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Diagram o f  a l a t e r a l  v iew  o f  

a h o r s e  s k u l l .

1.  I n c i s i v e  bone

2 .  N a s o i n c i s i v e  n o t c h

3 .  N a sa l  bone

4.  M a x i l l a

5. F r o n t a l  bone

6 .  Edge o f  t h e  o r b i t

V e n t r a l  s u r f a c e  o f  a h o r s e  

s k u l l  w i t h o u t  t h e  m a n d i b l e .

1. P a l a t i n e  bone ( h o r i z o n t a l  p l a t e )

2 .  P a l a t i n e  bone ( p e r p e n d i c u l a r  

p l a t e )

3 .  P t e r y g o id  bone

4 .  Vomer

Choana (Arrow)

(283)





P i g .  2 .3  The comma-shaped n o s t r i l  o f  a 

h o r s e  a t  r e s t .  (Arrows)

(284)





F i g .  2 . 4  S a g i t t a l  s e c t i o n  o f  a h o r s e  head  

w i t h  t h e  n a s a l  septum removed.

1. D o r s a l  n a s a l  concha

2.  V e n t r a l  n a s a l  concha

3.  E th m o id a l  conchae

4 .  N asopharynx

5. L arynx

6.  G u t t u r a l  pouch

(285)





S a g i t t a l  s e c t i o n  o f  t h e  r o s t r a l  

r e g i o n  o f  a h o r s e  head w i t h  t h e  

n a s a l  septum removed.

1. D o r s a l  n a s a l  concha

2. V e n t r a l  n a s a l  concha

3. B a sa l  f o l d

4. A la r  f o l d

Between 3 and 4 i s  t h e  h o r i z o n t a l  

opening  from t h e  n a s a l  v e s t i b u l e  

i n t o  t h e  n a s a l  c a v i t y .

5. D o r s a l  n a s a l  meatus

6. Middle  n a s a l  m eatus

7. V e r i t r a l  n a s a l  meatus

Arrow i n d i c a t e s  t h e  p o s i t i o n  o f  t h e  

r o s t r a l  end o f  t h e  vo m ero nasa l  d u c t .

(286)





F i g .  2 . 6  (A c l o s e  up v iew o f  t h e  r o s t r a l

a r e a  o f  F i g .  2 . 4 ) .

S a g i t t a l  s e c t i o n  o f  t h e  r o s t r a l  

n a s a l  c a v i t y  o f  a h o r s e  w i t h  t h e  

n a s a l  septum removed t o  show t h e  

open in g  from t h e  n a s a l  v e s t i b u l e  

i n t o  t h e  n a s a l  c a v i t y  be tw een  t h e  

b a s a l  f o l d  (1) and t h e  a l a r  f o l d  (2) 

o f  t h e  v e n t r a l  n a s a l  co ncha .

Note t h e  a b r u p t  j u n c t i o n  be tw een  th e  

pigmented h a i r y  s k i n  o f  t h e  v e s t i b u l e  

and t h e  n a s a l  m ucosa .  (Arrows)

(287)





F i g .  2 .7  (A c l o s e  up view o f  t h e  c a u d a l  a r e a

o f  F i g .  2 . 4 ) .

S a g i t t a l  s e c t i o n  o f  a h o r s e  head  

w i t h  t h e  n a s a l  septum removed.

1. D o r s a l  n a s a l  concha

2.  V e n t r a l  n a s a l  concha

3 .  E th m oida l  conchae

Middle  n a s a l  concha ( A s t e r i s k )

4 .  Nasopharynx

5. Larynx

6.  G u t t u r a l  pouch

7. P a l a t i n e  bone ( h o r i z o n t a l  p l a t e )

8 .  Vomer 

Choana (Arrow)

9. S o f t  P a l a t e

(288)





/

F i g .  2 .8  S a g i t t a l  s e c t i o n  o f  a h o r s e  h e a d :  

t h e  n a s a l  c a v i t y  w i t h  t h e  n a s a l  

sep tum  and t h e  c a u d o - m e d ia l  w a l l s  

o f  t h e  d o r s a l  and v e n t r a l  n a s a l  

conch ae  removed.

1.  D o r s a l  n a s a l  concha

2.  V e n t r a l  n a s a l  concha

3 .  M idd le  n a s a l  concha and s i n u s

4 .  C o n c h o f r o n t a l  s i n u s  ( d o r s a l  

c o n c h a l  s i n u s  + f r o n t a l  s i n u s )

5.  C o n c h o m a x i l l a ry  s i n u s  ( v e n t r a l  

c o n c h a l  s i n u s  + r o s t r a l  

m a x i l l a r y  s i n u s )

(289)





F i g .  2 . 9  S a g i t t a l  s e c t i o n  o f  t h e  c a u d a l  

r e g i o n  o f  a n o r s e  head w i t h  t h e  

n a s a l  sep tum  removed.

1. D o r s a l  n a s a l  concha

2. V e n t r a l  n a s a l  concha

3. E th m o id a l  conchae

4.  F r o n t a l  s i n u s

5. M idd le  c o n c h a l  s i n u s

6. S p h e n o p a l a t i n e  s i n u s

(290 )





F i g .  2 .1 0  S a g i t t a l  s e c t i o n  o f  a h o r s e  head 

w i t h  t h e  n a s a l  sep tum  removed:  

c a u d a l  n a s a l  c a v i t y  and t h e  

n a so p h a ry n x .

1. E th m o id a l  conchae

2. S p h e n o p a l a t i n e  s i n u s

3.  Vomer

4 .  S o f t  p a l a t e

5. Oropharynx

6 .  G u t t u r a l  pouch 

S t y l o h y o i d  bone  ( A s te r i s k )  

P h a r y n g e a l  o p e n in g  o f  t h e  

a u d i t o r y  t u b e  (Arrow)

7. E p i g l o t t i c  c a r t i l a g e

8 .  A r y t e n o i d  c a r t i l a g e

(291)





F i g .  2 .1 1  T r a n s v e r s e  s e c t i o n  o f  a h o r s e

head  a t  t h e  l e v e l  o f  t h e  o c c i p i t a l

c o n d y le s  ( l o o k in g  f o r w a r d ) .

1. O c c i p i t a l  c o n d y le s

2.  Foramen magnum

3.  R ig h t  g u t t u r a l  pouch (m ed ia l  

compartment)

4 .  S ty lo h y o id  bone

5. L a t e r a l  r e t r o p h a r y n g e a l  

lymph nodes

6.  M and ib u la r  s a l i v a r y  g lan d

7. P a r o t i d  s a l i v a r y  g la n d

8.  Pharynx (D o rsa l  s u r f a c e )

9. E x t e r n a l  c a r o t i d  a r t e r y  

I n t e r n a l  c a r o t i d  a r t e r y  w i t h  

c r a n i a l  n e r v e s  IX -  X II  (Arrow)

(292)





F i g .  2 .1 2  Diagram o f  t h e  l a r y n g e a l

c a r t i l a g e s  o f  t h e  h o r s e .

1 .  E p i g l o t t i c

2. Cuneiform

3 .  T hyro id

4 .  A r y te n o id

5.  C o r n i c u l a t e  p r o c e s s  o f  t h e  

a r y t e n o i d

6 .  C r i c o i d

T rac h ea  ( A s t e r i s k )

F i g .  2 .13  S a g i t t a l  s e c t i o n  o f  a h o r s e  l a r y n x .

1.  E p i g l o t t i c  c a r t i l a g e

2 .  A r y t e n o id  c a r t i l a g e  

C o r n i c u l a t e  p r o c e s s  ( A s t e r i s k )

3 .  T h y ro id  c a r t i l a g e

4 .  C r i c o i d  c a r t i l a g e

5. V e s t i b u l a r  f o l d

6 .  V o ca l  f o l d

L a t e r a l  v e n t r i c l e  (Arrow)

7. A r y e p i g l o t t i c  f o l d

8 .  I n f r a g l o t t i c  c a v i t y

9. F i r s t  t r a c h e a l  c a r t i l a g e

(293)





F i g .  2 .1 4  D o r s a l  v iew o f  h o r s e  lu n g s  and 

t r a c h e a .

1. T rac h ea

2.  L e f t  c r a n i a l  l o b e

3 .  L e f t  c a u d a l  lo b e

(294)





F i g .  2 .1 5  D o r s a l  v iew  o f  t h e  r i g h t  lung  

o f  a h o r s e .

1. T rachea

2. C r a n i a l  l o b e

3 .  Caudal  l o b e

4.  A c c e s s o r y  l o b e

(295)





F i g .  2 .1 6  R ig h t  lu n g  o f  a h o r s e  w i t h  t h e  

main b r o n c h i  open ed .

1. P r i n c i p a l  b r o n c h u s

2. C r a n i a l  l o b a r  b ro n c h u s

3.  A c c e s s o ry  l o b a r  b r o n c h u s

4.  Caudal  l o b a r  b ro n c h u s  

Segm enta l  b r o n c h i  (Arrows)

(296)
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F i g .  4 .1  Diagram  o f  a s a g i t t a l

s e c t i o n  o f  a h o r s e  head 

w i t h  i n t a c t  n a s a l  septum.

1. Region  sampled

(297)





Diagram o f  a s a g i t t a l  s e c t i o n  o f  

a h o r s e  head  w i t h  t h e  n a s a l  

septum rem o v e d , showing t h e  

a r e a s  o f  t h e  n a s a l  c a v i t y ,  

n a so p h a ry n x  and l a r y n x  sampled .

2. V e n t r a l  n a s a l  concha

3. B a s a l  f o l d  o f  v e n t r a l  n a s a l  

concha

4 /5  D o r s a l  n a s a l  concha and 

c o n c h o f r o n t a l  s i n u s  

6. N asopharynx  

7 /8  P h a r y n g e a l  open ing  o f  t h e  

a u d i t o r y  t u b e

9. G u t t u r a l  pouch

10. E p i g l o t t i s

11. V e n t r a l  l a r y n x

E. E th m o id a l  conchae

(298)
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F i g .  4 .3  N asa l  sep tum. A low power view

of  t h e  s u r f a c e  w i t h  numerous 

d u c t  o r i f i c e s  o f  t h e  u n d e r l y i n g  

mucosal  g l a n d s .

SEM x 160

F i g .  4 . 4  N a sa l  septum. S u r f a c e  c e l l s

w i t h  d i s t i n c t  b o u n d a r i e s  g i v e  a 

" c o b b l e s t o n e "  a p p e a r a n c e  t o  t h e  

e p i t h e l i u m .  Note  t h e  mucus- 

s e c r e t i n g  c e l l s  (A r ro w s ) .

SEM x 1,280

(299)





F i g .  4 . 5  N a s a l  septum. The " c o b b l e s t o n e "

e p i t h e l i u m  o f  m i c r o v i l l o u s  c e l l s  

w i t h  d i s t i n c t  b o u n d a r i e s  (A r ro w s ) . 

Note  t h e  m u c u s - s e c r e t i n g  c e l l s  (M) 

on t h e  r i g h t .

SEM x 2 ,5 0 0  and 5 ,0 0 0

F i g .  4 . 6  N a sa l  septum. Two m u c u s - s e c r e t i n g

c e l l s  i n  t h e  i n i t i a l  s t a g e s  o f  

d e v e lo p m e n t .  A c e l l  w i t h  a dome

shaped c e n t r a l  a r e a  ( l e f t ) . A 

second c e l l  shows mucous d r o p l e t s  

v i s i b l e  t h r o u g h  t h e  s u r f a c e  c e l l  

membrane o f  i t s  b u l g i n g  c e n t r a l  

a r e a  ( r i g h t ) .

SEM x 10 ,000

(300)





N a s a l  sep tum. Mucus s t r e a m s  

from t h e  c e n t r e  o f  a 

d i s c h a r g i n g  c e l l .

Note  t h e  s p a r s e  s u r f a c e  m i c r o v i l l  

o f  t h e  mucous c e l l  compared w i t h  

s u r r o u n d i n g  c e l l s .

SEM x 1 0 ,000

N a s a l  septum. D isc h a rg e d  

mucus c o l l e c t s  t o  form a s h e e t  

c o v e r i n g  t h e  s u r f a c e .

SEM x 5 ,0 00

(301)





F i g .  4 .9  N a sa l  sep tum .  A f t e r  d i s c h a r g e

o f  mucus, c e l l s  a p p e a r  empty w i t h  

s u r f a c e  p o r e s  and c r a t e r s  (A r r o w s ) . 

Note  a l s o  t h e  p r e s e n c e  o f  

d e v e l o p i n g  mucous c e l l s  (M).

SEM x 5 ,0 0 0

F i g .  4 .1 0  N a s a l  sep tum .  A f i n a l  s t a g e  i n  

t h e  c y c l e  o f  mucus s e c r e t i o n .

A smooth r a i s e d  edge o f  t h e  

s u r f a c e  c e l l  membrane s u r r o u n d s  

a c e n t r a l  d e p r e s s e d  a r e a  w i t h  

s p a r s e  m i c r o v i l l i  i n  c e l l s  i n  

t h e  p r o c e s s  o f  r e g e n e r a t i o n .

SEM x 5 ,0 0 0

302)





F i g .  4 .1 1  N a sa l  sep tum .  S p a r s e l y  c i l i a t e d  

c e l l s  a r e  p r e s e n t  among t h e  more 

numerous m i c r o v i l l o u s  c e l l s .

SEM x 1 ,5 0 0

F i g .  4 .1 2  V e n t r a l  n a s a l  co n ch a .  C i l i a t e d  

c e l l s  w i t h  w e l l  dev e lo p ed  c i l i a  

and m i c r o v i l l o u s  c e l l s .

Note t h e  f i n e  s t r a n d s  o f  mucus 

on t h e  s u r f a c e  o f  t h e  c i l i a  (Arrows) 

SEM x 5 ,0 0 0

(303)





F i g .  4 .13  B a s a l  f o l d  o f  t h e  v e n t r a l  n a s a l  

c o n c h a . A low power v iew  t o  

show t h e  t h r e e  d i s t i n c t  s u r f a c e  

a r e a s .

1. Squamous s u r f a c e  c e l l s  and 

p r o j e c t i n g  h a i r s  (Arrows)

2.  Narrow h a i r l e s s  squamous a r e a

3.  Deeply f o l d e d  s u r f a c e  o f  t h e  

n a s a l  mucosa.

SEM x 160

F i g .  4 . 1 4  B a s a l  f o ld  o f  t h e  v e n t r a l  n a s a l  

c o n c h a . Squamous c e l l s  w i t h  

s u r f a c e  m i c r o p l i c a e .

SEM x 10 ,000

(304)





F i g .  4 .1 5  B a s a l  f o l d  o f  t h e  v e n t r a l  

n a s a l  concha .  Squamous 

s u r f a c e  c e l l s  and numerous 

p r o t r u d i n g  h a i r s  i n  t h e  most  

r o s t r a l  a r e a .  (1 i n  F i g .  4 . 1 3 ) .  

SEM x 160

F i g .  4 .1 6  B a s a l  f o l d  o f  t h e  v e n t r a l

n a s a l  concha .  A h i g h  power 

view o f  t h e  r o s t r a l  h a i r y  

a r e a .  Note t h e  s u r f a c e  

mucus (M) which  has  t r a p p e d  

desquam ated  s u r f a c e  c e l l s ,  

RBCs and o t h e r  d e b r i s .

SEM x 1 ,2 8 0

(305)





F i g .  4 .1 7  B a s a l  f o l d  o f  t h e  v e n t r a l  n a s a l

c o n c h a .  Arrows i n d i c a t e  t h e  a b r u p t  

j u n c t i o n  be tw een  t h e  h a i r l e s s  

squamous a r e a  and t h e  n a s a l  mucosa 

p r o p e r  w here  t h e  b u l g i n g  s u r f a c e  

c e l l s  g i v e  a " c o b b l e s t o n e ” 

a p p e a r a n c e  t o  t h e  e p i t h e l i u m .

SEM x 1 ,2 8 0

F i g .  4 .1 8  D o r s a l  n a s a l  concha .  A s h e e t  o f  

mucus p a r t i a l l y  o b s c u r e s  t h e  

s u r f a c e .  N o n c i l i a t e d  c e l l s  among 

t h e  c i l i a t e d  c e l l s  g iv e  a 

c h a r a c t e r i s t i c  "m o th -e a te n "  

a p p e a r a n c e  t o  t h e  s u r f a c e .

SEM x 1 ,2 8 0

(306)





F i g .  4 .1 9  D o r s a l  n a s a l  co n ch a .  The 

n o n c i l i a t e d  c e l l s  a c t i v e l y  

d i s c h a r g i n g  mucus (arrow) on 

t h e  l e f t , o r  may be  f l a t  w i t h  

s p a r s e  m i c r o v i l l i  ( r i g h t ) .

SEM x 5 ,0 0 0

F i g .  4 .2 0  C o n c h o f r o n t a l  s i n u s .  Large  

p a t c h e s  o f  n o n c i l i a t e d  

m i c r o v i l l o u s  c e l l s  i n t e r r u p t  

t h e  c i l i a t e d  s u r f a c e .

SEM x 2 ,5 0 0

(307)





F i g .  4 .2 1  N asopharynx ,  showing t h e  d e e p ly  

fo ld e d  m ucosa l  s u r f a c e .

SEM x 80

F i g .  4 .2 2  N asopharynx ,  c i l i a t e d  c e l l s

and m u c u s - s e c r e t i n g  c e l l s  (A rrow s) . 

Note  t h e  t h i c k  s t r a n d s  o f  

mucus (M) a d h e r i n g  t o  t h e  

s u r f a c e .

SEM x 5 ,0 0 0

(308)





F i g .  4 .2 3  Nasopharynx .  A m i x t u r e  o f

c i l i a t e d  and n o n c i l i a t e d  c e l l s .  

The l a t t e r  v a ry  i n  s i z e  and shape  

and a r e  s tud d e d  w i t h  numerous 

m i c r o v i l l o u s  p r o c e s s e s .  T h is  

s u r f a c e  i s  s i m i l a r  t o  t h a t  o f  t h e  

n a s a l  septum, i l l u s t r a t e d  i n  

F i g .  4 . 1 1 .

SEM x 1 ,3 00

F i g .  4 . 2 4  Nasopharynx.  A l a r g e  p a t c h  o f  

n o n c i l i a t e d  m i c r o v i l l o u s  c e l l s  

w i t h  a c e l l  d i s c h a r g i n g  mucus i n  

t h e  c e n t r e  o f  t h e  p i c t u r e .

SEM x 2 ,500

(309)





F i g .  4 .2 5  L a t e r a l  s u r f a c e  o f  t h e

p h a r y n g e a l  open ing  o f  t h e  

a u d i t o r y  t u b e .  Many d i s c h a r g i n g  

mucous c e l l s  p r o t r u d e  b e tw een  

t h e  c i l i a t e d  c e l l s .

SEM x 2 ,5 0 0

F i g .  4 .2 6  L a t e r a l  s u r f a c e  o f  t h e

p h a r y n g e a l  open ing  o f  t h e  

a u d i t o r y  t u b e .  P a t c h e s  o f  

c i l i a t e d  c e l l s  and n o n c i l i a t e d  

m i c r o v i l l o u s  c e l l s  g i v e  a 

s u r f a c e  a p p e a ra n c e  s i m i l a r  t o  

t h a t  o f  t h e  na so p h a ry n x  and 

n a s a l  sep tum . (See F i g .  4 . 2 3 ,  

F i g .  4 . 1 1 ) .

SEM x  2 , 5 0 0

(310)





F i g .  4 .2 7  G u t t u r a l  pouch.  A low power

view o f  t h e  f o ld e d  s u r f a c e .  

SEM x 160

F i g .  4 .2 8  G u t t u r a l  pouch.  Numerous mucus-

s e c r e t i n g  c e l l s  (Arrows) b u l g e  

from t h e  s u r f a c e  be tw een  c i l i a t e d  

c e l l s •

SEM x 5 ,0 0 0

(311)





F i g .  4 .2 9  G u t t u r a l  pouch .  The r e g u la r ly -  

fo ld e d  m u co sa l  s u r f a c e  i s  

i n t e r r u p t e d  by  a w e l l  d e f i n e d  

p r o t r u b e r a n t  smooth a r e a .

SEM x 80

F i g .  4 . 3 0  G u t t u r a l  pouch .  A h i g h  power

view o f  t h e  c e n t r e  o f  t h e  smooth 

a r e a  i l l u s t r a t e d  i n  F i g .  4 .2 9 ,  

showing c i l i a t e d  c e l l s  and 

m i c r o v i l l o u s  c e l l s .

SEM x 5 ,0 0 0

(312)





F i g .  4 .3 1  E p i g l o t t i s .  S m a l l ,  rounded  c e l l s

w i t h  d i s t i n c t  b o u n d a r i e s  g i v e  a 

" c o b b l e s t o n e ” a p p e a r a n c e  t o  t h e  

e p i t h e l i u m  v e r y  s i m i l a r  t o  t h a t  o f  

r o s t r a l  n a s a l  c a v i t y  s u r f a c e s  (See 

F i g .  4 . 4 ) .

Mucus (M) f lo w s  from a g la n d  d u c t  

o r i f i c e .

SEM x 640

F i g .  4 .3 2  E p i g l o t t i s .  A h i g h  power view o f  

t h e  s u r f a c e  m i c r o v i l l o u s  c e l l s .  

Note t h e  d i s t i n c t  c e l l  b o u n d a r i e s  

(Arrows) and a d e v e l o p i n g  mucous 

c e l l  (M) w i t h  s p a r s e  m i c r o v i l l i .  

SEM x 1 0 ,000

(313)





F i g .  4 .33  E p i g l o t t i s .  A s i n g l e

c i l i a t e d  c e l l  among t h e  

m i c r o v i l l o u s  c e l l s .

SEM x 5 ,0 0 0

F i g .  4 .3 4  V e n t r a l  l a r y n x .  The l a r y n g e a l  

s u r f a c e , c a u d a l  t o  t h e  g l o t t i s ,  

was c h a r a c t e r i z e d  by r e g u l a r ,  

p a r a l l e l  f o l d s .

SEM x 160

(314)





F i g .  4 .35  V e n t r a l  l a r y n x ,  c i l i a t e d  c e l l s ,  

w i t h  w e l l  d e v e lo p ed  c i l i a , 

c o v e r  t h e  s u r f a c e .  An o c c a s i o n a l  

m u c u s - s e c r e t i n g  c e l l  (M) may be  

s e e n .

SEM x 1 0 ,0 0 0

F i g .  4 .3 6  V e n t r a l  l a r y n x .  P a t c h e s  o f

m i c r o v i l l o u s  c e l l s  w i t h  a few 

c i l i a t e d  c e l l s  among them w ere  

s e e n  i n  some h o r s e s .

SEM x 5 ,0 0 0

(315)





F i g .  4 .3 7  N a sa l  s ep tum .  The e p i t h e l i u m  i s  

s t r a t i f i e d  c u b o i d a l .  Some o f  t h e  

s u r f a c e  c e l l s  s e c r e t e  n e u t r a l  o r  

mixed s t a i n i n g  mucus (A rrow s) . 

T here  a r e  numerous s e r o u s  

s e c r e t i n g  m ucosa l  g l a n d s  (G) and 

t h e i r  d u c t s  (D ) . The l a t t e r  

a r e  l i n e d  by  mucous c e l l s  c l o s e  

t o  t h e  s u r f a c e .

AB-PAS x 180

F i g .  4 .3 8  N a s a l  sep tum .  S t r a t i f i e d

c u b o i d a l  e p i t h e l i u m  w i t h  a g la n d  

d u c t  (D) l i n e d  by n e u t r a l  and 

mixed s t a i n i n g  mucous c e l l s .

The o u t e r  e p i t h e l i a l  c e l l s  

b u l g e  from t h e  s u r f a c e  and some 

s e c r e t e  mucus (A r ro w s ) . These  

f e a t u r e s  w ere  a l s o  n o ted  w i t h  SEM 

(See F i g s .  4 . 4  and 4 . 5 ) .

AB-PAS x  4 0 0

(316)
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F i g .  4 .3 9  B a sa l  f o l d  o f  t h e  v e n t r a l  n a s a l  

concha .  K e r a t i n i z e d  s t r a t i f i e d  

squamous e p i t h e l i u m  o f  t h e  

n a s a l  v e s t i b u l e .  Note  t h e  h a i r  

f o l l i c l e s  (Arrows) w i t h  a s s o c i a t e d  

seb ac eo u s  (s) g l a n d s .

HE x 180

F i g .  4 . 4 0  B a s a l  f o l d  o f  t h e  v e n t r a l  n a s a l

concha .  The j u n c t i o n  be tw een  t h e  

k e r a t i n i z e d  s t r a t i f i e d  squamous 

e p i t h e l i u m  (S) o f  t h e  n a s a l  

v e s t i b u l e  and t h e  s t r a t i f i e d  

c u b o id a l  e p i t h e l i u m  (C) o f  t h e  

n a s a l  mucosa i s  a b r u p t  (A rrow ) . 

T h is  f e a t u r e  was a l s o  o b v iou s  

w i t h  SEM ( F ig .  4 .1 7 )  and i n  t h e  

g r o s s  spec im en  (F ig .  2 . 6 ) .

HE x  180

(317)
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F i g .  4 . 4 1  D o r s a l  n a s a l  c o n ch a .  Showing 

p s e u d o s t r a t i f i e d  co lum nar  

c i l i a t e d  e p i t h e l i u m  w i t h  mucous 

c e l l s  ( r e s p i r a t o r y  e p i t h e l i u m )  

which  covered  s u r f a c e s  i n  t h e  

canadal n a s a l  c a v i t y /  g u t t u r a l  

pouches  and v e n t r a l  l a r y n x  and 

was a l s o  p r e s e n t  on some 

n a s o p h a r y n g e a l  s u r f a c e s .

HE x 250

F i g .  4 .4 2  D o r s a l  n a s a l  co n ch a .  The

numerous m u c u s - s e c r e t i n g  c e l l s  

c o n t a i n  m o s t ly  mixed 

m u co su b s tan c es  (A r r o w s ) . 

AB-PAS x 250

(318)





F i g .  4 .4 3  N asopharynx .  S t r a t i f i e d

c u b o i d a l  t y p e  o f  e p i t h e l i u m  

w i t h  a s u b - e p i t h e l i a l  

a g g r e g a t i o n  o f  lym phocy tes  

(Arrows) .

HE x 250

(319)
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F i g .  4 .4 4  O l f a c t o r y  e p i t h e l i u m .  A

t a n g l e d  mass o f  c i l i a  c l o t h e  

t h e  s u r f a c e .  A few o l f a c t o r y  

v e s i c l e s  can  be  se en  (A r r o w s ) . 

SEM x 2 /5 0 0

F i g .  4 .45  O l f a c t o r y  e p i t h e l i u m .  Many 

g la n d  d u c t s  open on t h e  

s u r f a c e  (A r ro w s ) . Note  t h e  

numerous s e c r e t o r y  d r o p l e t s .  

SEM x 640

(320)





F i g .  4 .4 6  O l f a c t o r y  e p i t h e l i u m .  At 

h i g h e r  power t h e  o l f a c t o r y  

v e s i c l e s  (Arrows) a r e  more 

o b v i o u s .

SEM x 1 0 /0 0 0

F i g .  4 .4 7  O l f a c t o r y  m ucosa .  The t h i c k  

p s e u d o s t r a t i f i e d  columnar 

o l f a c t o r y  e p i t h e l i u m  (E) c o v e r s  

t h e  s u r f a c e .  The numerous 

g l a n d s  (Arrows) c o n t a i n  

a l c i a n o p h i l i c  g r a n u l e s .

AB-PAS x 180

(321)
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C H A P T E R 5



Diagram o f  a s a g i t t a l  s e c t i o n  

o f  a h o r s e  head w i t h  t h e  n a s a l  

sep tum  a lm o s t  c o m p le t e ly  

removed t o  show t h e  l e v e l s  i n  

t h e  n a s a l  c a v i t y  w hich  were  

s a m p le d .

1. 1cm r o s t r a l  t o  t h e  a n g l e  

be tw een  t h e  b a s a l  and a l a r  

f o l d s  o f  t h e  v e n t r a l  n a s a l  

concha

2. The c a u d a l  b o r d e r  o f  t h e  

c a r t i l a g e  s u p p o r t i n g  t h e  

a l a r  f o l d

3 -8  The r o s t r a l  b o r d e r  o f  t h e  

f i r s t  t o  s i x t h  cheek  t o o t h  

r e s p e c t i v e l y .

(322)





F i g .  5 .2  Diagram o f  a s a g i t t a l  s e c t i o n  

o f  a h o r s e  head  w i t h  t h e  n a s a l  

sep tum  (Red) a lm o s t  completely- 

removed .

A. N a s a l  septum

B. V e n t r a l  n a s a l  concha

B l .  B a s a l  f o l d  o f  t h e  v e n t r a l  

n a s a l  concha 

B2. A l a r  f o l d  o f  t h e  v e n t r a l  

n a s a l  concha

C. D o r s a l  n a s a l  concha

(3 23)





F i g .  5 . 3  D iagram o f  a s a g i t t a l  s e c t i o n

o f  a h o r s e  head  w i t h  t h e  n a s a l  

septum i n t a c t .

L e v e ls  i n d i c a t e d  a s  i n  F i g .  5 . 1 .  

G rad u a ted  c o l o u r  t o  i l l u s t r a t e  

t h e  e x t e n t  o f  s u r f a c e  c i l i a t i o n .  

W hite  i n d i c a t e s  n o n c i l i a t e d  

s u r f a c e .

Deep p in k  i n d i c a t e s  a lm o s t  

c o m p l e t e ly  c i l i a t e d  s u r f a c e .  

Yellow i n d i c a t e s  a r e a  o f  

o l f a c t o r y  e p i t h e l i u m .

(324)





F i g .  5 . Diagram o f  a s a g i t t a l  s e c t i o n  

o f  a h o r s e  head  w i t h  t h e  n a s a l  

septum a lm o s t  c o m p l e t e l y  

removed t o  show t h e  n a s a l  

conchae (see  F i g .  5 . 2 ) .

L e v e ls  i n d i c a t e d  a s  i n  F i g .  5 . 1 .  

G radua ted  c o l o u r  t o  i l l u s t r a t e  

t h e  e x t e n t  o f  s u r f a c e  c i l i a t i o n .  

W hite  i n d i c a t e s  n o n c i l i a t e d  

s u r f a c e .

Red i n d i c a t e s  c o m p l e t e l y  

c i l i a t e d  s u r f a c e .

Yellow i n d i c a t e s  a r e a  o f  

o l f a c t o r y  e p i t h e l i u m .

(325)
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F i g .  5 .5

F i g .  5.

N a s a l  sep tum. M i c r o v i l l o u s  

c e l l s  w i t h  d i s t i n c t  c e l l  

b o r d e r s  b u l g e  from t h e  s u r f a c e  

and g i v e  a " c o b b l e s t o n e "  

a p p e a r a n c e  t o  t h e  e p i t h e l i u m .

A few mucous c e l l s  (M) a r e  

p r e s e n t .

SEM x 5 ,0 0 0

6 D o r s a l  n a s a l  concha .  The 

s u r f a c e  i s  covered  by 

m i c r o v i l l o u s  c e l l s .  Note  t h e  

c o n s p ic u o u s  g lan d  d u c t  

o p e n in g  (A rrow).

SEM x 2 ,5 0 0

(326)





N a s a l  sep tum .  Mucous c e l l s .

On t h e  l e f t  a s m a l l  mucous 

d r o p l e t  oo zes  from t h e  c e n t r e  

o f  t h e  c e l l  (Arrow).

L a t e r  i n  t h e  s e c r e t o r y  c y c l e  

mucus b u l g e s  from t h e  c e l l  ( t o p  

r i g h t )  and a second mucous c e l l  

be low i s  i n  t h e  p r o c e s s  o f  

d i s c h a r g e .

SEM x 1 0 ,0 0 0

N a s a l  sep tum .  Mucous c e l l s .  

F o l l o w i n g  on from F i g .  5 . 7 ,  

t h e  c e l l  on t h e  l e f t  h a s  a lm o s t  

c o m p le ted  s e c r e t i o n .  The f i n a l  

mucous d r o p l e t s  (M) a r e  

e x t r u d e d  l e a v i n g  a c e n t r a l  

c r a t e r  s u r ro u n d e d  by t h e  

r e m n a n ts  o f  t h e  c e l l  membrane. 

The l a t t e r  forms a smooth r a i s e d  

edge  and t h e  c e l l  s u b s e q u e n t l y  

r e g e n e r a t e s  (Right)  .

(327)





F i g .  5 .9  D o r s a l  n a s a l  co n cha .  A s i n g l e

c i l i a t e d  c e l l  among m i c r o v i l l o u s  

c e l l s .

SEM x 1 0 ,0 0 0

F i g .  5 .1 0  N a s a l  sep tu m .  An a g g r e g a t i o n  

o f  ly m p h o c y te s  (L) l i e s  below 

t h e  s t r a t i f i e d  c u b o i d a l  

e p i t h e l i u m .  Note t h e  numerous 

g lan d  d u c t s  (A rro w s ) .

HE x 180

(328)





F i g .  5 .1 1  V e n t r a l  n a s a l  c o n c h a .  S p a r s e l y  

c i l i a t e d  c e l l s  among 

m i c r o v i l l o u s  c e l l s .

SEM x 5 ,0 0 0

F i g .  5 .12  N a sa l  sep tum . M i c r o v i l l o u s  

c e l l s  and many mucous c e l l s  

i n  v a r i o u s  s t a g e s  o f  s e c r e t i o n .

1. D e v e lo p in g

2. E a r l y

3.  A c t i v e

4 .  Completed 

SEM x 5 ,0 0 0

(329)





F i g .

F i g .

5 .13  N a s a l  septum. C i l i a t e d  c e l l s  

and m i c r o v i l l o u s  c e l l s .  

A l th o u g h  s t i l l  r e l a t i v e l y  

s p a r s e ,  t h e  c i l i a  a r e  more 

l u x u r i a n t  t h a n  t h o s e  i n  

F i g .  5 .1 1 .

SEM x 5 ,000

5 .1 4  V e n t r a l  n a s a l  c o n ch a .  W ell  

c i l i a t e d  s u r f a c e  c e l l s  and 

i n t e r v e n i n g  mucous c e l l s  (M). 

SEM x 5 ,000

(330)





F i g .  5 .15  N a s a l  sep tum . B a s a l  c e l l s  (B) 

r e s t  on t h e  t h i n  b a s a l  lam ina  

(Arrows) . Note a lym phocy te  (L) 

i n  t h e  p r o c e s s  o f  m i g r a t i n g  

t h r o u g h  t h e  e p i t h e l i u m .

TEM x 5 ,4 0 0

F i g .  5 .1 6  N a s a l  sep tum. A b a s a l  c e l l  

w i t h  a d e e p l y  i n d e n t e d  

n u c l e u s  (N) and f i n e  l a t e r a l  

c y t o p l a s m i c  p r o c e s s e s  ( A r r o w s ) . 

Desmosomes j o i n  a d j a c e n t  c e l l s  

(Sm all  a r r o w s ) .

TEM x 10 ,00 0

(331)





F i g .  5 .17  N a s a l  sep tu m .  I n t e r m e d i a t e  

c e l l s  w i t h  i r r e g u l a r  n u c l e i  

form a l a y e r  s e v e r a l  c e l l s  d e e p .  

TEM x 5 ,4 0 0

F i g .  5 .18  N a s a l  sep tum .  P o ly g o n a l

i n t e r m e d i a t e  c e l l s  i n  t r a n s v e r s e  

s e c t i o n .  Many c y to p la s m ic  

p r o j e c t i o n s  ex te n d  from t h e  c e l l  

b o r d e r s .  Desmosomes (Arrows) 

j o i n  a d j a c e n t  c e l l s .

TEM x 8 ,0 0 0

(332)



I k s  • ” '  - • v *£  *

S& * £

Wy’1 iarfc



F i g .  5 .1 9  N a sa l  sep tum .  S u r f a c e  c e l l s .

A m i c r o v i l l o u s  c e l l  (M) w i t h  

p a r t  o f  i t s  n u c l e u s  (N) and 

an a d j a c e n t  s e c r e t o r y  (mucous) 

c e l l  ( S ) .

TEM x 1 0 ,0 0 0

F i g .  5 .2 0  N a sa l  sep tum .  M i c r o v i l l o u s  c e l l s  

b u lg e  from t h e  s u r f a c e  and 

c o r r e sp o n d  t o  s i m i l a r  c e l l s  

viewed w i t h  SEM (se e  F i g .  5 . 5 ) .  

L a t e r a l  c y t o p l a s m i c  p r o c e s s e s  o f  

a d j a c e n t  c e l l s  i n t e r d i g i t a t e  and 

a r e  j o i n e d  i n  p l a c e s  by 

desmosomes.

TEM x  1 0 , 0 0 0

(333)





F i g .  5 .2 1  N a sa l  septum. A t i g h t  j u n c t i o n  

(Arrow) j o i n s  a d j a c e n t  

m i c r o v i l l o u s  c e l l s  a t  t h e i r  

lum enal  s u r f a c e .

TEM x 20 ,0 0 0

F i g .  5 .22  N a sa l  septum. A narrow,  more

e l e c t r o n  d e n se  c e l l  sandwiched 

be tw een  two o t h e r  m i c r o v i l l o u s  

c e l l s .  The m i c r o v i l l i  on t h e  

fo rm er  a r e  l o n g e r  and more 

e r e c t  t h a n  t h o s e  o f  a d j a c e n t  

c e l l s .

TEM x 1 3 ,400

(334)
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F i g .  5 . 2 3  N a s a l  s ep tu m .  M u c u s - s e c r e t i n g

s u r f a c e  c e l l s  w i t h  a m i c r o v i l l o u s  

c e l l  be tw een  them. The 

s e c r e t i o n  g r a n u l e s  (G) v a r y  i n  

e l e c t r o n  d e n s i t y .  The g r a n u l e s  

b u l g e  from t h e  s u r f a c e  i n  t h e  

c e l l  on t h e  l e f t ,  t h e  few 

s u r f a c e  m i c r o v i l l i  t e n d  t o  be  

p e r i p h e r a l  (A rro w s) . Compare 

w i t h  t h e  SEM a p p e a r a n c e  i n  

F i g .  5 .5  and F i g .  5 .7  

TEM x 8 ,0 0 0

F i g .  5 .2 4  N a s a l  septum. The s u r f a c e  c e l l  

membrane h a s  r u p t u r e d  (Arrows) 

and mucous g r a n u l e s  a r e  i n  t h e  

p r o c e s s  o f  b e in g  d i s c h a r g e d .

TEM x 20 ,000

(335)
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F i g .  5 . 2 5  N a s a l  s e p tu m .  A mucous c e l l

b e tw ee n  two m i c r o v i l l o u s  c e l l s -  

The fo rm er  h a s  a lm o s t  c o m p l e t e l y  

d i s c h a r g e d  i t s  g r a n u l e s  and t h e  

c e l l  s u r f a c e  i s  d e p r e s s e d  be low  

t h e  l e v e l  o f  a d j a c e n t  c e l l s .

Note  a lym phocy te  (L) m i g r a t i n g  

b e tw ee n  t h e  e p i t h e l i a l  c e l l s .

TEM x 1 6 ,0 0 0

F i g .  5 .26  N a s a l  sep tum .  The rem n an ts  

o f  t h e  s u r f a c e  c e l l  membrane 

(Arrows) a r e  a lm o s t  a l l  t h a t  

r e m a in s  o f  a d i s c h a r g e d  mucous 

c e l l .  The f e a t u r e s  i l l u s t r a t e d  

i n  F i g .  5 .2 5  and F i g .  5 .2 6  a r e  

c o m p a rab le  w i t h  SEM f e a t u r e s  i n  

F i g .  5 .1 2  (4 ) .

TEM x  1 3 , 4 0 0

(336)





F i g .  5 .27  V e n t r a l  n a s a l  concha .  A c i l i a t e d  

c e l l  w i t h  t h e  n u c l e u s  (N) 

s i t u a t e d  w e l l  be low t h e  s u r f a c e .  

L a t e r a l  c y t o p l a s m i c  p r o c e s s e s  

i n t e r d i g i t a t e  w i t h  t h o s e  o f  an 

a d j a c e n t  m i c r o v i l l o u s  c e l l  (M) . 

TEM x 8 ,0 0 0

(337)





F i g .  5 .2 8  D o r s a l  n a s a l  c o n ch a .  P a r t  o f  

a c i l i a t e d  c e l l  on t h e  l e f t  

and an a d j a c e n t  m u c u s - s e c r e t i n g  

c e l l  (M). Note  t h e  

lym phocy tes  (L) m i g r a t i n g  

be tween t h e  e p i t h e l i a l  c e l l s .  

TEM x 8 ,0 0 0

(338)
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F i g .  6 . 1  D iagram  o f  a d o r s a l  v i e w  o f

t h e  t r a c h e a  and lu n g s  o f  a 

h o r s e  w i t h  t h e  sample s i t e s  

i n d i c a t e d  by b l a c k  s q u a r e s  f o r  

SEM and red  s q u a r e s  f o r  l i g h t  

m ic r o s c o p y .

1 and 2.  D o r s a l  and v e n t r a l  

t r a c h e a

3.  C r a n i a l  l o b a r  b ro n ch u s

4.  Caudal  l o b a r  b ro nchu s

5. Sm all  b ro n ch u s

6. 7 and 8 .  Lung s l i c e s .

(339)





F i g .  6 . 2  T r a c h e a .  The r e g u l a r l y  f o l d e d

e p i t h e l i a l  s u r f a c e  ( l e f t )  

c l o t h e d  w i t h  a c a r p e t  o f  c i l i a  

( r i g h t ) .

SEM x 80 and x 5 ,0 0 0

F i g .  6 .3  T r a c h e a .  M u c u s - s e c r e t i n g  c e l l s

(Arrows) among t h e  c i l i a t e d  c e l l s .  

Note t h a t  t h e  fo rm er  have  s p a r s e  

s u r f a c e  m i c r o v i l l i  and mucous 

d r o p l e t s  a r e  v i s i b l e  th r o u g h  

t h e  s u r f a c e  c e l l  membrane.

SEM x 1 0 ,0 0 0

(340)





F i g .  6 . 4  T r a c h e a .  F r a c t u r e d  e d g e  o f  t h e

e p i t h e l i u m  showing c i l i a t e d  

c e l l s  (C) and m u c u s - s e c r e t i n g  

c e l l s  (M). The l a t t e r  a r e  packed 

w i t h  mucous d r o p l e t s .

SEM x 10 ,000

F i g .  6 . 5  T rac h ea .  C i l i a t e d  c e l l s

su r r o u n d in g  a p a t c h  o f  n o n c i l i a t e d  

m i c r o v i l l o u s  c e l l s  w i t h  d i s t i n c t  

b o u n d a r i e s .

SEM x 5 ,0 00

(341)





F i g .  6 . 6  Lobar b r o n c h u s .  T h i c k  s t r a n d s

o f  mucus (Arrows) p a r t i a l l y  

o b s c u r e  t h e  w e l l  c i l i a t e d  

s u r f a c e .

SEM x 5 ,0 0 0

F i g .  6 . 7  Lobar b r o n c h u s .  Many mucus-

s e c r e t i n g  c e l l s  (Arrows) 

b u l g e  from t h e  s u r f a c e  be tw een  

c i l i a t e d  c e l l s .

SEM x 5 ,0 0 0

(342)





F i g .  6 . 8  S m a l l  b r o n c h u s .  N o n c i l i a t e d

c e l l s  w i t h  s p a r s e  m i c r o v i l l i  l i e  

among t h e  more numerous c i l i a t e d  

c e l l s  and g iv e  a " m o th -e a te n "  

a p p e a r a n c e  t o  t h e  s u r f a c e .  T h i s  

r e s e m b l e s  c a u d a l  n a s a l  c a v i t y  

s u r f a c e s  (See F ig .  4 . 1 8 ) .

SEM x 2 ,5 0 0

F i g .  6 . 9  Sm all  b r o n c h u s .  A h i g h e r  power

v iew r e v e a l s  mucous d r o p l e t s  

(Arrows) below t h e  s u r f a c e  c e l l  

membrane o f  many n o n c i l i a t e d  

c e l l s .  Note t h a t  t h e i r  s p a r s e  

m i c r o v i l l i  t end  t o  be  p e r i p h e r a l .  

SEM x 1 0 ,000

(343)





F i g .  6 . 1 0  S m a l l  b r o n c h u s .  A f l a t

n o n c i l i a t e d  c e l l  ( A s t e r i s k )  

w i t h  s p a r s e  m i c r o v i l l i .  

A n o th e r  c e l l  b u l g e s  from t h e  

s u r f a c e  and e x t r u d e s  a 

d r o p l e t  o f  mucus (A rrow).

SEM x 1 0 ,0 0 0

(344)





F i g .  6 .1 1  Lung. I n t e r l o b u l a r  s e p t a e  

(Arrows) d i v i d e  t h e  lung  

parenchyma i n t o  l o b u l e s  

composed o f  many a l v e o l i .

Note t h e  s m a l l  b r o n c h i o l e  (B) . 

SEM x 80

F i g .  6 .12  Lung. Many a l v e o l i  su r ro u n d  

a sm a l l  b r o n c h i o l e  (B) which 

b r a n c h e s  fo rm in g  a t e r m i n a l  

b r o n c h i o l e  ( T ) . T h is  i n  t u r n  

l e a d s  i n t o  an  a l v e o l a r  d u c t  (D) . 

SEM x 160

(345)





F i g .  6 . 1 3  B r o n c h i o l e .  C i l i a t e d  c e l l s  and

n o n c i l i a t e d  b r o n c h i o l a r  e p i t h e l i a l  

(C lara )  c e l l s  p o p u l a t e  t h e  s u r f a c e .  

SEM x 5 ,0 00

F i g .  6 .1 4  B r o n c h io l e .  Some C la r a  c e l l s  

a r e  d i s t i n c t l y  dom e-shaped and 

p r o j e c t  from t h e  s u r f a c e  w h i l e  

o t h e r s  a r e  f l a t t e r .  Note  t h e  

s u r f a c e  w r i n k l e s  and c l e f t s  and 

s tu b b y  m i c r o v i l l i .

The c i l i a t e d  c e l l s  a r e  s p a r s e l y  

c i l i a t e d  and t h e i r  s u r f a c e  

m i c r o v i l l i  (Arrows) a r e  c l e a r l y  

v i s i b l e .

SEM x  1 0 , 0 0 0

(346)





F i g .  6 .1 5  Lung. Arrows i n d i c a t e  t h e  

a b r u p t  j u n c t i o n  b e tw een  a 

t e r m i n a l  b r o n c h i o l e  (T) and 

an  a l v e o l a r  d u c t  (D ) .

SEM x 320

F i g .  6 .1 6  B r o n c h i o l e / a l v e o l a r  d u c t  j u n c t i o n .

A C la r a  c e l l  ( A s t e r i s k )  and 

c i l i a t e d  c e l l s  (C) l i e  a d j a c e n t  t o  

a Type I  pneumocyte  (1) o f  t h e  

a l v e o l a r  membrane.

The c i l i a t e d  c e l l s  h a v e  s p a r s e ,  

t a n g l e d  c i l i a  and t h e  w r i n k l e d  

s u r f a c e  o f  t h e  Type I  pneumocyte  i s  

s tu d d e d  w i t h  s tu b b y  m i c r o v i l l o u s  

p r o c e s s e s .

SEM x  1 0 , 0 0 0

(347)





F i g .  6 . 1 7  A l v e o l a r  membrane. Type I

pneum ocytes  w i t h  d i s t i n c t  c e l l  

b o u n d a r i e s  (Arrows) cove r  t h e  

s u r f a c e  w h ich  i s  i n t e r r u p t e d  by 

3 a l v e o l a r  p o r e s  ( P ) .

A r e d  b lo o d  c o r p u s c l e  (R) l i e s  

on t h e  a l v e o l a r  s u r f a c e .

SEM x 5 ,0 0 0

F i g .  6 .1 8  A l v e o l a r  membrane. On t h e  l e f t  

a c a p i l l a r y  b u l g e s  from t h e  

s u r f a c e  c l o s e  t o  an a l v e o l a r  

p o r e .  S m a l l  m i c r o v i l l o u s  

p r o c e s s e s  a r e  p r e s e n t  on t h e  

s u r f a c e  o f  t h e  Type I  

p n e u m o c y te s .

SEM x  1 0 , 0 0 0

(348)





F i g .  6 . 1 9  A l v e o l a r  membrane. Type I

pneumocytes  (1) w i t h  d i s t i n c t  

b o u n d a r i e s  ( A r ro w s ) , 2 Type I I  

pneumocytes  (2) and an a d j a c e n t  

a l v e o l a r  m acrophage  (M) w i t h  

uneven s u r f a c e  p r o j e c t i o n s .

SEM x 5 ,0 0 0

F i g .  6 .2 0  A l v e o l a r  membrane. Type I  (1) 

and Type I I  (2) pneumocytes .

Note t h e  p e r i p h e r a l ,  s h o r t  

m i c r o v i l l i  o f  t h e  l a t t e r ,  w i t h  

a sm oother  c e n t r a l  a r e a  and s m a l l  

p o re s  (A r r o w s ) . An a l v e o l a r  

macrophage (M) i s  c l o s e  t o  t h e  

edge o f  an  a l v e o l a r  po re  ( P ) .

SEM x  1 0 , 0 0 0

(349)





F i g .

F i g .

6 . 2 1  A l v e o l a r  membrane. Type I
(

pneumocyte (1) w i t h  i r r e g u l a r  

s u r f a c e  and a few s t u b b y  

m i c r o v i l l o u s  p r o c e s s e s .

Type I I  (2) pneumocyte  w i t h  

many more s u r f a c e  m i c r o v i l l i  

e s p e c i a l l y  a t  t h e  p e r i p h e r y  o f  

t h e  c e l l .  Note  t h e  s u r f a c e  

po re  (Arrow) and a s m a l l  amount 

o f  s e c r e t i o n  ( A s t e r i s k ) .

SEM x 2 0 ,0 0 0

6 .22  A l v e o l a r  membrane. An a l v e o l a r  

macrophage (M) w i t h  lo n g  

c y to p l a s m i c  p r o c e s s e s  (Arrows) 

i s  e i t h e r  em erg in g  from or  

d e s c e n d in g  i n t o  an  a l v e o l a r  

p o r e .

SEM x  1 0 , 0 0 0

(350)





F i g .  6 .23  A l v e o l a r  membrane. An a v e o l a r  

macrophage w i t h  r u f f l e d  s u r f a c e  

and s l e n d e r  c y t o p l a s m i c  

p r o c e s s e s  f i l l s  an a l v e o l a r  

p o re  (Edge marked w i t h  a r r o w s ) . 

SEM x 10 ,000

F i g .  6 .2 4  A l v e o l a r  membrane. An

a l v e o l a r  macrophage w i t h  a 

r u f f l e d  edge and many 

c y to p l a s m i c  p r o c e s s e s  i s  s e e n  

c l o s e  t o  an a l v e o l a r  p o re  ( P ) . 

SEM x 10 ,000

(351)





F i g .  6 .25  Lung. A l v e o l a r  p o r e s  (Arrows) 

a r e  few i n  number i n  a 

young ,  2 y e a r s  o ld  h o r s e .

SEM x 640

F i g .  6 .2 6  Lung. Numerous a l v e o l a r

p o r e s  (Arrows) i n  an  o l d e r  

a n im a l  o f  15 y e a r s .

SEM x 320

(352)





F i g .  6 .2 7  Lung. The w r i n k l e d  s u r f a c e  o f  

t h e  p l e u r a  (P) c o v e r s  t h e  lun g  

p a re n ch y m a .

SEM x 160

F i g .  6 .2 8  The p l e u r a .  Many sm a l l

m i c r o v i l l i  c o v e r  t h e  s u r f a c e  o f  

t h e  p l e u r a l  c e l l s .  C e l l  

b o u n d a r i e s  a r e  i n d i s t i n c t  so 

i n d i v i d u a l  c e l l s  c ann o t  be 

d i s t i n g u i s h e d .

SEM x  5 , 0 0 0

(353)
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F i g .  6 .2 9  T ra c h e a .  T h ic k  p s e u d o s t r a t i f i e d  

columnar c i l i a t e d  e p i t h e l i u m  

w i t h  m u c u s - s e c r e t i n g  c e l l s  

c o v e r s  t h e  s u r f a c e .  A few 

i s o l a t e d  ly m p h o c y te s  a r e  p r e s e n t  

i n  t h e  lam in a  p r o p r i a  and w i t h i n  

t h e  e p i t h e l i u m  (A r ro w s ) .

HE x 400

F i g .  6 ,3 0  T ra c h e a .  Some mucus (Arrows)

l i e s  on t h e  e p i t h e l i a l  s u r f a c e .  

The m u c u s - s e c r e t i n g  c e l l s  

c o n t a i n  m o s t l y  mixed 

m u c o s u b s t a n c e s .

AB-PAS x  4 0 0

(354)





\

F i g .  6 .3 1  Lobar b r o n c h u s .  P s e u d o s t r a t i f i e d  

colum nar  c i l i a t e d  e p i t h e l i u m  w i t h  

many mucous c e l l s  c o v e r s  t h e  

s u r f a c e .  Sero-mucous g l a n d s  (G) 

and t h e i r  d u c t s  (D) a r e  p r e s e n t  

be low .

AB-PAS x 180

F i g .  6 .32  Lung. A t e r m i n a l  b r o n c h i o l e  (T)

l i n e d  by s im p le  c u b o i d a l  e p i t h e l i u m  

opens i n t o  an a l v e o l a r  d u c t  (A) .

HE x 180

(355)
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F i g .  6 .33  Lung. A s m a l l  b r o n c h i o l e  i n  

t h e  c e n t r e  o f  t h e  p i c t u r e  i s  

l i n e d  by c i l i a t e d  c e l l s  and 

n o n c i l i a t e d  C la r a  C e l l s  (A rro w s) . 

A few a l v e o l a r  m acrophages  

(Small  a r row s)  a r e  p r e s e n t  

w i t h i n  t h e  t h i n  w a l l e d  

a l v e o l i .

HE x 400

(356)





Sm all  b r o n c h u s ,  c i l i a t e d  

c e l l s  (C) and a mucus- 

s e c r e t i n g  c e l l  (M).

TEM x 5 ,4 0 0

Sm all  b r o n c h u s .  A mucous 

c e l l  l i e s  be tw een  two c i l i a t e d  

c e l l s .  Note  mucus d i s c h a r g i n g  

from t h e  fo rm er  (A rrow ) .

TEM x 10 ,0 00

(357)





F i g .  6 . 3 6  S m a l l  b r o n c h u s .  C i l i a t e d

c e l l s  (C) and mucous c e l l s  (M) 

e x te n d  from t h e  b a s a l  lam ina  

(Arrows) t o  t h e  s u r f a c e .  Note  

lym phocy tes  (L), l y i n g  i n s i d e  

t h e  b a s a l  lam in a ,  i n  t h e  p r o c e s s  

o f  p a s s i n g  th r o u g h  t h e  e p i t h e l i u m .  

TEM x 8 ,0 0 0

(358)





F i g .  6 .3  7 B r o n c h i o l e .  A C la r a  c e l l  (Arrow) 

b u l g e s  from t h e  s u r f a c e  a d j a c e n t  

t o  a c i l i a t e d  c e l l  (C) .

The e l e c t r o n  l u c e n t  c l e f t s  a r e  

p r o b a b l y  a r t e f a c t s  due t o  

d e l a y e d  f i x a t i o n .

TEM x 8 ,0 0 0

F i g .  6 .38  B r o n c h i o l e .  A t y p i c a l  C la ra

c e l l  p r o j e c t s  from t h e  s u r f a c e .  

Many e l e c t r o n  d e n se  g r a n u l e s  

a r e  p r e s e n t  i n  t h e  a p i c a l  

c y to p l a s m .  The c e l l  r e s t s  on 

t h e  b a s a l  lam ina  (A r ro w s ) .

TEM x 1 0 ,0 0 0

(359)





F i g .  6 . 3  9 B r o n c h i o l e .  A C la r a  c e l l  w i t h

ab undan t  smooth en d o p la sm ic  

r e t i c u l u m  c l e a r l y  v i s i b l e  i n  t h e  

c y to p la s m ,  p a r t i c u l a r l y  i n  t h e  

a p i c a l  p a r t  o f  t h e  c e l l  where 

t h e  d e n se  g r a n u l e s  a r e  s p a r s e .  

TEM x 1 6 ,0 0 0

(3 6 0 )





F i g .  6 . 4 0  A l v e o l a r  membrane. A few stubby- 

m i c r o v i l l o u s  p r o c e s s e s  (Arrows) 

p r o j e c t  from t h e  s u r f a c e  o f  t h e  

a t t e n u a t e d  Type I  pneumocyte  

c y to p la s m .  Note  t h a t  t h e  l a t t e r  

i s  c o n t in u o u s  round  t h e  edge o f  

an  a l v e o l a r  p o re  (A s te r i sk ) ,  

be tw een  t h e  a d j a c e n t  a l v e o l i  (A).

F i g .  6 .4 1  A l v e o l a r  membrane. A Type I I  

pneumocyte b u l g e s  i n t o  t h e  

a l v e o l u s  (A). Note  t h e  

c h a r a c t e r i s t i c  o s m i o p h i l i c  

i n c l u s i o n  b o d i e s  ( A r ro w s ) .

The a t t e n u a t e d  c y to p la s m  o f  a 

Type I  pneumocyte  c o v e r s  p a r t  o f  

t h e  Type I I  c e l l  and i s  j o i n e d  

t o  i t  by a t i g h t  j u n c t i o n  (Small  

a r r o w ) .

TEM x  1 3 , 4 0 0

(361)





F i g .

F i g .

6 .42  A l v e o l a r  membrane. A Type I I  

pneumocyte  w i t h  s h o r t  s u r f a c e  

m i c r o v i l l i  and o s m i o p h i l i c  

i n c l u s i o n  b o d i e s  (Arrows) .

Note  one o f  t h e  l a t t e r  e x t r u d i n g  

t h r o u g h  t h e  s u r f a c e  c e l l  

membrane (Small  a r r o w ) .

Compare t h i s  p i c t u r e  w i t h  t h e  

SEM a p p e a ra n c e  o f  Type I I  

pneumocytes  i n  F i g s .  6 . 2 0  and 6 .2 1 .  

TEM x 16 ,0 0 0

6 .4 3  A l v e o l a r  membrane. Two

Type I I  pneumocytes (2) l i e  

t o g e t h e r .  Compare t h i s  w i t h  t h e  

SEM a p p e a ra n c e  i n  F i g .  6 . 1 9 .

TEM x 8 ,0 0 0

(362)





F i g .

F i g .

6 . 4 4  A l v e o l a r  membrane. An a l v e o l a r

m acrophage  (M) l i e s  o v e r  a Type I  

pneumocyte  (1 ) .  The fo rm er  

c o n t a i n s  many lysosomes and 

v a c u o l e s ,  some o f  which  c o n t a i n  

o s m i o p h i l i c  l a m e l l a r  m a t e r i a l  

(Arrows) . Note  t h e  numerous 

c y t o p l a s m i c  p r o j e c t i o n s .

TEM x 1 6 ,0 0 0

6 .45  A l v e o l a r  membrane. An a l v e o l a r  

m acrophage  (M) w i t h  a lo n g ,  

s l e n d e r  c y to p l a s m ic  p r o c e s s  (P) 

b r i d g i n g  an a l v e o l a r  po re  (A r r o w s ) . 

Note  t h e  a t t e n u a t e d  c y to p la s m  o f  

a Type I  pneumocyte (1) w hich  

c o n t i n u e s  round t h e  edge o f  t h e  

p o r e .

Compare t h e  F i g u r e s  above t o  t h e  

SEM a p p e a r a n c e  i n  F i g s .  6 . 2 0 ,  6 .23  

and 6 . 2 4 .

TEM x  1 0 , 0 0 0

(363)
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F i g .  7 . 1  A s a g i t t a l  s e c t i o n  o f  t h e  head

o f  a pony a f f e c t e d  w i t h  S t r a n g l e s .  

The t o n g u e ,  l a r y n x  and n a s a l  

sep tum  h av e  been  removed.

1. S o f t  p a l a t e

2.  N asopharynx

3.  G u t t u r a l  pouch

4.  E n la r g e d  r e t r o p h a r y n g e a l  

lymph nodes

5. E n la r g e d  m an d ib u la r  lymph 

n o d e s .

(364)





F i g .  7 . 2  A s a g i t t a l  s e c t i o n  o f  t h e  c a u d a l

r e g i o n  o f  t h e  head  o f  a pony 

a f f e c t e d  w i t h  S t r a n g l e s .  The 

to ng u e  and l a r y n x  have  been  

rem oved .

1. Hard p a l a t e

2. S o f t  p a l a t e

3.  N asopharynx

4. L arge  a b s c e s s  i n  a 

r e t r o p h a r y n g e a l  lymph node.

(365)





A s a g i t t a l  s e c t i o n  o f  t h e  c a u d a l  

r e g i o n  o f  t h e  head  o f  a pony 

a f f e c t e d  w i t h  S t r a n g l e s .  The 

n a s a l  septum, t o n g u e  and l a r y n x  

have  been  rem ov ed .

1. C o n c h o f r o n t a l  s i n u s

2. Hard p a l a t e

3. S o f t  p a l a t e

4. Nasopharynx

5. G u t t u r a l  pouch

An a b s c e s s  b u l g e s  i n t o  t h e  

g u t t u r a l  pouch (A rro w s) .

(366)





F i g .  7 . 4  A t r a n s v e r s e  s e c t i o n  o f  t h e  head o f  

a pony a f f e c t e d  w i t h  S t r a n g l e s ,  a t  

t h e  l e v e l  o f  t h e  o c c i p i t a l  

c o n d y le s  ( l o o k in g  f o r w a r d ) .

(See F i g .  2 .1 1  f o r  t h e  head  o f  a 

norm al  h o r s e ) .

1. O c c i p i t a l  c o n d y le s

2. Pharynx

3. R ig h t  g u t t u r a l  pouch 

c o n t a i n i n g  cream c o lo u r e d  

pus ( A s t e r i s k ) •

Note t h e  t h i c k e n e d ,  oedematous 

s u r r o u n d in g  t i s s u e  (A r ro w s ) .

(367)





N a s a l  sep tum. A g ro u p  o f  c o c c i  

a d h e r e  t o  t h e  s u r f a c e  o f  t h e  

m i c r o v i l l o u s  c e l l s  ( l e f t ) . A 

h i g h e r  power view on t h e  r i g h t  

shows t h e  " fu zz y "  s u r f a c e  o f  

t h e  b a c t e r i a .

SEM x 5 ,0 0 0  and 2 0 ,0 0 0

B a s a l  f o l d  o f  t h e  v e n t r a l  n a s a l  

c on ch a .  Rod-shaped b a c t e r i a  

a d h e r e  t o  t h e  squamous c e l l s  

w hich  have  m i c r o p l i c a e  o r  s h o r t  

m i c r o v i l l i  on t h e i r  s u r f a c e s .  

SEM x 10 ,0 0 0

(368)





F i g .  7 .7  G u t t u r a l  pouch .  P a t c h e s  o f  

m i c r o v i l l o u s  c e l l s  among t h e  

c i l i a t e d  c e l l s .  S t r a n d s  of  

s u r f a c e  mucus (Arrows) a d h e re  

t o  t h e  c i l i a .

SEM x 2 ,5 0 0

F i g .  7 .8  P h a r y n g e a l  o p e n in g  o f  t h e  

a u d i t o r y  t u b e .  A smooth 

c i r c u m s c r i b e d  a r e a  i s  r a i s e d  

above t h e  f o l d e d  mucosal  

s u r f a c e .  Compare w i t h  F i g .  4 . 2 9 .  

SEM x 160

(369)





F i g .  7 . 9  G u t t u r a l  p o u c h .  S u r f a c e

mucus (M) t r a p s  a g ro u p  o f  

in f la m m a to ry  c e l l s .

SEM x 5 ,0 0 0

F i g .  7 .1 0  G u t t u r a l  pouch .  M i c r o v i l l o u s  

c e l l s  and c e l l s  w i t h  s p a r s e  

s t u n t e d  c i l i a  c o v e r  t h e  

s u r f a c e .

SEM x 5 ,0 0 0

(3 70)





F i g .

F i g .

7 . 1 1  O ra l  s u r f a c e  o f  t h e  s o f t

p a l a t e .  Squamous c e l l s  w i t h  

d i s t i n c t  b o u n d a r i e s  a r e  

o b sc u red  i n  p l a c e s  by  l a r g e  

numbers o f  a d h e r e n t  c o c c i .  

SEM x 2 ,50 0

7 .12  O ra l  s u r f a c e  o f  t h e  s o f t  p a l a t e .

Numerous c o c c i ,  e i t h e r  a s  s i n g l e  

c e l l s  o r  d i p l o c o c c i  (Arrows) 

a d h e r e  t o  t h e  squamous c e l l s .

Note  t h e  s u r f a c e  m i c r o p l i c a e  

o f  t h e  l a t t e r .

The b a c t e r i a  h ave  few er  s u r f a c e  

f i l a m e n t s  and a p p e a r  sm oother  

t h a n  t h o s e  i l l u s t r a t e d  i n  F i g .  7 .5  . 

SEM x 1 0 ,000

(371)





F i g .  7 .13  Lobar  b ro n c h u s .  The c i l i a t e d  

s u r f a c e  i s  i n t e r r u p t e d  by 

p a t c h e s  o f  n o n c i l i a t e d  

m i c r o v i l l o u s  c e l l s .

SEM x 1 ,2 80

F i g .  7 .1 4  Sm all  b ro n c h u s .  C i l i a t e d  

c e l l s  and p a t c h e s  o f  

n o n c i l i a t e d  m i c r o v i l l o u s  c e l l s  

( l e f t ) . On t h e  r i g h t  a s i n g l e  

c i l i a t e d  c e l l  r em a in s  among 

m i c r o v i l l o u s  c e l l s .

Note  t h e  mucous c e l l s  ( A r ro w s ) . 

SEM x 1 ,2 8 0  and 5 ,0 0 0

(372)





F i g .  7 .15  D o r s a l  n a s a l  concha .  Loss o f  

s u r f a c e  c i l i a t i o n  w i t h  one 

a p p a r e n t l y  norm al  c i l i a t e d  c e l l  

r e m a in i n g  (c) among m i c r o v i l l o u s  

c e l l s  and c e l l s  w i t h  damaged 

c i l i a  (Arrows) .

SEM x 5 ,0 0 0

F i g .  7 .16  D o r s a l  n a s a l  concha .  On t h e

l e f t  c e l l s  w i t h  m i c r o v i l l i  and 

s i n g l e  c i l i a  (A rrow s) . A r ed  

b lo o d  c o r p u s c l e  (R) l i e s  on a 

c i l i a t e d  c e l l .  On t h e  r i g h t  

s t u n t e d  c i l i a  a r e  c o a te d  w i t h  

mucus.

SEM x  5 , 0 0 0

(373)





F i g .  7 . 1 7  N a so p h a r y n x .  C ir c u m s c r ib e d

smooth a r e a s  p r o j e c t  from t h e  

f o ld e d  m u co sa l  s u r f a c e .

Compare w i t h  s i m i l a r  f e a t u r e s  

i n  t h e  g u t t u r a l  pouch (F ig .  4 .29 )  

and a u d i t o r y  t u b e  (F ig .  7 .8)  .

SEM x 80

(374)





F i g .  7 . 1 8  N a so p h a r y n x .  A s t r a t i f i e d

c u b o id a l  t y p e  o f  e p i t h e l i u m  w i t h  

a few s u r f a c e  c i l i a t e d  c e l l s  

(A rrow s) , c o v e r s  t h e  s u r f a c e .  

Many c e l l s  ( ly m p h o c y te s ,  plasma 

c e l l s  and n e u t r o p h i l s )  have  

i n f i l t r a t e d  t h e  lam in a  p r o p r i a  

and some can be  s e e n  w i t h i n  t h e  

e p i t h e l i u m .

HE x 250

F i g .  7 .1 9  Nasopharynx.  A lymphoid f o l l i c l e

w i t h  a g e r m i n a l  c e n t r e  (Arrows) h a s  

deve loped  i n  t h e  lam ina  p r o p r i a .  

C e l l s  (main ly  ly m p h ocy tes  ;and a few 

n e u t r o p h i l s )  a r e  s e e n  m i g r a t i n g  

t h r o u g h  t h e  e p i t h e l i u m  and 

a cc u m u la te  on t h e  s u r f a c e  (Small  

a r r o w s ) .

HE x 250

(375)
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F i g .  7 . 2 0  G u t t u r a l  p o u ch .  T h e r e  i s  a

m a s s iv e  c e l l u l a r  i n f i l t r a t i o n  

o f  t h e  s u b e p i t h e l i a l  t i s s u e .  

In f lam m a to ry  c e l l s  can  be  s e en  

m i g r a t i n g  t h r o u g h  t h e  e p i t h e l i u m  

(E) and many l i e  on t h e  s u r f a c e  

(Arrows) .

HE x 180

(376)





F i g .  7 . 2 1  O r a l  s u r f a c e  o f  t h e  s o f t  p a l a t e .

Lymphoid f o l l i c l e s  (L) w i t h  

g e r m i n a l  c e n t r e s  l i e  below t h e  

s t r a t i f i e d  squamous e p i t h e l i u m  ( E ) . 

Note  t h e  m ucosa l  g l a n d s  (G) and 

t h e i r  d u c t s  (D).

HE x 100

F i g .  7 .22  O r a l  s u r f a c e  o f  t h e  s o f t  p a l a t e .

The o u t e r  l a y e r s  o f  t h e  s t r a t i f i e d  

squamous e p i t h e l i u m .  Many g ro u p s  

o f  gram p o s i t i v e  c o c c i  (Arrows) 

a d h e r e  t o  t h e  s u r f a c e  squamous c e l l s .  

T h i s  was a l s o  an SEM f e a t u r e  (See 

F i g .  7 .1 1  and F i g .  7 . 1 2 ) .  

Gram-Engbaek x 400

(377)
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F i g .  7 .2 3  N a so p h a r y n x .  F o l l i c u l a r

lymphoid h y p e r p l a s i a  (Arrows) 

w i t h  a g e r m i n a l  c e n t r e .  Many 

g l a n d s  (G) and a g lan d  d u c t  (D) 

a r e  p r e s e n t .

HE x 180

(378)
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Diagram o f  a d o r s a l  view o f  

t h e  l u n g s  o f  a h o r s e  w i t h  

sam ple  s i t e s  i n d i c a t e d  by 

b l a c k  s q u a r e s  f o r  SEM and 

r e d  s q u a r e s  f o r  l i g h t  

m ic r o s c o p y .

1. C r a n i a l  s e g m en ta l  b ro n ch u s

2.  Caudal  s e g m en ta l  b ro n ch u s

3 .  C auda l  s m a l l  b ro n ch u s  

4 and 5. Lung s l i c e s

(3 79)





F i g .  8 . 2  L e f t  l u n g  o f  a h o r s e  a f f e c t e d

w i t h  c h r o n i c  o b s t r u c t i v e  pulmonary 

d i s e a s e .  The whole  lun g  i s  

o v e r i n f l a t e d  and c o s t a l  

i m p r e s s i o n s  can  be  s e en  on t h e  

d o r s a l  b o r d e r  o f  t h e  c a u d a l  lo b e  

(A r ro w s ) . P u f f y  r a i s e d  a r e a s  i n  

t h e  c r a n i a l  l o b e  and v e n t r a l  

b o r d e r  o f  t h e  c a u d a l  lo b e  a r e  

i n d i c a t e d  by a s t e r i s k s .

(380)





F i g .  8 . 3  L e f t  l u n g  and h e a r t  o f  a h o r s e

a f f e c t e d  w i t h  c h r o n i c  o b s t r u c t i v e  

pulmonary d i s e a s e .  The lu n g  i s  

o v e r i n f l a t e d  and p a l e .

Note t h e  f i b r o u s  t a g s  on t h e  

v e n t r a l  b o r d e r  o f  t h e  c a u d a l  

lo b e  (A rrow ) .

Compare t h e  a p p e a r a n c e  o f  t h e  

lu n g s  i n  F i g s .  8 .2  and 8 .3  

w i t h  t h o s e  o f  no rm al  h o r s e s  

i l l u s t r a t e d  i n  F i g s .  2 .1 4  and 

2 .1 5 .

(3 81)





F i g .  8 . 4  L a ry n x .  The u s u a l  w e l l

c i l i a t e d  s u r f a c e  i s  i n t e r r u p t e d  

by  p a t c h e s  o f  m i c r o v i l l o u s  c e l l s .  

SEM x 2 ,5 0 0

F i g .  8 .5  Lobar  b ro n c h u s .  M i c r o v i l l o u s

and p o o r ly  c i l i a t e d  c e l l s .

SEM x 2 ,5 0 0

(382)





Lung. A b r o n c h i o l e  (B) w i t h  

in f l a m m a to r y  e x u d a te  (Arrow) 

l y i n g  on t h e  s u r f a c e .  A 

t e r m i n a l  b r o n c h i o l e  (T) opens  

i n t o  an  a l v e o l a r  d u c t  (D).

SEM x 160

Lung. Mucus (Arrows) w h ich  

h a s  t r a p p e d  c e l l  d e b r i s ,  

o b s c u r e s  t h e  j u n c t i o n  o f  a 

t e r m i n a l  b r o n c h i o l e  (T) and 

a l v e o l a r  d u c t  (D).

SEM x 640

(383)





B r o n c h i o l e .  Mucus i n  t h e  

lumen t r a p s  many d e g e n e r a t e  

c e l l s ,  m ost  o f  which  a r e  

p r o b a b l y  n e u t r o p h i l s  and a 

few desq uam a ted  e p i t h e l i a l  

c e l l s .

SEM x 1 ,2 8 0

B r o n c h i o l e .  A h i g h e r  power 

view showing d e g e n e r a t e  

n e u t r o p h i l s  (N) and red  b lood  

c o r p u s c l e s  (R) caug h t  i n  s t r a n d s  

o f  mucus (A r ro w s ) .

SEM x 5 ,0 0 0

(3 84)





F i g .  8 . 1 0  B r o n c h io l e .  A mucus p la q u e  (M) 

a d h e r e s  t o  t h e  s u r f a c e .  Some 

c i l i a t e d  c e l l s  h ave  a few 

p e r i p h e r a l l y  d i s p o s e d  c i l i a  

(Arrows) and t h e  C la r a  c e l l s  (C) 

ap p e a r  f l a t .

SEM x 5 ,0 0 0

F i g .  8 .1 1  B r o n c h i o l e .  Note  t h e  c rum pled ,  

c o l l a p s e d  a p p e a r a n c e  o f  many 

o f  t h e  C la r a  c e l l s .

Compare t h e  F i g u r e s  above t o  

t h e  a p p e a ra n c e  o f  b r o n c h i o l e s  

i n  normal  h o r s e s  i n  F i g s .  6 .13  

and 6 .1 4 .

SEM x 5 , 0 0 0

(3 85)





F i g .  8 .1 2  B r o n c h io l e .  A m acrophage  (M) 

w i t h  a few s h o r t  c y t o p l a s m i c  

e x t e n s i o n s  l i e s  on t h e  

s u r f a c e .

SEM x 5 ,0 0 0

F i g .  8 .13  B r o n c h i o l e / a l v e o l a r  d u c t

j u n c t i o n .  The m acrophages  (M) 

l i e  a t  t h e  j u n c t i o n .  Note  t h e  

Type I I  pneumocytes  (2) and 

a l v e o l a r  p o re  ( P ) .

(See a l s o  F i g .  8 . 1 9 ) .

SEM x 2 ,5 00

(386)





F i g .  8 .1 4  Lung. A reas  o f  o v e r i n f l a t i o n  

(Arrows) where  norm al  a l v e o l a r  

s t r u c t u r e  i s  l o s t .  Compare 

w i t h  t h e  lu n g  o f  a no rm al  h o r s e  

i n  F i g .  6 .1 1 .

SEM x 80

F i g .  8 .1 5  Lung. L o c a l i z e d  a r e a s  o f

emphysema (Arrows) d i r e c t l y  

be low  t h e  p l e u r a  (P) . 

Compare w i t h  t h e  norm al  

s u b p l e u r a l  s t r u c t u r e  i n  

F i g .  6 . 2 7 .

SEM x 80

(387)





F i g .  8 .1 6  Lung. Many a l v e o l a r  p o r e s  

(Arrows) a r e  p r e s e n t  i n  

a f f e c t e d  a r e a s .

SEM x 320

F i g .  8 .17  Lung. An a r e a  o f

o v e r i n f l a t i o n  w i t h  l o s s  o f  

n o rm al  a l v e o l a r  s t r u c t u r e .

Note  t h e  numerous a l v e o l a r  

p o r e s  and t h e i r  v a r i e d  s i z e  

and sh ape  (A rro w s) .

Compare t h e  F i g u r e s  above w i t h  

n o rm al  l u n g  s t r u c t u r e  i n  F i g s .  

6 .2 5  and 6 . 2 6 .

SEM x  160

(388)





F i g .

F i g .

8 .1 8  A l v e o l a r  membrane. A s h e e t  

o f  mucous e x u d a t e  (M) a lm o s t  

o b s c u r e s  t h e  s u r f a c e .  P a r t  

o f  a Type I  pneumocyte  (1) 

and an a l v e o l a r  p o re  (P) a r e  

v i s i b l e .

SEM x 5 ,0 0 0

8 .1 9  A l v e o l a r  d u c t / t e r m i n a l  b r o n c h i o l e  

j u n c t i o n .  C i l i a t e d  c e l l s  (C) 

a r e  a d j a c e n t  t o  s e v e r a l  Type I I  

pneumocytes  ( 2 ) .  Macrophages (M) 

a r e  a l s o  p r e s e n t  i n  t h i s  a r e a .

An o b v io u s  c e l l  boundary  (Arrow) 

marks t h e  j u n c t i o n  o f  2 Type I  

pneum ocytes .

(389)





F i g .  8 . 2 0  A l v e o l a r  membrane. A Type I I  

pneumocyte ,  i n  t h e  c e n t r e  o f  

t h e  p i c t u r e ,  h a s  many c e n t r a l  

p o r e s . Compare w i t h  t h e  

a p p e a ra n c e  o f  a Type I I  

pneumocyte i n  a n o rm al  h o r s e  

(F ig .  6 . 2 0 ) .

SEM x 10 ,000

(3 90)





F i g .

F i g .

8 .2 1  A l v e o l a r  membrane. D e g e n e r a t e  

Type I I  pneumocytes  (2) w i t h  

m acrophages  (M) i n  c l o s e  

p r o x i m i t y .  Note t h e  l a t t e r ' s  

c y t o p l a s m i c  p r o c e s s e s  (Arrows) 

e x t e n d i n g  to w a rd s  t h e  

d e g e n e r a t e  c e l l s .

SEM x 10 ,000

8 .2 2  A l v e o l a r  membrane. A

d e g e n e r a t e  Type I I  pneumocyte  

(2) a p p e a r s  t o  be  i n  t h e  p r o c e s s  

o f  s l o u g h i n g  o f f  t h e  s u r f a c e .

A c a p i l l a r y  (C) b u l g e s  i n t o  t h e  

a l v e o l a r  sp a c e .

SEM x  1 0 , 0 0 0

(391)





F i g .  8 .23  Lung. The lumen o f  a s m a l l  

b r o n c h u s  c o n t a i n i n g  

in f l a m m a to r y  e x u d a te  (A rrow ) . 

HE x 80

F i g .  8 .2 4  B r o n c h i o l e .  The e p i t h e l i u m  (E) 

i s  h y p e r p l a s t i c  ( 2 - 3  c e l l s  

deep)  and p e r i b r o n c h i o l a r  

c o n n e c t i v e  t i s s u e  i s  t h i c k e n e d  

and c o n t a i n s  many m ononuclea r  

c e l l s  ( A r ro w s ) . Compare w i t h  

a no rm al  b r o n c h i o l e  i n  F i g .  6 . 3 3 .  

HE x 180

(392)





F i g .  8 .25  B r o n c h i o l e .  E p i t h e l i a l  s u r f a c e  

c e l l s  c o n t a i n  m o s t ly  a c i d i c  

m u c o s u b s t a n c e s .

AB-PAS x 180

F i g .  8 .2 6  B r o n c h i o l e .  Note  t h e

h y p e r p l a s t i c  e p i t h e l i u m  (E) 

and p e r i b r o n c h i o l a r  c e l l u l a r  

i n f i l t r a t i o n  (A r ro w s ) . The 

lumen c o n t a i n s  mucus and 

n e u t r o p h i l s .

, HE x 180

(393)





F i g .  8 . 2 7  B r o n c h i o l e .  A p l u g  o f

mucus and i n f l a m m a to r y  c e l l s  

a lm o s t  f i l l s  t h e  lumen ( L ) . 

Many e p i t h e l i a l  s u r f a c e  c e l l s  

c o n t a i n  mucus.

AB-PAS x 250

F i g .  8 .2 8  Lung. F o c a l  a r e a s  o f  emphysema 

(Arrows) a r e  p r e s e n t  j u s t  below 

t h e  p l e u r a . T h i s  i s  com parab le  

w i t h  t h e  SEM a p p e a r a n c e  i n  

F i g .  8 . 1 5 .

HE x 80

(394)



• '* v * ’ •  .♦* •  . *•* •■! ' m
'  7 &  * ^  . .  * J  * «, '  ' -  •

^  *  %' r, V ®  # - M
' • ♦ m:  • r-*t; • ■•“ i

*  * * ! * * *%* ♦% * 1 ► ;4 '# ■

,*j|r-r-.T«=-:-. 
1^ - - — > * & “ . >'>■ . • -> .

1 A

'

r a y s
V



F i g .  8 . 2 9  B r o n c h i o l e .  H y p e r p l a s t i c

e p i t h e l i u m  w i t h  c i l i a t e d  c e l l s  (C) 

and n o n c i l i a t e d  b r o n c h i o l a r  

e p i t h e l i a l  (C la ra )  c e l l s  (N) on 

t h e  s u r f a c e .  The l a t t e r  have  few 

c y to p l a s m i c  g r a n u l e s .  B a s a l  c e l l s  

r e s t  on t h e  b a s a l  lam in a  (A r ro w s ) . 

Note  a lymphocyte  (L) l y i n g  

w i t h i n  t h e  l a t t e r .

TEM x 5 /400

F i g .  8 . 3 0  B r o n c h i o l e .  H y p e r p l a s t i c

e p i t h e l i u m  w i t h  2 C l a r a  c e l l s  (C ) , 

l e s s  p r o t u b e r a n t  t h a n  u s u a l /  on 

t h e  s u r f a c e .

Note  t h e  v a r i e d  s i z e  o f  t h e i r  

c y to p l a s m i c  g r a n u l e s  w h ich  a r e  

few i n  number i n  t h e  c e l l  on t h e  

l e f t r  Many c y to p l a s m i c  

i n t e r d i g i t a t i o n s  (Arrows) a r e  

p r e s e n t  be tw een  a d j a c e n t  c e l l s .  

TEM x 8 /00 0

(395)





F i g .  8 .3 1  B r o n c h i o l e .  A c i l i a t e d  c e l l  w i t h  

l a r g e  c y to p l a s m i c  v a c u o l e s  (Arrows) 

w h ich  c o n t a i n  membranous r em n a n ts  

and f i n e  g r a n u l a r  m u c u s - l i k e  

m a t e r i a l .

TEM x 2 0 /000

F i g .  8 .3 2  B r o n c h i o l e .  A c i l i a t e d  c e l l  

w i t h  homogeneous l i p i d - l i k e  

d r o p l e t s  (Arrows) i n  t h e u  

c y to p la s m .

TEM x 28 ,0 00

(396)
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F i g .  8 . 3 3  B r o n c h i o l e .  M y e l i n  c o n f i g u r a t i o n

(Arrow) i n  a c i l i a t e d  c e l l .

TEM x 2 8 ,0 0 0

F i g .  8 .3 4  B r o n c h i o l e .  A c i l i a t e d  c e l l

w i t h  a l a r g e  amount o f  c y t o p l a s m i c  

g ly c o g e n  (A rro w ) . S m a l le r  d e p o s i t s  

a r e  a l s o  p r e s e n t  i n  t h e  a d j a c e n t  

C l a r a  c e l l  (Small  a r r o w s ) .

The e l e c t r o n - l u c e n t  c l e f t s  a r e  

p r o b a b l y  a r t e f a c t s  due t o  d e la y e d  

f i x a t i o n .

TEM x  8 , 0 0 0

(3 97)





F i g .  8 . 3 5  B r o n c h i o l e .  An a g r a n u l a r

C la ra  c e l l  (c) i s  a d j a c e n t  t o  

c i l i a t e d  c e l l s  on t h e  s u r f a c e  

and r e s t s  on 2 b a s a l  c e l l s  (B ) . 

Arrow i n d i c a t e s  t h e  b a s a l  

l a m i n a .

TEM x 1 0 ,0 0 0

F i g .  8 .3 6  B r o n c h i o l e .  A C la r a  c e l l

w i t h  v e ry  few g r a n u l e s  (A rro w s) , 

and a l a r g e  amount o f  smooth 

e n d o p la sm ic  r e t i c u l u m .  The fo rm er  

a p p e a r  l e s s  e l e c t r o n - d e n s e  t h a n  

n o rm a l .  Compare t h e  F i g u r e s  

above w i t h  C l a r a  c e l l s  i n  normal  

h o r s e s  ( F i g s .  6 .3 7  and 6 . 3 8 ) .

TEM x  2 0 , 0 0 0

(398)





F i g .  8 .3 7  B r o n c h i o l e .  A c i l i a t e d  c e l l  (C) 

f l a n k e d  by m u c u s - s e c r e t i n g  c e l l s  

(M) on t h e  s u r f a c e .  Below a r e  

b a s a l  c e l l s  (B) and a lymphocyte  

(Arrow) .

TEM x 8 ,0 0 0

F i g .  8 .3 8  B r o n c h i o l e .  C e l l s  c o n t a i n i n g  

mucous g r a n u l e s  (A r r o w s ) .

Note  t h e  f l o c c u l a r  a p p e a r a n c e  

o f  t h e  l a t t e r .

TEM x 13 ,400

(3 99)





F i g .  8 . 3  9 A l v e o l a r  membrane. Four  Type I I

pneumocytes  (Arrows) l y i n g  

a d j a c e n t  t o  each  o t h e r .  A p o r t i o n  

o f  an a l v e o l a r  macrophage  (M) 

i s  v i s i b l e .

TEM x 5 ,400

F i g .  8 . 4 0  A l v e o l a r  membrane. Type I I  

pneumocytes  (2) i n  a d j a c e n t  

a l v e o l i .  Note t h e  empty 

a p p e a r a n c e  o f  t h e  c y t o p l a s m i c  

v a c u o l e s  (A rrow s) . C o l l a g e n  

( A s t e r i s k s )  i s  p ro m in a n t  i n  t h e  

a l v e o l a r  septum.

TEM x  5 , 4 0 0

(400)





A l v e o l a r  membrane. A l a r g e  

number o f  e n l a r g e d ,  a lm o s t  

empty v a c u o l e s  (Arrows) i n  t h e  

c y to p la s m  o f  a Type I I  

pneumocyte .

TEM x 8 ,0 0 0

A l v e o l a r  membrane. A l v e o l a r  

m acrophages  (M) i n  c l o s e  p r o x i m i t y  

t o  an  a l v e o l a r  po re  (Arrow) 

w h ich  i s  f l a n k e d  by 2 Type I I  

p n e u m o c y te s .

TEM x 7 ,4 0 0

(401)




