated. Cold
dehydration help to decrease extraction of cell components by the
organic solvent.

The time in acetone had to be controlled and the tissues were
kept in acetone for as short a time as possible to avoid excessive
shrinkage and extraction, The dehydration schedule for acetone

used in- the present study is shown below:

Acetone 70% 2 hours or overnight
“ 90% 2 hours
" 100% 2 hours or overnight
" 100% 2 hours

The specimens were then transferred in specimen holder baskets
to the stage when the tissues were impregnated with the £inal
substitution liquid (acetone 100%), in the liquid transfer boat.
The boat was filled with the substitution liquid and the basket

assembly was transferred rapidly to the boat. The boat could then




be Jloaded into the pressure chamber of the apparatus. Wnen the
specimen access door was closed this actuated the drain valve in
the ligquid transfer boat, and this resulted in a sufficiently slow
draining action for liquid carbon dioxide to enter and cover the
specimen before the substitution 1ligquid level had fazllen. The
valve connected to the COp cylindexr {inlet valve) was slowly opened
to let the carbon oxide £ill the chamber at 20-25°C until the gauge
registered 300 p.s.i. If it did not, the cause was either a Jleak
cr an exhausted CO, cylinder, The residual air was then briefly
flushed 6ut by slightly eopening simultaneously the valve connected
with the outlet and the pressure-reduction valve, while keeping the
inlet open. The reduction valve was then closed and the inlet
valve closed. The liqguid €O, in the chamber was then allowed to
equilibrate with the solution in the specimens., After a few
minutes the COp-acctone mixture was flushed out for a few seconds
hy opsning the reduction valve whilst the €O, was open. This was
carried out several times during a peried éanging from half an hour
to one hour, for an average run of say ten specimens, each
approximately 1 2z 1 x 0,5 mmn. Whether a siénificant guantity of
acetone remained in the chamber could be corudely estimated by the
smell of the outgyoing CO; gas. Finally the chamber was isolated by
closing all the wvalves and the whole chambar was gently heated with
hot water %o about 35°C. Since the pressure in this sealed system
vas a function of temperature it was quite sufficient to fellow the
pPressure change alone, If the pressure did not rise appreciably on
heating this could indicate that CO; gas, not liquid, was in the

chamber, or the valve for the outlet was not prop=rly closed.

When a pressure of 1,200 p.s.i, was reached, the 2liguid
surface would have disappeared and the CCy was above its critical
point. The release-outlet valve was opened and the
pressune-reduction valve was slowly opensd to release the now
gaseous CO,. Xf the pressure was allowed to drop too quickly then
either the expansion of the gas might cool it below its critical
point, when it would ligquify or solidify or the specimen might
explode due to the rapid expansion of the gas. It was important,

however, that the gas was released slowly so fhat the chamber had




time to cool by radiation. A sultaple period of time was one

minute,

In the pregent study the Critical Point Drying Apparatus E3000

Polaron Equipment was used.
MOUNTING AND SPUTTER COATING SPECIMENS

As soon as was convenient, after critical point drying, the
specimnens were mounted bacause it was much easier to handle mounted
preparatione. This was specially trve of small specimens because
they could then be more easily prepared in batches without damaging

or contaminating the faces which were to be examined.,

Specimens for SEM were normally mounted by attaching them to
aluminium stubs on aluminium holders using colloidal silver paint.

Glues like epoxy resin were useful for dry specimens but took
2 long time to set. Glue which hardened by the evaporation of a
solvent was gene;ally more convenlent although some trouble could
be experienced if too much glue was used because it could be slow

to dry and would tend to bubble up under vacuum.

Colloidal silver paint was used as a glue but this was an
expensive material for mounting large numbers of sgpecimens.
However, it was indvasluable for improving electrical centinuity
between the specimen and the stub, and for c¢overing an unwanted

area of a speciwmen which would charge in the microscope.

Most biclogical specimens will charge unevenly in the SEM when
the electron beam impinges upon their surfaces. The even charging
willldeflect the beam and destroy resclution by causing stigmatism
and iantroducing brightness variations which cannot be interpreted.
Charging artefacts could be reduced by reducing the primary beam
energy, but this is associated with severe loss of resolution at
voltages low enough (l.5 Kv) to work with an untreated specimen

surface. In practice therefore the specimen’s surface sghould




become conductive by coating with gold-palladium in an Bmscope

Sputter Coater.
THE SCANNING ELECTRON MICROQSCOPE

The specimens studied in this thesis were exanmined by means of
a Philips 5H01lB Scanning FElectron Microscope at a 72 to 15 Kv and
200, 500 and 1000 spot size. The SEM was in the Veterinary Anatomy

Department of the University of Glasgow Veterinary School.
DISCUSSICON OF SEM METHODS

Animal tissues for SEM examination generally nead to be free
from extraneous material in sclution such as mucus, blcod or tissue
fluid. In the case of the natural surfaces of soft tissues,
isclated cells or cell cultures the most useful approach seems to
be to wash the material with a suitable isotoni¢ medium before
fixatien,.

P

Good fixation stabilises cellular organisétions to such an
extent that ultrastructural relations are preserved despite the
subsequent drastic treatments o©f dehydration, embedding and
exposure to an electron beam, In 1963 Sabatini et al. recommended
the use of glutaraldehyde as a fixative for electron wicrescopy.
Specimens could be stored in buffer, after having been fixed in
glutaraldehyde, for considerable periods cf time before further
processing, Paraformaldehyde (Robertsoen et al., 1963) compared
favourably with glutaraldehyde and had the advantage of more rapid
penetration into the specimen. Subsequently various mixtures of
aldehyde were tested and some of them, particularly a mixture of
paraformaldehyds and glutaraldehyde (Karnovsky, 1965) were found to
be very useful.  Paraformaldehyde-glutaraldehyde fixatives gave
better preservation of a wide variety of tissues than aldehyde
alone. In conseguence, they have become very widely used as
primary fixatives. Formaldehyde penetrates tissues much more
rapidly than glutaraldehyde and it is thought that tﬁe formaldehyde

temporarily stabilises structures which are subsegquently fixed more
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pérmanently by the glntafal-de‘hyde (Karnov ky,-.1965)_;_ The Fizative
originally suggested by Karnovsky (5965) co‘ns;j;s'_i'te“d of 4%
paraformaldehyde, 5% glutaraldehyde.and;OQOS%‘c&l¢iqﬁfchloride, in
.08 cacodylate buffer pH 7.2 and was Extreméif Ihypertonic,
consequently Jower concentrations of p‘arafo_r;rji'a‘ldahyde ' and
glﬁtaraiaehyde (0.5 to 2% and 1 tdﬁﬁ%} started-*o be used.’ Since
and it is always adV1sable to try first a- wethod that has ben used
successfully with Slmlldr spec1menb and. then nake nodlflcat1cns as

‘required. In this study the medified Karnovqky s flxatiVL was used.

An ideal fixative would exactly maLch the natural environment
of a living tissue with réspect to pH, osmol:_ar:.i.y and  iondic

B

congtitution.

The majority of fixatives were - buffered ‘with phosphate or
cacodylate, Cacodylate buffers weére first pro‘pc’»sed"fo’ l"e:' tfon
microscopy by Sabatini et al., (1963}, They are eaoy te plepar:,
are stable during storage. for- long p_e:;:iods and--\do.--x;c_)t_ quport the
growth of microoréanisms. Their - main diSadvaﬁtagééﬂaré'tﬁaf~ﬁhey
contain arsenic which is toxic and may act as a fixative and ﬁhéy
have an unpleasant smell.

It is clear' that most biological soft tissue cannot be
examined wet in the SEM kut must-be dried first. If this is not
done the tissues' water will boil in the vacuum of the microscope
and the extraction of the latent heat of evaporaztion will cause. the
remaining water to freezé. - The guestions of watexr content could be
avoided by previous workers in. a few ‘instances such as examing
living tissues of Tribilium sp. and Sitemia sp. These syecimens
were either able to conserve their free water or could tolerate its
removal in the wvacuum of the microscope. Usually, however, the
tissue nust Dbe dehydrated prior to insertion in the SEM. -~ The
following technigues have been used: (1) air —dryiné from the
liquid phase (ii} critical-point drﬁng {iil} freere-drying  from

water and (iv) freeze-drying from organic liguids,. Most of the

materials referred to in the Review of the Literature (Section 1}

were processed using either the first or second methods.




‘The basic 1iﬁitati0n of the air-drying from liguid phase is
drying down of tissue structure caused by the receding surface of
the liguid as it evaporates, and the tendency of minute solid
édmponents to clump toyether. Some specimens, such as mineral and
hard tissues obﬁiously resist this. Others Qo to some extent.
Soft  tissues, however, c¢ould be seriocusly deformed. This
deformation may ba advantagedus as, 1in the case of artificial
surfaces prepared in soft tissues, by the cells shrinking in such a
way as to reveal the position of cell Jjunctions or contacts (€.g.
synapses in the nervous system) and the a,X and 2 bhands in striated

miscle fibres.

Many specimens nay be preparad by.allowing a very volatile
salvent to dry in air, but the apparent saving of time over othar
methods 1is a delusion, The actual operator time involved in
transferring the specimens through a suitable graded serles of
solvent mixtures certainly exceeds the ogerator time involved in
freeze—drying the same. specimens for water, However, the same
consideraticons of time involved in dehydrating the specimen through
graded solvents apply alsc to techniques which are at present

regarded as the most promising namely, critical point drying or

freeze~drying. ‘

The aim of drying from volatile scolvents should be to chooss
one which has both (a) low surface tension (e.g. ether 17 dynes/cm,
acetone 24 dynesfcm) so that the forces tending to disturb the
specimen surface will be minimal and (b) high volatility, so that
the gpecimen-shrinkage time is minimal. The rigidity of the tiasue
may also be increased by the use c¢f appropriate £fixation

procedures,

Boyde {1980) recommended that +the specimens would be
successively equilabrated, after washing in buffer to remove the
fixative by processing in the following ethanocl : water mixtures of
30, 50, 70, 80, 90, 96 and 100% ethancol following:?g“diethyl—ether
¢+ ethanol mixture of 25, 50, 75 and 100% either or.acetone 70, 94,
100%.
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The principles of the critical~peint drying wssthod of
dehydration and the apparatus wused were described by &anderson
(18511}, The water content o0f the specimen was cuccessively
replaced by ethanol and amyl-acetate or acetone and liguid carbon
dioxide, and the Jlatter was then heated to a little above its
critical peoint in an enclosed_;ﬂﬁce. Bbove the critical point
(3L°C for CO0,} the liguid became a gas which coyld be released from
the gpecimen. The result was that artifacts cauééd hy the crystals
and phase boundaries in frozen-dried preparations were eliminated.
There was no surface-tension distortion if the drying was broperly
conducterd, Critical point drying was quick, but suffered from ﬁhe
disadvantage that the organic liguids used, ethanol and anyl
acetate were precipitant fixatives and fat solvents which made  the
tissues rather brittle. However, critical point drying was a most
satisfactory way of drying specimens of soft tissues routinely
bacause it avolded the ice-crystal arg;facts associated with

freeze-drying from water,

TRANSMISSICN ELECTRON MICROSCOFY

Transmission electron microscopy {TEM) was used to examine
tissue previusly observed with +the SEM and details of these
different tissues will be described in the corresponding Sections 3

and 4,

Small pieces of mucous membrane were removed from the
respiratery tract as soon after death as possible and placed in
drops of a chilled paraformaldehyde/gluteraldehyde fixative an
blocks of dental wax. These small blocks wera then transfevred to
glas phials containng chilled fixative and were fixed overnight in
cacodylate rinsing solutions and post-fixed in osmium tetroxide for
one hour,

The fixed tissue was dehydrated through an ascending series of
76%, 90% to absolute alcoheol, £ollowed by rinsi&g;iin propylene
oxide. The tissues were socaked for one hour in a mixture of egual

parts propylene oxide and araldite, and left overnight in an 80%

T
[y




araldite mixture. Individnal blocks were then embedded and the

embedding resin polymerised at 57°C for 48 hours.

Sections tp thick were cut on an LKB Mark IXI ultramicrotome
usinyg glass knives; mounted on glass slides and stained with
toluidine blue (Trump et al., 1961). Fields for ultramicrosopy

were then selected and the original blocks trimmed accordingly.

Ultrathin sec¢ticons were cut on the ultramicrotome and mounted
on uncoated ATHENE 482 copper specimen grids {Agar aids,
Stanstead). Sections were stained with Urany acetate, rinsed in
methanol 50% methyl alcohol in distilled water, after which the
grids were dried on filter paper. They were then stained for 10
mihutes with lead citrate, rinsed with 0.02N sodium hydroxide,

distilled water and again air dried on filter paper.

Sections were examined using an AEIX 6B electron microscope in
the EM Unit of the Veterinary Pathology Department, the University

of Glasgow.

1. Paraformaldehyde /Glutaraldehyde mixture
1.3% paraformaldehyde and 1l.6% glutaraldehyde in cacodylate
buffer pH 7.2 - 7.4.

Paraformaldehyde 2g.

Distilled water 25 ml.

IM sodium hydroxide 2-3 drops.
25% glutaraldehyde 10 ml.

* Caeodylate buffer 115 ml,

Anhydrons calcium chloride 25'mg.

*2. Cacodylate buffer: This was prepared as a UO.2M solution of
sodium caeodylate in distilled water (21.4 g/l) and adjusted

to pH 7.4 - 7.6 by addition of a few drops of concentrated

hydrochloric acid.
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Qsmium tetroxide: 1% osmic acid {BOH Chenicaiz Ltd., Poole,

Dorset)} in Millonig?!s buffer pH 7,2 ~ 7.4,

Millonig's phosphate buffer was prepared as follows:

Sodium dihydrogen phosphate (2.26%) 83 ml,
Sodium hydrcoxide (2,.52%) . 17 ml.
Distilled water 10 ml.
Sucrose 0.544g.

Uranyl Acetate: A 20% soluticn (May and Baker, Dagenham) was made

up in 100% methanol.

Lead Citrate: Lead nitrate (1.33g) and sodium citrate (1.75g) ware

disscolved in separate 15 ml wvolumes of distilled water. The
solutions were then mixed, the lead citrate precipitate shaken for
one minute and then alliowed to stand for 30 minutes with periodié
agitation. The precipitate was solubilised by the addition of 8§ mil
of 1.0 M sodium hydroxide. The solution was diluted to 50 m} with

distilled water. The final pH was 11.9 - 12.1.

Araldite mixture: Equal parts hraldite’Resin (CY212) and Araldite
Hardener (HY 9264) wére mixed by stirring overnight and then stored
at 4°C until regquired. Before use in embedding; 0.6 nl of
accelerator (DH (64) and 2,4 ml of di-n-butyl phthdlate were added
to 57 ml of the aralidte mixture, and the total vclﬁme stirred for

30 minutes.

LIGHT MICROSCQPY

In all the animals studied, ® histological procedures were
perforﬁed for light microscopy (LM) examinations. Thejtissues ware
obtained’from the same levels as described for SEM samples but were
selected from areas non-perfused or taken prior to F@? perfusion of

the Jlung parenchyma.- - The samples were fixed in 10% neutral

buffered formalin (NBF).




FIXATION IN 10% NEUTERED BUFFERED FORMALIW

Tissue hlocks remained in fixative for a winimum of 24 hours,
and then each sample was trimmed to a thickness of not mors than 4
mm, with a flat surface provided to ensure accurate orientation and
to facilitate sectioning. ‘After trimming all specimens were
transferred to fresh 10% EBF, and duplicate positions post-~fized in
corrosive formal for a further 24 hours. All blocks were then

processed as detailled below.
Fixatives were prepared as follows:

1. 10% Neutral Buffered Formalin (NBF)

Tap water 900 wml.
Concentrated formaldehyde 40% 7100 ml.
Sodium dihydrogen orthophosphaté 4.6 g/,
Dipotassium hydrogen orthophosphate 8.0 ¢/l.
2. Corrosive Formol (Formol sublimate)}
Concentrate formaldehyde 40% 100 ml.

Mercuric chloride (sat. agueous sol.) 900 ml.
PROCESSING

Tissues were processed by dehydration through a series of
alcohols, double embedded in 1% celloidin in methyl benzoate and
embedded in paraffin wax, using amyl acetate as a medium. Sections
wexre cut at a thickness of 3p and stained using Meyer's
haematoxylin and eosin; and sometimes alcian blue/pericdic acid

Schiff at pH 2.5.
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INTRODUCTION

The entire air-tissue interface o¢of ¢he respiratory tract
extending from the nasal cavity to the alveolar space, is covered
by epithelial cells and their secretions (Breeze et al., 1976;
Breeze and Wheeldon, 1977). However, little is known about this
interface in the bovine vrespiratory tract, The SEM has been shown
to be a usetul instrument for studying the surxface topography of
tissues, particularly lung tissues. As described in Section I, the
surface pattern of the ciliated and non~ciliated cells varies at
different levels of the lower respiratory tract and differences
related to age have been observed e.g. in the dog (Wright et al.,
1983}, Furthermore, when Mariassy et al. (1975) studied the lungs
of young adult cattle they observed several anatomical features
that apparently differed from those of other mammals.

The objectives of this study were firstly to examine the
epithelial surface of the lower respiratory tract of normal young
calveé in order to gescribe the distribution of the ciliated cells
forming the muccciliary apparatus, and secondly to assess
differences that might be found in the surface due to age by

comparing the calves with normal adult cattle.

In addition the study was intended to provide a basis for

future investigations on pathological materials.
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HMATERTALS AND METEODS

The general procedures have been given in Section IIi.
ANIMELS

Two groups of animals werse examined., Group A comprised. six
Friesian calves one week old with no evidence of respiratory
disease confirmed by gross and histological examination of their
lungs. Group B comprised four adult cows, two aged Lwo years, one
aged five years and one 10 years old. Macroscaopically their lungs
were normal and there were no major histological abnormaliities,
In Group A each calf wasz anaesthetised with pentobarbitone sodiun
given intravenously and the cescphagus tied before exsanguination.
Animals from Group B were stunned. by shooting before
exsanguination, At post-mortem examination the larynx and lower
respiratory tract were removed from all the animals in both groups,

and sampled within 10 minutes.
SAMPLING

Samples were selected at five different levels in the 1lcwer

respiratory tract as illustrated in Fig., 22, Section 2.

In the trachea three sites were established, cranial {1a}
middle {1b) and caudal {ic). At each site the dorsal and the
ventral walls of the trachea were trimmed and constituted the final
segment of tissue studied, cranial-dorsal-trachea (tad), cranial
ventral traéhea (tav), middle-~dorsal~trachea (1bqd) and
middle~ventral trachea (1bv), The caudal trachea {1c) was sanpled

at the dorsal wall {(1cd) and the ventral wall (1cv).

A1l the other samples taken were from the right lung, The
large bronchi constituted Level 2, and twe sites were selected, one
in the cranial (2a) and the other in the caudal laobe (2b). T

centimetres long rings of the bronchi were excised and the




large bronchi distal to the sample were cannulated ag describad in
Section 2 in order to perfuse the Inng parenchyma with fixative

(Fig. 3, Section 2).

Level 3 wag small bronchi within the perfused segments in the
cranial and caudal lobes as describzd in Fig. 4, Section Z, 3a was

in the cranial lobz and 3b in the caudal lobe.

Level 4, bronchioles and Level 5 alveoli were trimmed after
fixation, using a dissecting microscope {rom the lung parenchymz as

illustrated in Pig. 4, Section 2.

Samples were taken for histological examination under LM, and
in some cases TEM, from adjacent sites at all levels, They were

processaed by standard methods as described in Section 2.
PROCESSING FOR SEM

The details of this processing have been diven in Section 2.
In summary the sampies were treated as follows. After fixations
they were trimmed to flat pleces, washad overnight in sodium
cacodylatic buffer 0.1l M. and dehydrated in an ascending series of
acetones and then dried in a Polaron critical point dryer.
Following surface orientations the gspecimens were cemented on
aluminium stubbs and c¢oated with gold-palladium in an Emscope
Sputter Coater for 4 minutes. “he specimens were examined by means
of a Philips 501lB scanning electron microscope, using an

accelerating voltage of 15 kV,
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RESULTS

The obgervations made on the samples from the lower

respiratory tract of normal bovine animals are described below.
TRACHEA (Level 1)

In both groups the dorsal wall of. the trachea at the three
sites of sampling (1a, b, 1c} had longitudinally orientated folds
covered by a coumplete carpet of cilia. On the ventral walls at the
three sites the mucosal surface was flat and also completely
covered by cilia but it was possible to identify numerous orifices

of glands (Fig. 5}.

On high power observations, it was possible to identify only
ciliated cells. The cilia, examined at high magnificaticn (Fig. 6)
were abundant, long, not packed together but sometimes uniformally
gathered together over the surface of the cells. All the cilia in

each field locked orientated in one direction,

The major part of the epithelium appeared ciliated but there
was not a continuous ‘lining on the ventral surface, because of the

openings of the submucosal glands (Fig, 5 and Fig. 6).

In the adult animals, areas of the tracheal surface epithelium
devoid of cilia were seen similar to areas found in the large

bronchi of the adult cattle as described later,
LARGE BRONCHI (Level 2}

The large bronchi did not differ to any great extent from the
trachea., Although the surface of these bronchi, in both groups of
animals and in both cranial and caudal lobes, appeared to be almost
completely covered by ciliated cells, non—ciliatedﬂcells wexre more
evident. However these non-ciliated cells did not protrude into

the lumen (Fig, 7). The apical surface of these cells, presumed.to




be goblet <¢ells, readily distinguished them from tha ciliated
cellse. The surface of the goblet cells fredguently had a peripheral
aresa covered with short microvilli and a central portion deveoid of
surface projections. These cells were usually obscured from view

because of the multitude of cilia that lay over them.

In some of the adult animals observed the non-ciliated cells
were protruding and became more evident {Fig. 8). This appearance
was also occasionally seen in the trachea of adult animals. It was
easy - identify these mucous secrctory cells because cof the

granules at the apices of the cells (Fig. B and Fig. 10).

From observations made on transverse sections of the nucous
membrane it was possible to visualize that these nen-ciliated cells
were guite numerous even when their surface was obscured by the
eilia of the surrounding ciliated cells (Fig. 8).

The mature and active mucous .secretory cells seen in the
adults appeared to have a swellen surface, due to accumulated
macous granules (Fig. 10). Fawar microvilli 4arcund the cell
marginsg were seen. The secretion seemed to be extruded through

pits or pores in the cell surface {(Fig. 10}.

The content of the mucous granules gives the mature
non=ciliated secretory cells its characteristic goblet shape. Ko
microvilli or surface projections were visible on the surface of

the extruded secretion.

In Group B, the adult cows, some small irregular shaped
patches of epithelium devoid of cilia were found in the bronchi as
well as in the trachea (Fig. 11). These areas were mainly seen on
the ventral surface of the trachea and large bronchi of the cranisl
lobes where they are almost extrapulmonary. These changes observed
in the epithelium were considered to be due to a dQdamage to the
ciliated cells. Large numbers of these cells had lost their cilia
and in the remaining cells, appeared to have less E{iia which were

shorter {(Fig. 11 and Fig. 12). A close-up examination demonstrated
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that the cilia also looked to bhe packed in an irregular pattern
which is a gign of ciliogtagig. In thesze areas no observations
related to increased activity of the non~ciliated mucous secretory

¢ells were made (Fig. 12},

Fhese altered areas devoid of cilia, were not scen in the
large bronchi of the cranial lobes or in the trachea of the young

calves.
SMALL BRONCHI (level 3)

In the small Dbronchi of 'animals in both groups, the
non~ciliated secretory cells became much more evident, Iin the
lower levels of the small bronchi and near the transition with the
bronchiocles there were approximately equal numbers of ciliated and

non-ciliated ¢ells {Fig. 13).

In & low magnification picture, a regular pattern of
non~ciliated cells, more or less of the same size and at the same
stage of activity was observed (Fig,. 13). These non-ciliated
secretory cells appeared fairly round and their apical membrane
appeared wrinkled as if the apical oytoplasm had collapsed {(Fig.
14), The collapsed surface could be due to an earlier discharging
phase. A fringe of many microvilli was easily distingquished on the
edge of these non~ciliated secretory cells (Fig. 14). These
microvilli were not seen in the centre of the cells. This compares
with other quiescent non-ciliated secreting cells which are covered

by a dense population of short stubby microvilli (Fig. 15).

A non-ciliated cell representing a transition between those in

Fig. 15 and Fig. 14 is shown in Fig. 18,
The ciliated cells surrounding the non-ciliated secretory

cells looked to be well ciliated and the cilia were orientated in

one direction.




BRONCHIOLES (Level 4)

In both groups of animals the proportion of nen-ciliated cells
increased at this level so that they became the predominant cell
type (Fig. 17 and Fig. 18). The ciliated cells were still present
but nn longer formed a complete carpet. They were lccated around
single non-ciliated cells or groups of non-ciliated cells and it
.was.often noted that at this particular level they had fewer cilia
than c¢ells in upper levels (»E'i‘g. 18 and Fig. 19). The c¢iliated
¢ells in the terminal bronchioles had slender «ilia which were
shorter than those in higher levels and therefdfe allewed the
presence of the microvilli hetween c¢ilia to be visualized more
c¢learly (Fig. 20), The -cilia were standing in a disorderly way

with no definite orientation as in the bronchi {(Fig., 10).

The non-c¢iliated bronchiolar epithel%aJA cells, Clara cells,
revealed a characteristic dome-shaped apex, rounded and swmooth
except for scattered microvilli or small projections at the
periphery of the c¢ell surface giving it a granulay appearance
(Fig. 21 and Fig. 22). The abundant non-ciliated secretory
pronchiolar epithelial cell projected high above the cilia of the
ciliated cells. Their luminal surfacaes had an oval perimeter and
appeared to have a granular.surface when quiescent {(Fig. 22). The
central portions of the cells frequently protruded into the lumen
of the bronchioles and appeared to have a wrinkled surface when in
an active phase (Fig. 21). The c¢ell houndaries were easily
discernible often by virtue of the contrast provided by microvilli

on the adjacent cells (Fig. 22),

The terminal broanchiocles continued into the alveolar ducts and

no proper respiratory bronchioles were seea (Fig. 17 and Fig. 23).

Mo significant differences were observed between the

bronchioles in normal calves and adults.
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ALVEOLY {(Level 5}

The findings in Group A and Group B were similar in both

cranial and caudal lobes of the right lung.

The' perfused tissue had a spongy appearance due to the
multitude of thin-walled air sacs or alveoli (Fig. 23 and PFig.
24), Alvecli share extremely thin partitions with other alveoli
that are adjacent to them, Division of the bronchial tree wvere
present in the sections used to study alveoli and included small
bronchi, bronchicles, terminal bronchicles, alveolar dvcts and

alveoli (FPig. 23 and Fig. 24).

The two types of alveolar epithelial c¢ells were readily
identified (Fig. 25). Alveclar Type 11 cells {granular
preumccytes} could be distinguished from adjacent c¢ells because af
their shape and the presence of short nmicrovilli (Fig, 25)., The
Type II alveolar epithelial cells usually had their surface
protruding into the alveolar lumen and were covered by microvilli
openings cor pits were also seen (Fig.,.26). In some adult animals
the Type 1I alveolar epithelial cells were particularly numercus in
alvecli adjacent to interlobular septa and in alveoli cleose to

bronchioles (Fig. 26 and Fig. 27}.

A second cell identified, Type 1 alveolar epithelial c¢ell or
membranous pneumocytes, appeared very flat and with a smooth
surface (Fig. 25 and Fig. 28}, Small preojections gould be seen
scattered on the surface of these cells. Narrow linear ridges
representing the intercellular Jjuncticns between the cells. thét

formed the alveolar wall were often identified (Fig. 25).

Small opening, the interalveolar pores or pores of Kohn, ware
readilf seen (Fig. 29). They were variable in size, round or oval
and exhibited a smooth even margin (Fig. 30). Interalvecolar pores

were observed freguently in both groups of animals...




A third cell was .the alveolar macrophage which app=zared to be
attached to the alveolar surface by thin tendrils (Fig. 31 and

Fig' 32} .

the alveolar surface also had large ridges or slopes which
denoted the position of capilaries within the wall causing bulges

on the surface of the alveolar epithelium (Fig. 33).




DISCUSSTON

In the present study, the experiment was designed to sample
the two main lobes of the lung, where respiratory diseases are most

frequently established, i.e. the cranial and the caudal lcbes.

The nomenclature used for the lung lobes was that recommended
in the Nomina Anatomica Veterinaria (1968) by the International
Committee on Veterinary Anatomical Nomenclature in Vienna from

where the World Association of Veterinary Anatomist functions,

The methods for SEM were selected on the basis of using
technigues that had been applied successfully by other workers with
similar specimens and had been recommended by Boyd and Wood in a
comprehensive review in 1969, It was observed in some references
dealing with SEM methods that not much imﬁortance was paid to the
fixative used, for SEM. Technigues for TEM were freguently applied
and this usually meant that a second fixative was used. The second
fixative however was mainly used to stain cells rather than to f£ix
them and was invariably 0sO4. In the observations repoxted here,
0OsCy4 had to be used very carefully because the tissues became hard
and brittle after the treatment resulting in artifacts causing
charging effects under SEM examination, which were very difficult

to corrxect.,

Some authors presented their SEM observations on samples that
had only been fixed iﬁ glutaraldehyde. Although glutaraldehyde has
been demonstrated to be a wery good fixative for TEM it could
result in incomplete fixation of the thick sections that were often

prepared for SEM.

Modified Karnovsky has been shown to be the fixative of cheice
for SEM since its mixture of paraformaldehyde and glutaraldehyde
present all the gualities necessary for good fixation. This is
particularly true for lung tissue since Karnoveky‘é fixative is =a

good agent for dissolving the mucous secretions present an the
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epithelial surface of the airways.

Pyler {1983) pointed out that the information produced by
investigations on the respiratory tract was sometimes inconsistent
becavse of the differences in the methods and definitions used,
The definitions adopted in this study are as follows; th2 airways
having been defined ard named by the following characteristic

structure,

4 bronchus was considered to have complete walls Lformed by
irregular plates or plaques of cartilage in looge connective tissue
with elastic and collagenous fibres and smooth muscle; nucous or
mixed glands were present in the lamina propria or submucosa and
the surface epithelium was ciliated pseudostratifisd columnar with
mucous (goblet) cells.

A bronchiole had walls of smooth muscle and loose connective
tissue with no cartilage and no glands; interalveolar septa
attached to their abluminal surface and c¢iliated c¢olumnar to
cuboidal epithelium with no mucous cells formed the luminal
surfaces. Terminal broachioles were the most distal generation of
bronchioles which were not alveolarized and were considered to be

the last of the conducting airways.

Respiratory bronchioles were considered to he a transition
between conducting airways and respiratory air spaces with the same
structure as non-respiratory bronchioles and in additien the
presence of copenings in the walls for alveoli. Low generations of
respiratory bronchioles could be poorly alveolarized i,.,e. having
few alveoli. Higher generation of respiratory bronchicles were

typically well alveolarized i.e. having numerous alveoli.

Alveolar ducts had alveoli opening into the lumen all around
the circumference and the wall contained spiral sdmnooth muscle;
Type I and II alveolar epithelial cells formed . the surface

epithelium of alveolar ducts.
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The study established some differenceg in the digtribution of
the epithelial cells of the airways when the bovine animal was

compared with other mammals.

In newborn puppies (Wright et al., 1983) the ventral wall of
‘the trachea had areas dJdevoid of ciliated cells which were
considered to be immature tissue, In additicn, ciliated c¢ells were
never observed in the broncnicles, whereas in the bovine animals
ciliated cells were seen in bronchioles although they were poorly

ciliated.

Contrary to the finding in the mouse (Pack et al., 1980},
celis considered to pe mucous secreting cells occurred mainly in
the large airways of the cattle. Far the mouse 50-60% of the
non-ciliated cells present in the trachea and large bronchi were
Clara cells. In the bovine animals Clara cells were considered to
be the predominant cell type of the bronchioles. Similarities were
found between cattle and sheep when the information obtained from
studying the respiratory tract of Jlambs by SEM was considered

{Tyler et al. 1971).

Althdugh in the human, alveoli are said to develop after birth
(Reid, 1972) this was not apparxent in the bovine animal, since the
alveoli in the one week old calves were not significantly different
from those in the adult cows. Tyler et al. (1971) expressed the

same opinion about the sheep.

Ne major differences were established when the one week old
calves were compared with the adult aninals, except for areas of
desciliation present in the +trachea and extrapulmonary bronchi.
These areas werxe considered to be abnormal. In addition active
mucous secreting cells were only identified in the adult cows and
these were only present in the large airways. Some differences
were found from a previocus study done with SEM in the bovine
animals (Mariassy et al., 1975)., However their observations were
obtained by examining the lung of a group of ycuﬁé.adult cattle
from a slaughterhouse where no history was recorded and where the

extrapulmonary airways were not studied.
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The results of this study found that the surface epitheliuvm of
the condu¢ting portion of the lower respiratory tract of the bovine
animal contained two main call types, as judged by SEM and that in
general it resembled the surface epithelium of the other mammalian
.Species pfeviously reported. although there were some diflerencas,
referred to earlier. The two main cells, the ¢iliated and
non—-ciliated cells were present in a different pattern according to
the level in the airway. that was observed. The relative
proportions of c¢iliated and naon-ciliated cells vwvaried in the
trachea, the extrapulmonary bronchi, intrapulmonary large brosachi,
the small bronchi and hronchioles. The ciliated cells were the
predominant cells in the trachea, large bronchi and small bronchi
where they vrepresented a major component of the mwucociliary
escalator. The muccciliary escalator with the cough reflex and
alvecolar macrophages, is8 considered to be one of the most important
factors for removing foreign particles from the respiraltory system
and it is consequently an important defence mechanism. The ciliary
component of this apparatus in the bovine animal appeared to be
well developed in the trachea, large bronchi and small bronchi. In
the bronchicles the ciliary component of this apparatus was not

well developed.

Breeze and Wheeldon (1977) reviewed and gave detaiied
descriptions of the cell types that comprised the bhasic structure
of the lining of the lower respiratory tract. At least 13 cell
types, 11 epithelial and two mesenchymal have been recognised in
the tracheobronchial epithelium, and these have been listed in
Table 1 in Section 1. The majority of these cells were described
by LM or TEM and less information was available on .the structure of
the surface of these cells as seen by SEM. The topograpny of the
ciliated celles and non-~ciliated cells of the bovine tracheo-
bronchial lining has been clearly observed in the present study by
the use of the SEM,

Ciliated cells, which were considered to be the most abundant
of all the airxway epithelial cells, were present in the epithelium

at all sites of sampling fxom Level 1 to Level 4; they were absent




in Level 5, The ciliated epithelium appeared folded in the dorsal
wall of the trachea and this was considered to be due to less fifm
attachment of the mucous membrane to the cartilage in the wall ét
thié pbint. This folding made it difficult to ddentify the
openings of glands in the dorsal wall compared with the wventral
. wall where the flat appearance made it possible to identify -the
aopening of the glands easily,. The openings of glands were not

cbvious in the bronchi.

The ciliated cell is kncwn by TEM to be a columnar cell with

the lower lateral cell surface forming complex connections with

. adjacent cells. Many mitocnondria have heen found in the upper
: part of the cell and this has been explained as giving sufficient
eneyrgy to the basal body anchors of the c¢ilia which are con the

luminal face of the cell. Rooctlets extend from the basal bodies

into the cell.

Some authors have reported that 200 cilia are present on the

luminal surface of each ciliated cell. Between the e¢ilia,

microvilli and cytoplasmic processes have been seen with TEBEM,
These were seen with SEM more easily iIin the terminal bronchiales
where the-cilia no longer made a complete carpet capable of forming
an efficient mucociliary escalator., Cilia that transport mucus are
generally 5 to 7 am long and have been reported to have a diameter
of about 0.25 mm (Sleigh, . 1977-1981l). There 4did not appear to be

majoer differences between the ciliated cells in the animals of both

age groups nor in other specias,

‘As reported by Sanderson and Sleigh in 1981 all the packed
¢cilia in each field beat in the same direction in coordinated waves
that travel short distances and spread across the surface. This
could explain the harmonic pattern of all the cilia lying in dﬁe
direction which was observed in situ. This.. pattern was 'more
évigdent in Level t, Level 2 and Level 3 than in- Levels 4 angd 5,
The eilia beat, in the respiratory tract, in the pg;igiliary fluid,
while only the tip of 'cilia moves in the thickef Qiscous mucﬁus

layer. The ciliated areas appear to be continuous but they are in




fact separated by groups of non~ciliated secretory cells and the
submucosal gland openings. These structures represent, among otuer
functions, the source of the periciliary £fluid and regulate its
depth and composition. The abundant microvilli on the c¢iliated
cell may play a role in the abscrption or secretion of periciliary
fiuid. Interactions between the mucus layer and the cilia might

also be critical te proper macociliary transport (Kilburn, 1968).

The total circunference of the terminal bronchicles in the
human lung isg neaxrly 2000 times that of the tracheza (Weilbel, 1963}
so the considerabhle decrease in the presence of the ciliated cells
at this level in the bovine could suggest that other defence
mechanisms might operate and be more important at this level. In
the normal lung the mucus transpcert velocity appears to increase
from the small te the large airways (Iravani and Melville, 1976)
and some authors have explained that this progressive increase in
macus veloclty is due to the increase in the proportion of ciliated
cells from the bronchioles to the trachea and the increase in the
average length of the c¢ilia in the more proximal airways. The
relative number of ciliated cells found at the levels observed
could be sufficient evidence to allow this concept to be extended
to the bowvine animal. S8leigh (1977) considered greatsar ciliary.
beat fregquency and increased relative numbers of ciliated cells in
the larger airways as well as regiconal differences in the chemical
composition and thickness of the mucous layer could also contribute
to the accelerated mucociliary transport rates in the c¢entral

airways.

The ciliated cells of large alrways appear to regenerate from
basal cells as judged by TEM, In the terminal bronchioles where
there are nc basal cells; non~ciliated Clara cells may serve as
progenitors to ciliated cells. Therefore some of the ciliatd cells
observed at that level could represent regenerating ciliated cells
with immature ciliation. The factors that regulate the turnover of

ciliated cells are not known.




One of the non-ciliated cells, the goblet cell, cconsidered to
e a mucus secreting cell, was found principally in the large
alrvways. In the trachea they were more evident in the adult
animals when the cells were mature and discharging. Immature cells
or discharged goblet cells were seldom evident and this was
considered to be due to the long cilia of the ciliated cell
obscuring the presence of the goblet c¢ells lying interspersed
betwezn the ciliated cells. 7The wmature cells or active discharging
cells seen in the adult animals appeared protruding inte the
lumen., The apical cytoplasm contained the mucous granules making
this surface look granular and as described by TEM this content
gives the cells a goblet shape., Immatuxe cells or discharged cells
did not seem to have this appearance when observed by SEM and their

surface appeared completely covered by short microvilli.

In the calf trhese cells were found in a non-secretory phase,
in the trachea and large bronchi while in adult caétle some areas
were observed with very active goblet cells. It could he accepted
that for adult animals, some abnormal pattern might be present
considering that these animals could have been exposed to micro-
organisms without developing majer damage. Where some areas of
deciliation were found, the non-ciliated cells were more evident
but were either immature cells or mucous cells in a non-gecrstory

phase.

As presented in the results, the non-giliated cells became the
predominant cells in the bronchioles and in the transitional level
between the small brxonchi and the bronchiocles. MNon-ciliated cells
in this level had features similar to the non-ciliated bronchiolar
Clara cells. An identical cell, in the tracheal epithelium of a
rat, was consideraed to be an epithelium serous c<ell. Some authors
categorized this cell as a variant of the goblet cell. Jeffery and
Reid (1975) considered that the epithelial serous cells rescmbled
the serous cell of the bronchial submucosal gland, and was probably
the c¢ell containing apical PAS-positive ueutrai};mucosubstance
granules identified in the rat tracheobronchial epithelium stained

with alcian blue (pH 2.6). Tnis obsexrvation was interesting
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because obne of. the most fregquent components of mouse ailrway
epithelium wag described as a non-ciliated cell that. bore surface
microvilli. When this cell was studied by I'E# it was beslieved to be
related to the Clara cells because of the similarity between the

shape of its secretion granules.

Howevar, the fact that non-c¢iliated cells were present
sometimes as frequently as the ciliated cells in small hroncki
support:s the view that these are likely to be epithelial serois
cells. Further studiegs should be conducted at this level of the
small bronchus to correborate this point of view. There is,
however, increasing evidence in the literature to support the
concept. that the serous cells, might contribute to form the
periciliary ligquid layer found beneath the tracheobronchial mﬁéus,
and that these microvillous cells are involved in the trans?ort of
Igh across the epithelium,. Mucous secretory cells with the
characteristics of goblef cells were not seen in the bronchicles
confirming the LM okbservations in non-pneumeonic calves of Allan and

Pirvie (1977).

Bronchiolar brush cells, which have heen identified in the
large and small bronchi of bovine. lung by TEM (Allan, 1978) were

not detected in our study involving the SEM.

The non-ciliated bronchiolar epithelial cells resembled human
Clara cells. The apical cell cap was rounded and smooth and
sometimes appeared wrinkled; this was attributed to fixatién
artefacts, It was believed that the apical cap extruded into the
bronchiole and was broken down to release the secretory product.
More studies reguire to be done to ocobtain more information about
these cells. Distinctive respiratory bronchiocles were not seen and
there was a relatively sudden transition from terminal bronchioles

to alvealar ducts.

The results obtained from this study, demonstrated that Type I

and Type II alweolar epithelial cells were the two cells present. in

the walls of the alveoli.




In adult animals Pype II alveeclar epithelial cells appsared
forming small groups near interlobular sopta, adjacent to
bronchioles and in alveolar ducts and might represent progenitor
cells. The protruded centre of the Type II alveolar cells appeared
to have pits or orifices, through which the secretory product‘might
have been released. This coincided with descriptions made by
Nowell and Tyler (1971} who observed these pits in Type II cells in
eguine lung. Mariassy et al. (1975) were not able to demonstrate
them in the kovine lung and they proposed that the reason for the

differences could not be ascertained until more information was

available on surfactant synthesis and turnover in the iwo species.

Pores of Kohn were consistently found in both groups of
animals. The presence of these pores was considered to be normal
in several species but Mariassy et al. (1975) found the pores
extremely uncommon in the lungs of young adult cattle 'and
considered that this might be typical for that age group. They
attributed their presence in older animals to earlier damaye to the
lung. Nevertheless, Bastacky et al, (1983) consi@ered them to be
normal features. They described lung -structure in the human
combining different technigues such as SEM, TEM, and IM with
microdissection, and examination of lung in the frozen-hydrated
state. Their results suggested that alveoli varied in shape, size,
and entrance width as a function of their position along the
airway. 1They e¢established that the transition from ciliated
conducting airway eithelium to sguamous respiratory epithelium waé
quite abrupt and the alveolar wall in the hydrated state was gquite
smooth, tended to be round and had surfactant occluding almost all
pores of Kochn. These interalveolar porss became evident after the
tissues were fixed in paraformaidehyde-glutaraldehyde. According
to Boyd (1980) this destroyed selective components of the surface

layer making specific surface features visible.

In contrast to the finding of Mariassy et al. (1875) alveolar
macrophages were readily observed. It has been proposed that bleood
monocytes leave the circulation to underge differentiation into

functicnal alveolar macrophages. Alveolar macrophages were

6/




detected sitting on the alveolar wall but no evidence was found

related tc the way they approached this place,
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Fig. 7 — Neormal Cow: Surface of a large bronchus with non~ciliated
cell (*) between ciliated c¢ells. The non-c¢iliated cells

do not protrude into the lumen.

SEM x 2500
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Fig .

17

- Normal Calf: A low power view of the terminal
bronchiole. The surface is comprised mainly by non-
ciliated epithelial cells. The terminal bronchiole
continued into the alveoiar ducts (arrow} no proper

respiratory bronchiocles could be seen.

SEM x 160






Fig. 18 - Normal Cow: Bronchiolar luminal surface illustrating the
predominance of non-ciliated cells although ciliated

cells are still present at this level.

SEM x 640







- Normal Cow: The non-ciliated bronchiolar epithelial
cells, Clara cells, present at this~ level have a
characteristic dome-shaped apex, probably indicating an
active phase, and protruding into the lumen. Ciliated

cells appeared with short cilia and multiple microvilli.

SEM x 2500
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Fig.

25

b1

~ Normal Cali: Type II alveolar epithelial) cells
{(arrows), with adjacent flat Type I alveolar epithelial
cells (). The cell junctions are easilv seen as well
as a fringe of microwvilli on the protruding Type II

alveolar epithelial cells,

SEM x 1250






Pig. 26 - Normal Cow: HNumerous Type 1IXI alveolar epithelial cells
with numerous microvilli on the surface of their
cytoplasm. The centre of the cells has seme openings or

pits {arrows) and it is protruding inte the lumen.

SEM x 1250
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Fig. 28 =~ Normal <¢Calf: Type II (arrows) and Type I alveolar
epithelial (%) cells, The latter having a very smooth
surface and small projections are scattered on the
surface. Linear ridges of cellular junctions ( # ) are
also wvisualized. A capillary {v) within the wall is
bulging the alveolar surface.

L

SEM x 2500
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Fig. 31 - Normal Calf: Alveclar surface with alveolar macrophages

{arrows) in the ailveclar lumen. —

SEM x 640






Fige 32 - Normal Cow: The common appearance of an alveolar
wacrophage showing the thin cytoplasmic prolongations

{arrows}.

SEM x 2500







Fig. 33 - Normal Cow: An Alveolar surface with larger ridges or
slopes produced by capilliaries underlying the alveolar

epithelium. A pore of Kohn can be seen {arrow).

SEM x 1250
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IRTRODUCTION

A considerable amount of information about the patholieqgy,
parasitology and pathogenesis of lungworm infection in susceptible

cattle and in immnnised cattle can be found in the literature.

In 1756, Nicholls, ccrrelated the presence of lungworm with a
distinctive disease entity in cattle which occurred in an epizootic

_form, a parasitic bronchitis, The adult lungworms, Dictyocaulus

viviparus were found in the air passages of cattle lungs.

Jarrett et al. (1957, 1960a and 1960b} stated that the
pathogenesis of the _diseasa';progressed.'thybﬁgh four stages from
infection 1)} the penetration phase, "1-7-days after infection, 2)
prepatent phase,  8-25 days after ihfection, 3);the.patent phase,
26-60 days after infection and 4) the post-patent phase, 61-90 days
after infection. The recognition of thése different phasés wWas
considered to be of great importance’ in relation to ’diagnosis,

prognosis and treatment.

The third stage infective larvae (I3) when ingested by a
suscéptible bovine animél penetrate'thé alimentary tract and from
there‘paﬁs through“thé 1ymphatic and blood circulation to reach the
pulmonary capillarigs from which the: larvae reaches the alveoli.
Durinﬁ. the prepateﬁt' phase an intense eosinaphilic. exudate was
described into the lung that resulted in blockage of small'bronéhi
and bronchiocles.. In this pericd, 8-25 days, severdal compiications
dus to secondary bacterial or viral infection were described by

Jarrett (1960).

During the third phase (26-~50 days) the adult reproducing
nematodes, present ian the lung, produced a severe reaction and a
parasitic pneumonia was established«<which Jaxrett et al. (1960b)

stated was the reason for the clinical signs observed at this time.




The post-patent phase was described as a gradual recovery
stage in whichh the respiratory signs decreased and the lesions
resolved. However Jarrett gt al. (1957} also reported that in this
last stage there was risk of death, in apparently 25% of infetcted

animals due to alveolar "epithelialization",

The great advance in the field of parasitic bronchitis was the
discovery and develeopment of a. vaccine. Jarrett et al. (1957)

developad a method of vaccination, using living X-irradiated L3 of

0, viviparus, which conferred a wvery high degree of protection

against husk and was used successfully as a major way of

controlling the disease in the field.

Pulmonary lymphoid nodules developed in immune calves
following challenge and were a good criterion of an immune response

to vaccination {Pirie et al,, 1969},

Although a considerable amount is known about the cellular and
structural changes in bovine lungs during lungwerm infection there
is no information about the damage to the surface of the
respiratory portion and conducting ‘portion of the lung that can be

detected using SEM, :

The present study was prepared to investigate using SEM, the

surface damage produced by D. wviviparus in lung tissue and in

addition to assess the differences that occurred in these changes

related to immunity.




UATERIALS and METHODS

In the experimental design parasite free calves were divided

into three groups which received different treatments (Table 3},
ANTUALS:

Ten Friesian cross calves, 10 weeks old and reared indoors
were divided into three groups. Group 1 comprised two calves which
were vaccinated with Dictol as recomnended by the manufacturer
i.e. two.doses given orally one month apart; the calves were not
challenged. Group 2 cémprised four calves which were Infected
orally with a dose of third stage infective larvae of D. viviparus,
at 30 L3/Kg bodywelght; these ¢alves had not been vaccinated.
Group 3 were four calves wvaccinated with Dict§1 at the same time as
-Group 1, then challenged one month later with an oral dose of Lg

D. viviparus, 30 L3/Kg of bodyweight at the same time as calves in

Group 2.
- Animals Time after First Vaccination
o - 1 month 2 wmonths
Group 1 v v -
Group 2 - -
Group 3 v v
TABLE 3: The timing of wvaccination and challienge applied to the

animals in the lungworm experiment.

V = vaccination, Pictol, Glaxovet:

C = challenge, 30 larvae/Kg hodyweight, approximately.
5,000 larvae per calf. )




VACCINE

Dictol (Glaxovet. Ware, Hertfordshire) waszs a living oral

vaccine against D. viviparus produced with L3 D. . viviparus

attenuated by exposure to X-irradiation of 40Kr. The optimunm
numbered of X-~irradiated larvae: in one immunising dose was
established as 1000, according to the manufacturer.

CHALLENGE LARVAE

Normal infective D. viviparus L3 were supplied by Glaxovet -

Ware, Hertfordshire, and were used to challenge the vaccinated
calves of Group 3 and to infect the non-vaccinated challenge

control c¢aives in Group 2,

The Jlarvae were suspended Lo approximately 1200 L3/ml. in
order to provide an accurate concentration’ of L3/ml, 20 aliguots of
0.025 nml were counted, then challenge doses were made up to provide

30 L3/Kg bodyweight, approximately 5000 L3 per calf.

The infection and challenge was performed by oral

administration of the above established dose.
POST-MORTEM BEXAMINATIONS

Tissue samples for SEM were collected from calves examined

post mortem on the days after challeﬁge shown in Table 4.

At post-mortem examination the tissues were sampled for
histological and SEM procedures as described in Section 2,
Parasitological samples were also collected after gross-—-

pathnlogical examinations were performed.




Animals Days after Challenge

15 25 35 45
Group 1 A ~ - -
Grounp 2 A A A
Group 3 yiY FiN A A
TABLE 4: Days of post-mortem examination after challenge with

infective D. viviparus larvae of +the calves in the

lungworm experiment.

A = one animal examined.
PARASITOLOGICAL PROCEDURES
For vrecovery of lungworms, the

immediately after death and the large

scissors, down to the smallest bronchi,

left lung was obtainéd'
bronchi were opened, with

These surfaces were washed

and the solution recovered was sguspended in warm water overnight.

The washing was incubated at 37°C then sieved and then the sieved

material obtained was immersed in formalin. The nunbers of worms

present were then counted-and the figure recorded was multiplied by

two, to ygive the approximate infection rate for both lungs.

PATHOLOGICAL PROCEDURES

The lung parenchyma was examined carefully for the purpose. of

recording the number of lymphoid nodules, 2~3 mm diameter present

on the surface of the lungs. This examination was done by scanning

the pleural surface of both, right and left lungs.




SCANNING SAMPLING PROCEDURES

Tissues were selected from the trachea and the cranial anad
caudal lobes of the right lungs, a3 illustrated in Fig. 2B, Secticn

2'

FPive levels were established according to previous studies on
the normal animals, presented in Section 3, However three sanmnples
were taken at level 2b in this sﬁudy compared with that on .'th.e
normal =znimals because <the adult lungworms  were likely to be

present at this  position. After fixations the samples were

processed according to methods described in Section 2.




RESULTS

The parasitological results, detailed in Table 5 demonstrated
that thé non-~vaccinated animals of Group 2 were infected when

challenge with D. viviparus. At the different davs of examination

after challenge the calves in Group 2 had a considerakle worm count
which demonstrated that a moderately heavy infection had been
established. One calf in Group 1 died of intercurrent infection,
so only one animal was available for study and it was examined on

Day 15.

The worm counts in Group 3, vaccinated and challenge calves
were very low indicating that a good state of immunity had
developed. The calves of Group 1 were ohly vaccinated and the calf

examined at day 15 had no worms.

The gross pathological changes in the calves of Group 2 were
typical of primary lungworm infection. Similar but more extensive
lesiong were found in Group 3. Apart from the smaller number of
worms in the calves in Group 3 the most striking difference
pathologically between Group 3 and Group 2 was the presence of many
lymphatic nodueles 2-4 mm in diameter, on the pleural surface of
the wvaccinated animals (Table 6). These nodules weré present in
all the calves of Group 1t and Group 23 but the number found was
greater in the vaccinated and challenged calves in Group 3. The
number of these nodules present decreased with time, The
macroscoplic appearance of the nodules was slightly wvaried in size
and consistency. Some could be described as large and dense while
otherg were gmall and translucent. They were presenﬁ throughout
the surface in all 3lohes. The majority were 2,0 to 4.0 mm in
diameter, grey of pinkish~grey in colour and bulged slightly. They
were counted at post~mortem and the results. presented in Table &,
show a consistent number present in Group 3, the vaccinated .and
cﬁallenged calves, demonstrating that an imfiihe state was

established in these animals. No nodules were recorded in Group 2,

the unvaccinated animals.




Animals Days of Examination After Challenge

15 25 35 45
Group 1 [ - - -
Group 2 644 428 2130 38
Group 3 8 NI 18 4

Table 5. Parasitological results: The number of Jlungworm present
in the calves in the Scanning Electron Micropic Study on
Lungworm Infection.

NI = No immunity.

Animals Days of Examinaticn after Challenge

- ’ - 15 . .25 35 45
Group 1 14 - -~ - ;
Group 2 0 0 o 0
Group 3 47 30 24 ;

Table 6. Pathological results: The number of lymphocytic nodules

found in the lungs of the calves in the Scanning Electron

Microscopic Study on Lungworm Infection,




S¢anning Electron Microscopic Results

The results afiter examing the different levels are presented
in the feollowing order: first trachéa and large bronchi, then
bronchioles and finally alveoli; these results summarise the most
representative feature observed in each calf examined. Group 1 is
described first, then each day in Group 2 and finally each day in

Group 3.
Group 1

One calf died of intercurrent infection, so only one was
available for study. A fairly normal pattern was observed.in this
calf. The calf examined at this time did not have many changes in
the surface of the regpiratory airways at the different levels
examined. The ciliated.epithelium of the. large airways appeared
normal {(Fig. 34}. The cilia appeared to cover the whole surface
interspersed with small round spaces which according to previous
results on normal tissue probably represented sites occupied by

non-ciliated secretory cells, in a guiescent state.

The bronchioles had. the 'typicél pattern with non-ciliated
cells predomninating and no brush cells being observed. HNo larvae,
worm-eggs or abnormal secretions were found. The lung parenchyma
did not have signs of abnormal structure (Fig. 35). At this level
the c¢lean alveolar area exhibited a normal pattern of Type I and
Type 1II alvecolar epithelial cells and the pores of Kohn and

junction of Type I alveolar cells were clearly seen.
Group 2

The most striking changes were found in Group 2, the infectad

calves which had not been vaccinated.




hay 15

At this time after challenge small bronchi wasre seen, which
appeared to be gccluded by plugs of mucus (Fig. 36). The sanme
infected calf had an abnormal lung pazenchyma. These changes wexe
reptesentea by a slight thickening”of.the wall of the bronchiolés
(Figas 37) and changes due Lo increased cellular activity present in
their epithelial c¢ells, The alwveoli. still had a reg?lar pattern

although & cellular infiltration was beginning to be- evident.

Some observations were made during the experiment in this calf
and in others of this group which were not attributed to the
parasitic infection. When the trachea and larye bronchi of the
infected calf were examined changes were observed especially on .the
cilia of the ciliated cells {Fig. 38). These areas were fairly
extensive, intermixgd wi-th areas of noer; tissue, The features
éomprised. ciliated cells which appeared to bhe covered by small
rounded particles sitting on and between the cilia. Based on the
sizeé éppfoximately 0.5 nm diameter and the morphological
appearance of the surfgce of these bodies, the elements were
considered to be microorganisms. These organisms were seen in the
large bronchi in ‘other calves in Group 2, through the duration of
the experiment, In Group 3 they were only seen at the beginning of
the expéf#ment and they were seén only in the trachea. In Group 2;
in the tracheéa and large bronchi éreas of epithelium appeared with
abnormal patches of différent sizes, In these areas the ciliated
cells seemed to be devaid of their cilia and some of the ramaining
cells had very short cilia as. if fhey were regenerating after
injury (Fig. 39). The non-ciliated cells were easily distinguished
but there were no majdr,signs of secretory activity (Fig. 39).
Other damaged areas of epithelium again in the trxachea and large
bronchi contained some columnar cells with cilia, which appeared to
be extruding from the epithelium, as shown in Fig. 40, The
extruding cells were surrounded by ciliated cells which appeared
poorly ciliated and some -appeared to have lost theirs'cilia and were
considered to he dying cells. at lower levels, small bronchi and

bromchioles did not have this altered epithelium at any time.

]ng




Those patches of deciliation wers seen at the zame levels, the

large airways, on othek infected calves in Group 2.
Day 25

In the large bronchi from the caudal lobe, represented in
Fig. 41, worm eggs were seen sitting on the ciliated surface., The
ciliated epithelium did not seem to be seriously damaged} although
'?ome secretions and . debrig and red ‘blood cells contaminated the
_éuﬁfacew Lower in these alrways damaged epithalinm associated with
worms and eggs were found. Other areas at this level 2 in the
"caudal lobe (Fig. 42) were seen, where the mucous secreting calls
appearad to be very active ana_~protruaed between Ithe ciliated
cells. The granules of mucus in the apices of these cells were
easily identified. At this time after the infection, lungworms
were seen, oecupylng the lumen of small bronchi {(Fig. 43). When
the epithelium of this area in particula;, was observed at high
magnification (Fig, 44) it aﬁpcared coﬁpletely altered and wornm
eggs were often seen. Some alterations could be described as
cracks or depressions in the epithelium with, in addition,
impressions oxr marks as if made by worm eggs., The surface of‘the
egys which were still occupying the area locked slightly wrinkled

with small imprints on their shells.

When the bronchial epithelial surface was examined at high .
magnification it had the characteristic of a dysplastic tissue with
complete loss of its regular pattern (Fig. 45). It was impossible

to identify either ciliated cells or secretorvy cells.

lungworm €ggs were seen in alveoli where they occupied the

whole luren (Fig. 46),

A
Day 3% -

Some areas of the dysplastic epitheliuvnm were q@?@l present at

this time as well as adult lungworms of D. viviparus and parasitic

eggs on the surface of the bronchi and bronchioles. The




non~ciliated bronchiolar secretory cells appeared very aective and
the ciliated cells possessed cilia which were much longer than

those occurring in normal tissue (Fig. 47).

The major striking fe%tures at this stage of the disease wasg
represented by a severe inflammatory infiltration of the 1lung
parsnchyma. At a low magnification (Fig. 48) examining level 5, it
was possible to appreciate the regular organisation of the alveolar
tissue although some alveoli had thick walls and the alveolar
iumena were frequently occupied by clusters of infiltrating cells.
it was also possible to note larvae obstruting the lumena of thae
alveoli (Fig. 48). 2 high magnification view of these areas (Fig,
49) sometimes showed a cluster of cells surrounding the body of a
larva, possibly derived from aspirated eggs, in the Jumen of an
al.veolus. The infiltrated cells were identified as inflammatory
cells but it was not possible to characterize the typs present,
Some of these cells {(Fig. 50 and Fig. 51) in other alveoll appesared
to have a ruffled surface, while others were more simply
spherical. They were of different sizes, large, medium or swmall,
exhibiting prolongations or cytoplasmic process. The smaller ones
appeared to have a granular surface rather than a surface with

proper prolongations of the cell membrane (Fig, 50},

Several alveoli (Fig. 52 and fig. 53) were examined and found
to illustrate different inflammatory cells which were thought to be
macrophages, eosinophils, or Llymphocytic cells. Type II cells
could be identified in alveoli which were usually free of large
numbers of infiltrated cells {Fig. 53) and these Type I1II alveoclar
epithelial cells often appeared to be in an active stage. These
cells had the centre of the cell bulging into the lumen of the
alveolus and numerous, easily seen, nicrovilli surrounding che

protruding centre (Fig. 54).




Day 45

At 45 days after challenge the features observed had noe major
changes compared with the previous stages. Several of those most

often found are illustrated in Figs. 55, 56, 57 and 58.
Group 3

Group 3, the vaccinated and challenged animals, had minor
changes c¢ensidting of cellular infiltration of the alveolar tissue
(Fig. 938) or patches of epithelium with modifisd ciliation (Fiy, 58
and Fig. 60}. These were not considered to be significant when
compared with the striking changes obsefved in- the infected Group
2. The lesion characteristic of Group 3 was the lymphocytic

nodules.

These nodules,  when observed on a cuz section (Fig. 61) were
fairly smooth and.seemed to be localized in the ;ung parenchyma
sometimes in close relation to bronchioles. The structue was
combrised mainly of rounded small and fairly swmooth ceils
considered to be lymphocytes (Fig. 62).




DISCUSSTON

Susceptible animals exposed to Jungworm infection seemngd to be
severely affected by the damdge proﬁpceﬂfby the'parasitejand the
inflammatory processes'thqﬁ:take,piadé in the respiratory tract.
The present study compared the changes that occurrred in thé
surfdce. epithelium of the airways at different’ .levels. The
findings obtained with SEM appeared to corroborate the features
described by other méthods particulatly those using L. SCanning
electron microscopy ‘hewever has llluvtraued these changes in a moxe -
striking fashion and haq illustrated ch nges on the urface olf the
epithelium, partlcuLarly in the bronchi and n:onchloles that were
not recognised before. In addition the obSﬁructivereffe¢t$'§f.the
parasites and inflammatory cells within the brohchi, broﬁchiolés
and a;veoli has been more effactively demonstrated. No information
was available in the literature on the changes prcducad in bovxno

lungs by iungwbﬂms as seen by SEM,

This study included observations on calves vaccinated against

D. viviparus and experimentally challenged with tihis lungworm -asg
well as calves vaccinated but not challenged, THe vacelinated
calves without being challenged-appéared to be'relatiﬁely normal
sin¢e no major signs of alteregd’ lung tissue structure were ghserved

by SEM although a few pulmonary lymphocytic nodules were ﬁ@uﬁd.

After the vaccinated calves had been challenged some fgatures
were detected associated with the tissae reaction to antiéens
prééent in the lungs. These Were;iﬁflammdtory_cells-infiltrating
ﬁhé 3ung parenchywa and  lymphocytic nodules  which were found in
significant numbers. These nodules which devgldp-_around dead
larvae were simillar to. those -described previousiy by Jarrett at
al., 1957 and Pirie et al., 1969, The changes found in the surfacél

epithelium of the vaccinated and challenged'calves were'éSseﬁtjally-

similar qualntatlvely to those in the qusoeptlble cha lenmed caIVeq
but they ware much-  less extensxvc and- were acoompan;ed by the,

lymphocytic nodules.



In the infected calves the lungs had evidence of darage to the

surface epithelium as well as cellhlar infiltrates 45 days after
challenge. To investigate the regenerating and healing phase pors -
fully would require and investigation over 8§0-20 days post

challenge,

Although SEM gives a useful impression of the space occupyiqg
ef fects of exudates and inflammatory cells in the luﬁgs and also
demonstrates their surface topography very well identification of
cells can be difficult. This is particularly true for inflammatory
cells and the size of the gell is one of the posit useful criteria
espécially when trying to -dif_f-e.'rentiat;_e neutrophils and eosinophily
from macrophages. Increasad-n@mbers of'pseudopoéia or ruffles or
small vesicular-like protrusions from the cell membrane were taken

to reflect increased metabolic activity.

Eggs and larvae aspirated- into alveoli.durinq the patent phase
of the disease were described as a major cause oflpneumonia leading
to c¢liniecal signs (Jarrett, 18607}, This reaction is readily
detected by SEM. In the alveoli egygs were sometimes seen with no
reaction around them. These were thought to have been either
recently aspirated from the position in the bronchi where thay were
produced or to have been artéfécts resulting from eggs washed into
alveoli by the perfusion fixation technigue. Larvée possibly with
the remains of sheaths or egg shells and surrounded. by iuflaﬁm&tory
cells were also seen. In the bronchi eqgs ne§§ adults wére on
badly damaged dysplastic epithelium almost coméletely devoid -of
cilia. %his contrasted with eggs seen further up the bronchi lying
on normal ciliated epitheliua. These eggs would be moved out of
the lung by the mﬁcociliary escalator and coughing to be swallowed

and complete the life-cycle of the parasite.

It was pointed out that other changes were seen in patches.in
the trachea and the.bronchi-particularly of the branial lobes :in
Group 2. These were surface bactaria,'patches of deciliated cells
and exfoliating single ciliated cells.  Sincé. fﬁese changés

occurred as early as 15 days in an area which the parasits would




not have reached at that time they were attributed to intercurrent:

infection. When lungworms had become establigshed in Group 2
bacteria were mors frequently seen than in Group 3. Jarreth

(1960} pointed cut that intercurrent infecticn could occur.

It was interesting that increased activity of Type II alveclar
epithelial cells was seen later in the infecpion as well -as
increased activity of non-ciliated bronchiolar cells, Clara cells.
Whether or not this represented a minor form of the striking
hyperplasia of alveolar Type II cells that occur in a proportion of
animals during the post-patent phase was not clear. No obvious
groups or sheets of these cells &ere QEen which might have resulted

from hyperplasia.
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Fig. 38 -~ Infected calf: Micrcorganism colonising the tip of the

¢ilia in a large airway.

SEM x 5000







Fig., 39 -~ Infected calf: A large bronchus of the caudal lcbe with
patches devoid of cilia. The ciliated cells appear

disorganised (arrow). Ro secretory active cell can be

sean (X ).

SEM x 640
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Pig., 42 = Infected calf: A large bronchus in a cranial lobe, 25
days after infecticn showing active mucous secretory

cells (arrow} interspersed with ciliated cells,

SEM 1250
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pa=_:: 0.

Fig, 55 - Infected calf: The surface of the trachea appears with a

modified ciliated epithelium with fewer cilia (arrow).

SEM x 2500
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SECTION FIVE

CONCLUSIONS




Scanning electron microscopy can be used effectively and
profitably to study the bovine respiratory sygtem in health and
disease. The outstanding characteristic of the image cbtained by
SEM is the remarkable three~dimensional guality, whether the image
represented a picture of the tracheal wall, a ciliated cell or a
close-up of clusters of inflammatory cells, it conveyed a sense of
reality normally lacking in micrographs made by othar means such as

TEM and LM,

Biclogical specimens such as the respiratory trect were ecasily
preparad to be ingpacted by SEM no matter the kind of tissue e.g.
trachea or Jung parenchyma nor its-size, 2s long as it fitted the

column.

Another striking attribute of the image presented by SEM was
the amount of information availableé about the surface topography of
the cells. However, the complete interpretation of the information
collected by SEM would not be possible ignoring the Ffacts cbtained
by other methods of investigation e.g. LM or information of tissue
such as physloleogy, anatomy and pathclogy. These provide .the
necessaxy background to interpret. fully and usefully details of

ultragstructure.

The SEM has proved to be an excellent iastrument for studyiﬁg
the respiratory system, since the structure of the lunqéﬁraﬁd
trachea offered & great variety of surface morphology. In the
present study, the normal pattern of this tiséuéfwas assessed-ﬁoi
young and adult cattle and the information achieved Was compared
with modified patterns observed on the same type of tissue whgn
affected hy & pathoyenic agent. The normal bovine . lower

respiratory tract was found to be generally similar to that. of

other mammals although there were some differences.




Having in mind that a disease is like a cinematographic
process i1t is necessary to take into account the fact that only one
picture of the £film was recorded. ~“Therefore furtharJinvastigﬁtions
will have to be designed to obtain a sufficient amount of evidencé
to completely characterizée the entity studied i.e. lungworm
infections. Nevertheless this study has provided a gocd stimilus
to continue the investigation of bovine respiratory diseases by SEM

in the hope that a better understanding of these diseases will he

found.,
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