
 
 
 
 
 
 
 

https://theses.gla.ac.uk/ 
 
 
 

 

Theses Digitisation: 

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/ 

This is a digitised version of the original print thesis. 

 

 
 
 
 
 
 
 

Copyright and moral rights for this work are retained by the author 
 

A copy can be downloaded for personal non-commercial research or study, 

without prior permission or charge 
 

This work cannot be reproduced or quoted extensively from without first 

obtaining permission in writing from the author 
 

The content must not be changed in any way or sold commercially in any 

format or medium without the formal permission of the author 
 

When referring to this work, full bibliographic details including the author, 

title, awarding institution and date of the thesis must be given 
 
 
 
 
 
 
 
 
 
 
 
 

 
Enlighten: Theses 

https://theses.gla.ac.uk/ 

research-enlighten@glasgow.ac.uk 

http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk


SCANNING ELECTRON MICROSCOPIC STUDY 

OF THE LOWER RESPIRATORY TRACT IN CATTLE

BEATRI2 IRIS lOVANNITTI de ENTROCASSO, V.M,

Thesis subm itted to the U niversity  of Glasgow 

Faculty of V eterinary Medicine 

fo r  the Degree of Doctor of Philosophy

Department of V eterinary Pathology, 

U niversity  of Glasgow,

May 1984.



ProQuest Number: 10391178

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 10391178

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLO.

ProQuest LLO.
789 East Eisenhower Parkway 

P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346



In memory of

DR. HORACIO F. DIOGRAZIA



GLASGOW
UNIVERSITY
LIBRARY



; f

CONTENTS

Page No,

Contents

L is t  of Abbreviations 

L is t of Tables 

L is t  of Figures 

A ckn ow led, g eme n ts  

Summary

1

i i i

iv

V

±K

X

SECTION ONE INTRODUCTION

REVIEW/ OF THE LITERATURE

SECTION TWO MATERIALS AND METHODS 30

Animals and R espiratory  T ract Samples 

Scanning E lectron Microscopy 

Transmission E lectron Microscopy 

Light Microscopy

31

37

45

47

SECTION THREE - SCANNING ELECTRON MICROSCOPIC STUDY

OF LOWER RESPIRATORY TRACT IN NORf-lAL 

CALVES AND ADULT CATTLE

49

Introduction

M aterials and Methods

Results

Discussion

Figures

50

51 

53 

59 

69



â m

Page No,

SECTION FOUR SCANNING ELECTRON MICROSCOPIC STUDY 

ON EXPERIMENTAL LUNGWORM INFECTION 

IN CATTLE

99

Introduction

M aterials and Methods

Results

Discussion

Figures

100
102

106

113

116

SECTION FIVE - CONCLUSIONS 146

SECTION SIX REFERENCES 149

n



: vi: I / À'%': -'

LIST OF ABBREVIATIONS

LM = Light microscopy

NBF = N eutral buffered form alin

NI = Not immune

SEM -  Scanning e lec tro n  microscopy

SPF = Specific  pathogen free

ÏEM ™ Transmission e lec tro n  microscopy

m



LIST OF TABLÉS

Page No

Table 1 L is t  of d if fe re n t  c e l l  types in  normal lungs. 6

Table 2 Subgross Lung Types of Mammals. 21

Table 3 Timing of vaccination  and challenge in  the 102

Lungv;orm Experiment.

Table 4 Days of Examination of the Calves on tlie 104

Lungworm Experiment.

Table 5 P a ra s ito lo g ica l R esults on the Lungvzorm 107

Experiment,

Table 6 Pathological R esults on the Lungworm Experiment, 107

1V



LIST OF FIGURES

F ig , 1 A C la s s if ic a tio n  of re sp ira to ry  t r a c t

e p i th e l ia l  c e l l s .

Page No

F ig . 2A Sample s i te s in  the study of normal 33

bovine lung surface ep ithelium .

F ig . 2B Sample s i te s in  the study of experim ental 34

lungworm in fe c tio n .

F ig . 3 S ites of cannulatie n s  fo r pe rfusion . 36

Fig. 4 Appearance of perfused  lung. 36

Fig. 5 Normal c a lf  : Ventral w all of the trach ea . 70

Fig . 6 Normal c a lf : O rifices of a mucosal gland 71

and c i l ia te d  ca rp e t.

F ig . 7 Normal cow: Large bronchus. 72

Fig . 8 Normal cow; Large bronchus. Goblet c e l l s . 73

F ig . 9 Normal c a lf : Large bronchus. T ransversal 74

sec tion  of the mucous membrane.

F ig . 10 Normal cow: Goblet c e l l s . 75

Fig. 1 1 Normal cow: Tracheal surface with 76

epithelium  devoid of c i l i a .

F ig . 12 Normal cow: Tracheal epithelium  devoid of 77

c i l i a .

F ig . 13 Normal c a lf  : Surface of small bronchus. 78

F ig . 14 Normal c a lf : Small bronchus. 79

Fig. 15 Normal c a lf  : Small bronchus, 80

P ig . 16 Normal cow: Small bronchus, 81

Fig, 17 Normal c a lf  : Terminal b ronch io le . 82

F ig . 18 Normal cow: B ronchiole. 83

Pig . 19 Normal cow: N on-c ilia ted  bronchio lar 84

e p i th e l ia l  c e l l s .

F ig . 20 Normal cow: N on-c ilia ted  bronchiolar 85

e p ith e l ia l  c e l l s .

F ig . 21 Normal cow: N on-c ilia ted  bronchiolar 86.

e p i th e l ia l  c e l l s .



Page No

Fig, 22 Normal ca lf: Clara c e lls  - d if fe re n t phases 87

of a c tiv ity .

F ig , 23 Normal c a lf: Lung parenchyma. 88

Fig. 24 Normal cow: Lung parenchyma. 89

Fig, 25 Normal ca lf; Type I and Type I I  alveolar 90

e p ith e lia l  c e l l s .

Fig. 26 Normal cow: Type I I  a lveo lar e p ith e lia l  91

c e l l s .

Fig. 27 Normal ca lf: Type I and Type I I  a lveo lar 92

e p ith e lia l  c e l ls .

Fig. 28 Normal cow; Pores of Kohn, 93

Fig, 29 Normal cow: High power view of Pores of Kohn, 94

Fig. 30 Normal cow: Alveolar su rface . 95

Fig, 31 Normal ca lf  : Alveolar macrophages, 96

Fig. 32 Normal COW : Alveolar macrophages. 97

Fig, 33 Normal cow: Alveolar surface; c a p illa r ie s 98

underlying.

F ig, 34 Vaccinated c a lf :  The surface of large 117

bronchus covered by c i l i a .

F ig . 35 Vaccinated c a lf : The lung tissu e  struc tu re  118

appears normal.

Fig. 36 Infected c a lf : A plug of mucus in a small 119

bronchus.

F ig . 37 Infected calf : A bronchiole with a 120

hyperplastic epithelium .

P ig , 38 Infected c a lf :  Microorganism colonising the 121

large airways.

F ig . 39 Infected c a lf: Patches of d e sc ilia tio n  on a 122

large bronchus.

F ig , 40 Infected calves: A large bronchus with a 123

columnar c il ia te d  c e l l  shed from the 

epithelium .

F ig . 41 Infected c a lf : Worm eggs on the c il ia te d  124

surface of a large bronchus.

VI



Page No

F ig . 42 Infected ca lf : Mucous secretory c e lls  125

in terspersed  with c i l i te d  ce lls  of a 

large bronchus.

F ig . 43 Infected c a lf ; A small bronchus with an 126

adult lungworm.

Pig , 44 Infected c a lf : Worm eggs on the e p ith e lia l  127

surface of the small bronchi.

Fig . 45 Infected c a lf  : U ndifferentiated c e lls  on 128

the bronchial e p ith e lia l  surface.

Fig . 46 Infected ca lf  : Worm eggs seen in the lumen 129

of an a lveo lus.

Fig, 47 Infected c a lf : Clara c e lls  very active 130

35 days a fte r  in fec tio n .

Fig, 48 Infected c a lf : A severe c e llu la r  in f i l t r a t io n  131

on lung t is su e .

F ig . 49 Infected c a lf : A lungworm larvae surrounded 132

by a c lu s te r  of inflammatory c e l ls .

F ig, 50 Infected c a lf : C luster of inflammatory c e l ls ,  133

Pig. 51 Infected c a lf: D ifferen t types of 134

inflammatory c e l l s .

F ig, 52 Infected c a lf : D ifferen t types of 135

inflammatory c e l ls .

F ig . 53 Infected ca lf: Alveolar macrophages. 136

Fig, 54 Infected c a lf: Type I I  alveolar e p ith e lia l  137

c e l l s ,

Fig. 55 Infected c a lf : Modified epithelium 45 days 138

a f te r  in fec tio n .

Fig, 56 Infected c a lf :  N on-ciliated bronchiolar 139

e p ith e lia l  c e l l s .

Fig, 57 Infected c a lf : Adult p a ra s i te . 140

Fig, 58 Infected c a lf: Aspirated worm eggs, 141

F ig . 59 Vaccinated and challenged ca lf  : 142

Lung parenchyma.

VI1



Page No,

F ig . 60 Vaccinated and challenged c a lf :  Large 143

bronchus su rface  with c i l ia te d  c e l ls  

devoid of c i l i a .

F ig . 61 Vaccinated and challenged c a lf :  144

Lymphocytic nodule,

F ig . 62 Vaccinated and challenged c a lf :  145

Lymphocytic nodule.

Vi i l



ACKNOWLEDGEMENTS

I would lik e  to  thank P rofessor V?.F,H. J a r r e t t /  F .R .S ,,' fo r 

the use of the f a c i l i t i e s  and ex p ertise  in  the Department of 

V eterinary Pathology where th is  work was c a rried  ou t, and to 

P rofessor H.M. P ir ie ,  my superv iso r, who provided the ideas which 

enabled th is  th e s is  to  be p repared .

This work would not have been possib le  w ithout the sp ec ia lised  

advice and labora to ry  f a c i l i t i e s  provided by Professor N.G. Wright 

of the Department of V eterinary Anatomy. I am g ra te fu l to Mrs. E. 

Harrop who was most h e lp fu l in  providing tech n ica l a ss is ta n ce , and 

to  the s ta f f  of th a t  department.

I a lso  wish to  thank Professors J .  Armour and G.M. Urquhart of 

the  Department of V eterinary Parasitology... fo r th e ir  a ss is tan ce  in  

the Lungworm Experiment,

Invaluable encouragement was received from Dr. H.M, Laird, 

Mrs, C. Burke and Mrs. M. Mason in  the Electrom Microscopy Unit of 

the Department of V eterinary Pathology. I am indebited  to  Mr, 

Colin Wilson fo r h is  photographic ex p ertise  which was w illin g ly  

given.

To my husband, Carlos, and my son, Ignacio, I  am very g ra te fu l 

as they were my main source of support. To my p a ren ts , my family 

and my friends who, d esp ite  the d istance  iDetween us, have f e l t  very 

c lose  to  me through the course of these stud ies -  many thanks.

My s in cere  thanks to  Mrs. Maisie R iddell fo r her patience and 

competent typing of th is  th e s is .

F in a lly  I would express my g ra titu d e  to the I n s t i tu te  Nacional 

de Tecnologia Agropecuaria INTA-ARGENTINA, the Wellcome Trust and 

the  A g ricu ltu ra l and Food Research Council, fo r th e ir  f in a n c ia l 

support.

In Glasgow, Scotland, 30th May 1984,

IX



SUM14ARY

The surface c h a ra c te r is t ic s  of the bovine lower re sp ira to ry  

t r a c t  were studied  with the use of tlie scanning e lec tron  microscope 

<SEM)* The f i r s t  step  in  the in v es tig a tio n  was to  become 

fam ilia rized  with the methods of SEM. T hereafter two d if fe re n t 

p ro jec ts  were designed and performed#

The f i r s t  p ro je c t was to  assess the p a tte rn  of c i l ia te d  c e lls  

in  normal one week old calves and compared th is  with the p a tte rn  in  

a d u lt c a t t l e .  Two groups of anim als, one calves and the other 

a d u lt c a t t le ,  were studied  and none of them had gross morphological 

evidence of pulmonary d isease . The trachea was examined as well as 

bronchi, bronchioles and a lv e o li in  both the c ra n ia l and caudal 

lobes of the rig h  lung. In general in  both groups, the lumenal 

surface of the large  airways was completely covered by c i l i a  

apparen tly  forming an e f f ic ie n t  "m ucociliary e sc a la to r" . However, 

in  the ad u lt cows some areas of c i l ia te d  c e lls  were found devoid of 

c i l i a ,  and these were considered to  be abnormal. The n o n -c ilia ted  

c e l ls  in  th is  jp a r t  of the lower re sp ira to ry  t r a c t  were not e a s ily  

id e n tif ie d  unless they were discharging se c re tio n . In sm all 

bronchi, n o n -c ilia ted  c e l ls  were more evident and based on the fa c t 

th a t  these c e l ls  were p resen t sometimes as frequently  as the 

c i l ia te d  c e l ls ,  they were thought l ik e ly  to be e p ith e l ia l  secre to ry  

c e l l s ,  e ith e r  mucous or serous c e l l s .

The bronchioles had many n o n -c ilia ted  c e lls  and almost no 

s ig n if ic a n t  c i l ia te d  c e lls  capable of forming a complete c i l ia ry  

c a rp e t. Type I and Type I I  a lv e o la r e p ith e l ia l  c e l ls ,  as well as 

a lv eo la r macrophages, were id e n tif ie d  in  both groups of anim als. 

Pores of Kohn were found in  the a lv eo la r w alls in  a l l  the animals 

and considered to  be normal. No brush c e lls  were found. 

D is tin c tiv e  re sp ira to ry  bronchioles were not seen and there  was a 

r e la t iv e ly  sudden tra n s it io n  from term inal bronchioles to a lveo la r 

d u c ts .



A fter the normal p a tte rn  of the surface morphology was 

e s tab lish ed  fo r normal bovj.ne lower re sp ira to ry  t r a c t ,  a second 

in v es tig a tio n  was designed. This was done to  assess the changes 

th a t  could be observed with SEM on the surface of the re sp ira to ry  

t r a c t  of calves in fec ted  with Dictyocaulus v iviparus and calves 

vaccinated ag a in st lungworm and experim entally in fec ted  v/ith D. 

v iv ip a ru s . Ten F riesian  cross calves were divided in to  th ree  

groups which received d if fe re n t  trea tm en ts . Group 1 comprised two 

calves vaccinated with D ic to l as recommended by the m anufacturers. 

Group 2 comprised four calves experim entally in fec ted  with 

approximately 5,000 in fe c tiv e  larvae of D. v iv iparus and Group 3 

comprised four calves vaccinated with D ictol a t  the same time as 

Group 1 and challenged o ra lly  with the same dose of D. v iv iparus 

larvae a t  the same time as Group 2. One c a lf  from Group 1, Group 2 

and Group 3 was k i l le d  on 15, 25, 35 and 45 days a f te r  challenge.

The changes observed in  the luminal surface of the trachea, as 

well as the bronchi, bronchioles and a lv e o li of both the c ra n ia l 

and the caudal lobes of the r ig h t  lung were recorded on the p leu ra l 

surface of the lungs. In Group 2 the in fec ted  calves appeared with 

a v a rie ty  of pa tho log ica l changes as the in fec tio n  progressed. 

These changes were mainly described as ad u lt p a ra s ite s  and eggs in  

the bronchi, a severe c e l lu la r  in f i l t r a t io n  of the lung with worm 

eggs and asp ira ted  larvae  occupying the lumena of the a lv e o li .

In te rc u rre n t in fe c tio n  was diagnosed occurring on the surface 

of the conducting airw ays, where microorganisms were found 

co lon ising  the t ip s  of the c i l i a .  In add ition , areas devoid of 

c i l i a  and extruded c e l ls  were observed and considered to have 

re su lte d  from v ir a l  in fe c tio n .

The re la t iv e  proportions of e p i th e l ia l  c i l ia te d  c e lls  and 

n o n -c ilia ted  c e l ls  were a lso  a ffec ted  a t  these le v e ls , Tlie surface 

of the conducting airways of the calves in  Group 3 were s l ig h tly  

m odified. The lung showed in f i l t r a t io n  of inmune c e l ls ,  

lymphocytic nodules implanted in  the lung parenchyma in close 

re la tio n  in  close r e la tio n  to  bronchioles and small bronchi, was 

the most re levan t fin d in g .

XI



The SEM re s u l ts  produced th ree  dimensional p ic tu res  which 

s tr ik in g ly  i l lu s t r a te d  the modified epithelium  and the reactions 

p resen t during the course of p repa ten t and pa ten t lungrworin 

in fe c tio n  in  su scep tib le  and immune ca lves.

x n



SECTION ONE :ii

INTRODUCTION

REVIEW OF THE LITERATURE



INTRODUCTION

During the p ast 25 years s tu d ies  using transm ission and 

scanning e lec tro n  microscopy have provided much inform ation about 

the  fin e  s tru c tu re  of the c e l ls  in  the conducting airways and 

re sp ira to ry  t is su e  of the lungs.

The discovery in  the ea rly  1960s, of the im portant physiologic 

ro le  of lung su rfa c ta n t led the way to  the recognition  of the lung 

as an ac tiv e  metabolic organ. I t  i s  now c le a r  th a t the lung has 

im portant metabolic functions, influencing  the whole body. The 

s tru c tu re  and function  of a lv eo la r t is s u e , both the epithelium  and 

the  in te ra lv e o la r  septum has been d e ta iled  on severa l occasions but 

le s s  a tte n tio n  has been paid  to  the epithelium  of the conducting 

airw ays. The m u ltip lic ity  of c e l l  types now known to  be p resen t in  

the  epithelium  of the airways in  d if fe re n t species of animals has 

ra ised  new questions about c e l l  k in e tic s , re la tio n sh ip s  and 

fu n c tio n s . As a r e s u l t  of the increase  in  knowledge about these 

c e l l  types in  the lung and the renewed in te r e s t  in  the s tru c tu re  

and function  of these c e l ls  in  re la tio n  to pulmonary defense 

mechanisms more answers w il l  be found in  the near fu tu re .

Understanding the d if fe re n t  functions of the c e l ls  of the lung 

has now become possib le  with the a v a i la b i l i ty  of methods which 

study ind iv idua l lung c e l ls  in  cu ltu re  as well as in s i tu  and more 

rec en tly  by examining the in te ra c tio n s  th a t can occur between the 

c e l l s .

System atic morphologic stud ies of* the re sp ira to ry  system in  

numerous species has been the su b je c t of many recen t p u b lica tio n s . 

In  them the ob jec t was to  in v e s tig a te  and compare the morphologic 

fea tu res  of developing and mature lung, in  commonly used domestic 

and labora to ry  animals as well as man, in  order to e s ta b lish  

s t ru c tu ra l  and func tiona l re la tio n sh ip s  when p o ss ib le . U ntil 

re c e n tly , very few comparative anatomic stud ies had be^n performed 

and in  almost none of them i s  the  ox included . There i '  a tendency 

to  ex trap o la te  from one species to  another, however i t  has been

2



found th a t  although the same e p i th e l ia l  c e l l  types are  found in  

most species th e ir  d e ta ile d  morphology and frequency d is tr ib u tio n  

v a rie s . In add ition , there  are some aspects of tlie d is tr ib u tio n  of 

the airways th a t  a re  a lso  species sp e c if ic  and some caution should 

be taken when comparing s t ru c tu re s .

Knowledge about tlie re sp ira to ry  system in  the ox is  im portant 

not only fo r reasons of comparative biology but a lso  because 

re sp ira to ry  d isease  is  very p reva len t in  th is  sp ec ie s . In the p ast 

20 years as the numbers of c a t t l e  kept on the farm u n it  has 

increased  under economic p ressures there  has been a concomitant 

r i s e  in  the prevalence of re sp ira to ry  i l ln e s s .  R espiratory 

in fec tio n s  are  a s ig n if ic a n t  problem a l l  over the world, in  

coun tries involved in  in ten siv e  beef or dairy  production . The 

to ta l  economic impact of the d iseases re s u lts  from th e ir  high 

m orbidity and a b i l i ty  to  cause death . A ll age groups of c a t t le  

have th e ir  own p a r t ic u la r  problems. The serious re sp ira to ry  

d iseases of ad u lt c a t t le  include fog fever, farm er's  lung, d iffu se  

fib ro s in g  a lv e o l i t i s  and re in fe c tio n  with lungworm. In young 

grazing calves p a ra s i t ic  b ro n ch itis  and pneumonia caused by the 

lungworm Dictyocaulus v iv ip a ru s , i s  very im portant. The indoor 

c a lf  pneumonias rep resen t a major common and economic problem from 

which many in fec tio u s  agents have been iso la te d .

The a v a i la b i l i ty  of the scanning e lec tro n  microscope (SEM) has 

provided an im portant to o l th a t  has been ex tensively  used to study 

the  surface of the re sp ira to ry  passages and pulmonary a lv e o li , in  

sev era l sp ec ie s . The use of SEM'has brought about a major advance 

in  our understanding and apprecia tion  of tlie three dimensional 

o rgan isa tion  and surface topography of tis su e s  and organs. The 

instrum ent i s  p a r t ic u la r ly  u se fu l fo r studying the re sp ira to ry  

system because of i t s  a b i l i ty  to  examine large surface areas 

rap id ly  a t  e ith e r  low or high m agnifications with g rea te r depth of 

focus a t  equivalent m agnifications than any o ther l ig h t  or e lec tro n  

o p tic a l  system. The large a rea  th a t  can be examnea the in tr in s ic  

depth of focus, and the r e la t iv e ly  simple specimen pr parafions, 

make tiie SEi‘l very u se fu l fo r the examination and evaluation  of



'

normal and abnormal lung s tru c tu re . In p a r t ic u la r ,  SEM Has 

provided inform ation about the s iz e , shape and 'density  of surface 

s tru c tu re s  ch a rac te ris in g  various re sp ira to ry  c e l l  ty p es . I t  has 

a lso  u se fu lly  been applied  to  demonstrate the a rc h ite c tu re  of 

a lv e o li  and th e ir  re la tio n sh ip  to each other and to  b ronch io les. 

Since there  have been few s tu d ies  with SEM on the re sp ira to ry  

system of the ox i t  seemed u sefu l to  conduct the study described, in  

th is  th e s is .  This study involved the examination of the e p i th e l ia l  

su rface  of the lower re sp ira to ry  t r a c t  of normal calves and normal 

a d u lt c a t t le  to  provide more inform ation about the morphology of 

th is  reg ion . The ob jec tive  was to  describe and ch a rac te rise  the 

d is tr ib u tio n  of the c i l ia te d  c e l ls  forming the m ucociliary 

apparatus, to  assess d iffe ren ces in  the surface re la te d  to  age in  

normal bovine animals and then to  a sso c ia te  these morphological 

p a tte rn s  with pa tho log ica l conditions such as lungworm in fe c tio n .

4



REVIEW OF THE LITERATURE

The scanning e lec tron  microscopy (SEM) has been ex tensively  

used to study the su rface  of the airways and re sp ira to ry  ac in i of 

the  lungs (Andrew, 1979). By d e fin itio n  the SEM reveals the 

su rface  topography of a specimen. Although i t  has been used fo r a 

number of years by s c ie n t is t s  to  study inorganic m ateria l e .g . 

s t e e l ,  b io l ig is ts  have only recen tly  developed techniques fo r 

preparing  non-conductive s o f t  t is su e  fo r examination in  the SEM 

(Nowell and Tyler, 1971). One of the most u sefu l c h a ra c te r is t ic s  

of th is  instrum ent i s  the a b i l i ty ,  not only to  examine a large 

su rface  area, but to  do th is  ra p id ly . Weibel (1963) had estim ated 

th a t  the lung from a human ad u lt has 95 râ  of a ir - t is s u e  

in te r f a c e . Examination of a s ig n if ic a n t  amount of th is  surface by 

transm ission e lec tro n  microscopy (TEH) is  not fe a s ib le , Pease 

(1964) has estim ated th a t i t  would requ ire  seven and one h a lf  years 

of continuous TEM use to  photograph 1 cm  ̂ of u l t r a th in  sectioned 

m a te ria l. This comparison emphasised the usefulness of an 

instrum ent capable of being applied to study the morphology of 

large  su rfaces . Apart from the large  surface area th a t can be 

examined by SEM i t  i s  possib le  to  examine long itud inal or oblique 

conducting airways and assess the r e la tiv e  proportions of d if fe re n t  

c e l ls  and th e ir  d is tr ib u tio n s  on a surface (Nowell and Tyler, 

1971), I t  has been reported  in  a review of microscopic stud ies on 

the  re sp ira to ry  t r a c t  th a t 13 c e l l  rypes (Table 1) have been 

id e n tif ie d  in  the epithelium  (Breeze and Wheeldon, 1977),

A recen t review (Tyler, 1983) provided d e ta ile d  inform ation on 

the  physicochemical nature of airways s e c re tio n s . The

anatomy, pharmacology and physiology of airways and th e ir  sec re tio n  

in  h ea lth  and d isease  were rep o rted . Comparative morphologic 

aspects of the airways from various species were presented by Tyler 

(1983) but most of the inform ation was based on TEM and l ig h t  

microscopy (LM) stu d ies  and was not confirmed by SEM, Although SEM 

i s  lim ited  to  the examination of surfaces i t  i s  very usefu l fo r 

studying d i s ta l  airways as large blocks can be examined a t  very low 

or high m agnification witli high reso lu tio n  and the view of the



COflMON; CELL TYPES IN NORMAL LUNGS

GlandE p ith e lia l c e l ls

Airways

C ilia ted

raucous

serous

Goblet

AlveoliE p ith e lia l serous

Brush Type I pneumocytes

K (including n e u ro e p ith e lia l body c e l ls )  

Basal

Interm ediate 

Special type

N on-ciliated  bronch io lar sec re to ry  (CïARA) 

Connective tis su e  c e lls

Type I I  "

Type I I I  "

Alveolar macrophage

Globule leukocyte 

Lymphocyte 

Plasma c e l l

Subepithel i a i  mast c e l l  

Connective t is su e  mast c e l l  

Eosinophil 

C artilage

Table 1: L is t of d if f e re n t  c e l l  types, according to  Breeze and

Wheeldon (1977)#



surface  provides much of the inform ation in  a read ily  comprehended 

form. In ad d itio n , m ateria l prepared fo r SEf>l can be processed fo r 

ex-amination by TEM or LM. Carr (1981) described procedures for 

examining samples from SEM by TEM or LM on Ip sections a f te r  

embedding the sample in  re s in . In addition  there  have been stud ies 

made on severa l species by LM and TEM and they have described 

d iffe ren ces in  the ccsnparative anatomy of the lungs.

In humans, the lung a t  b ir th  i s  not a small version of the 

a d u lt lung (Reid 1972), Alveoli develop a f te r  b ir th , increasing  in 

number u n t i l  the age of e ig h t years and then increasing  in  s ize

u n t i l  growth of the chest w all i s  fin ish ed . Ttie known p a tte rn  of

growth of the human lung has f a c i l i ta te d  the in te rp re ta t io n  of the 

pathogenesis of c e r ta in  pa tho log ica l changes. Bastacky (1983) 

described the s tru c tu re  of human airways by a combined study using 

SEM and airways d is se c tio n . He examined and mapped the luminal 

surface  of a s in g le  airway from the p o in t where i t  had i t s  o rig in  

from the main stem bronchus through large and small bronchi to  

bronchioles and continuing to a lveo la r ducts and to a lv e o li as fa r  

as the p leu ra . He obtained lobes of human lung by surgery . They 

were in f la te d  with a i r ,  allowed to d e fla te  and then re in f la te d  with 

f ix a t iv e . The airway was d issec ted  and examined with a

stereom icroscope, then the samples were processed fo r SEM and the 

airway mapped a t  d i f f e re n t  m agnifications. The in te re s tin g  areas 

were then excised and processed fo r TEM. He described a u n it 

airway as th a t continuous luminal surface consis ting  of one branch 

of the airway a t  each b ifu rc a tio n . Prelim inary s tu d ies  suggested 

th a t  a lv e o li varied  in  shape, s iz e  and entrance width; a l l  of

which were a function  of the p o s itio n  of the a lv e o li along the 

airw ay. The t r a n s it io n  from c i l ia te d  conducting airway epithelium  

to  squamous re sp ira to ry  epithelium  was q u ite  ab rup t. The surface 

of a lv e o li in  the hydrated s ta te  were qu ite  smooth, tended to  be 

round and had su rfa c ta n t occluding almost a l l  the pores of Kohn.

Je ffe ry  (1983) proposed a c la s s if ic a t io n  (Eig4/#) fo r  a l l  the 

su rface  e p i th e l ia l  types on the basis of a review of th e ir  fea tu res  

as determined by l ig h t  and e lec tro n  microscopy. The c la s s if ic a t io n
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E p ith e lia l

in a lBASAL

n o n -c ilia ted

unknown functionSecretory

BRUSHSPECIAL TYPEPAS

Interm ediateENDOCRINE+ MUCOUS SEROUS CLARA

M igratory

GLOBULE-LEUCOCYTELYMPHOCYTE

Neural

NERVE TERMINALSNEURO-EPITHELIAL

BODIES

P ig , 1, A c la s s if ic a t io n  of re sp ira to ry  t r a c t  su rface  e p i th e l ia l  

c e l ls  as proposed by Je ffe ry  1983.



Ÿ/as based on morphologic fea tu res  and took in to  consideration, tlie 

occurrence and species d is tr ib u tio n  of each c e l l  type. Je ffe ry  

(1983) sa id  th a t  many, but not a l l ,  of the e p i th e l ia l  c e lls  were 

found in  humans* C ilia te d , mucous, Clara n o n -c ilia ted  b ronchio lar, 

and basal c e l ls  were co n sis ten tly  id e n tif ie d  in  a l l  mammals as 

judged by l ig h t  microscopy and transm ission e lec tro n  microscopy. 

Not many complete s tu d ies  had been done by SEM, th ere fo re  there was 

a shortage of inform ation in  th is  re sp e c t. In h is  conclusion he 

suggested th a t  any one c e l l  type might perform more than one 

function  and th a t  fu r th e r  research  would confirm or re fu te  these 

hypotheses.

Je ffe ry  and Reid (1975) had made a system atic survey of the 

u l t r a s t ru tu re  of the c e l l  types a t  d if fe re n t  airway lev e ls  in  

sp e c if ic  pathogen-free (SPF) r a t s .  The main ob jec tive  was to 

e s ta b lis h  how fa r  proxim ally Clara c e lls  were found. The study was 

done using TEM to  examine fiv e  extrapulmbnary leve ls  and five  

in trap u Imonary le v e ls . The d is tr ib u tio n  and frequency of each 

e p i th e l ia l  c e l l  type, e p ith e l ia l  thickness and depth of the c i l ia ry  

lay e r were assessed  and were expressed as a percentage of the to ta l  

e p i th e l ia l  c e l ls  counted. Nearly 50% of the c e lls  a t  the lev e l of 

the upper trachea  and d i s ta l  bronchioles were n o n -c ilia te d  but a t  

tfie lower p a r t  of the trachea, extrapuImonary bronchus, In tra -  

pulmonary bronchus and sm all bronchus only 40% were n o n -c ila ted . 

Taking a l l  leve ls  together 22% of the e p ith e l ia l  c e lls  were serous 

and th is  was the  most frequent c e l l  type a t  a l l  airway leve ls  

except the upper p a r t  of the trachea . The serous e p ith e l ia l  c e l ls  

and the Clara c e l ls  could not be d istingu ished  from each other by 

TEM and were counted as one c e l l  type. Goblet c e l ls  made up less 

than 1% of the  to ta l  a t  any le v e l. The in term ediate  c e lls  were 

most numerous a t  the upper p a r t  of the trachea and s ig n if ic a n tly  

fewer were found in  the d i s ta l  p a r ts .  Basal c e l l  decreased 

p ro g ressiv e ly  d i s t a l ly .  Migratory c e l ls ,  lymphocytes and globule 

leucocytes were considered together in  these counts. Lymphocytes 

were more numerous in  extrapulmonary airw ays. Both lymphocytes and 

globule leucocytes, were g re a te s t in  the upper segment of the
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trachea , and th e ir  concen tration  p rogressively  decreased in  the

extrapulmonary and intrapulm onary bronchus.

In the mouse the conducting airways were stud ied  by Pack e t  

a l * (1980). A q u a n tita tiv e  l ig h t  microscopic and TEM in v es tig a tio n  

was made a t  d if fe re n t  airway lev e ls  since i t  was considered th a t  

th is  had not been c a rried  out in  the mouse p rev iously . They t r ie d  

to  e s ta b lish  the d is tr ib u tio n  of c e l l  types in  the airways and tp

determine whether the c e l ls  containing mucus ocdurred in the

primary bronchi or sm aller a irw ays. Previous workers' had shown 

th a t  the mucous c e lls  of the mouse occurred in la rg e r numbers in  

the lower trachea than the upper trachea, e sp ec ia lly  a t  the lev e l 

of the Carina. Whether th is  increase  in  the mucous c e l l  population 

p e rs is te d  in  the primary bronchi was unknown. The in v es tig a tio n  

was done using MF I s t r a in  (S .P .F .) mice. The epithelium  of the 

conducting airways was sampled a t  f iv e  lev e ls  from the trachea to 

the d i s ta l  bronchi and th ree  sec tions from each lev e l were then 

observed by LM and TEM. The authors concluded th a t ,  con trary  to  

what was found in  o ther species, the m ajority of the c e lls  (50-60%) 

were Clara c e l ls .  Mucous producing tis su e  was in frequen t although 

e p i th e l ia l  mucous c e lls  occurred in  large numbers a t  the carina and 

primary bronchi. In th e i r  observations they pointed out th a t the 

paucity  of mucous c e l ls  in  the trachea and primary bronchi and 

th e i r  absence from the a x ia l airways had been done only in  SPF

animals and when stock mice were examined some mucus-containing 

c e l ls  were more frequen tly  seen a t  every le v e l. On the other hand, 

no mucous or serous c e l ls  or submucosal glands were seen in  the SPF 

animal a t  the in tra lo b u la r  airw ays. "On the morphological basis , as 

judged by TEM, Pack e t  a l . (1980) recognized th ree  d is t in c t iv e  

forms of Clara c e ls .  On occasion they a lso  observed c e l ls  which 

were apparently  tra n s it io n a l  types between these tliree types of 

C lara c e l ls  and a lso  between C lara c e l ls  and mucous or c i l ia te d  

c e l l s . I t  was suggested th a t  the transform ing c e l l  type might 

in d ic a te  a ro le  fo r the Clara c e l l  as a basic developmental c e l l  in  

the generation of the o ther c e l l  types. Although tlie Clara c e l l  i s  

generally  thought to  be a secre to ry  c e l l  type c h a ra c te r is t ic  of the 

e p i th e l ia l  lin in g  of b ronchio les, some in v es tig a to rs  (Ploppèr,
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1983) have shown th a t  in  some species n o n -c ilia ted  c e l ls  c lo sely  

resembling those in  the b ronchio les, the Clara c e l ls  can be found 

in  the e p ith e l ia l  lin in g  of proximal ca rtilag in o u s airways i . e .  

trachea and bronchi.

In 1975, Castleman e t  a l , studied the morphology of the 

intrapulm onary airways in  th ree  species of monkeys by SEM and TEM. 

Their re s u lts  ind ica ted  th a t  there  was general s im ila r ity  between 

the mucosal s tru c tu re  of the bronchi and the re sp ira to ry

bronchioles in  the  th ree  d if fe re n t  monkeys and man. There were, 

however, d ifferences in  the number of generations of term inal 

bronchioles and d iffe rences in  th e ir  e p ith e l ia l  l in in g . The 

ob jec tive  of the study was to find  a model fo r experimental s tud ies 

on human pulmonary d isease p ro cesses . There were some d ifferences 

described by McLaughlin e t  a l . (1961) between the d is ta l  airways of 

monkeys compared with r a ts  and p igs, who have very sh o rt

re sp ira to ry  bronchioles; however, cats and dogs have long well 

developed re sp ira to ry  b ronch io les. McLaughlin e t. a l  (1961) 

described the main subgross anatomical fea tu res  of the lungs of 

various mammals and had grouped them in to  th ree  d is t in c t iv e

subgross lung types, according to which the monkey was considered 

to  be included in  the second group with the c a t and the dog. This 

group was charac te rised  by the absence of secondary lobules, with 

an extremely th in  membranous p leu ra . The most d i s ta l  airways were 

composed of numerous w ell developed re sp ira to ry  bronchioles leading 

in to  large a lveo lar d u c ts . The monkeys were an extreme example of 

th is ,  possessing only sh o rt, la rge , and w ell a lv eo la rised  

bronchioles which term inate in  lengthy a lveo la r d u c ts . The 

diam eter of the d is ta l  p o rtion  of these in f la te d  bronchioles were 

0 .5 mm. Castleman e t  a l . (1975) pointed out in  th e ir  conclusion 

th a t  the term inal bronchioles in  macaques were lined  by 

p se u d o stra tif ie d  columnar ep ithelium . They could not find  

n o n -c ilia ted  c e lls  s im ila r in  morphology to bronchial brush c e lls  

reported  by Watson and Brinkman (1964). An unusual form of 

c i l ia te d  c e l l  containing membrane-bound inclusions was described by 

Castleman e t  a l . (1975), they were o ften , observed in  one of the

species of monkeys. This c e l l  was suspected to  have a secre to ry
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fu n c tio n . In ad d ition , whereas n o n -c ilia ted  c e l ls  containing 

secre to ry  d ro p le ts , comparable to  human Clara c e l ls  were observed 

in  bronchioles of bonnet and stumpysta.il monkeys, no such c e lls  

were obsrved in  the rhesus monkeys which are usually  considered to  

be s im ila r to  man. They suggested th a t non-ciliated , b ronchio lar 

e p ith e l ia l  c e l ls  with a merocrine secre to ry  function  were not 

normally p resen t in  rhesus lungs or th a t they were extremely scarce 

in  comparison to the o ther macaques. In both, man and macaques 

a lv e o li were seen as outpockets from the re sp ira to ry  bronchiolar 

wall arid these a lv e o li increased  in  frequency as more d is ta l  areas 

were reached, Cuboidal c e lls  although continuous in  the i n i t i a l  

portions of re sp ira to ry  bronchioles becomes d ispersed between 

squamous e p i th e l ia l  c e l ls  in  more d i s ta l  a reas . In d is ta l  areas of 

the re sp ira to ry  bronchioles c e l ls  were observed containing 

osm iophilic lam ellar bodies. These c e lls  were id e n tic a l in  

morphology to  type I I  a lv eo la r e p i th e l ia l  c e l l s .  I t  could be th a t 

type I I  c e lls  lin in g  re sp ira to ry  bronchioles have a s im ila r 

function  and lower su rface  tension  in  the d i s ta l  airways (Castleman 

e t  a l . , 1975).

In a recen t rep o rt s ix  morphologically d is t in c tiv e  granule 

containing sec re to ry  c e l ls  were described in  the sheep lung's (S t, 

George e t  a l . ,  1983). These c e lls  were re fe rred  to  as four mucous 

c e l l  types (MÎ-M4), serous c e l ls  (S.C .) and Clara c e l ls  (C .C .). 

The c e lls  were c la s s if ie d  on the basis of th e ir  airway d is tr ib u tio n  

and th e i f  u l t r a s t ru c tu re .  î*lariassy and Plopper (1983) examined 

airways generation in  sheep lung by m icrodissection , and then 

examined by LM tis s u e  samples embedded in  re s in . Based on 

d ifferences in  c e l l  morphology, s ta in in g  p ro p e rtie s  and 

d is tr ib u t io n , e igh t major c e l l  groups were recognised and 

q u a n tif ie d . The four new mucous c e l l  categories s im ila r to those 

of S t. George e t  a l . (1983), were re fe rred  as Ml, M2, M3 and M4;

c i l ia te d  c e l ls ,  basa l c e l ls ,  C lara c e lls  and.serous c e lls  were a lso  

described . They sa id  th a t  the serous c e l ls  were r e s t r ic te d  to 

submucosal glands. The trac h ea l epithelium  had the most c e lls  per 

u n it  length , p rim arily  due to  large  numbers of basal c e l l s .  Basal 

c e l ls  were found in  the epithelium  of airways w ithout c a r t ila g e  or



g lands. The goblet c e l ls .  Ml, M2, M3 and M4 in  proximal airways 

were a constan t find ing  and M4 goblet c e l ls  (containing sulphated 

g lycopro te ins) were p resen t in  glands of the proximal airways and 

in  the epithelium  lin in g  the airways without g land , The most

d i s t a l  airways were lined  by C lara c e lls  and c i l ia te d  c e l ls  and

were free  of g lands, basal c e l ls  and goblet c e l ls .

There was no c o rre la tio n  between submucosal s tru c tu re ,

generations of airway branching and e p ith e l ia l  c e l l  popu lations. 

They found a number of generations of intrapulm onary airways

lacking c a r t i la g e , which had submucosal glands, basa l c e l ls ,  mucous 

c e l l s ,  and c i l i a te d  c e l l s .  They a lso  found basal and mucous c e l ls  

in  the bronchioles which a lso  contained Clara c e l l s .  In the most

d i s t a l  bronchioles these were only secre to ry  c e lls  p resen t. They

concluded th a t  while a d is tr ib u t io n  p a tte rn  of c e l l  populations in  

th e  sheep tracheobronch ia l tre e  was c le a rly  re la te d  to airway 

genera tions, there  was no d i s t i c t  re la tio n sh ip  between the 

d is tr ib u t io n  of e p i th e l ia l  c e l l  types and the submucosal s tru c tu re s  

(glands and c a r t i la g e ) .

The trac h ea l epithelium  d iffe red  between c a rtila g in o u s  and

n o n -cartilag inous reg ions, in  height and in  the abundance of basal 

c e l l s .  The epithelium  was lower and basal c e l ls  fewer in  

non~cartilag inous reg io n s . The epithelium  of the extrapulmonary 

bronchi and th a t  of a few proximal intrapulm onary, c a rtilag in o u s  

bronchi resembled the epithelium  of the tra c h e a . The f i r s t  20 

generations of airways .in both lobes had about the same number of 

c e l l s .  The density  decreased in  the d is ta l  airways in  the c ra n ia l 

lobes, which had fewer to ta l  airway generation in  the ax ia l 

pathway, compared with the caudal lobes. The basal c e l ls  were 

about 25% of the  population in  the trachea and decreased 

p ro g ressiv e ly  in  more d i s ta l  generations. The percentage of 

c i l i a te d  c e l ls  was between 35 and 65% being lowest in  the trachea 

and the most d i s t a l  airw ays. The proportion of secre to ry  c e l ls ,  

w ith in  the e p i th e l ia l  population was approximately t^e same in  a l l  

the  c a rtila g in o u s  airways and increased in  " the d i s t a l  

non~catilaginous airw ays.



The rab b it was the only o ther species in  which a s im ila rly  

d e ta iled  study has been performed (Plopper e t  a l . ,  1980). In 

c o n tra s t to the sheep, vhich has been between 20 and 23 generations 

of ca rtilag in o u s  airways with submucosal glands, only the five  most 

proximal generations of intrapulm onary airways of the ra b b it had 

c a r tila g e  and most of these lacked glands. Goblet and basal c e l ls  

were not as ex tensively  d is tr ib u te d  in  rab b it airways as in  sheep 

and the  wide v arie ty  of e p i th e l ia l  c e l l  types in  proximal airways 

was not p resen t. Less d e ta ile d  s tud ies  in  the hamster (Kennedy e t  

a l .,  1978) r a t  (Je ffe ry  and Reid, 1975) and mouse (Pack e t  a l . ,

1980) have shown s im ila r  d iffe rences when compared to the sheep. 

As in  the mouse, the predominant secre to ry  c e l l  l in in g  a l l  airway 

generations in  the ra b b it  was the Clara c e lls  (Pack e t  a l . , 1980). 

Mucous goblet c e l ls  were ra re ly  observed in  th is  sp ec ies . The 

serous c e lls  were the major secre to ry  c e l l  in  the proximal airways 

of the r a t  (Je ffe ry  and Reid, 1975). On the o ther hand, the mucous 

c e l ls  had the same ro le  in  the hamster, being the main secre to ry  

c e l l  (Kennedy e t  a l . ,  1978). C lara c e l ls  lined  d is ta l  airv/ays in  

a l l  of these species.

Basal c e lls  a lso  had in te rsp e c ie s  v a ria tio n  in  d is tr ib u tio n  

and abundance. More than 60% of the airways in  the sheep had basal 

c e l l s ,  whereas they were found in  less than a th ird  of proximal 

airways in  the ra b b it  (Plopper e t  a l . , 1980), The r a t  (Je ffe ry  and 

Reid, 1975) and hamster (Kennedy e t  a l . , 1978) apparently  have an 

arrangement s im ila r to  the r a b b it .  The density  of basal c e l ls  in  

the most proximal airway generations of the sheep, trachea 28.5% 

and primary bronchus 18% (Mariassy and Plopper, 1983) were s im ila r 

to  those in  the ra b b it , trachea 28% and primary bronchus 27% 

(Plopper e t  a l . ,  1980); the r a t ,  trachea 27% and bronchus 27% 

(Je ffe ry  and Reid, 1975) and the hamster, trachea and bronchus 20% 

(Kennedy e t  a l . ,  1978). The mouse however has lower d e n s itie s  of. 

b asa l c e l ls ,  trachea 8%, primary bronchus 3.5% (Pack e t  a l ., 

1980). The find ings on c e l l  d is tr ib u tio n s  in  the sheep when 

compared with o ther species suggested d ifferences in  airways 

function  between species (Mariassy and Plopper, 19.83).
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I t  seems lik e ly  th a t  the composition of the m ucociliary 

b lanket would be d if fe re n t  in  the d if fe re n t  sp ec ie s . In add ition , 

v a ria tio n  in  the abundance of secre to ry  c e l l  types and glands in  

d if fe re n t  airways generations of the same species suggested th a t 

the lin in g  varies w ithin the tracheobronchial tre e  i t s e l f  (Mariassy 

and Plopper, 1983). They in fe rre d  th a t the d iffe rences in  the 

ex ten t of basal c e lls  w ithin the tracheobronchial tre e  of ra b b it 

and sheep may in d ic a te  a d iffe ren ce  in  p o te n tia l  fo r responding to  

e p i th e l ia l  in ju ry  by in fec tio u s  or toxic agen ts. Basal c e lls  were 

thought to  be a primary source of new c e l ls  fo r e p ith e l ia l  

replacement in  proximal airways (Gordon and Lane, 1974; Kauffman, 

1980). The sheep no t only had g rea te r numbers of airways 

generations with progenitor c e l ls ,  but a lso  had a g rea te r abundance 

of these c e l ls  in  d i s ta l  airways than did the ra b b it (Idariassy and 

Plopper, 1983). A number of fac to rs  may in fluence airway 

e p i th e l ia l  rep a ir  in  response to  in ju ry  includ ing  degree of in ju ry  

number of p rogen ito r c e lls  p resen t, th e ir  ra te  of m itosis and the 

r a te  of d if fe re n t ia t io n  of daughter c e l l s .  They a lso  emphasized 

the n ecessity  fo r c la r i f ic a t io n  of the e f fe c t  of p rogen ito r c e l l  

abundance on the e p i th e l ia l  rep a ir  process following in ju ry .

Although there  have been many d e ta ile d  s tud ies  on the nature

and d is tr ib u tio n  of e p i th e l ia l  c e l ls ,  in  the airways of severa l

spec ies, using the TEM and Lî-l, there  is  not much inform ation about 

the charac ter 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 s ix  hamsters, to 

determine the fea tu res  of the airways and compare a v a rie ty  of

methods of preparing pulmonary tis su e s  fo r SEM. The lungs from

horses and hamsters were perfused v ia  the airways With f ix a tiv e , 

using cacodylate buffered, g lutaraldehyde of physiologic osm olality  

and cacodylate buffered form aldehyde-glutaraldehyde, A fter

dehydration by graded so lu tions of e thanol, some were a i r  dried  and 

some were d ried  by the c r i t i c a l  po in t drying methods (CPD) using 

carbon-dioxide. In add ition , hamster lurtg was prepared by freezing
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in  liq u id  propane a t  -175*0 a f te r  thoracotomy. The frozen lung Was

then sectioned and pu t in absolu te  ethanol a t  -84*C and

subsequently dried  by CPD. The specimens th a t were fixed with 

aldehyde f ix a tio n  and follow by CPD were most u se fu l because the 

mucous blanket and su rfa c ta n t were removed. The a ir-d ry in g  from

ethanol re su lte d  in  extensive shrinkage and loss of

u l tr a s t ru c tu ra l  d e ta i l .  I t  was concluded th a t th is  did not m erit 

fu r th e r  use in  stud ies of pulmonary t is s u e . Studies th a t concerned 

the shapes or re la tiv e  d is tr ib u tio n  of tis su e s  components could be 

accomplished using the rap id  freeze methods followed by freeze 

su b s titu tio n  and CPD, Using those methods, Nowell and Tyler (1971) 

presented low and high m agnification photomicrographs showing 

d if fe re n t  components of pulmonary tis su e  a t  d if fe re n t  leve ls  but 

w ithout giving a proper c o rre la tio n  of the p o sitio n  of the segments 

stud ied  in  the two spec ies. They described in  th e ir  re s u lts  

a lv e o li opening d ire c tly  from bronchioles in  the hamster, find ing  

c i l ia te d  and n o n -c ilia ted  c e lls  in  hamster bronchio les. They also  

described the type I I  a lv eo la r e p i th e l ia l  c e l ls  in  both the horse 

and the hamster with openings and depressions associated  with the 

discharge of pulmonary su rfa c ta n t. The other elements found were 

a lv eo la r macrophages adjacent to  pores in  the in te ra lv e o la r  septum 

or the cut surfaces of in te ra lv e o la r  sep ta .

Tyler e t  a l . (1971) stud ied  the surface morphology of

hypoplastic  and normal lungs from newborn lambs by SEM. Two normal 

lambs were examined a f te r  being delivered  by cesarian  sec tio n , a t  

f u l l  term g e s ta tio n . P rio r to  de livery , the trachea of the lambs 

was clamped to  prevent loss of f lu id  from the airways and the h e a rt 

was a rre s ted  by in je c tio n  of potassium chloride in to  the um bilical 

vein to  prevent absorption of lung f lu id  in to  the c irc u la t io n . 

A fter the lungs were removed from the tho racic  cav ity , they were 

perfused with buffered 10% form alin and kept in  the f ix a tiv e  fo r 72 

hours. The lungs were then cut in to  s l ic e s  and some tis su e s  were 

taken fo r  LM. Selected pieces of lung were processed fo r SEM, 

ad jacen t to those examined fo r  LM and the CPD method of drying was 

used. An a lv eo la r duct space was described as a space between the 

term inal bronchioles and the a lv e o li and the bronchio lar space was
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the  space w ithin airways sm aller than 0,5 mm, lined  by cuboidal or 

columnar epithelium  and not containing c a r tila g e  or glands. This 

was e s tab lish ed  according to the s i te s  se lec ted  by LM, They 

considered th a t  the lung parenchyma of the newborn lamb appeared 

s im ila r  to those from other species th a t had been examined before 

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

In the lungs of the newborn lambs a l l  the ty p ic a l s tru c tu re  

could be read ily  id e n tif ie d . Very general inform ation about the 

appearance of a perfused lung v/as presen ted . The a lv e o li were 

described  as uniform in  s ize  and well expanded w ithin a well 

organised parenchyma containing bronchi, b ronchio les, a lv eo la r 

ducts and a lv e o li . Five or more a lv eo li appeared to open in to  each 

a lv e o la r  duc t. Free c e l ls  were a lso  described vriiich were 

considered to  be a lveo la r macrophages, s i t t in g  on the a lveo la r 

su rfa ce . The surface of the in te ra lv e o la r  septa was described as 

th in  and c lean ly  cu t. L i t t le  inform ation was given about idie 

mucous membrane of the airw ays. However c i l ia te d  c e lls

in te rsp e rse d  with the n o n -c ilia ted  c e lls  a t  the bronchiolar leve l 

and a t  the term ination  of these in to  an a lv eo la r duct were 

mentioned. The c i l ia te d  c e lls  looked poorly c i l i a te d .  In the same 

study type I I  a lv eo la r e p i th e l ia l  c e l ls  were seen and were p resen t 

in  the a lv eo la r ducts and in  the a lv e o li ,

In 1972, Greenwood and Holland ca rried  out an in v es tig a tio n  on 

mice with the purpose of describ ing  the surface c h a ra c te r is t ic  of 

the  re sp ira to ry  t r a c t ,  from the nares to the pulmonary a lv eo li 

using the SEM, In p repara tion  fo r SEM examination of tine 

re sp ira to ry  t r a c t ,  the trachea was exposed below tiie larynx and the 

lungs were perfused in tr a tr a c h e a l ly , F i r s t  they were lavaged with 

0 .1  M-sodium cacodylate buffer and then in  the same way perfused 

fo r  f ix a tio n  with 2.5% glu taraldehyde. Specimens from trachea, 

major bronchi, secondary bronchi and pulmonary parenchyma were 

obtained a f te r  f ix a tio n , dehydrated in  graded alcohols and allowed 

to  a ir -d ry  or were d ried  by CPD, The specimens we-e then coated 

with gold-palladium  and examined a t  20 kV, Greenwood and Holland 

(1972) po in ted  out th a t  t h e i r ' findings ind icated  th a t the surface
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S tru c tu ra l data were b est obtained using SEIK. They were able to 

define c e l lu la r  o r ie n ta tio n  and re la tiv e  d is tr ib u tio n  of varied 

c e l l  types. In the trachea of the mouse, they observed two main 

c e l l  types and re fe rre d  to  the area containing them as m ic ro v illu s- 

covered re sp ira to ry  epithelium  and c i l ia te d  ep ithelium . The 

c i l ia te d  c e l ls  were described as c e lls  arranged in  a group in te r 

spersed between numerous n o n -c ilia ted  c e l l s .  Hansell and M oretti 

(1969) using TEId a lso  noted the abundance of the n o n -c ilia te d  c e l ls  

and concluded th a t  these c e l ls  were mucous sec re tin g  in  n a tu re . 

L ater, and a lso  by TRM, Pack e t  a l . (1980) pointed out th a t SPF 

mice had few mucous c e lls  in  th e ir  trach eas. However they added 

th a t  stock mice had more mucous containing c e lls  in  the trachea and 

th a t  these were more frequen tly  seen a t  every le v e l, Plopper 

(1983) a lso  emphasised th a t  in  some species of mice, n o n -c ilia ted  

c e l ls  c losely  resembling bronchiolar Clara c e l ls ,  could be found in  

tlie trachea and bronchi. The capacity  of m icrovillus-covered c e l ls  

and c i l ia te d  c e lls  in  the normal trachea and bronchi to undergo 

regeneration  was suggested by SEM observation of the same authors 

(Greenwood and Holland 1972), Previous workers had studied  the 

events following mechanical in ju ry  to  trach ea l epithelium  and noted 

th a t  a f te r  removal of overlying c i l ia te d  c e l ls ,  folded processes of 

remaining c e lls  s tra ig h ten ed  to  form m i.c rov illi. Four days a f te r  

in ju ry  immature c i l i a  and m ic ro v illi uniformly covered the c e l l  

su rface and one day la te r  a mixture of mature c i l i a ,  immature c i l i a  

and m ic ro v illi were p re sen t. The varied length of m ic ro v illi , the 

presence of c i l i a  tu f ts  p ro jec tin g  from the surface of 

predom inately m icrovillus-covered  c e lls  and marked d ifferences in  

c i l ia r y  length between ad jacent c e l ls  and c e lls  in  the same area 

were observed in  the trachea as well as in  b ronchi. For Greenwood 

and Holland (1972) th is  find ing  charac te rised  the normal 

re sp ira to ry  t r a c t .  They a lso  described in  normal pulmonary a lv eo li 

fixed  in  in sp ira tio n , the su rface  of three d is t in c t  c e l l  types; the 

smooth surface of the type I a lv eo la r e p ith e l ia l  c e l ls  lin in g  the 

a lv eo la r ducts, a lv e o la r sacs and a lv e o li . The large type I I  

a lv eo la r e p i th e l ia l  c e l l  surface covered with sh o rt m icrovillous 

p ro je c tio n s . The th ird  c e l l  type observed was the a lv eo la r 

macrophage, v isu a lise d  lying in  s i tu  on the e p i th e l ia l  su rface .
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the  e p i th e l ia l  su rface . The plasma meiobrane appeared ru ff le d  due 

to  undulating waves of a c t iv i ty .  The brush c e l l  was not reported ;

In the dog the SEM was used to  e s ta b lish  and record the normal 

su rface  topography of the re sp ira to ry  t r a c t  from the trachea to, the 

a lv e o li {Wright e t  a 1 ., 1983). Studying the d is tr ib u tio n  of the

c i l ia te d  c e lls  in  the tracheobronchial tre e  they e stab lish ed  

d iffe rences re la te d  to  age in  the dogs. They observed th a t in  the 

newborn puppies the dorsa l wall of the trachea was completely 

c i l ia te d  while the l a t e r a l  and ven tra l walls showed patches w ithout 

c i l i a .  A fter five  days of age the whole trach ea l w all was found to 

be completely c i l i a te d .  The lower large airways i . e .  the bronchi 

of the newborn puppies were uniformly poorly c i l ia te d  but complete 

c i l i a t io n  was achieved by two days of age. In the same study, 

large and sm all bronchioles of tfie newborn animals had fewer c i l i a  

and although the number of c i l ia te d  c e lls  had increased  by two 

days, a complete carpet of c i l ia te d  c e l ls  v;as never observed 

regard less of the age of the dog. C ilia ted  c e lls  were not seen in  

the  re sp ira to ry  bronchioles of any of the 25 animals investiga ted  

in  th is  study, corroborating  the re s u lts  presented by Plopper e t  

^1.(1980) who estab lish ed  by TEM th a t  97% of the c e lls  p resen t in  

the bronchioles of dogs were n o n -c ilia ted  and the remaining c e l ls  

were poorly c i l ia te d .

The bovine lung was stud ied  using the SEÎ4 by Mariassy e t  a l . 

(1975). This work on the bovine animal was preceded by a TEM 

in v e s tig a tio n  c a rried  out by Epling (1964) and Rybicka e t  a l . 

(1974). At th is  time some usefu l observations were made by 

McLaughlin e t  a l . (1964) on the anatomy of the bovine lung when

they compared the bovine lung with those of o ther sp ec ies.

McLaughlin e t  a l . (1964) reported  the subgross anatom ical 

d iffe ren ces  of specimens from laboratory  animals and domestic 

anim als, including  c a t t l e .  The bovine spécimens were-obtained from 

ab b a to irs , in f la te d  and washed with water to  c le a r  them of blood 

and then in je c te d  with la te x . A fter s o l id if ic a t io n  of the la tex , 

the . tis su e s  were fixed  fo r 48 hours. This treatm ent was followed
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by quick freezing  and section ing  to  obtain specimens which were 

stud ied  under the d issec tin g  microscope. The, authors tabu lated  and 

grouped the data obtained, in to  th ree  d is t in c tiv e  sub-gross lung 

types, (Table 2 ), The cow, the sheep and the pig possessed *hat 

was a rb i t r a r i ly  designated as sub-gross lung Type I ,  The lungs of 

animals in  Group I , were ch arac te rised  by the presence of extremely 

w ell developed secondary lobules ; due to the marked in te r lo b u la r  

septa and the th ick  p leu ra . The most d i s ta l  airways were composed 

of numerous term inal bronchioles leading e ith e r  d ire c tly  in to  

a lv eo la r ducts, or in to  a lv eo la r buds proximal to  the junction  with 

the a lv eo la r duct. They considered th a t each of the secondary 

lobules co n stitu ted  a sm all ind iv idua l lung because of th e ir  

extreme development.

Epling (1964) described the u ltra s tru c tu re  of the b lood-air 

b a r r ie r  in  normal c a t t l e .  A ttention was focussed on the TEM 

fea tu res  of the a lv eo la r epithelium  and the a lv eo la r w all. Type I 

and Type I I  a lv eo la r e p i th e l ia l  c e l ls  were ch arac te rised  fo r the 

f i r s t  time in  the bovine lung and the findings were the same as 

those of previous in v e s tig a to rs  studying o ther mammalian sp ec ies , 

Rybicka e t  a l . (1974) made a more comprehensive study and described 

some of the TEM fea tu re s  of bovine lung, again, th is  rep o rt 

concentrated on the a lv eo la r septum. Type I and Type I I  a lv e o la r 

e p i th e l ia l  c e l ls  were id e n tif ie d  and i l lu s t r a te d  by these w orkers. 

A lveolar macrophages were a lso  found, although only occasionally .

Observations based on a SEM study were made by Mariassy et. 

a l . (1975) who described some c h a ra c te r is t ic  of the bovine lung. 

They proposed, and i l lu s t r a te d  severa l d is t in c t iv e  anatomic 

fea tu res  of the lung su rface  th a t might be im portant fo r an 

understanding of pathophysio logical responses, TVelve animals were 

stud ied , they were ad u lt beef c a t t le ,  of d if fe re n t sexes, coming 

from an abba to i r .  Tissues were prepared fo r SEM by perfusion  of 

the airways with Karnovsky's f ix a t iv e . A fter dehydration in  

a lcohol and CPD, the tis su e s  were double coated with s i lv e r  and 

gold before examination with an ETEC AUTOSCAM. Their main 

observations came from the lower intrapulmonary re sp ira to ry  t r a c t
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Subgross Lung Types found in Seven Species of Mammals.

 Subgross Type_________________________

Group I  Group I I  Group I I I

Cow, Sheep, P ig . Monkey, Cat, Dog. Horse, Î4an

Lobulation Extremely well 

developed

Absent Im perfect

development

Pleura Thick Thin Thick

Terminal

bronchioles

P resent 

Predominant 

d i s t a l  airways

Absent Present

R espiratory

bronchioles

In frequen tly  

observed 

Extremely poor 

development

Present

Very w ell 

developed

Present

Poorly

developed

Table 2. A c la s s i f ic a t io n  of some mammals based on the subgross 

anatomy of th e i r  lungs, from McLaughlin e t  a l . (196,4).
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as they did not examine the trachea or large bronchi. The bronchi 

were id e n tif ie d  by th e i r  large luminal diam eters, the th ick  band of 

smooth muscle and th e ir  dense connective t is su e  as w ell as the 

presence of glands and p la te s  of c a r t i la g e . The epithelium  

described was composed of c i l ia te d  and n o n -c ilia ted  c e l l s .  In the 

bronchi the c i l ia te d  c e l l  was considered to be the predominate c e l l  

type over the m ajority  of the surface but there were in te rsp ersed  

s in g le -n o n -c ilia te d  c e l l s .  The c i l ia te d  c e lls  were described as 

c e lls  with a surface containing dense aggregations of long uniform 

c i l i a ,  with m ic ro v illi d is tr ib u te d  around th e ir  bases. The mucosal 

surface, of the n o n -c ilia te d  c e l ls  were observed to  be covered by 

many sh o rt m ic ro v illi;  these c e l ls  were considered not to protrude 

in to  the lumen. S im ilar n o n -c ilia ted  c e lls  with few m ic ro v illi  and 

large  p i ts  or pores opening in to  the surface were seen and 

considered to be mucous goblet c e l l s .  In th e ir  d e sc rip tio n s , 

f-lariassy e t  a l . (1975), considered th a t  these pores sometimes 

contained secre to ry  m ateria l fixed  in  s i tu  and th a t  an a c tiv e ly  

sec re tin g  n o n -c ilia te d  c e l l  had very few m ic ro v illi in  c o n tra s t to 

the quiescen t non-secreting  c e lls  which were covered by a dense 

population of sh o rt stubby m ic ro v ill i .  Brush c e l ls  were not 

described .

The b ronchio lar mucosa, described by Mariassy e t  a l . (1975) 

was composed of approxim ately equal numbers of c i l ia te d  and 

n o n -c ilia te d  c e l l s .  The c i l ia te d  c e l ls  were described as having 

s l ig h t ly  sh o rte r c i l i a  than those in  the bronchi and i t  was no ticed  

th a t  the b ronchio lar c i l ia te d  c e l ls  had sh o rte r but more numerous 

m ic ro v illi when compared with th e ir  bronchial eq u iv a len t. The 

luminal surface of the  n o n -c ilia ted  bronchio lar c e l ls  were 

described as having an oval perim eter and a granular surface with 

few sh o rt m ic ro v il l i .  I t  was not confirmed whether or not the 

n o n -c ilia ted  c e l ls  were Clara c e l l s .  They did not determine the 

.role of the b ronchio lar n o n -c ilia ted  c e l ls  or th e ir  resemblance to  

C lara c e l ls  of o ther sp e c ie s . They confirmed the observations made, 

by McLaughlin e t  a l . (1964) on the paucity  p i re sp ira to ry

bronchioles and, when they were p resen t, th e ir  sho rt length with 

few a lv e o li . The proportion  of n o n -c ilia ted  c e l ls  seemed to  have
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increased in  the re sp ira to ry  bronchio les. Mariassy e t  a l . {1975} 

added th a t  in  re sp ira to ry  bronchioles c i l ia te d  c e lls  became few in  

nairU^er, had sh o rte r  c i l i a ,  which were less abundant and more 

d iso rd e rly  a t  these o ther le v e ls . D ifferences were found between 

the n o n -c ilia ted  c e l ls  of the bronchioles and those in  the most 

d i s t a l  p a r t  .of the b ronch io les . The n o n -c ilia ted  c e l ls  a t  the 

bronchio lar junction  with the re sp ira to ry  epithelium  were more 

prominent in  th e i r  a p ic a l p ro tru s io n s . Three c e lls  were described 

in  the a lv e o li .  Most of the a lv eo la r surface was observed to be 

covered by the f la tte n e d , smooth surfaced squamous (Type I) 

a lv eo la r e p i th e l ia l  c e l l s .  The remainder of the surface contained 

the second c e l l  p resen t which was the 'g ranu lar Type I I  a lv eo la r 

e p i th e l ia l  c e l l .  According to  Mariassy e t  a l . (1975) these  c e lls

usua lly  lined  only a small p o rtiqn  of the a lv eo la r su rface , the 

c e l l  body protruded in to  the a lv eo la r lumen and were covered by 

many m ic ro v illi in  c o n tra s t  to  the Type I a lveo la r e p i th e l ia l  c e l ls  

which had only a few sm all p ro jec tio n s sc a tte re d  on i t s  su rface .

The openings or p i t s  on the surface of the Type I I  a lv eo la r 

e p i th e l ia l  c e l ls  as described  by Nowell and Tyler (1971) in the 

horse, were ra re ly  seen by Mariassy e t  a l . (1975) in  c a t t l e .  In 

these animals the Type I I  a lv eo la r e p i th e l ia l  c e l ls  were 

p a r t ic u la r ly  numerous in  a lv e o li ad jacen t to in te r lo b u la r  septa and 

in  a lv e o li c lose  to  b ronch io les, A prominent junction  was a lso  

seen a t  the boundaries between e p i th e l ia l  c e l l s .  The th ird  c e l l ,  

the pulmonary a lv eo la r macrophage was ra re ly  seen. In te ra lv e o la r  

pores of Kohn were not o ften  found and they in te rp re ted  th a t  th is  

was to  be considered ty p ic a l fo r th a t age group of anim als.

Newhouse e t  a l . (1976) considered in  th e ir  review on lung

defence mechanisms th a t  one of the most im portant functions of the 

lung, aside from i t s  ro le  in  gas exchange and metabolism, was the 

p rov ision  of an e s s e n t ia l  b io lo g ica l b a rr ie r  between animals and 

th e i r  environment. Green e t  a l . (1977) a lso  subscribed to  the view 

tlia t  the re sp ira to ry  membrane i s  exposed to  a large . volume of a i r  

containing contaminants each day and considered th a t  the in fe c tio u s  

agents, chemical tox in s , m ineral dusts and immunogenic p a r t ic le s
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contained in  th is  a i r  would find  a v a rie ty  of pulmonry defence 

mechanisms which could prevent these agents damaging the vulnerable 

t is s u e s .  The ex ten t to  which these lung defences could be overcome 

by the inhaled foreign  m ateria ls was thought by Green e t  a i . (1977) 

to  determine the appearance of re sp ira to ry  d ise ase . The lung 

p ro tec ted  by these in te rlo ck in g  non-specific  and sp e c if ic  defence 

systems could be heavily  exposed to inhaled substances without 

su ffe rin g  damage since the m ateria l could be removed physica lly  or 

n e u tra lised  by the mechanisms described by Green e t  a l . (1977),

There have been sev era l s tu d ies  by TEM and SEM of the damage 

produced in  pulmonary t is su e  by d iffe re n t types of in ju rio u s  

agents, however, there have been very few stud ies on the damage 

produced in  the bovine re sp ira to ry  t r a c t  by these agen ts.

In the r a t ,  H ijita  (1977) stud ied  the lung in ju ry  induced by 

Bleomycin su lphate , th erap eu tic  drug e ffe c tiv e  ag a in st squamous 

c e l l  carcinoma, malignant lymphoma and te s t ic u la r  tumours. 

U nfortunately pulmonary in ju ry  eventually  re su ltin g  in  d iffu se  lung 

f ib ro s is  was reported  as a serious com plication in p a tie n ts  

receiv ing  large doses of the drug. H ijita  (1978) using SEM had 

followed the pathogenesis of Bleomycin induced lung in ju ry . The 

changes observed depended on the route of adm in istra tion . In the 

case of adm inistration  via bronchioles and a lveo la r lumen, damage 

to  e p i th e l ia l  c e l ls  was the most severe. Through a q u a n tita tiv e  

study by SEM, the authors de tected  sw ellings and exsco ria tions on 

the a ttenuated  cytoplasm of Type I c e l l s . At th is  stage a lso  

destru c tio n  of Type I I  c e l ls  was noticed; necrosis of the 

cytoplasm and increased sec re tio n  of lam ellar bodies from Type I I  

c e l ls  was commonly observed. The th ird  e p i th e l ia l  c e l l ,  the 

a lveo la r brush c e l l ,  was stud ied  in  th is  experiment. Although in  

co n tro l animals, the a lv eo la r brush c e lls  had a s l ig h t  tendency to  

increase  in  number with age, there  was a remarkable increase  in  

number brought about by the  Bleomycin trea tm ent. The p ro life ra t io n  

of a lveo lar brush c e l ls  w ith in  a vascular ring w asconsidered  to 

c o n s titu te  a fu n c tio n a l u n i t .  M icrov illi of Type I I  e p ith e l ia l  

c e l ls  in  close proxim ity to  the a lv eo la r brush c e lls  seemed to fuse
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with each o ther* ' I t  seemed th a t Type IX e p i th e l ia l  c e l ls  with 

h ighly fused m irc o v illi , represented  an in term ediate  c e l l  between 

a lv e o la r brush c e lls  and Type I I  e p i th e l ia l  c e l l .  Adenomatous 

hyperplasia  of the bronchio lar epithelium  was a lso  recognised as a 

to x ic  e f fe c t  of Bleomycin. The increased number of the bronchiolar 

brush c e l ls  was commonly reported  to  occur near the bronchiolar 

ju n c tio n ; th is  phenomenon was considered to rep resen t a lveo la r 

b ro n c h io lisa tio n .

Organ cu ltu res  of hamster trachea have been used ex tensively  

to  study the pathogenicity  of Mycoplasma pneumoniae. Using the 

SEM, Gabridge e t  a l . (1977) observed the luminal surface of the 

trachea of ad u lt d isease -free  ham sters. These tracheas were 

removed from the animals and cu ltu red  in  v i t r o , then in fec ted  with 

M. pneumoniae. A fter attachm ent of the organisms, the trachea was 

examined in  the SEM. The attachm ent of M. pneumoniae was inversely  

co rre la ted  with the presence of extensive c i l i a t io n ;  the most 

heavily  c i l ia te d  areas having the le a s t  attachm ent. This was 

explained by the author, as being due to the vigorous beating of 

the c i l i a .  The SEM revealed numerous re la t iv e ly  large patches of 

u n c ilia te d  c e lls  where the mycoplasmes had a ttached . These were 

more common on the ven tra l luminal surface of the trach ea  and were 

q u ite  prominent in  the middle p o rtio n . According to  Gabridge 

a l . (1977) the u n c ilia te d  areas apparently  contained severa l 

d i f f e re n t  types of c e l l s .  When the ven tra l surface of the trachea 

was examined in  i t s  e n tire  length , the a n te r io r  region (nearest the 

larynx) and the p>osterior region (nearest the b ifu rca tio n ) appeared 

to  have the most extensive c i l i a t io n .  The sides of the trachea 

were s im ila r in  th a t  the c i l ia te d  c e lls  outnumbered a l l  o ther c e l l  

types on the su rfa ce . The do rsa l surface of the trachea had a much 

d if f e r e n t  morphological configura tion  from the v en tra l one. The 

mucosa was arranged in  a s e r ie s  of lo n g itu d in a l fo lds heavily  

c i l i a te d .

Mebus and Underdahl (1976) using the SEM, observed the e f fe c t  

of Mycoplasma hyopneumoniae in fe c tio n  on the trachea and bronchi of 

gno tob io tic  neonatal p ig s . A fter in fec tio n s given in tra n a sa lly



with M, hyopneumoniae c u ltu re s , the pigs were k ille d  a t  d if fe re n t  

times and the specimens were prepared fo r SBi<l observation . The 

r e s u lts  on the con tro l group of animals ind icated  th a t  c i l ia te d  

c e l ls  were the main c e i l  in  the trach ea . They were interm ixed with 

gob let c e lls  which were obscured by the numerous long c i l i a  

p re sen t. In the in fec ted  p igs the surface of the trachea had 

severe changes consisting  mainly of the loss of c i l i a ,  exposure of 

the m ic ro v illi of the e p i th e l ia l  c e l ls  and the presence of mucus 

and many spherules considered to be mycoplasms In some animals, 

gob let c e l ls  were noted to  be p ro trud ing . Large numbers of 

mycoplasmas forming c lu s te rs  were seen . In the early  stage of the 

in fe c tio n  in  the bronchi there  was lo ss  of c i l i a  and mycoplasmas 

were associated  with c i l i a .  In the la te r  stages of in fec tio n  the 

lo ss  of c i l i a  was more extensive and the mycoplasmas were arranged 

in  a  layer ra th e r  than in  c lu s te r s .  At the end of the experimeht 

about h a lf  of the bronchial e p i th e l ia l  c e lls  had lo s t  c i l i a  and the 

presence of leucocytes v/as a lso  noted. The d is tr ib u tio n  and 

se v e rity  of SEM bronchial changes coincided with the gross pulmonic 

le s io n s . However, the se v e rity  of the lesions was less in  term inal 

bronchioles than in  the trachea ,

Williams and Gallangher (1978) stud ied  porcine trach ea l rings 

and lungs inocu lated  with a v iru le n t s t ra in  of M. hyopneumoniae. 

The preparations were observed by d if fe re n t  methods including SÉM, 

The main ob jec tive  was . to  c h a rac te rise  the primary in te ra c tio n  

between M. hyopneumoniae and the host on the c i l ia te d  e p i th e l ia l  

su rfaces of the re sp ira to ry  systems. Previous rep o rts , (Livingston 

e t  a l . , 1972 and Mebus and Underdahl, 1976) had revealed th a t

mycoplasmas appeared in  close proxim ity to the c i l i a  of the 

b ronchial e p i th e l ia l  c e l l s .  However, i t  was considered necessary 

to  conduct fu r th e r  in v es tig a tio n s  with the commonly occurring 

secondary in fec tio n s  such as b a c te ria , v iruses or o ther 

mycoplasmas. An in v e s tig a tio n  of a complicated mycoplasma 

in fe c tio n  in  porcine re sp ira to ry  t is su e  cu ltu res using SEM was 

considered by tlie authors to  affo rd  a unique h igh -reso lu tio n  view 

of surface areas idiich could be compared with observations using 

o ther methods, The SEM methods applied were the conventional
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ones. The expiants of trachea and lung were in fec ted  with 

mycoplasmas only and with mycoplasmas plus a cu ltu re  of porcine 

lung f ib ro b la s t  (PLF),. The c i l ia te d  p seu d o stra tif ied  columnar 

e p i th e l ia l  c e l ls  of the trachea , lobar bronchi and proximal 

bronchioles, were considered to  play an im portant ro le  in removing 

various inhaled p a r t ic le s  and disease-prom oting organisms from the 

re sp ira to ry  systems. This study in v itro  demonstrated th a t the 

mycoplasmas probably induced lo ss of c i l i a  even when the in fec tio n  

was considered to  be of low t i t r e  and free  of o ther 

microorganisms. In th is  case the damage was focal and i t  seemed 

th a t  the organisms might e a s ily  be loca lised  e ith e r  on trach ea l 

c e l ls  or lung c e l ls  a f te r  the c i l i a  were lo s t ,  possib ly  due to 

tox ic  substances of an enzyme nature produced by the mycoplasmas. 

When the in fec tio n s  were produced with mycoplasmas and PLF, the 

damage v/as g rea te r because of the high concentration  of tox ic  

products from damaged c e l ls  caused by the M. hyopneumoniae. The 

authors (Williams and Gallangher, 1978) pointed out th a t since, 

during in  v itro  experiments, the organisms were not in  con tact with 

immune c e llu la r  responses, the complexity of a given in fec tio n  in 

v i tro  could be d if fe re n t  from what might occur in  v ivo .

Pneumonic calves in fec ted  n a tu ra lly  with Mycoplasma d ispar 

have been studied  by TEM (Allan and P ir ie , 1977). The re s u lts  

showed th a t the TEM was able to  demonstrate mycoplasmas in  lung 

t is su e  even when attem pted iso la t io n  was negative . Mycoplasmas 

detected  by TEM were always on the b ronchial epithelium  and 

scarce ly  found on a lveo la r t is s u e .  Usually ind iv idua l organisms in 

close asso c ia tio n  with neu troph ils  and macrophages were found. The 

organisms were mainly seen on and between the c i l i a  of the 

b ronchial epithelium  often  in  layers as judged by TEM, giving the 

appearance of a microcolony on the e p ith e l ia l  su rface . They were 

never seen w ithin the cytoplasm of the e p ith e l ia l  c e l l s .  Loss of 

c i l i a  was a common fe a tu re  as seen before with the SEM stud ies on 

th e  in  v itro  experiments on pig t is s u e s  (Mebus and Underdahl, 1976; 

Williams and Gallangher, 1978). The c e llu la r  ciianges such as 

p ro tru sion  of the a p ic a l cytoplasm of e p i th e l ia l  c e l ls  in to  the 

b ronchial lumen were a lso  seen.



A study using SEM on the trach ea l epithelium  of calves 

inocu la ted  v;ith bovine herpes v irus I was described by Allan and 

Msolla (1980). Infecious bovine rh in o tra c h e itis  v irus was

experim entally  inocu lated  onto the mucous membrane of the upper 

re sp ira to ry  t r a c t .  The in fe c tio n  developed c l in ic a l  signs and the 

v iru s  was re is o la te d  from the nasal passages. Damage was 

demonstrated on the mucous membrane of the trachea by LM. îfhen 

normal calves were observed under SEM the surface of the mucous 

membrane appeared to  be composed of c i l ia te d  e p i th e l ia l  c e l ls  

interm ixed with goblet c e l l s .  The c i l i a  appeared to  be a l l  about 

the  same length and q u ite  numerous. When the in fec ted  animals were 

examined with SEM, lo ss of c i l i a  and consequent exposure of the 

m ic ro v illi  on the e p i th e l ia l  c e l ls  was de tec ted . The in ju ry  seemed 

to  involve large  areas and was accompanied by la rge  amounts of 

mucus on tlie luminal su rface . The mucus appeared as strands of 

m ate ria l in tru d in g  in to  the lumen from the ducts of submucosal 

g lan d s ,

Bryson e t  a l . (1983) stud ied  the u l t r a s t ru c tu ra l  fea tu res  of

the  lower re sp ira to ry  t r a c t  of calves, experim entally in fec ted  with 

para in fluenza  Type 3 (PI3) v iru s . The acute stage and the re p a ir  

s tage  of the pneumonia were in v es tig a ted  using TEM and SEM 

procedures, applied  on a conventional b a s is . In the acute stage of 

the  in fe c tio n , v i r a l  re p lic a tio n  was observed by TEM w ithin the 

e p i th e l ia l  c e l ls  of the re sp ira to ry  t r a c t  and w ith in  a lv eo la r 

macrophages. The major bronchi were less  a ffec ted  th a t sm all 

b ronch i. The nucleocapsid filam ents were seen to  be

in tracy top lasm ic  and occasionally  in tra n u c le a r in  the b ronchial 

c i l i a te d  c e l ls ,  b ronchio lar c i l ia te d  c e l ls  and b ronchio lar 

n o n -c ilia te d  c e l ls  (Clara c e l l s ) .  Nucleocapsid was a lso  seen in  

th e  Type I and Type I I  a lv e o la r  e p i th e l ia l  c e l l s .  Marked changes 

were observed in  the c i l ia te d  c e l ls  of bronchi and bronchioles 

co n sis tin g  of lo ss  of c i l i a  and d isrup tion  of the normal 

orderly-arrangem ent of the basal bodies w ithin the ap ica l 

cytoplasm. With the SEM, loss of c i l i a  was observed to  be more 

severe in  bronchioles and small intrapulmonary bronchi than in  

la rg e  bronchi. The lo ss  of c i l i a  destroyed the c i l ia r y  carpet on
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the  luminal surface and exposed the m ic ro v ill i .  P ro life ra tio n  of 

C lara c e l ls  producing zones of hyperp lasia  in  the bronchiolar 

ep ithelium  was seen with TEM confirming the fea tu res  observed by 

Lf4. Within the a lv e o li ,  widespread p ro life ra t io n  of Type II  

a lv eo la r e p i th e l ia l  c e l ls  led to  a lveo la r e p i th e l ia l i s a t io n .  Tiiese 

fea tu re s  were not stud ied  by SEM,

I t  would appear, th e re fo re , from the l i te r a tu r e  c ited  th a t 

th ere  have been few comprehensive sp e c if ic  s tu d ie s , using SEM, on 

the normal or d iseased bovine re sp ira to ry  t r a c t  and th a t  such an 

in v e s tig a tio n  could y ie ld  u se fu l inform ation fo r workers with 

research  commitments in  bovine re sp ira to ry  d isease .
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SECTION TV/D

MATERIALS AND METHODS

ANIMALS AND RESPIRATORS TRACT SAMPLES 

SCANNING ELECTRON MICROSCOPY 

TRANSMISSION ELECTRON MICROSCOPY 

LIGHT MICROSCOPY
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AKII-IALS AND RESPIRATORY TRACT SAMPLES

The animals in v estig a ted  during th is  study could be c la s s if ie d  

in to  th ree  groups: ( i )  a d u lt c a t t le  ( i i )  week-old calves and ( i i i )

p a ra s ite  free  calves tliree months of age.

ADULT CATTLE

The a d u lt c a t t le  examined, had been admitted to the V eterinary 

School, C lin ic a l Department fo r a v a rie ty  of problems. These 

animals had no evidence of c l in ic a l  re sp ira to ry  d isease although 

minor le s io n s  were found in  the lungs post-mortem. These animals 

formed one of the groups in  the study described in  Section 3.

WEEK-OLD CALVES

These animals were purchased from a lo ca l market, a t one week 

of age, and brought to  the V eterinary School, A ll were the same 

breed, F rie s ian , and were male. They were kept indoors and fed 

w ith milk u n t i l  the day of post-mortem examination. The calves 

were examined c l in ic a l ly  and were found to  be free  of re sp ira to ry  

d ise a se . No s ig n if ia n t  lesions were found post-mortem. These 

animals were used fo r the study described in  Setion 3.

PARASITE FREE CALVES

These calves had been reared  indoors and then brought to the 

V eterinary School when they were two months o ld , There they were 

l e f t  indoors u n t i l  they were th ree  months of age. These animals 

comprised the group of calves fo r the study described in  Section 4,

POST-MORTEM EXAMINATION

The normal calves and the  p a ra s ite  free  calves were 

an aesth e tised  by intravenous in je c tio n s  of pentobarbitone sodium 

so lu tio n  (E uthatal -  May and Baker - Dagenham, England) in to  the



ju g u la r vein . To prevent the escape of stomach contents and the 

contamination of the airways the oesophagus was exposed and lig a te d  

before the c a lf  was euthanasised by exanguination,

The a d u lt c a t t le  were stunned by shooting and k i l le d  by

bleeding .

A post-mortem examination was ca rried  out on a l l  the anim als. 

F i r s t  of a l l ,  however, immediately a f te r  death the lower 

re sp ira to ry  t r a c t  was removed from the carcase and d issec ted  fo r 

sampling and f ix a tio n . This was done as quickly as possib le  and 

samples were never c o llec ted  over 20 minutes a f te r  death .

A fter the samples fo r  SEM had been se lec ted  the samples fo r 

l ig h t  microscopy were taken.

RESPIRATORY TRACT SAMPLES

In order to  make a comprehensive examination of the lower

re sp ira to ry  t r a c t ,  five  lev e ls  were se lec ted  and a t  these leve ls  

d if f e re n t  s i te s  were e s tab lish ed  fo r the removal of the t is s u e s . 

These sampling s i te s  in  the trachea and the r ig h t lung were kept to 

rigorously  during the two experiments described in  Section 3 and 

Section 4 and the s i te s  are  i l lu s t r a te d  in  F ig . 2A and F ig , 2B.

Level 1 was the trachea  which was sampled a t  th ree  s i t e s ,  

c ra n ia l trachea ( la ) ,  middle trachea (1b) and caudal trachea  (1c), 

Level 2 was the large  bronchi of the r ig h t lung; two s i te s  were

sampled, one in  the c ra n ia l lobe (2a) and the other in  the caudal

lobe (2b), Level 3 was the sm all bronchi of the r ig h t  lung; these 

were a lso  sampled a t  two s i t e s ,  one in  the c ra n ia l lobe (3a) and 

the o ther in  the caudal lobe (3b), Level 4 was the bronchioles of 

the  r ig h t  lung; c ra n ia l  lobe samples were (4a) and caudal lobe 

samples were (4b), Level 5 was a lv eo la r tis su e  in  the r ig h t  lung; 

the  two s i te s  sampled were (5a) in  the c ra n ia l lobe and (5b) in  the 

caudal lobe, 2v
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These samples were fixed  by a method which involved them being 

e i th e r  (a) non-perfused or (b) pe rfu sed ).

h'on-perfused samples were from Level 1 and Level 2. These 

were complete rings of t is su e , taken from each s i t e ,  which 

th e re a f te r  were washed in  a ja r  containing rin se  so lu tio n  and then 

tran s fe rred  to  a second ja r  to be fixed with modified Karnovsky's 

f ix a t iv e ,

Perfused samples were co llec ted  as follow s: A fter removing

the samples a t  Level 1 and Level 2, the remaining large  bronchi in  

the c ra n ia l  and in  the caudal lobes were cannula ted a t  the po in ts 

i l lu s t r a te d  in  F ig . 3, and the lung perfused with c h ille d  modified 

Karnovsky's f ix a t iv e .  T hereafter the perfused parenchyma was 

separated  from the r e s t  of the organ and kept immersed in  f ix a tiv e  

in  sealed  polythene boxes to  complete the f ix a tio n  procedures.

S lices of the perfused  lung as i l lu s t r a te d  in  F ig , 4, were 

then examined under a d issec tng  microscope, Level 3, Level 4 and 

Level 5 were id e n tif ie d  and appropria te  samples were removed from 

the s i te s  described using forceps and a sca lp e l blade keeping the 

tis su e s  wet in  r in se  so lu tio n .
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Fig , 3 -  Levels in  the c ra n ia l and caudal lobe where the po in ts of 

acculations are  i l l u s t r a te d .

F ig , 4 -  Perfused lung i s  i l lu s t r a te d  where Level 3 , Level 4 and 

Level 5 are sampled.
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SC M m iN G  ELECTRON MICROSCOPY

The follow ing methods were used on the specimens co llec ted  a t  

post-mortem examination in  order to  prepare them fo r examination 

under the scanning e lec tron  microscope.

FIXATION

The trach ea l rings ( la , 1b, 1c) and tlie bronchi (2a, 2b, 2bl, 

2bII, 2 b I I I ) were f i r s t  c a re fu lly  washed with a j e t  of cacodylate 

b u ffe r O.IM, to  remove the film  of mucus covering the e p ith e l ia l  

su rface , and then fixed  by immersion in  modified Karnovsky's 

f ix a t iv e .  Tlie r e s t  of the specimens (3a, 3b, 4a, 4b, 5a, 5b) were 

fixed  by a ir-p e rfu s io n  procedures. The route by which the f lu id  

was in jec ted  was the remaining large  bronchi of the c ra n ia l and 

caudal lobes. They were cannulated and the lung perfused using a 

50 ml syringe f i l l e d  with f ix a tiv e  and they attached  to the 

cannula. The ra te  of perfusion  was co n tro lled  by means of the 

syringe which could be r e f i l l e d  severa l times during tîie 

pe rfu s io n . The specimens were then immersed in  the f ix a tiv e  and 

kept in  cold tem perature (4*C) fo r  a t le a s t  one week in a i r t ig h t  

p la s t ic  boxes.

The following so lu tions were used to  rin se  the tis su e  and to  

prepare the Karnovsky f ix a tiv e :

Rinse so lu tion

The rin se  so lu tion  used was Sodium cacodylate buffer O.IM.

0.2M sodium cacodylate - 100 ml.

d i s t i l l e d  water -  100 ml.

Buffer

a) 0 .4h, sodium cacodylate

21.4g made up to  250 ml d i s t i l l e d  H2 O.
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b) 0.2M, sodium cacodylate bu ffer

50 ml 0.4M sodium cacodylate 

8 ml 0,2 M HCl.

42 ml d i s t i l l e d  water.

Control pH = 7.2

c) 0.2 M, HCl.

1.72 ml HCl in  100 ml d i s t i l l e d  w ater.

Paraformaldehyde 10%:

Heat 2g of paraformaldehyde in  20 ml of d i s t i l l e d  water to  

60*C in  a fume cupboard. Add a few drops of 1 NaOH to  c le a r . Cool 

before used.

Modified Karnovsky's F ixative

50 ml 0.2M cacodylate bu ffer pH 7.2 

20 ml 10% paraformaldehyde

10 ml 25% g lu taraldehyde

20 ml d i s t i l l e d  w ater.

A fter adequate f ix a tio n  the processing of the specimens for 

scanning e lec tro n  microscopy comprised the follow ing procedures ( i)  

washing ( i i )  dehydration and c r i t i c a l  p o in t drying and ( i i i )  

mounting and sp u tte r  coating .

WASHING

S lices  of perfused and non-perfused samples were removed from 

the f ix a tiv e  and washed in  O.IM sodium cacodylate b u ffe r .

a) Non-perfused samples: The samples from the trachea (Level 1)

and from the large  bronchi (Level 2) which were in  the form of 

rings of t is su e  were cu t in to  sm all, f l a t  p ieces, 1 mm x 0.5 mm. A 

sample of th is  s iz e  was taken from the ven tra l and d o rsa l w alls of 

the  rings a t  each s i t e  and washed overnight in  sodium cacodylate

38



buffer O.IM, This was necessary to r inse  away f ix a t iv e .  I t  was 

recommended to use buffer fo r  washing to  maintain the osmolarity 

with the t is su e .  When i t  was necessary to wash t is su e s  for a long 

time the t is su e s  in  the buffer were kept in cold conditions,

b) Perfused samples: S lices  of perfused lung were examined under

a d issec tin g  microscope. Small bronchi {Level 3) bronchioles 

(Level 4) and a lveo lar t is su e  (Level 5) were id e n t i f ie d  in s l ic e s  

from the c ra n ia l  and the caudal lobes, keeping the t is su es  wet in

O.IM sodium cacodylate buffer, and appropriate  samples were removed 

from the s i t e s  described using forceps and a sca lpe l blade. The 

se lec ted  t is su e s  were t ra n s fe r re d  in to  bijou b o t t le s  containing 

r in se  so lu tions and were kept there  a t  l e a s t  two hours or 

overnight.

DEHYDRATION AND CRITICAL POINT DRYING

Specimens from the r in se  so lu tion  were passed f i r s t  through 

graded acetone in which they were gradually dehydrated. Cold 

dehydration help to decrease e x trac t io n  of c e l l  components by the 

organic so lven t.

The time in  acetone had to be contro lled  and the t is su es  were 

kept in  acetone for as sh o r t  a time as possib le  to avoid excessive 

shrinkage and e x tra c t io n .  The dehydration schedule for acetone 

used in  the p resen t study i s  shown below:

Acetone 70% 2 hours or overnight

** 90% 2 hours

" 1 0 0 % 2  hours or overnight

" 1 0 0 % 2  hours

The specimens were then tran s fe rred  in  specimen holder baskets 

to  the stage when the t is su e s  were impregnated with the f in a l  

su b s t i tu t io n  l iqu id  (acetone 1 0 0 %), in  the l iqu id  t ra n s fe r  boat. 

The boat was f i l l e d  with the su b s t i tu t io n  liqu id  and the basket 

assembly was tran s fe rred  rap id ly  to the boat. The boat could then
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be loaded in to  the pressure  chamber of the appara tus, V/hen the 

specimen access door was closed th is  actuated the drain  valve in  

the liqu id  t ra n s fe r  boat, and th is  resu lted  in a s u f f ic ie n t ly  slow 

draining action  for l iqu id  carbon dioxide to en te r and cover the 

specimen before the su b s t i tu t io n  l iq u id  level had f a l l e n .  The 

valve connected to  the CO2  cy linder ( in le t  valve) was slowly opened 

to  l e t  the carbon oxide f i l l  the chamber a t  20-25'C u n t i l  the gauge 

re g is te re d  800 p . s . i .  I f  i t  did not, the cause was e i th e r  a leak 

or an exhausted CO2  cy linder. The res idua l a i r  was then b r ie f ly  

flushed out by s l ig h t ly  opening simultaneously the valve connected 

with the o u t le t  and the p ressure-reduction  valve, while keeping the 

i n l e t  open. The reduction valve was then closed and tVie i n l e t  

valve closed. The l iq u id  CO2  in  the chamber was then allowed to 

e q u il ib ra te  with the so lu tion  in  the specimens. After a few 

minutes the CO^-acetone mixture was flushed out for a few seconds 

by opening the reduction valve w hils t the CO2  was open. This was 

c a rr ied  out several times during a period ranging from h a lf  an hour 

to  one hour, for an average run of say ten specimens, each 

approximately 1 x 1 x 0,5 mm. Whether a s ig n i f ic a n t  quantity  of 

acetone remained in  the chamber could be crudely estim ated by the 

smell of the outgoing CO2  gas. F ina lly  the chamber was iso la ted  by 

c los ing  a l l  the valves and the whole chamber was gently heated with 

hot water to about 35*C, Since the pressure in th is  sealed system 

was a function of temperature i t  was qu ite  s u f f ic ie n t  to follow the 

pressure  change alone. I f  the pressure  did not r i s e  appreciably on 

heating  th is  could in d ica te  th a t  CO2  gas, not l iq u id ,  was in the 

chamber, or the valve fo r the o u t le t  was not properly closed.

When a pressure  of 1,200 p . s . i ,  was reached, the l iq u id  

surface would have disappeared and the CO2  was above i t s  c r i t i c a l  

p o in t .  The re le a s e -o u t le t  valve was opened and the

pressume-reduction valve was slowly opened to re lease  the now 

gaseous CO2  • I f  the pressure  was allowed to drop too quickly then 

e i th e r  the expansion of the gas might cool i t  below i t s  c r i t i c a l  

p o in t ,  when i t  would l iq u i fy  or so l id i fy  or the specimen might 

explode due to  the rap id  expansion of the gas. I t  was important, 

however, th a t  the gas was released slowly so th a t  the chamber had
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time to  cool by ra d ia t io n ,  A su i ta b le  period of time was one 

minute.

In the p resen t study the C r i t i c a l  Point Drying Apparatus E3000 

Polaron Equipment was used.

MOUNTING AND SPUTTER COATING SPECIMENS

As soon as was convenient, a f t e r  c r i t i c a l  po in t drying, the 

specimens were mounted because i t  was much e as ie r  to  handle mounted 

p re p a ra t io n s . This was sp ec ia lly  true  of small specimens because 

they could then be more e a s i ly  prepared in batches without damaging 

o r  contaminating tlie faces which were to b e  examined.

Specimens fo r SEM were normally mounted by a ttaching  them to 

aluminium stubs on aluminium holders using c o l lo id a l  s i lv e r  p a in t .

Glues l ik e  epoxy re s in  were use fu l fo r  dry specimens but took 

a long time to  s e t .  Glue which hardened by the evaporation of a 

so lven t was generally  more convenient although some trouble could 

be experienced i f  too much glue was used because i t  could be slow 

to  dry and would tend to bubble up under vacuum.

C ollo idal s i lv e r  p a in t  was used as a glue but th is  was an 

expensive m ateria l for mounting large numbers of specimens. 

However, i t  was in^valuable fo r  improving e l e c t r i c a l  con tinu ity  

between the specimen and the stub, and for covering an unwanted 

a rea  of a specimen which would charge in  the microscope.

Most b io lo g ica l  specimens w il l  charge unevenly in the SEM when 

the  e lec tron  beam impinges upon th e i r  su r fa ce s . The even charging 

w i l l  d e f le c t  the beam and destroy reso lu tio n  by causing stigmatism 

and in troducing brightness v a ria tions  which cannot be in te rp re te d .  

Charging a r te f a c ts  could be reduced by reducing the primary beam 

energy, but th is  i s  associated  with severe loss of reso lu tion  a t  

voltages low enough (1.5 Kv) to work with an untreated specimen 

su rfa ce .  In p rac t ic e  there fo re  the specimen's surface  should
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become conductive by coating with gold-palladium in an Ernscope 

Sputter Coater.

THE SCANNING ELECTRON MICROSCOPE

The specimens studied  in th is  th e s is  were examined by means of 

a P h il ip s  501B Scanning Electron Microscope a t  a 72 to  15 Kv and 

200, 500 and 1000 spot s iz e .  The SEM was in  the Veterinary Anatomy 

Department of the University of Glasgow Veterinary School,

DISCUSSION OF SEM METHODS

Animal t is su e s  fo r SEM examination generally  need to be free 

from extraneous m ateria l in so lu tion  such as mucus, blood or t is su e  

f lu id .  In the case of the na tu ra l surfaces of so f t  t is su e s ,  

i so la te d  c e l ls  or c e l l  cu ltu res  the most usefu l approach seems to  

be to  wash the m ateria l with a su i tab le  iso ton ic  medium before 

f ix a t io n .

Good f ix a t io n  s t a b i l i s e s  c e l lu l a r  organisations to such an 

ex ten t th a t  u l t r a s t r u e tu r a l  re la t io n s  are preserved despite  the 

subsequent d ra s t ic  treatm ents of dehydration, embedding and 

exposure to an e lec tron  beam. In 1963 Sabatini e t  a l . recommended 

the use of glutaraldehyde as a f ix a t iv e  for e lec tron  microscopy. 

Specimens could be stored  in  bu ffer , a f t e r  having been fixed in 

glutaraldehyde, for considerable  periods of time before fu r the r  

processing . Paraformaldehyde (Robertson e t  a l . , 1963) compared

favourably with glutaraldehyde and had the advantage of more rapid 

p ene tra t ion  in to  the specimen. Subsequently various mixtures of 

aldehyde were te s te d  and some of them, p a r t ic u la r ly  a mixture of 

paraformaldehyde and glutaraldehyde (Karnovsky, 1965) were found to 

be very u se fu l .  Paraformaldehyde-glutaraldehyde f ix a t iv e s  gave 

b e t t e r  p reserva tion  of a wide va rie ty  of t is su es  than aldehyde 

alone. In consequence, they have become very widely used as 

primary f i x a t iv e s , Formaldehyde penetra tes  t is su e s  much more 

rap id ly  than glutaraldehyde and i t  i s  thought th a t  the formaldehyde 

temporarily s ta b i l i s e s  s t ru c tu re s  which are subsequently fixed more
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permanently by the glutaraldehyde (Karnoysky, 1965), The f ix a t iv e  

o r ig in a lly  suggested by Karnovsky (1965) consisted of 4% 

paraformaldehyde, 5% glutaraldehyde and 0.05% càlçium -chloride, in

0.08M cacodylate buffer pH 7,2 and was extremely hypertonic, 

consequently lower concentrations of paraformaldehyde and 

glutaraldehyde (0.5 to 2% and 1 to 3%) s ta r te d  to be used. Since 

and i t  i s  always advisable to try  f i r s t  a method th a t  has ben used 

successfu lly  with s im ila r  specimens and then make modifications as 

required . In th is  study the modified Karhovsky's f ix a t iv e  was used.

An id ea l  f ix a t iv e  would exactly  matçh the n a tu ra l  environment 

of a liv ing  t is s u e  with respec t to  pH, osm oliarity  and ion ic  

c o n s t i tu t io n .

The majority of f ix a t iv e s  were buffered with phosphate or 

cacodylate . Cacodylate buffers were f i r s t  proposed for e lectron  

microscopy by Sabatini e t  a l .,  (1963). They are easy to prepare,

are s tab le  during storage for long periods and dp not support the 

growth of microorganisms. Their main disadvantages are th a t  they 

contain a rsen ic  which i s  tox ic  and may ac t as a f ix a t iv e  and they 

have an unpleasant smell.

I t  i s  c le a r  th a t  most b io log ica l so f t  t is su e  cannot be 

examined wet in  the  SEM but must be dried f i r s t .  I f  th is  i s  not 

done the t i s s u e s '  water w il l  b o i l  in  the vacuum of the microscope 

and the ex trac tion  of the l a te n t  heat of evaporation w il l  cause the 

remaining water to f reeze . The questions of water content could be 

avoided by previous workers in  a few instances such as examing 

l iv in g  t is su e s  of Tribilium sp. and Sitemia sp. These specimens 

were e i th e r  able to conserve th e i r  free  water or could to le ra te  i t s  

removal in the vacuum of the microscope. Usually, however, the 

t i s s u e  must be dehydrated p r io r  to in se r t io n  in  the SEM, The 

following techniques have been used: (i)  a i r  -drying from the

l iq u id  phase ( i i )  c r i t i c a l - p o i n t  drÿng ( i i i )  freeze-drying from 

water and (iv) freeze-dry ing  from organic l iq u id s .  Most of the 

m ateria ls re fe rred  to  in  the Review of the L ite ra tu re  (Section 1 ) 

were processed using e i th e r  tlie f i r s t  or second methods.
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The basic  l im i ta t io n  of tlie a ir -d ry ing  from liqu id  phase i s  

drying down of t is su e  s t ru c tu re  caused by the receding surface of 

the  l iq u id  as i t  evaporates, and the tendency of minute so lid  

components to  clump to g e th e r .  Some specimens, such as mineral and 

hard t is su e s  obviously r e s i s t  t h i s .  Others do to  some ex ten t.  

Soft t i s s u e s ,  however, could be seriously  deformed. This 

deformation may be advantageous as, in  the case of a r t i f i c i a l  

surfaces prepared in  s o f t  t i s s u e s ,  by the c e l ls  shrinlcing in such a 

way as to reveal the p o s i t io n  of c e l l  junctions or contacts (e .g . 

synapses in the nervous system) and the A,I and Z bands in  s t r i a t e d  

muscle f ib r e s .

Many specimens may be prepared by allowing a very v o la t i le  

so lven t to  dry in  a i r ,  but the apparent saving of time over o ther 

methods i s  a de lus ion . The ac tua l operator time involved in 

t ra n s fe r r in g  the specimens through a su itab le  graded se r ie s  of 

so lvent mixtures c e r ta in ly  exceeds the operator time involved in 

freeze-dry ing  the same specimens for water. However, the same 

considera tions of time involved in  dehydrating the specimen through 

graded solvents apply a lso  to techniques which are a t  p resen t 

regarded as the most promising namely, c r i t i c a l  poin t drying or 

freeze-d ry ing .

The aim of drying from v o la t i le  solvents should be to choose 

one which has both (a) low surface tension (e .g . e ther 17 dynes/cm, 

acetone 24 dynes/cm) so th a t  the forces tending to  d is tu rb  the 

specimen surface w i l l  be minimal and (b) high v o l a t i l i t y ,  so th a t  

the specimen-shrinkage time i s  minimal. The r ig id i ty  of the t is su e  

may a lso  be increased by the use of appropria te  f ix a t io n  

procedures.

Boyde (1980) recommended th a t  the specimens would be 

successively  equ ilab ra ted , a f t e r  washing in  buffer to remove the 

f ix a t iv e  by processing in  the following ethanol : water mixtures of 

30, 50, 70, 80, 90, 96 and 100% ethanol following by die thy 1-ether 

; e thanol mixture of 25, 50, 75 and 100% e i th e r  or acetone 70, 90, 

100%.
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The p r in c ip le s  of the c r i t i c a l - p o in t  drying method of 

dehydration and the apparatus used were described by Anderson 

(1951), The water content of the specimen was successively  

replaced by ethanol and amyl-acetate or acetone and l iq u id  carbon 

dioxide, and the l a t t e r  was then heated to a l i t t l e  above i t s  

c r i t i c a l  po in t in an enclosed p lace . Above the c r i t i c a l  po in t  

(31'C fo r CO2 ) the l iq u id  became a gas which could be released from 

the specimen, The r e s u l t  was th a t  a r t i f a c t s  caused by the c ry s ta ls  

and phase boundaries in  frozen-dried  preparations were elim inated. 

There was no su rface-tension  d is to r t io n  i f  tlie drying was properly  

conducted. C r i t i c a l  po in t drying was quick, but suffered  from the 

disadvantage th a t  the organic l iq u id s  used, ethanol and amyl 

ace ta te  were p r e c ip i ta n t  f ix a t iv e s  and f a t  solvents which made the 

t is su e s  ra th e r  b r i t t l e .  However, c r i t i c a l  point drying was a most 

s a t is fa c to ry  way of drying specimens of s o f t  t is su es  rou tine ly  

because i t  avoided the i c e -c ry s ta l  a r t i f a c t s  associated  with 

freeze-drying  from water.

TRANSMISSION ELECTRON MICROSCOPY

Transmission e lec tro n  microscopy (TEM) was used to examine 

t i s s u e  p rev ius ly  observed with the SEM and d e ta i l s  of these 

d i f f e r e n t  t is su e s  w il l  be described in  the corresponding Sections 3 

and 4.

Small p ieces of mucous membrane were removed from the 

re sp ira to ry  t r a c t  as soon a f t e r  death as possib le  and placed in 

drops of a c h i l le d  paraformaldehyde/gluteraldehyde f ix a t iv e  on 

blocks of denta l wax. These small blocks were then tran s fe rred  to 

g las p h ia ls  containng c h i l le d  f ix a t iv e  and were fixed overnight in 

cacodylate r in s in g  so lu tions  and post-f ixed  in  osmium te tro x id e  fo r  

one hour*

The fixed  t is su e  was dehydrated through an ascending se r ie s  of 

70%, 90% to  absolu te  a lcohol, followed by r in s ing  in  propylene

oxide. The t is su e s  were soaked fo r one hour in a mixture of equal 

p a r t s  propylene oxide and a ra ld i te ,  and l e f t  overnight in  an 80%
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a r a ld i t e  m ixture. Indiv idual blocks were then embedded and the 

embedding res in  polymerised a t  57*C fo r 48 hours.

Sections Ip th ick  were cut on an LKB Mark I I I  ultramicrotome 

using g lass knives; mounted on g lass s l id e s  and s ta ined  with 

to lu id in e  blue (Trump e t  a l ., 1961). Fields fo r ultramicrosopy 

were then se lec ted  and the o r ig in a l  blocks trimmed accordingly.

U ltra th in  sections were cut on the ultramicrotome and mounted 

on uncoated ATHENE 482 copper specimen grids (Agar Aids, 

Stanst e ad). Sections were sta ined  with Urany a c e ta te ,  r insed  in  

methanol 50% methyl alcohol in  d i s t i l l e d  water, a f t e r  which the 

g rids  were dried on f i l t e r  paper. They were then sta ined  fo r  10 

minutes with lead c i t r a t e ,  r insed  with 0.02N sodium hydroxide, 

d i s t i l l e d  water and again a i r  dried on f i l t e r  paper.

Sections were examined using an A El 6 B e lec tron  microscope in  

the  EM Unit of the Veterinary Pathology Department, the University 

of Glasgow.

1. Paraformaldehyde/Glutaraldehyde mixture

1.3% paraformaldehyde and 1,6% glutaraldehyde in  cacodylate 

buffer pH 7,2 -  7 .4 .

Paraformaldehyde 2g,

D is t i l l e d  water 25 ml.

IM sodium hydroxide 2-3 drops.

25% glutaraldehyde 10 ml.

* Caeodylate buffer  115 ml.

Anhydrous calcium chloride  25 mg.

*2, Cacodylate bu ffer:  This was prepared as a 0.2M so lu tio n  of

sodium caeodylate in  d i s t i l l e d  water (21,4 g/1) and adjusted 

to  pH 7.4 -  7,6 by add ition  of a few drops of concentrated 

hydrochloric ac id .
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Osmium te t ro x id e : 1% osmic acid (BOH Chemicals L td .,  Poole,

Dorset) in  M illon ig 's  buffer pH 7.2 -  7.4.

M illonig 's  phosphate buffer  was prepared as follows:

Sodium dihydrogen phosphate (2.26%) 83 ml.

Sodium hydroxide (2.52%) 17 ml.

D is t i l le d  water 10 ml.

Sucrose 0,54g,

Oranyl Acetate : A 20% so lu tio n  (May and Baker, Dagenham) was made

up in  1 0 0 % methanol.

Lead C i t r a t e ; Lead n i t r a t e  (1.33g) and sodium c i t r a t e  (l,75g) were 

dissolved in  separa te  15 ml volumes of d i s t i l l e d  water. The 

so lu tions  were then mixed, the lead c i t r a t e  p re c ip i ta te  shaken for 

one minute and then allowed to stand for 30 minutes with period ic  

a g i ta t io n .  The p re c ip i ta te  was so lu b i lised  by the addition  of 8  ml 

of 1.0 H sodium hydroxide. The so lu tion  was d ilu ted  to 50 ml with 

d i s t i l l e d  water. The f in a l  pH was 11,9 ~ 12.1,

A rald ite  mixture: Equal p a r ts  A rald ite  Resin (CY212) and A rald ite

Hardener (HY 964) were mixed by s t i r r in g  overnight and then stored 

a t  4*C u n t i l  requ ired . Before use in  embedding; 0,6 ml of 

a cce le ra to r  (OH 064) and 2,4 ml of d i-n -bu ty l ph thala te  were added 

to  5 7 ml of the a ra l id te  mixture, and the to ta l  volume s t i r r e d  for 

30 m inutes.

LIGHT MICROSCOPY

In a l l  the animals stud ied , ' h is to lo g ic a l  procedures were 

performed fo r  l ig h t  microscopy (LM) examinations. The t is su e s  were 

obtained from the same lev e ls  as described fo r  SEM samples but were 

se lec ted  from areas non-perfused or taken p r io r  to t|ie perfusion  of 

the lung parenchyma. The samples were fixed in 10% neu tra l  

buffered formalin (NBF),
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FIXATION IN 10% NEUTERED BUFFERED FORMALIN

Tissue blocks remained in f ix a t iv e  for a minimum of 24 hours, 

and then each sample was trimmed to  a thickness of not more than 4 

mm, with a f l a t  surface  provided to ensure accurate o r ien ta t io n  and 

to  f a c i l i t a t e  sec tio n in g . After trimming a l l  specimens were 

tran s fe r red  to fresh  10% NBF, and duplicate  positions post-f ixed  in 

corrosive formal for a fu r th e r  24 hours. All blocks were then 

processed as d e ta i led  below.

Fixatives were prepared as follows :

1. 10% Neutral Buffered Formalin (NBF)

Tap water 900 ml.

Concentrated formaldehyde 40% 100 ml.

Sodium dihydrogen orthophosphate 4.6 g /1 .

Dipotassium hydrogen orthophosphate 8.0 g/1.

2. Corrosive Formol (Formol sublimate)

Concentrate formaldehyde 40% 100 ml.

Mercuric chloride ( s a t .  aqueous s o l . )  900 ml.

PROCESSING

Tissues were processed by dehydration through a se r ie s  of 

a lcohols , double embedded in  1 % c e l lo id in  in methyl benzoate and 

embedded in p a ra f f in  wax, using amyl ace ta te  as a medium. Sections 

were cut a t  a thickness of 3p and sta ined  using Meyer's 

haematoxylin and eosin; and sometimes a lc ian  b lue/period ic  acid 

Schiff  a t  pH 2.5,
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INTRODUCTION

The e n t i r e  a i r - t i s s u e  in te r fa c e  of the re sp ira to ry  t r a c t  

extending from the nasal cav ity  to  the a lveo lar space, is  covered

by e p i th e l i a l  c e l l s  and th e i r  sec re tions  (Breeze e t  a l . ,  1976;

Breeze and Mheeldon, 1977), However, l i t t l e  i s  known about tliis 

in te r fa c e  in  the bo\dne re sp ira to ry  t r a c t .  The SEi-l has been shown 

to  be a usefu l instrument for studying the surface topography of 

t is su e s ,  p a r t ic u la r ly  lung t i s s u e s .  As described in  Section I ,  the 

surface p a tte rn  of the c i l i a t e d  and n o n -c il ia ted  c e l l s  varies a t  

d i f f e r e n t  leve ls  of the lower re sp ira to ry  t r a c t  and d ifferences

re la te d  to age have been observed e .g .  in  the dog (Wright e t  a l .,

1983), Furthermore, when Mariassy e t  a l . (1975) studied the lungs 

of young adu lt  c a t t l e  they observed several anatomical fea tures  

th a t  apparently d if fe red  from those of otlier mammals.

The objectives of th i s  study were f i r s t l y  to  examine the 

e p i th e l i a l  surface of the lower re sp ira to ry  t r a c t  of normal young 

calves in order to describe the d is t r ib u t io n  of the c i l i a t e d  c e l l s  

forming the mucociliary apparatus, and secondly to assess 

d ifferences th a t  might be found in  the surface due to  age by 

comparing the calves with normal adu lt  c a t t l e .

In add ition  the study was intended to provide a basis for 

fu tu re  in ves tig a tio ns  on pa tho log ica l m ateria ls .
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MATERIALS AND METHODS

The general procedures have been given in  Section I I .

ANIMALS

Two groups of animals were examined. Group A comprised, s ix  

F rie s ian  calves one week old with no evidence of re sp ira to ry  

disease confirmed by gross and h is to lo g ic a l  examination of th e i r  

lungs. Group B comprised four ad u lt  cov?s, two aged two years, one 

aged f ive  years and one 1 0  years o ld . f-iacroscopically th e i r  lungs 

were normal and there  were no major h is to lo g ic a l  abnorm alities . 

In Group A each c a l f  was anaesthetised  with pentobarbitone sodium 

given intravenously  and the oesophagus t ie d  before exsanguination. 

Animals from Group B were stunned by shooting before 

exsanguination. At post-mortem examination the larynx and lower 

re sp ira to ry  t r a c t  were removed from a l l  the animals in both groups, 

and sampled w ithin  1 0  minutes.

SAMPLING

Samples were se lec ted  a t  f ive  d i f f e re n t  leve ls  in the lower 

re sp ira to ry  t r a c t  as i l l u s t r a t e d  in  F ig . 2A, Section 2.

In the trachea th ree  s i t e s  were es tab lished , c ra n ia l  ( la )

middle (lb) and caudal ( Ic ). At each s i t e  the dorsal and the 

v en tra l  walls of the trachea  were trimmed and co n s titu ted  the f in a l  

segment of t is su e  s tud ied , c ran ia l-d o rsa l- t rach ea  (lad ), c ra n ia l  

ven tra l  trachea (lav ) , m iddle-dorsal-trachea (Ibd) and

m iddle-ventral trachea (Ibv). The caudal trachea (1c) was sampled 

a t  the dorsa l wall (led) and the v en tra l  wall ( lev ) .

All the o ther samples taken were from the r ig h t  lung* The

large bronchi co n s titu ted  Level 2, and two s i t e s  were se lec ted , one

in  the c ra n ia l  (2a) and the other in  the caudal lobe (2b). Two 

centim etres long rings of the bronchi were excised and the
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large  bronchi d i s t a l  to  the sample were cannulated as described in  

Section 2  in  order to  perfuse the lung parenchyma with f ix a t iv e  

(Fig, 3, Section 2 ) ,

Level 3 was small bronchi within the perfused segments in  the 

c ra n ia l  and caudal lobes as described in  F ig . 4, Section 2, 3a was 

in  the c ra n ia l  lobe and 3b in  the caudal lobe.

Level 4, bronchioles and Level 5 a lv eo li  were trimmed a f t e r  

f ix a t io n ,  using a d issec tin g  microscope from the lung parenchyma as 

i l l u s t r a t e d  in  Fig. 4, Section 2.

Samples were taken fo r h is to lo g ic a l  examination under LM, and 

in  some cases TEM, from adjacent s i t e s  a t  a l l  le v e ls .  They were 

processed by standard methods as described in Section 2.

PROCESSING FOR S m

The d e ta i l s  of th is  processing have been given in  Section 2. 

In summary the samples were t rea te d  as follows. After f ix a t io n s  

they were trimmed to f l a t  p ieces, washed overnight in sodium 

cacodylatic  buffer 0.1 M. and dehydrated in an ascending se r ie s  of 

acetones and then dried in  a Polaron c r i t i c a l  po in t d ryer. 

Following surface o r ie n ta t io n s  the specimens were cemented on 

aluminium stubbs and coated with gold-palladium in an Emscope 

Sputter Coater fo r 4 minutes. The specimens were examined by means 

of a Ph ilip s  501B scanning e lec tro n  microscope, using an 

acce le ra tin g  voltage of 15 kV.
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RESULTS

The observations made on the samples from the lower 

re sp ira to ry  t r a c t  of normal bovine animals are described below,

TRACHEA (Level 1)

In both groups the dorsa l wall of the trachea a t  the three  

s i t e s  of sampling ( la ,  1 b, Ic) had long itud inally  o r ien ta ted  folds 

covered by a complete carpet of c i l i a .  On the ven tra l  walls a t  the 

three  s i t e s  the mucosal surface  was f l a t  and a lso  completely 

covered by c i l i a  but i t  was possib le  to id en t ify  numerous o r i f ic e s  

of glands (Pig* 5),

On high power observations, i t  was possib le  to  id e n t i fy  only 

c i l i a t e d  c e l l s .  The c i l i a ,  examined a t  high m agnification (Fig. 6 ) 

vmre abundant, long, not packed together but sometimes uniformally 

gathered together over the surface of the c e l l s .  All the c i l i a  in 

each f i e ld  looked o r ien ta te d  in  one d ire c t io n .

The major p a r t  of the epithelium  appeared c i l i a t e d  but there 

was not a continuous l in in g  on the ven tra l surface , because of the 

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

In the adu lt  animals, areas of the t rach ea l  surface  epithelium  

devoid of c i l i a  were seen s im ila r  to  areas found in  the large 

bronchi of the a d u lt  c a t t l e  as described l a t e r .

LARGE BRONCHI (Level 2)

The large bronchi did not d i f f e r  to  any g rea t ex ten t from the 

t rachea . Although the surface  of these bronchi, in  both groups of 

animals and in  both c ra n ia l  and caudal lobes, appeared to be almost 

completely covered by c i l i a t e d  c e l l s ,  non-ciliated-: c e l ls  were more 

ev iden t. However these n o n -c i l ia ted  c e l ls  did not protrude in to  

the lumen (Fig, 7 ). The ap ica l  surface of these c e l l s ,  presumed to
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be goblet c e l l s ,  read ily  d istinguished  them from the c i l i a te d  

c e l l s .  The surface of the goblet c e l ls  frequently had a pe rip he ra l  

area  covered with sh o r t  m c r o v i l l i  and a c en tra l  portion  devoid of 

surface p ro je c t io n s .  These c e l l s  were usually  obscured from view 

because of the multitude of c i l i a  th a t  lay over them.

In some of the adu lt  animals observed the n o n -c il ia ted  c e l l s  

were protruding and became more evident (Fig. 8 ). This appearance 

was also  occasionally  seen in  the trachea of adu lt animals. I t  was

easy to  id en t ify  these mucous secre tory  c e l ls  because of the

granules a t  the apices of the c e l ls  (Pig. 8  and Fig. 10).

From observations made on transverse  sections of the mucous 

membrane i t  was poss ib le  to v isu a lize  th a t  these n o n -c il ia ted  c e l l s  

v/ere qu ite  numerous even when th e i r  surface was obscured by the 

c i l i a  of the surrounding c i l i a t e d  c e l l s  (F ig . 9).

The mature and ac tiv e  mucous ,secre tory  c e l l s  seen in  the

adu lts  appeared to have a swollen surface, due to accumulated 

mucous granules (Fig, 10). Fewer m icrov ill i  around the c e l l  

margins were seen. The sec re tion  seemed to  be extruded through

p i t s  or pores in the c e l l  surface  (Fig, 10).

The content of the mucous granules gives the mature 

n o n -c i l ia ted  secre to ry  c e l ls  i t s  c h a ra c te r is t ic  goblet shape. No 

m ic ro v il l i  or surface p ro jec tion s  were v is ib le  on the surface of 

the extruded se c re t io n .

In Group B, the adu lt  cows, some small i r r e g u la r  shaped 

patches of epithelium devoid of c i l i a  were found in  the bronchi as 

well as in  the trachea (F ig . 11). These areas were mainly seen on 

the v en tra l  surface of the trachea and large bronchi of tlie c ra n ia l  

lobes where they are almost extrapulmonary. These changes observed 

in  the epithelium were considered to be due to  a damage to  the 

c i l i a t e d  c e l l s .  Large numbers of these c e l ls  had lo s t  t l ie ir  c i l i a  

and in  the remaining c e l l s ,  appeared to  have less  c i l i a  which were 

sh o r te r  (Fig. 11 and F ig , 12), A close-up examination demonstrated
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th a t  the c i l i a  a lso  looked to be packed in an i r r e g u la r  p a tte rn  

which i s  a sign of c i l i o s t a s i s .  In these areas no observations 

re la te d  to increased a c t iv i ty  of the no n -c il ia ted  mucous secre tory  

c e l l s  were made (Fig. 12).

These a l te re d  areas devoid of c i l i a ,  were not seen in  the 

large bronchi of the c ra n ia l  lobes or in the trachea of the young 

c a lv e s .

SMALL BRONCHI (Level 3)

In the small bronchi of ’ animals in both groups, the 

n o n -c i l ia ted  secre to ry  c e l ls  became much more eviden t. In the 

lower leve ls  of the small bronchi and near the t r a n s i t io n  with the 

bronchioles there were approximately equal numbers of c i l i a te d  and 

n o n -c i l ia ted  c e l l s  (Fig, 13).

In a low m agnification p ic tu re ,  a regu lar p a t te rn  of 

n o n -c i l ia ted  c e l l s ,  more or le ss  of the same s ize  and a t  the same 

stage of a c t iv i ty  was observed (Fig. 13). These n o n -c i l ia ted  

secre to ry  c e l ls  appeared f a i r l y  round and th e i r  ap ica l membrane 

appeared wrinkled as i f  the ap ica l  cytoplasm had collapsed (Fig. 

14). The•collapsed surface could be due to an e a r l i e r  discharging 

phase. A fringe  of many m ic ro v il l i  was e a s i ly  d is tingu ished  on the 

edge of tliese n o n -c i l ia ted  secre tory  c e l ls  (Fig. 14). These 

m ic ro v il l i  were not seen in  the centre of the c e l l s .  This compares 

with other quiescent n o n -c i l ia ted  secre ting  c e l ls  which are covered 

by a dense population of sho rt  stubby m ic ro v il l i  (Fig, 15).

A n o n -c i l ia ted  c e l l  represen ting  a t r a n s i t io n  between those in  

F ig , 15 and Fig , 14 i s  shown in  F ig . 16,

The c i l i a t e d  c e l l s  surrounding the n o n -c i l ia ted  secre to ry  

c e l l s  looked to be well c i l i a t e d  and the c i l i a  were o r ien ta ted  in  

one d ire c t io n .
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BRONCHIOLES (Level 4)

l a  both groups of animals the proportion of n o n -c il ia  ted celJjs 

increased  a t  th is  le v e l  so th a t  they became the predominant c e l l  

type (Fig. 17 and F ig . 18), The c i l i a t e d  c e l ls  were s t i l l  p resent 

but no longer formed a complete ca rp e t .  They were located around 

s ing le  n o n -c i l ia ted  c e l l s  or groups of n o n -c il ia ted  c e l l s  and i t  

was often  noted th a t  a t  th is  p a r t ic u la r  leve l they had fewer c i l i a  

than c e l l s  in upper leve ls  (Fig. 18 and Fig , 19). The c i l i a t e d  

c e l l s  in  the term inal bronchioles had slender c i l i a  which were 

sh o rte r  than those in  higher levels and there fo re  allowed, the 

presence of the m ic ro v il l i  between c i l i a  to  be v isua lized  more 

c le a r ly  (Fig. 20), The c i l i a  were standing in  a d iso rderly  way 

with no d e f in i te  o r ie n ta t io n  as in the bronchi (Fig, 10),

The n o n -c i l ia te d  bronchio lar e p i th e l i a l  c e l l s ,  Clara c e l l s ,  

revealed a c h a ra c te r i s t ic  dome-shaped apex, rounded and smooth 

except fo r  s c a t te re d  m ic ro v il l i  or small p ro jec tions  a t  the 

periphery of the c e l l  surface  giving i t  a granular appearance 

(Fig. 21 and Fig, 22). The abundant n o n -c i l ia ted  secre to ry  

bronchio lar e p i th e l i a l  c e l l  p ro jec ted  high above the c i l i a  of the 

c i l i a t e d  c e l l s .  Their luminal surfaces had an oval perim eter and 

appeared to  have a g ran u la r .su rface  when quiescent (Fig. 22), The 

c e n tra l  portions of the c e l l s  frequently  protruded in to  the lumen 

of the bronchioles and appeared to have a wrinkled surface when in  

an ac t iv e  phase (Fig. 21). The c e l l  boundaries were e as i ly  

d isce rn ib le  often  by v ir tu e  of the co n tra s t  provided by m ic ro v il l i  

on the ad jacen t c e l l s  (Fig. 22).

The term inal bronchioles continued in to  the a lveo la r  ducts and 

no proper re sp ira to ry  bronchioles were seen (Fig, 17 and Fig, 23),

No s ig n i f ic a n t  d iffe rences  were observed between the 

bronchioles in  normal calves and a d u lts .
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ALVEOLI (Level 5)

The findings in  Group A and Group B were s im ila r  in  both 

c ra n ia l  and caudal lobes of the r ig h t  lung.

The perfused t is su e  had a spongy appearance due to the 

m ultitude of th in-w alled  a i r  sacs or a lveo li  (Fig. 23 and Pig, 

24), Alveoli share extremely th in  p a r t i t io n s  with o ther a lv eo li  

t h a t  are  adjacent to  them. Division of tJie bronchial tree  were 

p resen t in  the sec tions used to study a lv eo li  and included small 

bronchi, bronchioles, term inal bronchioles, a lveo la r  ducts and 

a lv e o li  (Fig. 23 and Pig , 24),

The two types of a lveo la r  e p i th e l i a l  c e l ls  were read i ly  

id e n t i f ie d  (Fig. 25), Alveolar Type I I  c e l l s  (granular

pneumocytes) could be d is tingu ished  from adjacent c e l ls  because of 

th e i r  shape and the presence of short  m ic rov ill i  (Fig, 25), The 

Type I I  a lv eo la r  e p i th e l i a l  c e l ls  usually  had th e i r  surface 

protruding in to  the a lv eo la r  lumen and were covered by m ic ro v il l i  

openings or p i t s  were a lso  seen (Fig, 26). In some ad u lt  animals 

the Type I I  a lv eo la r  e p i th e l i a l  c e l ls  were p a r t ic u la r ly  numerous in  

a lv e o li  ad jacent to  in te r lo b u la r  septa and in  a lv e o li  close to 

bronchioles (Fig, 26 and P ig . 27),

A second c e l l  i d e n t i f i e d .  Type I a lveo la r  e p i th e l ia l  c e l l  or 

membranous pneumocytes, appeared very f l a t  and with a smooth 

surface  (Fig. 25 and Fig, 28). Small p ro jec tions could be seen 

sc a t te re d  on the surface  of these c e l l s .  Narrow l in e a r  ridges 

represen ting  the in te r c e l lu l a r  junctions between the c e l l s  th a t  

formed the a lv eo la r  wall were often  id e n t i f ie d  (Pig. 25).

Small opening, the in te ra lv e o la r  pores or pores of Kohn, were 

rea d i ly  seen (Fig. 29). They were variab le  in s ize ,  round or oval 

and exhib ited  a smooth even margin (Pig. 30). In te ra lv eo la r  pores 

were observed frequently  in  both groups of animals , :
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A th ird  c e l l  was the a lveo la r  macrophage which appeared to be 

attached to the a lveo la r  surface by th in  te n d r i ls  (Fig. 31 and 

Fig. 32).

The a lveo la r  surface a lso  had large ridges or slopes which 

denoted the pos it io n  of c a p i la r ie s  within  the wall causing bulges 

on the surface of the a lveo la r  epithelium (Fig. 33).
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DISCUSSION

In the p resen t study, the experiment was designed to sample 

the two main lobes of the lung, where resp ira to ry  diseases are most 

frequently  es tab lish ed , i . e .  the c ran ia l  and the caudal lobes.

The nomenclature used for the lung lobes was th a t  recommended 

in  the Nomina Anatomica V eterinaria  (1958) by the In te rn a tio n a l  

Committee on Veterinary Anatomical Nomenclature in  Vienna from 

where the World Association of Veterinary Anatomist functions.

The methods fo r SEW were se lec ted  on the basis of using 

techniques th a t  had been applied successfu lly  by other workers with 

s im ila r  specimens and had been recommended by Boyd and Wood in  a 

comprehensive review in  1969, I t  was observed in  some references 

dealing with SEW methods th a t  not much importance was paid to the 

f ix a t iv e  used, fo r SEW. Techniques for TEÎ4 were frequently  applied 

and th is  usually  meant th a t  a second f ix a t iv e  was used. The second 

f ix a t iv e  however was mainly used to s ta in  c e l l s  ra th e r  than to f ix  

them and was invariab ly  OSO4 . In the observations reported here, 

OSO4  had to  be used very c a re fu l ly  because the t is su e s  became hard 

and b r i t t l e  a f t e r  the treatm ent re su l t in g  in  a r t i f a c t s  causing 

charging e f fe c ts  under SEW examination, which were very d i f f i c u l t  

to  c o rre c t .

Some authors presented th e i r  SEM observations on samples th a t  

had only been fixed in  g lu taraldehyde. Although glutaraldehyde has 

been demonstrated to be a very good f ix a t iv e  fo r TEW i t  could 

r e s u l t  in  incomplete f ix a t io n  of the thick sections th a t  were often 

prepared fo r SEW.

Wodified Karnovsky has been shown to  be the f ix a t iv e  of choice 

fo r  SEW since i t s  mixture of paraformaldehyde and glutaraldehyde 

p resen t a l l  the q u a l i t ie s  necessary for good f ix a t io n .  This i s  

p a r t ic u la r ly  true  fo r  lung t is su e  since Karnovsky*s f ix a t iv e  i s  a 

good agent fo r  d isso lv ing  the mucous secre tions p resen t on the
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e p i th e l i a l  surface of the airways.

Tyler (1983) pointed out th a t  the information produced by 

in v es tig a tio n s  on the re sp ira to ry  t r a c t  was sometimes in co n s is ten t  

because of the d ifferences  in the methods and d e f in i t io n s  used. 

The d e f in i t io n s  adopted in  th is  study are as follows; the airways 

having been defined and named by the following c h a ra c te r i s t ic  

s t ru c tu re .

A bronchus was considered to have complete walls formed by 

i r r e g u la r  p la te s  or plaques of c a r t i la g e  in loose connective t is su e  

with e l a s t i c  and collagenous f ib re s  and smooth muscle; mucous or 

mixed glands were p resen t in the lamina propria  or submucosa and 

the surface epithelium was c i l i a t e d  p seu d o stra t if ied  columnar with 

mucous (goblet) c e l l s .

A bronchiole had walls of smooth muscle and loose connective 

t is s u e  with no c a r t i la g e  and no glands; in te ra lv e o la r  septa 

attached to th e i r  abluminal surface and c i l i a t e d  columnar to 

cuboidal epithelium with no mucous c e l ls  formed the luminal 

su rfaces . Terminal bronchioles were the most d i s t a l  generation of 

bronchioles which were not a lveo larized  and were considered to be 

the l a s t  of the conducting airways.

Respiratory bronchioles were considered to be a t r a n s i t io n  

between conducting airways and re sp ira to ry  a i r  spaces with the same 

s t ru c tu re  as non-resp ira to ry  bronchioles and in  addition  the 

presence of openings in  the walls for a lv e o li .  Low generations of 

re sp ira to ry  bronchioles could be poorly a lveo larized  i . e .  having 

few a lv e o l i , Higher generation of resp ira to ry  bronchioles were 

ty p ic a l ly  well a lveo la rized  i . e .  having numerous a lv e o l i ;

Alveolar ducts had a lv e o li  opening in to  the lumen a l l  around 

tlie circumference and the wall contained s p i r a l  smooth muscle; 

Type I and I I  a lveo la r  e p i th e l ia l  c e l ls  formed the surface 

epithelium of a lv eo la r  ducts .

6 0



The study es tab lish ed  some d ifferences in the d is t r ib u t io n  of 

the  e p i th e l ia l  c e l l s  of the airways when the bovine animal w a s  

compared with other mammals.

In newborn puppies (V/right e t  a l .,  1983) the v en tra l  wall of 

the trachea had areas devoid of c i l i a t e d  c e l ls  which were 

considered to be immature t i s s u e .  In addition, c i l i a t e d  c e l ls  were 

never observed in  the bronchioles, whereas in the bovine animals 

c i l i a t e d  c e l ls  were seen in  bronchioles although they were poorly 

c i l i a t e d .

Contrary to  the find ing  in  the mouse (Pack e t  a l . ,  1980), 

c e l l s  considered to be mucous secre ting  c e l ls  occurred mainly in  

the  large airways of the c a t t l e .  For the mouse 50-60% of the 

n o n -c i l ia ted  c e l ls  p resen t in the trachea and large bronchi were 

Clara c e l l s .  In the bovine animals Clara c e l ls  were considered to 

be the predominant c e l l  type of the bronchioles. S im ila r i t ie s  were 

found between c a t t l e  and sheep when the information obtained from 

studying the re sp ira to ry  t r a c t  of lambs by SEM was considered 

(Tyler e t  a l . 1971).

Although in  the human, a lv e o li  are said  to develop a f te r  b i r th  

(Reid, 1972) th is  was not apparent in  the bovine animal, since the 

a lv e o l i  in  the one week old calves were not s ig n i f ic a n t ly  d i f f e r e n t  

from those in  the a d u lt  cows. Tyler e t  a l . (1971) expressed the

same opinion about the sheep.

No major d ifferences were es tab lished  when the one week old 

calves were compared with the adu lt  animals, except for areas of 

d e s c i l ia t io n  p resen t in  the trachea and extrapulmonary bronchi. 

These areas were considered to be abnormal. In addition ac tive  

mucous sec re tin g  c e l l s  were only id e n t i f ie d  in the adu lt  cows and 

these were only p resen t in  the large airways. Some differences 

were found from a previous study done with SEM in  the bovine 

animals (Mariassy e t  a l . ,  1975), However th e i r  observations were 

obtained by examining the lung of a group of young adu lt  c a t t l e  

from a slaughterhouse where no h is to ry  was recorded and where the 

extrapulmonary airways were not s tu d ied .
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The re su l ts  of th is  study found th a t  the surface epithelium of 

the conducting portion of the lower resp ira to ry  t r a c t  of the bovine 

animal contained two main c e l l  types, as judged by SEM and th a t  in 

general i t  resembled the surface epithelium of the o ther mammalian 

species previously reported although there were some d iffe rences , 

re fe rred  to e a r l i e r .  The two main c e l l s ,  the c i l i a t e d  and 

no n -c i l ia ted  c e l ls  were p resen t in a d i f f e re n t  p a tte rn  according to 

the leve l in  the airway th a t  was observed. The re la t iv e  

proportions of c i l i a t e d  and n on -c il ia ted  c e l ls  varied in  the 

trachea, the extrapulmonary bronchi, intrapulmonary large bronchi, 

the small bronchi and bronchioles. The c i l i a te d  c e l ls  were the 

predominant c e l ls  in  the trachea , large bronchi and small bronchi 

where they represented a major component of the mucociliary 

e sc a la to r .  The mucociliary e sca la to r  with the cough re f lex  and 

a lveo lar macrophages, i s  considered to be one of the most important 

fac to rs  for removing foreign p a r t ic le s  from the re s p i ra l to ry  system 

and i t  i s  consequently an important defence mechanism. The c i l i a r y  

component of th is  apparatus in  the bovine animal appeared to be 

well developed in  the trachea, large bronchi and small bronchi. In 

the bronchioles the c i l i a r y  component of th is  apparatus was not 

well developed.

Breeze and Wheeldon (1977) reviewed and gave d e ta iled  

descrip tions of the c e l l  types th a t  comprised the basic s t ru c tu re  

of the l in ing  of the lower resp ira to ry  t r a c t .  At le a s t  13 c e l l

types, 11 e p i th e l i a l  and two mesenchymal have been recognised in

the tracheobronchial epithelium, and these have been l i s te d  in 

Table 1 in  Section 1. The majority of these c e l l s  were described 

by LM or TEM and less information was availab le  on the s tru c tu re  of 

the surface of these c e l l s  as seen by SEM. The topography of the 

c i l i a t e d  c e l ls  and n o n -c i l ia ted  c e l ls  of the bovine tracheo

bronchial l in in g  has been c le a r ly  observed in the p resen t study by 

the use of the SEM.

C ilia te d  c e l l s ,  which were considered to be the: most abundant 

of a l l  the airway e p i th e l i a l  c e l l s ,  were present in the epithelium

a t  a l l  s i t e s  of sampling from Level 1 to  Level 4; they were absent
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in  Level 5. The c i l i a t e d  epithelium appeared folded in  the dorsal 

wall of the trachea and th is  was considered to be due to less  firm 

attachment of the mucous membrane to the c a r t i la g e  in the wall a t  

th is  p o in t.  This folding made i t  d i f f i c u l t  to  id e n t i fy  the 

openings of glands in  the dorsal wall compared with the ven tra l  

wall where the f l a t  appearance made i t  possib le  to  id e n t i fy  the

opening of the glands e a s i ly .  The openings of glands were not

obvious in  the bronchi.

The c i l i a t e d  c e l l  i s  known by TEH to  be a columnar c e l l  with 

the lower l a t e r a l  c e l l  surface forming complex connections with 

adjacent c e l l s .  Many mitochondria have been found in the upper 

p a r t  of the c e l l  and th is  has been explained as giving s u f f ic ie n t  

energy to the basal body anchors of the c i l i a  which are on the 

luminal face of the c e l l .  Rootlets extend from the basal bodies 

in to  the c e l l .

Some authors have reported  th a t  200 c i l i a  are p resen t on the 

luminal surface of each c i l i a t e d  c e l l .  Between the c i l i a ,  

m ic ro v il l i  and cytoplasmic processes have been seen with TEM,

These were seen with SEM more eas i ly  in  the terminal bronchioles

where the c i l i a  no longer made a complete carpet capable of forming 

an e f f i c ie n t  mucociliary e sc a la to r .  C ilia  th a t  t ran sp o rt  mucus are 

generally  5 to  7 pm long and have been reported to have a diameter 

of about 0.25 pm (Sleigh, 1977-1981). There did not appear to be 

major d ifferences between the c i l i a t e d  c e l ls  in  the animals of both 

age groups nor in  o ther sp e c ie s ,

As reported by Sanderson and Sleigh in  1981 a l l  the packed 

c i l i a  in  each f i e ld  beat in  the same d irec tio n  in  coordinated waves 

th a t  t ra v e l  sho rt  d is tances and spread across the su rface . This 

could explain the harmonic p a tte rn  of a l l  the c i l i a  lying in  one 

d irec tio n  which was observed in  s i t u . This, p a t te rn  was more 

evident in  Level 1, Level 2 and Level 3 than in  Levels 4 and 5, 

The c i l i a  beat, in  the re sp ira to ry  t r a c t ,  in the p e r i c i l i a r y  f lu id ,  

while only the t ip  of c i l i a  moves in  the th icker  viscous mucous 

la y e r .  The c i l i a t e d  areas appear to  be continuous but they are in
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f a c t  separated by groups of no n -c i l ia ted  secre tory  c e l l s  and the 

submucosal gland openings. These s tru c tu re s  represen t, among other 

functions, the source of the p e r i c i l i a r y  f lu id  and regula te  i t s  

depth and composition. The abundant m ic rov ill i  on the c i l i a t e d  

c e l l  may play a ro le  in  the absorption or secre tion  of p e r i c i l i a r y  

f lu id .  In te rac tion s  between the mucus layer and the c i l i a  might 

a lso  be c r i t i c a l  to proper mucociliary tran sp o rt  (Kilburn, 1968),

The to t a l  circumference of the terminal bronchioles in  the 

human lung is  nearly  2000 times th a t  of the trachea (Weibel, 1963) 

so the considerable decrease in  the presence of the c i l i a te d  c e l l s  

a t  th i s  lev e l  in  the bovine could suggest th a t  other defence 

mechanisms might operate and be more important a t  th is  l e v e l . In 

the normal lung the mucus tran sp o rt  ve loc ity  appears to increase  

from the small to the large airways (Iravani and M elville, 1976) 

and some authors have explained th a t  th is  progressive increase  in 

mucus velocity  is  due to the increase  in  the proportion of c i l i a t e d  

c e l l s  from the bronchioles to  the trachea and the increase  in the 

average length of the c i l i a  in  the more proximal airways. The 

r e la t iv e  number of c i l i a t e d  c e l l s  found a t  the leve ls  observed 

could be su f f ic ie n t  evidence to allow th is  concept to be extended 

to  the bovine animal. Sleigh (1977) considered g rea te r  c i l i a r y  

beat frequency and increased r e la t iv e  numbers of c i l i a t e d  c e l l s  in  

the la rger airways as well as reg ional d ifferences in the chemical 

composition and thickness of the mucous layer could a lso  contribu te  

to  the accelera ted  mucociliary t ran sp o rt  ra te s  in  the c en tra l  

a irw ays.

The c i l i a t e d  c e l ls  of large airways appear to  regenerate from 

basal c e l ls  as judged by TEM. In the terminal bronchioles where 

there  are no basal c e l l s ;  n o n -c i l ia ted  Clara c e l ls  may serve as 

progenitors to  c i l i a t e d  c e l l s .  Therefore some of the c i l i a t d  c e l l s  

observed a t  th a t  leve l could represen t regenerating c i l i a t e d  c e l ls  

with immature c i l i a t i o n .  The fac to rs  th a t  regulate  the turnover of 

c i l i a t e d  c e l ls  are not known.
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One of the n o n -c il ia ted  c e l ls ,  the goblet c e l l ,  considered to 

be a mucus secre tin g  c e l l ,  was found p r in c ip a l ly  in the large 

a irw ays. In the trachea they were more evident in the adu lt  

animals when the c e l l s  were mature and discharging. Immature c e l ls  

or discharged goblet c e l ls  were seldom evident and th is  was 

considered to be due to  the long c i l i a  of the c i l i a t e d  c e l l  

obscuring the presence of the goblet c e l ls  lying in te rspersed  

between the c i l i a t e d  c e l l s .  The mature c e l ls  or ac tive  discharging 

c e l l s  seen in  the a d u lt  animals appeared protruding in to  the 

lumen. The ap ica l  cytoplasm contained the mucous granules making 

th is  surface look granular and as described by TEM th is  content 

gives the c e l l s  a goblet shape. Immature c e l ls  or discharged c e l ls  

did not seem to have th is  appearance when observed by SEM and th e i r  

surface appeared completely covered by short m ic ro v il l i .

In the c a lf  these c e l l s  were found in a non-secretory phase, 

in  the trachea and large bronchi while in  adu lt c a t t l e  some areas

were observed with very a c t iv e  goblet c e l l s .  I t  could be accepted

th a t  for adu lt  animals, some abnormal pa tte rn  might be p resen t

considering th a t  these animals could have been exposed to micro

organisms without developing major damage. V îh e r e  some areas of 

d e c i l ia t io n  were found, the n o n -c i l ia ted  c e l ls  were more evident 

but were e i th e r  immature c e l l s  or mucous c e l ls  in  a non-secretory 

phase.

As presented in  the r e s u l ts ,  the non-c il ia ted  c e l ls  became the 

predominant c e l ls  in  the bronchioles and in the t r a n s i t io n a l  level 

between the small bronchi and the bronchioles. N on-cilia ted c e l ls  

in  th is  leve l had fea tu res  s im ila r  to the n o n -c il ia ted  bronchiolar 

Clara c e l l s .  An id e n t ic a l  c e l l ,  in  the trachea l epithelium of a 

r a t ,  was considered to be an epithelium serous c e l l .  Some authors 

categorized th is  c e l l  as a va rian t  of the goblet c e l l .  Je ffe ry  and 

Reid (1975) considered th a t  the e p i th e l ia l  serous c e l ls  resembled 

the serous c e l l  of the bronchial submucosal gland, and was probably 

the c e l l  containing ap ica l  PAS-positive neutra l ' mucosubstance 

granules id e n t i f ie d  in  the r a t  tracheobronchial epithelium sta ined  

with a lc ian  blue (pH 2 ,6 ) .  This observation was in te re s t in g
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because one of- the most frequent components of mouse airway 

epithelium was described as a n o n -c il ia ted  c e l l  th a t  bore surface 

m ic ro v il l i .  V/hen th is  c e l l  was studied by TEM i t  was believed to be 

re la te d  to  the Clara c e l l s  because of the s im ila r i ty  between the 

shape of i t s  secre tion  granules.

However, the f a c t  th a t  n o n -c il ia ted  c e l l s  were p resen t

sometimes as frequently  as the c i l i a t e d  c e l ls  in  small bronchi 

supports the view th a t  these are l ik e ly  to be e p i th e l i a l  serous 

c e l l s .  Further s tud ies  should be conducted a t  th is  leve l of the 

small bronchus to  corroborate th is  point of view. There i s ,  

however, increasing  evidence in  the l i t e r a tu r e  to support the 

concept th a t  the serous c e l l s , might contribute  to form the 

p e r i c i l i a r y  l iqu id  layer found beneath the tracheobronchial mUcus, 

and th a t  these microvillous c e l ls  are involved in  the tran sp o rt  of 

IgA across the epithelium . Mucous secretory  c e l l s  with the 

c h a ra c te r is t ic s  of goblet c e l ls  were not seen in  the bronchioles 

confirming the LM observations in  non-pneumonic calves of Allan and 

P ir ie  (1977).

Bronchiolar brush c e l l s ,  which have been id e n t i f ie d  in the 

large and small bronchi of bovine lung by TEM (Allan, 1978) were 

not detected in our study involving the SEM,

The n o n -c i l ia ted  bronchiolar e p i th e l ia l  c e l ls  resembled human 

Clara c e l l s .  The ap ica l  c e l l  cap was rounded and smooth and 

sometimes appeared wrinkled; th is  was a t t r ib u te d  to f ix a t io n  

a r t e f a c ts .  I t  was believed th a t  the ap ica l cap extruded in to  the 

bronchiole and was broken down to re lease  the secre tory  product. 

More s tud ies  requ ire  to  be done to  obtain more information about 

these c e l l s .  D is t in c tiv e  re sp ira to ry  bronchioles were not seen and 

there  was a r e la t iv e ly  sudden t r a n s i t io n  from term inal bronchioles 

to  a lveo lar d u c ts ,

The re s u l ts  obtained from th is  study, demonstrated th a t  Type I 

and Type I I  a lveo la r  e p i th e l i a l  c e l ls  were tlie two c e l ls  present in  

the walls of the a lv e o l i .

_________   _  ' " -  - _ : ' :



In adu lt  animals Type I I  a lveo la r  e p i th e l ia l  c e l l s  appeared 

forming small groups near in te r lo b u la r  septa, adjacent to 

bronchioles and in a lveo lar  ducts and might represen t progenitor 

c e l l s .  The protruded centre  of the Type I I  a lveo lar c e l ls  appeared 

to  have p i t s  or o r i f ic e s ,  through which the secre tory  product might 

have been re leased . This coincided with descrip tions made by 

Nowell and Tyler (1971) who observed these p i t s  in Type I I  c e l l s  in 

equine lung. Mariassy e t  a l . (197 5) were not able to  demonstrate 

them in  the bovine lung and they proposed th a t  the reason for the 

d ifferences could not be a scerta ined  u n t i l  more information was 

ava ilab le  on su rfa c tan t  synthesis and turnover in the two species .

Pores of Kohn were consis ten tly  found in  both groups of 

animals. The presence of these pores was considered to be normal 

in  severa l species but Mariassy e t  a l . (1975) found the pores

extremely uncommon in  the lungs of young adu lt  c a t t l e  and 

considered th a t  th is  might be ty p ica l  for th a t  age group. They 

a t t r ib u te d  th e i r  presence in  older animals to  e a r l i e r  damage to the 

lung. Nevertheless, Bastacky e t  a l . (1983) considered them to be

normal fea tu re s .  They described lung s t ru c tu re  in  the human 

combining d i f f e r e n t  techniques such as SEM, TEM, and LM with 

m icrodissection, and examination of lung in the frozen-hydrated 

s t a t e .  Their re s u l ts  suggested th a t  a lv eo li  varied in  shape, s iz e ,  

and entrance width as a function of th e i r  pos it io n  along the 

airway. They es tab lished  th a t  the t r a n s i t io n  from c i l i a t e d  

conducting airway eithelium  to  squamous re sp ira to ry  epithelium  was 

qu ite  abrupt and the a lveo la r  wall in  the hydrated s ta te  was qu ite  

smooth, tended to  be round and had su rfac tan t  occluding almost a l l  

pores of Kohn. These in te ra lv e o la r  pores became evident a f te r  the 

t is su e s  were fixed  in  paraformaldehyde-glutaraldehyde, According 

to  Boyd (1980) th is  destroyed se lec tiv e  components of the surface 

layer making sp e c if ic  surface fea tu res  v is ib le .

In co n tra s t  to  the find ing  of Mariassy e t  a l . (1975) a lveo la r  

macrophages were read ily  observed. I t  has been proposed th a t  blood 

monocytes leave the c i rc u la t io n  to undergo d i f f e r e n t ia t io n  in to  

func tiona l a lveo la r  macrophages. Alveolar macrophages were
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detected  s i t t i n g  on the a lv eo la r wall but no evidence was found 

re la te d  to  the way they approached th is  p lace.
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Fig , 7 -  Normal Cow; Surface of a large bronchus with n o n -c ilia ted  

c e l l  (*) between c i l ia te d  c e l l s .  The n o n -c ilia ted  c e l ls  

do not protrude in to  the lumen.

SEM X 2500
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Fig, 17 - Normal Calf: A low power view of the term inal

bronchiole. The su rface  i s  comprised mainly by non- 

c i l ia te d  e p i th e l ia l  c e l l s .  The term inal bronchiole

continued in to  the a lv eo la r ducts (arrow) no proper 

re sp ira to ry  bronchioles could be seen.

SEM X 160
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Fig, 18 - Normal Cow: Bronchiolar luminal surface i l lu s t r a t in g  the

predominance of n o n -c ilia ted  c e l ls  although c i l ia te d  

c e l ls  are s t i l l  p resen t a t  th is  le v e l.

SEM X 640
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Fig , 19 -  Normal Cow; The n o n -c ilia ted  bronchiolar e p ith e l ia l

c e l l s ,  C lara c e l l s ,  p resen t a t  th is" lev e l have a 

c h a ra c te r is t ic  dome-shaped apex, probably in d ica tin g  an 

a c tiv e  phase, and p ro trud ing  in to  the lumen. C ilia te d  

c e l ls  appeared with sho rt c i l i a  and m ultip le m ic ro v illi ,

SEM X 2500
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Fig, 25 “ Normal Calf: Type I I  a lv eo la r e p ith e l ia l  c e l ls

(arrow s), with ad jacen t f l a t  Type I a lv eo la r e p i th e l ia l  

c e lls  ( ). The c e l l  junctions are e a s ily  seen as w ell

as a fringe  of m ic ro v illi on the pro truding  Type II  

a lv eo la r e p i th e l ia l  c e l l s ,

SEM X 1250
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Fig . 26 “ Normal Cow: Numerous Type I I  a lveo la r e p i th e l ia l  c e l ls

with numerous m ic ro v illi on the surface of th e ir  

cytoplasm. The cen tre  of the c e lls  has some openings or 

p i t s  (arrows) and i t  i s  p ro truding  in to  the lumen.

SEM X 1250
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Fig. 28 -  Normal Calf: Type I I  (arrows) and Type I a lveo la r

e p ith e l ia l  ( *̂  ) c e l l s .  The l a t t e r  having a very smooth 

surface and small p ro jec tio n s are sc a tte re d  on the 

su rfa ce . Linear ridges of c e l lu la r  junctions ( ^ )  are 

a lso  v isu a lized . A c a p illa ry  (v) w ithin  tlie w all is  

bulging the a lv eo la r su rface .

SEM X 2500
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Fig. 31 “ Normal C alf: Alveolar surface with a lveo la r macrophages

(arrows) in  the a lv eo la r lumen.

SEM X 640
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Fig . 32 -  Normal Cow: The common appearance of an a lveo la r

macrophage showing the th in  cytoplasmic prolongations 

(arrow s).

SEM X 2500
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Fig. 33 -  Normal Cow: An Alveolar surface with larger ridges or

slopes produced by c a p i l l a r ie s  underlying the a lveo lar 

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

SEM X 1250
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INTRODUCTION

A considerable amount of information about the pathology, 

parasito logy  and pathogenesis of lungv;orm in fec tion  in suscep tib le  

c a t t l e  and in  immunised c a t t l e  can be found in  the l i t e r a t u r e .

In 1755, NichollS/ co rre la ted  the presence of lungworm with a 

d is t in c t iv e  disease e n t i ty  in  c a t t l e  which occurred in an epizootic  

form, a p a ra s i t ic  b ro n ch it is .  The adult lungworms, Dictyocaulus 

v iyiparus were found in  the a i r  passages of c a t t l e  lungs.

J a r r e t t  e t  a l . (1957, 1960a and 1960b) s ta ted  th a t  the

pathogenesis of the disease  progressed through four stages from 

in fec tio n  1) the penetra t ion  phase, 1-7 days a f t e r  in fec tio n ,  2) 

p fepa ten t phase, 8-25 days a f te r  in fec tio n , 3) the p a ten t phase, 

26-60 days a f t e r  in fec tio n  and 4) the jpost-patent; phase, 61-90 days 

a f te r  in fec tio n .  The recognition of these d i f f e re n t  phases was 

considered to  be of g rea t importance in r e la t io n  to diagnosis , 

prognosis and treatm ent.

The th ird  stage in fe c t iv e  larvae (L3) when Ingested by a 

suscep tib le  bovi.ne animal pene tra te  the alimentary t r a c t  and from 

til ere pass through the lymphatic and blood c irc u la t io n  to reach the 

pulmonary c a p i l l a r ie s  from which the larvae reaches the a lv e o l i .  

During the prepa ten t phase an in tense  eosinophilic  exudate was 

described in to  the lung th a t  re su lted  in  blockage of small bronchi 

and bronchioles. In th is  period, 8-25 days, severa l complications 

due to  secondary b a c te r ia l  or v i r a l  in fec tio n  were described by 

J a r r e t t  (I960).

During the th ird  phase (26-50 days) the ad u lt  reproducing 

nematodes, p resen t in  the lung, produced a severe reac tion  and a 

p a r a s i t i c  pneumonia was established- which J a r r e t t  e t  a l . (19.60b) 

s ta te d  was the reason fo r the c l in ic a l  signs observed a t  th is  time.
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The p ost-pa ten t phase was described as a gradual recovery 

stage in  which the re sp ira to ry  signs decreased and the lesions 

resolved. However J a r r e t t  e t  a l . (1957) a lso  reported th a t  in th is  

l a s t  stage there was r isk  of death, in  apparently  25% of in fec ted  

animals due to a lveo lar " e p i th e l ia l i z a t io n " .

The g rea t advance in  th e . f i e ld  of p a ra s i t ic  b ronch itis  was the 

discovery and development of a vaccine. J a r r e t t  e t  a l . (1957)

developed a method of vaccination, using liv ing  X -irrad ia ted  L3 of 

D. v iv ip a ru s , which conferred a very high degree of p ro tec tion  

aga in s t  husk and was used successfu lly  as a major way of 

co n tro llin g  the disease in  the f i e l d .

Pulmonary lymphoid nodules developed in  immune calves 

following challenge and were a good c r i te r io n  of an immune response 

to  vaccination (P ir ie  e t  a l . ,  1969).

Although a considerable amount i s  known about the c e l lu la r  and 

s t ru c tu ra l  changes in bovine lungs during lungworm in fec tion  there 

i s  no information about the damage to the surface of the 

re sp ira to ry  portion and conducting portion of the lung th a t  can be 

detected using SEM,

The present study was prepared to  inv es tiga te  using SEM, the 

surface damage produced by D. viviparus in  lung t is su e  and in  

add ition  to assess the d ifferences  th a t  occurred in  these changes 

re la te d  to immunity.
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MATERIALS and METHODS

In the experimental design p a ra s i te  free  calves were divided 

in to  three groups which received d i f f e re n t  treatm ents (Table 3),

ANIMALS:

Ten Friesian  cross ca lves , 10 weeks old and reared indoors 

were divided in to  th ree  groups. Group 1 comprised two calves which 

were vaccinated with Dictol as recommended by the manufacturer 

i . e .  two doses given o ra l ly  one month apart; the calves were not 

challenged. Group 2 comprised four calves which were in fec ted  

o ra l ly  with a dose of th i rd  stage in fec tiv e  larvae of D. v iv ipa rus , 

a t  30 L3/Kg bodyweight; these calves had not been vaccinated. 

Group 3 were four calves vaccinated with D ictol a t  the same time as 

Group 1, then challenged one month la te r  with an o ra l  dose of Lg 

D. v iv ip a ru s , 30 L3/Kg of bodyweight a t  the same time as calves in 

Group 2,

- Animals Time a f t e r F i r s t Vaccination

0  ■ 1 month 2  months

Group 1 V V

Group 2 - — C

Group 3 V V C

TABLE 3: The timing of vaccination and challenge applied to the

animals in  the lungworm experiment.

V = vaccination , D ic to l,  Glaxovet:

C = challenge, 30 larvae/Kg bodyweight, approximately 

5,000 larvae per c a l f .
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VACCINE

Dictol {Glaxovet. Ware, H ertfordshire) was a liv ing  o ra l

vaccine against D. viviparus produced with L3 D. viviparus 

a ttenuated  by exposure to X -irrad ia tion  of 40Kr, The optimum 

numbered of X*-irradiated larvae  ; in  one immunising dose was 

e s tab lished  as 1 0 0 0 , according to the manufacturer.

CHALLENGE LARVAE

Normal in fec tiv e  D. v iviparus L3 were supplied by Glaxovet - 

Ware, H ertfordshire , and were used to challenge the vaccinated

calves of Group 3 and to in fe c t  the non-vaccinated challenge

co n tro l calves in  Group 2,

The larvae were suspended to approximately 1200 L3/ml, In 

order to provide an accurate concentration of L3/ml, 20 a liquo ts  of 

0.025 ml were counted, then challenge doses were made up to provide 

30 L3/Kg bodyweight, approximately 5000 L3 per c a l f .

The in fec tion  and challenge was performed 

adm inistration  of the above e s tab lished  dose.

by o ra l

POST-MORTEM EXAMINATIONS

Tissue samples fo r  SEM were co llec ted  from calves examined 

post mortem on the days a f te r  challenge shown in  Table 4.

At post-mortem examination the t is su es  were sampled for 

h is to lo g ic a l  and SEM procedures as described in  Section 2. 

P a ras i to lo g ica l  samples were a lso  co llec ted  a f te r  gross- 

pa tho log ica l examinations were performed.
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Animals Days a f te r  Challenge

15 25 35 45

Group 1 A

Group 2 A A A A

Group 3 A A A A

TABLE 4: Days of post-mortem examination a f te r  challenge with

in fec tiv e  D. v iviparus larvae of the calves in  the 

lungworm experiment.

A = one animal examined.

PARASITOLOGICAL PROCEDURES

For recovery of lungworms, the l e f t  lung was obtained 

immediately a f te r  death and the large bronchi were opened, with 

sc is so rs ,  down to the sm alles t  bronchi. These surfaces were washed 

and the so lu tion  recovered was suspended in  warm water overnight. 

The washing was incubated a t  37*C then sieved and then the sieved 

m ateria l obtained was immersed in  formalin. The numbers of worms 

p resen t were then counted and the f igu re  recorded was m ultip lied  by 

two, to give the approximate in fec tio n  ra te  for both lungs.

■'.1*

PATHOLOGICAL PROCEDURES

The lung parenchyma was examined carefu lly  for the purpose of 

recording the number of lymphoid nodules, 2-3 mm diameter presen t 

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

the p leu ra l  surface of both, r ig h t  and l e f t  lungs.
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SCANNING SAMPLING PROCEDURES

Tissues were se lec ted  from the trachea and the c ran ia l  and 

caudal lobes of the r ig h t  lungs, as i l l u s t r a t e d  in  Fig . 2B, Section 

2 .

Five levels  were e s tab lish ed  according to previous s tud ies  on 

the normal animals, presented in  Section 3, However three samples 

were taken a t  leve l 2 b in  th is  study compared with th a t  on the 

normal animals because the ad u lt  lungworms were l ik e ly  to  be 

p resen t a t  th is  p o s i t io n .  After f ixa tions  the samples were 

processed according to  methods described in  Section 2.
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RESULTS
SI

The p a ra s i to lo g ic a l  r e s u l t s ,  d e ta i led  in  Table 5 demonstrated 

th a t  the non-vaccinated animals of Group 2 were in fec ted  when 

challenge with D. v iv ip a ru s . At the d i f fe re n t  days of examination 

a f t e r  challenge the calves in Group 2 had a considerable worm count 

which demonstrated th a t  a moderately heavy in fec tio n  had been 

e s tab l ish ed .  One c a lf  in  Group 1 died of in te rc u r re n t  in fec tio n , 

so only one animal was av a ilab le  fo r study and i t  was examined on 

Day 15.

The worm counts in  Group 3, vaccinated and challenge calves 

were very low in d ica tin g  th a t  a good s ta te  of immunity had

developed. The calves of Group 1 were only vaccinated and the ca lf

examined a t  day 15 had no worms.

The gross pa tho log ica l changes in the calves of Group 2 were 

ty p ic a l  of primary lungworm in fe c t io n .  Similar but more extensive 

les ions were found in  Group 3. Apart from the smaller number of 

worms in  the calves in  Group 3 the most s t r ik in g  d ifference  

pa tho log ica lly  between Group 3 and Group 2 was the presence of many 

lymphatic nodueles 2-4 mm in  diameter, on the p leu ra l  surface of 

the vaccinated animals (Table 6 ). These nodules were presen t in 

a l l  the calves of Group 1 and Group 3 but the number found was

g rea te r  in  the vaccinated and challenged calves in  Group 3. The 

number of these nodules p resen t decreased with tim e. The 

macroscopic appearance of the nodules was s l ig h t ly  varied in  s ize  

and consistency. Some could be described as large and dense while 

o thers were small and tran s lu c en t .  They were p resen t throughout 

the surface in  a l l  lobes. The majority were 2.0 to  4,0 mm in  

diameter, grey or p inkish-grey in  colour and bulged s l ig h t ly .  They 

were counted a t  post-mortem and the re su l ts  presented in Table 6 , 

show a con s is ten t  number p resen t in  Group 3, the vaccinated and 

challenged calves, demonstrating th a t  an imbiuhe s ta te  was 

es tab lished  in  these animals. No nodules were recorded in Group 2, 

the unvaccinated anim als.
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Animals Days of Examination After Challenge

15 25 35 45

Group 1 

Group 2 

Group 3

0

644

8

428

NI

2190

18

38

4

Table 5 P a ras i to lo g ica l  r e s u l t s :  The number of lungworm presen t

in  the calves in  the Scanning Electron Micropic Study on 

Lungworm In fec tio n .

NI = No immunity.

Animals Days of Examination a f t e r  Challenge

15 . 25 35 45

Group 1 

Group 2 

Group 3

14

0

47

0

30

0

24

Table 6 . Pathological r e s u l t s :  The number of lymphocytic nodules

found in  the lungs of the calves in  the Scanning Electron 

Microscopic Study on Lungworm In fec tion .
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Scanning Electron Microscopic Results

The re su l ts  a f te r  examing the d i f fe re n t  leve ls  are presented 

in  the following order: f i r s t  trachea and large bronchi, then

bronchioles and f in a l ly  a lv e o li ;  these re s u l ts  summarise the most 

rep resen ta tive  fea tu re  observed in  each ca lf  examined. Group 1 is  

described f i r s t ,  then each day in  Group 2 and f in a l ly  each day in 

Group 3.

Group 1

One c a lf  died of in te rc u r re n t  in fec tion , so only one was 

availab le  fo r  study, A f a i r l y  normal pa tte rn  was observed in th is  

c a l f .  The c a lf  examined a t  th is  time did not have many changes in 

the surface of the re sp ira to ry  airways a t  the d i f f e re n t  levels 

examined. The c i l i a t e d  epithelium of the large airways appeared 

normal (Pig, 34), The c i l i a  appeared to cover the whole surface 

in te rspersed  with small round spaces which according to previous 

re s u l ts  on normal t is su e  probably represented s i t e s  occupied by 

n o n -c i l ia ted  secre to ry  c e l l s ,  in  a quiescent s t a te .

The bronchioles had the ty p ic a l  p a tte rn  witli n o n -c il ia ted  

c e l ls  predominating and no brush c e l ls  being observed. No larvae, 

worra-eggs or abnormal sec re t ion s  were found. The lung parenchyma 

did not have signs of abnormal s tru c tu re  (Fig. 35). At th is  leve l 

the clean a lveo lar area exhib ited  a normal p a tte rn  of Type I and 

Type I I  a lveo lar e p i th e l i a l  c e l ls  and the pores of Kohn and 

junction  of Type I a lveo la r  c e l l s  were c lea r ly  seen.

Group 2

The most s t r ik in g  changes were found in  Group 2, the in fec ted  

calves which had not been vaccinated.
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Day 1 5

At th is  time a f t e r  challenge small bronchi were seen, which 

appeared to  be occluded by plugs of mucus (Fig. 36). The same 

in fec ted  ca lf  had an abnormal lung parenchyma. These changes were 

represented by a s l ig h t  thickening o f . the wall of the bronchioles 

(Fig. 37) and changes due to increased c e l lu la r  a c t iv i ty  p resen t in 

th e i r  e p i th e l i a l  c e l l s .  The a lveo li ,  s t i l l  had a regular p a t te rn  

although a c e l lu la r  i n f i l t r a t i o n  was beginning to be evident.

Some observations were made during the experiment in  th is  ca lf  

and in  o thers of th is  group which were not a t t r ib u te d  to the 

p a r a s i t i c  in fec tio n .  When the trachea and large bronchi of the 

in fec ted  c a lf  were examined changes were observed esp ec ia lly  on the 

c i l i a  of the c i l i a t e d  c e l ls  (Fig, 38). These areas were f a i r l y  

extensive, intermixed with areas of normal t i s s u e .  The fea tu res  

comprised c i l i a te d  c e l ls  which appeared to be covered by small

rounded p a r t ic le s  s i t t i n g  on and between the c i l i a .  Based on the 

s iz e ,  approximately 0.5 pm diameter and the morphological

appearance of the surface 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 a t  the beginning of 

the experiment and they were seen only in  the trachea . In Group 2> 

in  the trachea and large bronchi areas of epithelium appeared with 

abnormal patches of d i f f e re n t  s iz e s .  In these areas the c i l i a t e d  

c e l ls  seemed to be devoid of th e i r  c i l i a  and some of the remaining 

c e l l s  had very sho rt  c i l i a  as i f  they were regenerating a f t e r  

in ju ry  (Fig, 39), The n o n -c i l ia ted  c e l ls  were e a s i ly  d istinguished  

but there  were no major signs of secre tory  a c t iv i ty  (Pig. 39),

Other damaged areas of epithelium again in  the trachea and large 

bronchi contained some columnar c e l ls  with c i l i a ,  which appeared to 

be extruding from the epithelium, as shown in  Pig, 40, The 

extruding c e l ls  were surrounded by c i l i a t e d  c e l ls  which appeared 

poorly c i l i a t e d  and some appeared to  have lo s t  t h e i r  d i l i a  and were 

considered to be dying c e l l s .  At lower leve ls , small bronchi and 

bromchioles did not have th i s  a l te re d  epithelium a t  any time.



Those patches of d e c i l ia t io n  were seen a t  the same leve ls ,  the 

large airways, on other in fec ted  calves in  Group 2.

Day 25

In the large bronchi from the caudal lobe, represented in

Fig. 41, worm eggs were seen s i t t i n g  on the c i l i a t e d  su rface . The

c i l i a t e d  epithelium did not seem to be seriously  damaged, although 

some secre tions and debris and red blood c e l ls  contaminated the 

su rface . Lower in these airways damaged épithélium associated  with 

worms and eggs were found. Other areas a t  th is  leve l 2 in  the 

caudal lobe (Fig, 42) were seen, where the mucous sec re tin g  c e l ls  

appeared to be very ac tive  and protruded between the c i l i a t e d  

c e l l s . The granules of mucus in  the apices of these c e l ls  were 

e a s i ly  id e n t i f ie d .  At th is  time a f te r  the in fec tio n , lungworms 

were seen, occupying the lumen of small bronchi (F ig . 43), When 

the epithelium of th is  area in  p a r t ic u la r ,  was observed a t  high

magnification (Fig. 44) i t  appeared completely a l te re d  and worm

eggs were often seen. Some a l te ra t io n s  could be described as 

cracks or depressions in  the epithelium with, in  addition , 

impressions or marks as i f  made by worm eggs. The surface of the 

eggs which were s t i l l  occupying the area looked s l ig h t ly  wrinkled 

with small imprints on th e i r  s h e l l s .

When the bronchial e p i th e l i a l  surface was examined a t  high

magnification i t  had the c h a r a c te r i s t i c  of a dysp lastic  t is sue  with

complete loss of i t s  regu lar p a t te rn  (Fig, 45). I t  was impossible 

to  id e n t i fy  e i th e r  c i l i a t e d  c e l ls  or secretory  c e l l s .

Lungworm eggs were seen in  a lv e o li  where they occupied the

whole lumen (Fig, 46).

V
Day 35

Some areas of the d y sp la s t ic  epithelium were s t i l l  p resent a t  

th is  time as well as ad u lt  lungworms of D, viviparus and p a ra s i t ic  

eggs on tlie surface of the bronchi and b ronchio les . The

1 1 0
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n o n -c i l ia ted  bronchiolar secre tory  c e l ls  appeared very ac tive  and 

the c i l i a t e d  c e l l s  possessed c i l i a  which were much longer than 

those occurring in  normal t is su e  (Fig, 47),

The major s t r ik in g  fea tu res  a t  tJriis stage of the disease was 

represented by a severe inflammatory i n f i l t r a t i o n  of the lung 

parenchyma. At a low m agnification (F ig . 48) examining leve l 5, i t  

was possib le  to apprecia te  the regular organisation of the a lveo la r  

t is su e  although some a lv e o li  had thick walls and the a lveo lar

lumena were frequently occupied by c lu s te rs  of i n f i l t r a t i n g  c e l l s i  

I t  was a lso  possib le  to note larvae obstru ting  the lumena of the 

a lv e o l i  (Pig. 48). A high magnification view of these areas (Fig. 

4 9 ) sometimes showed a c lu s te r  of c e l ls  surrounding the body of a 

la rva , possibly derived from a sp ira ted  eggs, in  the lumen of an 

a lveo lus . The i n f i l t r a t e d  c e l ls  were id e n t i f ie d  as inflammatory 

c e l l s  but i t  was not poss ib le  to charac terize  the type p resen t.

Some of these c e l ls  (F ig . 50 and F ig . 51) in  other a lveo li  appeared

to have a ru f f le d  su rface , while others were more simply

sp h e r ica l .  They were of d i f f e r e n t  s izes ,  large, medium or small, 

exh ib it ing  prolongations or cytoplasmic process. The smaller ones 

appeared to have a granular surface ra ther than a surface with 

proper prolongations of the c e l l  membrane (Fig, 50),

Several a lv e o li  (Fig. 52 and Pig. 53) were examined and found 

to  i l l u s t r a t e  d i f fe re n t  inflammatory c e l ls  which were thought to be 

macrophages, eosinophils , or lymphocytic c e l l s .  Type I I  c e l ls  

could be id e n t i f ie d  in  a lv eo li  which were usually  free  of large 

numbers of i n f i l t r a t e d  c e l l s  (Fig. 53) and these Type XI a lveo lar 

e p i th e l i a l  c e l l s  often  appeared to be in  an ac tive  s tage . These 

c e l l s  had the centre  of the c e l l  bulging in to  the lumen of the 

alveolus and numerous, e a s i ly  seen, m ic ro v il l i  surrounding the 

protruding cen tre  (Pig, 54),

1 1 1



Day 45

At 45 days a f te r  challenge the fea tu res  observed had no major 

changes compared with the previous s tag es .  Several of those most 

often found are i l l u s t r a t e d  in F igs, 55, 56, 57 and 58.

Group 3

Group 3, the vaccinated and challenged animals, had minor 

changes considting of c e l lu la r  i n f i l t r a t i o n  of the a lveo lar t is su e  

(Fig, 59) or patches of epithelium with modified c i l i a t io n  (F ig . 59 

and F ig . 60), These were not considered to be s ig n i f ic a n t  when 

compared with the s t r ik in g  changes observed in  the infected  Group 

2, The les ion  c h a ra c te r i s t ic  of Group 3 was the lymphocytic 

nodules.

These nodules, when observed on a cut sec tion  (Fig, 61) were 

f a i r l y  smooth and seemed to  be loca lized  in  the lung parenchyma 

sometimes in  close r e la t io n  to  bronchioles. The s truc tue  was 

comprised mainly of rounded small and f a i r l y  smooth c e l ls  

considered to be lymphocytes (Pig. 62),

1 1 2



DISCUSSION

Susceptible animals exposed to lungvrorm in fec tion  seemed to  be 

severely affected  by the damage produced by the p a ra s i te , and the 

inflammatory processes th a t  take place in the re sp ira to ry  t r a c t .  

The p resen t study compared the changes th a t  occurrred in  the 

surface, epithelium of the airways a t  d i f fe re n t  le v e ls .  The 

findings obtained with SEM appeared to corroborate the fea tures 

described by other methods p a r t ic u la r ly  those using LM, Scanning 

e lec tro n  microscopy however has i l l u s t r a t e d  these changes in  a more 

s t r ik in g  fashion and has i l l u s t r a t e d  changes on the surface of the 

epithelium, p a r t ic u la r ly  in  the bronchi and bronchioles th a t  were 

not recognised before . In add ition  the obstruc tive  e ffe c ts  of the 

p a ra s i te s  and inflammatory c e l l s  within  the bronchi, bronchioles 

and a lv eo li  has been more e f fe c t iv e ly  demonstrated. No information 

was availab le  in the l i t e r a tu r e  on the changes produced in  bovine 

lungs by lungworms as seen by SEM,

This study included observations on calves vaccinated aga in s t  

D. viviparus and experimentally challenged with th is  lungworm as 

well as calves vaccinated but not challenged. The vaccinated 

calves without being challenged appeared to be r e la t iv e ly  normal 

since no major signs of a l te re d  lung t is su e  s tru c tu re  were observed 

by SEM although a few pulmonary lymphocytic nodules were found.

After the vaccinated calves had been challenged some fea tures  

were detected associa ted  with the t is su e  reaction  to antigens 

p resen t in  the lungs. These were.inflammatory c e l l s  i n f i l t r a t i n g  

the lung parenchyma and lymphocytic nodules which were found in  

s ig n i f ic a n t  numbers. These nodules which develop around dead 

larvae were s im ila r  to  those described previously by J a r r e t t  eit 

a l . ,  1957 and P ir ie  e t  a l , , 1969, The changes found in  the surface 

epithelium of the vaccinated and challenged calves were e s se n t ia l ly  

s im ila r  q u a l i ta t iv e ly  to those in  tlie susceptib le  challenged calves 

but they were much le ss  extensive and were accompanied by the 

lymphocytic nodule s .
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In the in fec ted  calves the lungs had evidence of damhge to the 

surface epithelium as well as c e l lu la r  i n f i l t r a t e s  45 days a f te r  

challenge. To in v es tig a te  the regenerating and healing phase more 

fu l ly  would require  and in v es tig a t io n  over 50-90 days post 

challenge .

Although SEM gives a usefu l impression of the space occupying 

e f fe c ts  of exudates and inflammatory c e l ls  in the lungs and a lso  

demonstrates th e i r  surface topography very well id e n t i f ic a t io n  of 

c e l l s  can be d i f f i c u l t .  This i s  p a r t ic u la r ly  true  for inflammatory 

c e l ls  and the s ize  of the c e l l  i s  one of the most usefu l c r i t e r i a  

e sp ec ia l ly  when try ing  to  d i f f e r e n t ia te  neutrophils, and eosinophils 

from macrophages. Increased numbers of pseudopodia or ru f f le s  or 

small v e s icu la r - l ik e  pro trusions from the c e l l  membrane were taken 

to  r e f l e c t  increased metabolic a c t iv i ty .

Eggs and larvae a sp ira ted  in to  a lveo li  during the pa ten t phase 

o f  the disease were described as a major cause of pneumonia leading 

to  c l in ic a l  signs ( J a r r e t t ,  1960). This reaction  is  read ily  

detected  by SEM. In the a lv e o li  eggs were sometimes seen with no 

reac tion  around them. These were thought to have been e i th e r  

recen tly  asp ira ted  from the p o s it io n  in the bronchi v;here they v/ere 

produced or to have been a r te f a c ts  resu ltin g  from eggs washed in to  

a lv e o li  by the perfusion  f ix a t io n  technique. Larvae possibly  with 

the remains of sheaths or egg sh e l ls  and surrounded by inflammatory 

c e l l s  were a lso  seen. In the bronchi eggs near adu lts  were on 

badly damaged d ysp las t ic  epithelium  almost completely devoid of 

c i l i a .  This contrasted  with eggs seen fu r th e r  up the bronchi lying 

on normal c i l i a t e d  epithelium . These eggs would be moved out of 

the lung by the mucociliary e sca la to r  and coughing to  be swallowed 

and complete the l i f e -c y c le  of the p a ra s i te .

I t  was pointed out th a t  other changes were seen in  patches in 

the trachea and the bronchi p a r t ic u la r ly  of the c ra n ia l  lobes in 

Group 2. These were surface b ac te r ia ,  patches of d e^ r l ia ted  c e l ls  

and e x fo l ia t in g  s ing le  c i l i a t e d  c e l l s .  Since these changes 

occurred as early  as 15 days in  an area which the p a ra s i te  would
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not have reached a t  th a t  time they were a t t r ib u te d  to in te rc u r re n t  

in fe c t io n .  When lungv/orms had become es tab lished  in  Group 2 

b a c te r ia  were more frequen tly  seen than in  Group 3. J a r r e t t  

(1960) pointed out th a t  in te rc u r re n t  in fec tion  could occur.

I t  was in te re s t in g  th a t  increased a c t iv i ty  of Type I I  a lveo la r  

e p i th e l i a l  c e l ls  was seen l a t e r  in  the in fec tion  as well as 

increased a c t iv i ty  of n o n -c i l ia ted  bronchiolar c e l l s ,  Clara c e l l s .  

Whether or not th is  represented a minor form of the s t r ik in g  

hyperplasia  of a lveo la r  Type IX c e l ls  tha t occur in  a proportion of 

animals during the post-^patent phase was not c le a r .  Wo obvious 

groups or sheets of these c e l l s  were seen which might have resu lted  

from hyperplasia .
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Fig. 38 “ Infected c a lf :  Microorganism colonising the t ip  of the

c i l i a  in  a large airway.

SEM X 5000
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Fig . 39 ” In fected  c a lf :  A large  bronchus of the caudal lobe with

patches devoid of c i l i a .  The c i l ia te d  c e l ls  appear 

d isorganised (arrow). No secre to ry  active  c e l l  can be 

seen (-X- ).

SEM X 640
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Fig . 42 - In fec ted  c a lf :  A large  bronchus in  a c ra n ia l lobe, 25

days a f te r  in fec tio n  showing ac tiv e  mucous secre to ry  

c e l ls  (arrow) in te rsp e rsed  with c i l ia te d  c e l ls .

SEM 1250
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Fig. 55 -  Infected ca lf :  The surface of the trachea appears with a

modified c i l i a t e d  epithelium with fewer c i l i a  (arrow).
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CONCLUSIONS

Scanning e lec tro n  microscopy can be used e f fe c t iv e ly  and 

p ro f i ta b ly  to study the bovine re sp ira to ry  system in health  and 

d isease . The outstanding c h a ra c te r i s t ic  of the image obtained by 

SEM is  the remarkable three-dim ensional q ua li ty ,  whether the image 

represented a p ic tu re  of the trach ea l  wall, a c i l i a t e d  c e l l  or a 

close-up of c lu s te rs  of inflammatory c e l ls ,  i t  conveyed a sense of 

r e a l i t y  normally lacking in  micrographs made by other means such as 

TEM and LM.

Biological specimens such as tlie resp ira to ry  t r a c t  were eas ily  

prepared to be inspected by SEM no matter the kind of t is su e  e .g .  

trachea or lung parenchyma nor i t s  s ize ,  as long as i t  f i t t e d  the 

COlumn.

Another s t r ik in g  a t t r ib u t e  of the image presented by SEM was 

the amount of information ava ilab le  about the surface topography of 

the c e l l s .  However, the complete in te rp re ta t io n  of the information 

co llec ted  by SEM would not be possib le  ignoring the fac ts  obtained 

by other methods of in v es tig a t io n  e .g .  LM or information of t is su e  

such as physiology, anatomy and pathology. These provide the 

necessary background to  in te r p r e t  fu l ly  and use fu lly  d e ta i l s  of 

u l t r a s t ru c tu re .

The SEM has proved to be an exce llen t instrument fo r studying 

tlie re sp ira to ry  system, since the s tru c tu re  o f  the lungs and 

trachea offered a g rea t va rie ty  of surface morphology. In the 

p resen t study, the normal p a t te rn  of th is  t is su e  was assessed for 

young and adu lt  c a t t l e  and the information achieved was compared 

with modified p a tte rn s  observed on the same type of t is su e  when 

affec ted  by a pathogenic agent. The normal bovine lower- 

re sp ira to ry  t r a c t  was found to  be generally  s im ila r  to th a t  of 

o ther mammals although there were some d iffe rences .
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Having in mind th a t  a disease i s  l ik e  a cinematographic 

process i t  i s  necessary to  take in to  account the fa c t  th a t  only one 

p ic tu re  of the film  was recorded. Therefore fu r th e r  inves tig a tio ns  

w i l l  have to  be designed to obtain a s u f f ic ie n t  amount of evidence 

to  completely ch arac te r ize  the e n t i ty  studied i . e .  lungworm 

in f e c t io n s . Nevertheless th i s  study has provided a good stimulus 

to  continue the in v es tig a t io n  of bovine re sp ira to ry  diseases by SEM 

in the hope th a t  a b e t te r  understanding of these diseases w i l l  be 

found.
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