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SUMMARY.

The s w e a t  g l a n d s  o f  t h e  cow,  s h e e p ,  g o a t ,  h o r s e  and  

man we r e  e x a m i n e d  u 1t r a s t r u c t u r a l 1y a t  d i f f e r e n t  s t a g e s  of  

a c t i v i t y  in an a t t e m p t  t o  e x p l a i n  t h e  d i f f e r e n t  p a t t e r n s  

o f  s w e a t  o u t p u t  o b t a i n e d  f rom t h e  s k i n .

The s t u d i e s  i l l u s t r a t e d  t h a t  s w e a t  i s  f o rm ed  in t h e  

f u n d u s  f rom t h e  p r o d u c t s  o f  s e c r e t i o n  an d  c e l l  d e a t h .  

S e c r e t i o n  i n v o l v e d  f l u i d  t r a n s p o r t ,  e x o c y t o s i s  and  in man 

a nd  t h e  h o r s e  a p o s s i b l e  s u b s i d i a r y  m i c r o - a p o c r i n e  

p r o c e s s .  The a p p e a r a n c e  of  t h e  d u c t  was  s i m i l a r  in a l l  

s p e c i e s  a nd  a c t i v i t y  p r o d u c e d  l i t t l e  c h a n g e  o t h e r  t h a n  

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

c o i l e d  d u c t  of  man.  T h i s  u n i q u e  p o r t i o n  o f  t h e  d u c t  

d e m o n s t r a t e d  s e c r e t i o n  and  seems  t o  be  more t h a n  an 

a b s o r p t i v e  r e g i o n .  The d i f f e r e n c e  in  t h e  p a t t e r n s  of  

e v a p o r a t i v e  l o s s  c o u l d  n o t  be e x p l a i n e d  on t h e  b a s i s  of  

t h e  m o r p h o l o g i c a l  c h a n g e s  d u r i n g  s e c r e t i o n  wh i ch  wer e  

b a s i c a l l y  s i m i l a r  in  a l l  t h e  s p e c i e s  e x a m i n e d .

As a p r e l u d e  t o  t h e  s t u d y  of  f u n c t i o n a l  a s p e c t s  of  

s w e a t  p r o d u c t i o n ,  t h e  s i t e  o f  Na , K-ATPase ,  an enzyme which  

p l a y s  a c e n t r a l  r o l e  in f l u i d  t r a n s p o r t ,  was  l o c a l i z e d  in 

u n s t i m u l a t e d  a nd  a c t i v e  g l a n d s .  T h i s  enzyme was n o t  

c o n s i s t e n t l y  l o c a l i z e d  in  t h e  g l a n d s  of  cow,  s h e e p ,  g o a t  

an d  h o r s e  a l t h o u g h  i t  was  a l w a y s  f o u n d  on t h e  l a t e r a l  and 

b a s o l a t e r a l  membranes  o f  t h e  s e c r e t o r y  c e l l s  in t h e  r a t  

f o o t p a d  s w e a t  g l a n d ,  whi ch  was  u s e d  a s  a c o n t r o l  t i s s u e .  

When p r e s e n t  in  t h e  o t h e r  s p e c i e s ,  t h e  enzyme was 

l o c a l i z e d  on t h e  l a t e r a l  and  b a s o l a t e r a l  membranes  of  t h e  

s e c r e t o r y  c e l l s  in  t h e  s h e e p  and  h o r s e  a nd  a f t e r  t h e r m a l  

s t i m u l a t i o n  a l s o  on t h e  l u m in a l  membranes  o f  t h e  cow,



s h e e p  and  h o r s e .  T he se  d i s t r i b u t i o n s ,  h o w e v e r ,  c o u l d  n o t  

be u n e q u i v o c a l l y  e s t a b l i s h e d  even  a f t e r  d e t a i l e d  

e x p e r i m e n t a l  s t u d i e s .  The r e a c t i o n  p r o d u c t  was  n o t  

r e p r e s e n t a t i v e  of  a l k a l i n e  p h o s p h a t a s e  w hi ch  was l o c a l i z e d  

on t h e  m y o e p i t h e l i a l  membranes  o f  t h e  cow,  s h e e p  and g o a t  

g l a n d s  and  on t h e  l u m in a l  m i c r o v i l l i  o f  t h e  h o r s e .

The r e s u l t s  d e m o n s t r a t e  t h a t  t h e  t r a d i t i o n a l  

c l a s s i f i c a t i o n  of  s w e a t  g l a n d s  a s  e c c r i n e  and  a p o c r i n e  i s  

n o t  v a l i d .  I t  i s  s u g g e s t e d  t h a t  t h e s e  t e r m s  a r e  r e p l a c e d  

by t h e  a n a t o m i c a l  d e s i g n a t i o n s  a t r i c h i a l  a n d  e p i t r i c h i a l  

r e s p e c t i v e l y ,  u n t i l  more d e t a i l e d  i n f o r m a t i o n  on t h e  

me t hod  of  s w e a t  p r o d u c t i o n  i s  a v a i l a b l e .
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CHAPTER 1 .

INTRODUCTION.

The p r o f u s e  s w e a t i n g  r e s p o n s e  o f  man a n d  t h e  h o r s e  t o  

t h e r m a l  s t i m u l a t i o n  and  e x e r c i s e  h a s  l e d  t o  t h e  l ong  

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

t h e r m o r e g u l a t o r y  o r g a n s  ( S t i t t  & H ar dy ,  1 9 7 1 ) .  T h i s  b e l i e f  

i s  s u p p o r t e d  by e v i d e n c e  f rom t h o s e  h o m e o t h e r m i c  mammals 

whi ch  do n o t  h ave  s w e a t  g l a n d s  and  a v o i d  t e m p e r a t u r e  

e x t r e m e s ;  e . g .  r o d e n t s  by b u r r o w i n g  ( S c h m i d t - N  i e 1 s e n  , 

1 9 6 4 ) ,  c e t a c e a  by d i v i n g  and  t h e  h i p p o p o t a m u s  by w a l l o w i n g  

(Luck & W r i g h t ,  1 9 6 4 ) .  However ,  s p e c i e s  w i t h  s w e a t  g l a n d s  

v a r y  in t h e i r  r e s p o n s e  t o  t h e r m a l  s t i m u l a t i o n .  The p i g  

d o e s  n o t  s w e a t  in r e s p o n s e  t o  h e a t  ( I n g r a m ,  1967)  and  

s w e a t i n g  in s h e e p  and  t h e  r e d  d e e r  h a s  o n l y  a v e r y  l i m i t e d  

i n f l u e n c e  on body t e m p e r a t u r e  ( B l i g h ,  1967;  J o h n s o n ,

Malo i y  & B l i g h ,  1 9 7 2 ) .  The f o r m e r  and  some o t h e r  u n g u l a t e s  

d e pe nd  more on p a n t i n g  t h a n  s w e a t i n g  f o r  t e m p e r a t u r e  

r e g u l a t i o n  ( F i n c h ,  1972;  J e n k i n s o n ,  1 9 7 2 ) .  From t h i s  and  

r e g i o n a l  d i f f e r e n c e s  in g l a n d u l a r  a c t i o n  J e n k i n s o n  ( 1 97 3)  

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

t h e r m o r e g u l a t o r y  o r g a n s  e x c e p t  in  p r i m a t e s ,  e q u i d a e  and  

some b o v i d a e .  O t h e r  r o l e s  s u c h  a s  t h e  e x c r e t i o n  o f  w a s t e  

p r o d u c t s ,  d e f e n c e  a g a i n s t  i n v a d i n g  o r g a n i s m s  a n d ,  in 

l o c a l i s e d  r e g i o n s  s p e c i a l i s e d  f u n c t i o n s  e g .  l u b r i c a t i o n  

f o r  t h e  e y e l i d s  a n d  i m p r o v i n g  t h e  g r i p  f o r  f o o t p a d s  and  . 

h a n d s ,  h ave  a l s o  b e en  a t t r i b u t e d  t o  s w e a t  g l a n d s .  I t  

a p p e a r s  l i k e l y  t h a t  t h e y  h ave  more t h a n  one p r i m e  f u n c t i o n  

which  p r o b a b l y  d i f f e r s  amongs t  s p e c i e s  and  even  body 

r e g i o n s  of  t h e  same s p e c i e s .
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T o t a l  e v a p o r a t i v e  l o s s  f rom t h e  s k i n  h a s  been  

m e a s u r e d  u s i n g  v e n t i l a t e d  c a p s u l e s  (McLean,  1963)  which 

o p e r a t e  a s  shown in  F i g . 1 . 1 .  In t h o s e  s p e c i e s  whi ch  

r e s p o n d  t o  t h e r m a l  s t i m u l a t i o n  t h r e e  g e n e r a l  p a t t e r n s  of  

e v a p o r a t i v e  l o s s  have  b een  d e m o n s t r a t e d  ( F i g . 1 . 2 )  whi ch  a t  

h i g h  t e m p e r a t u r e s  a r e  l a r g e l y  due t o  s w e a t i n g .  For  an 

e x p l a n a t i o n  o f  t h e s e  p a t t e r n s  an u n d e r s t a n d i n g  o f  t h e  

anatomy of  s w e a t  g l a n d s  i s  r e q u i r e d .  By d e f i n i t i o n  swea t  

g l a n d s  a r e  t u b u l a r  e x o c r i n e  s k i n  g l a n d s  wh i ch  open o n t o  

t h e  body s u r f a c e .  T h e i r  s t r u c t u r e  ( F i g . 1 . 3 )  i s  u s u a l l y

Fi g . 1 . 1 . A v e n t i l a t e d  c a p s u l e  on t h e  s k i n  o f  a cow.  

E q u i v a l e n t  m e t e r e d  a i r f l o w s  p a s s  t h r o u g h  t h e  c a p s u l e  and  

room,  and  t h e  h u m i d i t y  o f  t h e  a i r  in  t h e  two t u b e s  i s  

m e a s u r e d  by wet  b u l b s  (WB). The d i f f e r e n c e  in  h u m i d i t y  

b e t we en  t h e  two a i r w a y s  g i v e s  a m e a s u r e  of  e v a p o r a t i v e  

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

t h e  c o n t r i b u t i o n  of  w a t e r  f rom t r a n s p o r t  t h r o u g h  t h e  s k i n  

i s  r e l a t i v e l y  low a nd  t o t a l  e v a p o r a t i v e  l o s s  a p p r o x i m a t e s  

t o  s w e a t  o u t p u t .  For  t h e  Key t o  t h i s  an d  a l l  s u b s e q u e n t  

f i g u r e s  s e e  Append i x  3 .

F i a . 1 . 2 . T r a c e s  s h o w i n g  c u t a n e o u s  e v a p o r a t i v e  l o s s  a g a i n s t  

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

t e m p e r a t u r e .

Fi g .  1 . 3 ♦ T h i s  g e n e r a l i s e d  s w e a t  g l a n d  i l l u s t r a t e s  t h e  

f u n d u s  which  i s  composed o f  a s e c r e t o r y  e p i t h e l i u m  

s u r r o u n d e d  by a m y o e p i t h e l i u m  an d  a f i b r o c y t e  s h e a t h .  The 

d u c t ,  u s u a l l y  d e s c r i b e d  a s  b e i n g  composed  o f  two c e l l  

l a y e r s  and  s u r r o u n d i n g  f i b r o c y t e  s h e a t h ,  l e a d s  f rom t h e  

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

4
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d e s c r - i b e d  a s  a f u n d u s ,  composed  of  a s e c r e t o r y  e p i t h e l i u m  

s u r r o u n d e d  by a m y o e p i t h e l i u m ,  a n d  a d u c t ,  a g a i n  w i t h  a 

w a l l  of  two c e l l  l a y e r s ,  l e a d i n g  f rom t h e  f u n d u s  t o  t h e

body s u r f a c e .  The f u n d u s  i s  o f t e n  i l l u s t r a t e d  a s  a c o i l!
b u t  can r a n g e  in s h a p e  w i t h i n  s p e c i e s  an d  b e t w e e n  s p e c i e s  

f rom t h e  t i g h t  c o i l  o f  t h e  h o r s e  and  man t o  t h e  s i m p l e  s a c  

of  some c a t t l e .

Combin i ng  s w e a t  g l a n d  ana tomy a nd  p h y s i o l o g i c a l  d a t a  

B l i g h  ( 1 9 6 7 )  p r o p o s e d  a h y p o t h e s i s  t o  e x p l a i n  t h e  

d i f f e r e n t  p a t t e r n s  o f  s w e a t i n g  o b t a i n e d  a f t e r  t h e r m a l  

s t i m u l a t i o n .  The cow,  an examp le  o f  t h e  f i r s t  t y p e ,  shows 

a s t e p w i s e  i n c r e a s e  t o  a p l a t e a u  l e v e l  wh ich  can  be 

m a i n t a i n e d  f o r  more t h a n  f i v e  h o u r s .  T h i s  p a t t e r n  was 

i n t e r p r e t e d  by B l i g h  ( 1 9 6 7 )  a s  b e i n g  due t o  i n c r e a s i n g  

s e c r e t o r y  a c t i v i t y  s u p e r i m p o s e d  on m y o e p i t h e l i a l  

c o n t r a c t i o n s .  In t h e  s e c o n d  t y p e ,  e x h i b i t e d  by t h e  s h e e p  

and  g o a t ,  t h e r e  i s  an i n t e r m i t t e n t  and  d e c r e m e n t a l  p a t t e r n  

t o  f a t i g u e  wh i ch  i s  r e a c h e d  a f t e r  90 t o  120 m i n u t e s .  T h i s  

i s  a p p a r e n t l y  due t o  t h e  r a t e  o f  s w e a t  e x p u l s i o n  e x c e e d i n g  

t h a t  o f  p r o d u c t i o n  ( J o h n s o n ,  1973)  a nd  n o t  t o  f e w e r  g l a n d s  

f i r i n g  ( J e n k i n s o n  & R o b e r t s h a w ,  1 9 7 1 ) .  The t h i r d  t y p e  o f  

p a t t e r n  h a s  a smooth  o n s e t  t o  p l a t e a u  wh ich  i s  t h e n  

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

d e c l i n e  in  a c t i v i t y .  Man an d  t h e  h o r s e  a r e  e x a m p l e s  o f  

t h i s  t y p e  wh i ch  i s  b e l i e v e d  t o  r e s u l t  f rom s e c r e t o r y  

a c t i v i t y  w i t h  l i t t l e  o r  no m y o e p i t h e l i a l  a c t i o n .  O u t pu t  

seems  t o  be l a r g e l y  d e p e n d e n t  on s e c r e t o r y  c e l l  a c t i v i t y  

( Ta ka g i  & Tagawa,  1959;  A l l e n  & B l i g h ,  1 9 6 9 ) .  On e x p o s u r e  

t o  h e a t ,  e q u i d a e ,  show a g r a d u a l  i n c r e a s e  in  t h e  r a t e  o f  

c u t a n e o u s  w a t e r  l o s s  o v e r  a p e r i o d  o f  a b o u t  one h o u r ,
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r i s i n g  t o  a maximum w hi ch  can  be  m a i n t a i n e d  f o r  s e v e r a l  

h o u r s  ( A l l e n  & B l i g h ,  1969;  R o b e r t s h a w  & T a y l o r ,  1969;  

K e r r ,  Munro & Snow, 1 9 8 0 ) .

T e s t i n g  B l i g h t s  h y p o t h e s i s ,  wh i ch  was  b a s e d  on 

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

s e c r e t o r y  a c t i v i t y ,  r e q u i r e s  an u n d e r s t a n d i n g  o f  s wea t  

g l a n d  f u n c t i o n .  Thus  knowl ed ge  of  c h a n g e s  in  t h e  

u l t r a s t r u c t u r e  of  t h e  g l a n d s  in more t h a n  one  s p e c i e s  and  

in  p a r t i c u l a r  in t h o s e  r e p r e s e n t a t i v e  of  t h e  d i f f e r e n t  

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

n e c e s s a r y .  C o m p a r a t i v e  u 1t r a s t r u c t u r a l  s t u d i e s  w o u l d ,  in 

a d d i t i o n  t o  i l l u s t r a t i n g  t h e  s e c r e t o r y  m e c h a n i s m s ,  p r o v i d e  

e v i d e n c e  on m y o e p i t h e l i a l  a c t i v i t y  in  t h e  f u n d u s .  The 

s w e a t  g l a n d s  f rom t h e  g e n e r a l  body s u r f a c e  o f  c a t t l e ,  

s h e e p ,  g o a t s ,  h o r s e s  and  man we r e  t h e r e f o r e  s e l e c t e d  f o r  

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

p a t t e r n s  wh ich  o c c u r  in  r e s p o n s e  t o  t h e r m a l  s t i m u l a t i o n .  

I n t i m a t e l y  i n v o l v e d  in t h e  p a s s a g e  o f  w a t e r  an d  i o n s  

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

e p i t h e l i u m  o f  s w e a t  g l a n d s ,  i s  t h e  enzyme Na,K-ATPase .  

C y t o c h e m i c a l  l o c a l i z a t i o n  of  t h i s  enzyme w i l l  d e m o n s t r a t e  

t h e  p o s i t i o n  o f  ion  pumps on s e c r e t o r y  c e l l  p l a s m a  

membranes  a n d  w i l l  p r o v i d e  f u r t h e r  e v i d e n c e  on t h e  

m e c ha n i s ms  o f  membrane t r a n s p o r t  in s w e a t  g l a n d s  whi ch  in 

v i ew of  t h e  d i f f e r e n t  p a t t e r n s  may v a r y  b e t w e e n  s p e c i e s .

A c o m p a r a t i v e  s t u d y  o f  g l a n d u l a r  u l t r a s t r u c t u r e  

d u r i n g  a c t i v i t y  s h o u l d  a l s o  p r o v i d e  e v i d e n c e  on t h e  

d i s c r e p a n c i e s  in t h e  c l a s s i f i c a t i o n  o f  s w e a t  g l a n d s  and  

t h e i r  mode o f  s e c r e t i o n  whi ch  a r e  l a r g e l y  b a s e d  on l i g h t  

m i c r o s c o p i c  s t u d i e s .  E l e c t r o n  m i c r o s c o p i c  e v i d e n c e  i s
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l i m i t e d  t o  u n s t i m u l a t e d  g l a n d s  and  t h e r e  i s _ a  n e e d  f o r  a 

more d e t a i l e d  e l e c t r o n  m i c r o s c o p i c  s t u d y  of  a c t i v e  s wea t  

g l a n d s .  S c h i e f f e r d e c k e r  ( 1 9 1 7 ) ,  u s i n g  l i g h t  m i c r o s c o p y ,  

p r o p o s e d  t h e  s t i l l  u s e d  E c c r i n e ,  A p o c r i n e  c l a s s i f i c a t i o n  

o f  s w e a t  g l a n d s  u s i n g  t h r e e  p o i n t s  o f  d i f f e r e n c e .  E c c r i n e  

s w e a t  g l a n d s  ( F i g . 1 . 4 )  d e v e l o p  d i r e c t l y  f rom t h e  

e p i d e r m i s ,  a r e  n e v e r  f o u n d  in  a s s o c i a t i o n  w i t h  h a i r  

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

membrane o f  t h e  s e c r e t o r y  c e l l  w i t h o u t  i t s  r u p t u r e  and  t h e  

l o s s  o f  c y t o p l a s m .  A p o c r i n e  s w e a t  g l a n d s  ( F i g . 1 . 5 )  whi ch  

d e v e l o p  f rom e p i d e r m a l  h a i r  f o l l i c l e  b u d s  a r e  a l w a y s  f o u n d  

in a s s o c i a t i o n  w i t h  h a i r  f o l l i c l e s .  Such g l a n d s  e x h i b i t  

b o t h  e c c r i n e  s e c r e t i o n  a nd  n e c r o b i o t i c  d i s c h a r g e  i n v o l v i n g  

t h e  b r e a k i n g  away o f  t h e  d i s t a l  p o r t i o n  of  t h e  s e c r e t o r y  

c e l l  and  h e n c e  a p i c a l  c y t o p l a s m i c  l o s s .  U s i n g  t h e  

c l a s s i f i c a t i o n  of  S c h i e f f e r d e c k e r  ( 1 9 1 7 )  t h e  s w e a t  g l a n d s  

o f  c a t t l e ,  s h e e p ,  g o a t s  and  t h e  h o r s e  whi ch  d e v e l o p  f rom 

t h e  h a i r  a n a l a g e  an d  a r e  c l o s e l y  a s s o c i a t e d  w i t h  h a i r  

f o l l i c l e s  a r e  c o n s i d e r e d  t o  be a p o c r i n e .  The g l a n d s  f rom 

t h e  g e n e r a l  body s u r f a c e  o f  man which  d e v e l o p  f rom t h e  

e p i d e r m i s  h a v e  b e en  c l a s s i f i e d  a s  e c c r i n e .

Fi a . 1 . 4 . E c c r i n e  s w e a t  g l a n d s  d e v e l o p  f rom t h e  e p i d e r m i s  

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

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

F i a . 1 ♦ 5 . A p o c r i n e  s w e a t  g l a n d s  a r e  a l w a y s  a s s o c i a t e d  w i t h  

h a i r  f o l l i c l e s .  They e x h i b i t  b o t h  e c c r i n e  s e c r e t i o n  and 

n e c r o b i o t i c  d i s c h a r g e  i n v o l v i n g  t h e  wh ol e  a pex  o f  t h e  

s e c r e t o r y  c e l  1.
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Takag l  and  Tagawa ( 1 95 9)  f rom l i g h t  m i c r o s c o p i c  

e v i d e n c e  c o n c l u d e d  t h a t  t h e  e q u i n e  s w e a t  g l a n d  i s  n o t  

a p o c r i n e .  T a l u k d a r ,  Ca l houn  a nd  S t i n s o n  ( 1 9 7 0 )  u s i n g  l i g h t  

m i c r o s c o p y  an d  Ku r o su mi , M a t s u z a wa  a nd  S a i t o  ( 1 9 6 3 ) ,  

S o r e n s e n  an d  P r a s a d  ( 1 9 7 3 )  u s i n g  e l e c t r o n  m i c r o s c o p y  on 

t h e  o t h e r  h a n d  f o u n d  c y t o p l a s m i c  p r o t r u s i o n s  s u g g e s t i v e  of  

a p o c r i n e  s e c r e t i o n .  However ,  t h e y  f a i l e d  t o  d e t e c t  

p i n c h e d - o f f  c y t o p l a s m  in t h e  lumen a nd  n o t e d  t h a t  a p i c a l  

s w e l l i n g  o f  t h e  c e l l  c o u l d  be i n d u c e d  by t h e  f i x a t i v e .  The 

p r e s e n c e  o f  f l a t t e r ,  more v a c u o l a t e d ,  s o m e t i m e s  c o m p l e t e l y  

r u p t u r e d  s e c r e t o r y  c e l l s  w i t h  f r a g m e n t e d  n u c l e i  in  t h e  

g l a n d s  w i t h i n  s k i n  r e g i o n s  r e n d e r e d  a n h i d r o t i c  by r e p e a t e d  

i n t r a d e r m a l  i n j e c t i o n s  o f  a d r e n a l i n e  ( L o v a t t  E v a ns ,  N i s b e t  

& R o s s ,  1957)  s u g g e s t s  t h a t  c e l  1 d e a t h  may o c c u r  d u r i n g  

a c t i v i t y ! .  However ,  t h e  p o s s i b i l i t y  t h a t  t h i s  a p p e a r a n c e  i s  

u n p h y s i o l o g i c a l  and  i n d u c e d  by e x c e s s i v e  s t i m u l a t i o n  

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

n o t  g i v e n .  T h e r e  i s  t h e r e f o r e  some d o u b t  a s  t o  t h e  mode of  

s e c r e t i o n  a nd  c l a s s i f i c a t i o n  o f  e q u i n e  s w e a t  g l a n d s .

L i g h t  m i c r o s c o p i c  s t u d i e s  o f  b o v i n e  s w e a t  g l a n d s  

f a i l e d  t o  r e v e a l  n e c r o b i o s i s  in  t h e  s e c r e t o r y  e p i t h e l i u m  

o r  c h a n g e s  in  t h e  m y o e p i t h e l i u m  d u r i n g  s w e a t i n g  ( F i n d l a y  & 

J e n k i n s o n  1 9 6 4 ) .  The u l t r a s t r u c t u r e  o f  t h e  u n s t i m u l a t e d  

b o v i n e  s w e a t  g l a n d  d i d  n o t  r e v e a l  n e c r o b i o s i s  ( P r a s a d ,  

1973)  b u t  t h e  e f f e c t s  o f  t h e r m a l  s t i m u l a t i o n  ha ve  n o t  b een  

e x a m i n e d .  Th e se  g l a n d s  a r e  t h e r e f o r e  u n l i k e l y  t o  be 

a p o c r i n e .  L i g h t  m i c r o s c o p y  o f  t h e  g o a t  s w e a t  g l a n d  d u r i n g  

s w e a t i n g  shows  a d e c r e a s e  in g l a n d u l a r  volume a c c o m p a n i e d  

by a t h i c k e n i n g  of  t h e  g l a n d u l a r  w a l l  ( J e n k i n s o n  & 

R o b e r t s h a w ,  1971)  whi ch  s u p p o r t s  t h e  v i ew o f  s w ea t

8



e x p u l s i o n  by m y o e p i t h e l i a l  a c t i o n  a n d  n o t  a p o c r i n e  

s e c r e t i o n .  T h e r e  a r e  however  no p u b l i s h e d  r e p o r t s  on t h e  

u l t r a s t r u c t u r e  o f  t h e  s w e a t  g l a n d s  f rom s h e e p  a n d  g o a t  

b e f o r e  o r  d u r i n g  s t i m u l a t i o n .
I

I n f o r m a t i o n  on t h e  u l t r a s t r u c t u r e  o f  t h e  human 

e c c r i n e  s w e a t  g l a n d  i s  l i m i t e d  t o  s t u d i e s  o f  t h e  

u n s t i m u l a t e d  g l a n d  ( E l l i s ,  1962,  1965;  Montagna  &

P a r a k k a l , 1974;  S a t o ,  1977;  H a s h i m o t o ,  1978a ;  K u r o s u m i , 

Kurosumi & T o s a k a ,  1 9 8 2 ) .  L i g h t  m i c r o s c o p i c a l  s t u d i e s  of  

t h e  human g l a n d  ( Dobson ,  F o r m i s a n o ,  L o b i t z  & Br o ph y ,  1958)  

d u r i n g  a c t i v i t y  h a ve  d e m o n s t r a t e d  t h a t  a number  o f  t h e  

c e l l s  in  t h e  s e c r e t o r y  c o i l  a r e  v a c u o l a t e d  w i t h  g l y c o g e n  

d e p o s i t s  w h i l e  o t h e r s  e x h i b i t  p a r t i c l e  an d  g l y c o g e n  

d e p l e t i o n .  Some of  t h e  c e l l s  a r e  damaged t o  t h e  e x t e n t
I

t h a t  t h e y  a r e  u n a b l e  t o  f u n c t i o n  n o r m a l l y .  A l t h o u g h ' t h e  

a p o c r i n e / e c c r i n e  t e r m s  h a v e  be en  r e t a i n e d  t o  d e s c r i b e  t h e  

human s w e a t  g l a n d s  t h e i r  u s e  h a s  b e en  q u e s t i o n e d  (Dobson & 

L o b i t z ,  1958;  J e n k i n s o n ,  1967,  1973)  a s  t h e y  d e s c r i b e  t h e  

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

In v i e w o f  t h e  a b s e n c e  o f  d a t a  in  s u p p o r t  o f  B l i g h t s  

t h e s i s  ( 1 9 6 7 )  and  d o u b t s  on t h e  c l a s s i f i c a t i o n  o f  s w e a t  

g l a n d s  a s t u d y  of  c o m p a r a t i v e  u l t r a s t r u c t u r e  o f  a c t i v e  

g l a n d s  was t h e r e f o r e  u n d e r t a k e n .  T h i s  d e s i g n  w i l l  a l s o  

p r o v i d e  a  b a s i s  f o r  X - r a y  m i c r o p r o b e  s t u d i e s  o f  s w e a t  

g l a n d  i o n i c  t r a n s p o r t  m e c h a n i s m s .
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C H A P T E R 2 .

MATERIALS AND METHODS.

C a t t l e ,  s h e e p ,  g o a t s ,  h o r s e s  an d  humans  wer e  a l l  

e x p o s e d  t o  v a r i o u s  a m b i e n t  c o n d i t i o n s  o f  t e m p e r a t u r e  and  

h u m i d i t y  in t h e  c l i m a t i c  chamber  of  F i n d l a y ,  McLean and  

Benne t  ( 1 9 5 9 ) .  The e x p e r i m e n t a l  a n i m a l s  wer e  a l l  f e d  a 

s t a n d a r d  c o m p l e t e  d i e t  w i t h  w a t e r  ad  1 i b i t u r n  and  b e t w e e n  

e x p e r i m e n t s  wer e  h o u s e d  in t h e r m o n e u t r a l  o r  coo l  

e n v i r o n m e n t s .  The f o u r  humans wer e  a l s o  g i v e n  w a t e r  o r  

s o f t  d r i n k s  a d  1 i b i  turn d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d .

The e n v i r o n m e n t a l  c o n d i t i o n s  u s e d  we r e  d e f i n e d  by Dry 

b u l b  (DB) a n d  Wet b u l b  (WB) t e m p e r a t u r e s .  R e l a t i v e  

h u m i d i t y  c a n ,  i f  d e s i r e d ,  be o b t a i n e d  f rom t h e  d i f f e r e n c e  

b e t we en  Wet and  Dry b u l b  t e m p e r a t u r e s  u s i n g  s t a n d a r d  

t a b l e s .  T o t a l  e v a p o r a t i v e  l o s s ,  wh i ch  a t  warm t e m p e r a t u r e s  

and  o u t w i t h  h i g h  h u m i d i t i e s  i s  a r e f l e c t i o n  o f  s w e a t i n g  

a c t i v i t y ,  was  c o n t i n u o u s l y  m o n i t o r e d  t h r o u g h o u t  t h e  

e x p o s u r e  p e r i o d  u s i n g  t h e  v e n t i l a t e d  c a p s u l e  t e c h n i q u e  of  

McLean ( 1 9 6 3 ) .  S i n c e  t h e  p a t t e r n s  of  s e c r e t i o n  

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

s y n c h r o n o u s l y  on b o t h  s i d e s  o f  t h e  t h o r a x  ( F i n d l a y  & 

R o b e r t s h a w ,  1965;  A l l e n  & B l i g h ,  1 9 6 9 ) ,  s k i n  s a m p l e s  wer e  

r emoved ,  w i t h o u t  a n a e s t h e s i a ,  by b i o p s y  a t  v a r i o u s  

s e l e c t e d  t i m e  i n t e r v a l s  f rom t h e  e q u i v a l e n t  s i t e  on t h e  

o p p o s i t e  s i d e  o f  e a c h  a n i m a l .  U s i n g  t h e  h i g h  s p e e d  punch  

t e c h n i q u e  o f  F i n d l a y  and  J e n k i n s o n  ( 1 9 6 4 )  t h e  s a m p l e s  f rom 

c a t t l e ,  s h e e p  a nd  g o a t s  wer e  t a k e n  f rom an a r e a  o f  s h a v e d  

s k i n  o v e r l y i n g  t h e  e i g h t h  and  n i n t h  r i b s  on t h e  u p p e r  

a s p e c t  o f  t h e  body t o w a r d s  t h e  t h o r a c i c  s p i n o u s  p r o c e s s .
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Samp les  f rom t h e  h o r s e  wer e  t a k e n  f rom t h e  t h o r a c o l u m b a r  

r e g i o n  on t h e  b a c k .  The s a m p l e s  f rom t h e  humans  were  t a k e n  

w i t h  a 3 m.m. b i o p s y  punch  C S t i e f e l  L a b o r a t o r i e s  L t d . )  

f rom t h e  l o i n  i m m e d i a t e l y  a f t e r  l o c a l  i n j e c t i o n  of  0.1ml  

o f  2% Xy1 o c a  i n e .

The s k i n  s p e c i m e n s  f o r  t r a n s m i s s i o n  e l e c t r o n  

m i c r o s c o p y  we r e  p r e p a r e d  u s i n g  t h e  t e c h n i q u e s  d e t a i l e d  in  

Appendix  1 a nd  2 .  The s t a i n e d  u l t r a t h i n  s e c t i o n s ,  f rom a l l  

p r e p a r a t i v e  t e c h n i q u e s ,  wer e  e x a m i n e d  in  an A . E . I .  EM6B o r  

J . E . O . L .  100C e l e c t r o n  m i c r o s c o p e .
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CHAPTER 3 .

THE BOVINE SWEAT GLAND.

INTRODUCTION.

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

c a t t l e  s w e a t  p a t t e r n  h a s  b een  a t t r i b u t e d  t o  t h e  e f f e c t  of  

m y o e p i t h e l i a l  c o n t r a c t i o n s  s u p e r i m p o s e d  upon a r a p i d l y  

r i s i n g  s e c r e t o r y  r a t e .  The c o n c e p t  o f  an a c t i v e  s e c r e t o r y  

p r o c e s s  in c a t t l e  i s  s u p p o r t e d  by e v i d e n c e  f rom s t u d i e s  of  

t h e  i o n i c  c o m p o s i t i o n  of  b o v i n e  s w e a t  ( J o h n s o n ,  1970;  

J e n k i n s o n  & Mabon, 1 9 7 3 ) .  L i g h t  m i c r o s c o p y  o f  c a t t l e  s w e a t  

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

o c c u r s  d u r i n g  s w e a t i n g ,  and  s u p p o r t s  t h e  v i ew of  s w e a t  

e x p u l s i o n  by m y o e p i t h e l i a l  a c t i o n .  So in  an a t t e m p t  t o  

r e s o l v e  t h e  q u e s t i o n  a s  t o  t h e  m e t h o d  o f  p r o d u c t i o n  and  

e x p u l s i o n  o f  s w e a t  in c a t t l e  t h e  u 1t r a s t r u c t u r a l  

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

i n t e r v a l s  a f t e r  t h e  i n i t i a t i o n  of  s w e a t i n g  in  a c o n t r o l l e d  

warm e n v i r o n m e n t .

PROCEDURE.

Four  11 month o l d  A y r s h i r e  oxen we r e  p l a c e d  in  an 

e n v i r o n m e n t  o f  20°C Dry Bulb  (DB) /1 6°C Wet Bulb  (WB) f o r  a 

p e r i o d  o f  6 - 7  h o u r s  w i t h  c u t a n e o u s  e v a p o r a t i v e  l o s s  

m o n i t o r e d  t h r o u g h o u t .  A s k i n  s a m p l e  was  t a k e n  f rom ea ch  

a n i ma l  i m m e d i a t e l y  upon e n t r y  and  a t  t h e  e n d  o f  t h e  

e x p e r i m e n t a l  p e r i o d  b e f o r e  removal  f rom t h e  c l i m a t i c  

c h am b er .  The f o l l o w i n g  day t h e  e x p e r i m e n t  was  r e p e a t e d  in 

an e n v i r o n m e n t  o f  40°C DB/26°C WB w i t h  s k i n  s a m p l i n g  a t  

t h e  t i m e s  shown in F i g . 3 . 1 .  Al l  s a m p l e s  we r e  f i x e d  and
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p r o c e s s e d  f o r  t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y  a s  d e s c r i b e d  

in  a p p e n d i x  1.

RESULTS.

P a t t e r n s  o f  e v a p o r a t i v e  l o s s .

The p a t t e r n s  o f  c u t a n e o u s  e v a p o r a t i v e  l o s s  f rom t h e  

f o u r  c a t t l e  were  e s s e n t i a l l y  s i m i l a r  ( F i g . 3 . 1 ) .  However 

v a r i a t i o n s  in t h e  m a g n i t u d e  o f  r e s p o n s e  we r e  o b t a i n e d .  

S w e a t i n g  d i d  n o t  o c c u r  when t h e  same a n i m a l s  wer e  

s u b j e c t e d  t o  a coo l  e n v i r o n m e n t .

Sweat  a l a n d  s t r u c t u r e .

The b o v i n e  s w e a t  g l a n d  ( F i g . 3 . 2 )  c o n s i s t s  o f  a s i m p l e  

s a c - l i k e  f u n d u s  w i t h  a d u c t  whi ch  p a s s e s  t h r o u g h  t h e  

d e r m i s  a l o n g s i d e  t h e  h a i r  f o l l i c l e  b e t w e e n  t h e  l o b e s  o f  

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

f o l l i c l e  in a p a r a l l e l  d i r e c t i o n  a nd  p e n e t r a t e d  t h e  c e l l  

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

i n t o  t h e  f o l l i c u l a r  o r i f i c e .  The d u c t  a s  shown in  F i g . 3 . 2  

can  be d i v i d e d  i n t o  two r e g i o n s .

1 . )  The i n t r a f o l 1 i c u 1a r  r e g i o n ,  i . e .  t h e  d u c t  w i t h i n  t h e  

h a i r  f o l l i c l e .  T h i s  r e g i o n ,  t o g e t h e r  w i t h  t h e  a d j o i n i n g  

p e r i f o l l i c u l a r  zone  h ad  a l e n g t h  o f  107±21fim.

F i g . 3 . 1 . The p a t t e r n s  o f  c u t a n e o u s  e v a p o r a t i v e  l o s s  f rom
o of o u r  oxen in an e n v i r o n m e n t  o f  40 C DB/26 C WB S k i n  

s a m p l e s  wer e  t a k e n  f rom t h e  c o n t r a l a t e r a l  s i d e  a t  t h e  

t i m e s  shown ( nu mb er ed  a r r o w s ) .

F i g . 3 . 2 . A d i a g r a m  i l l u s t r a t i n g  t h e  f u n d u s  a n d  d i f f e r e n t  

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

s i t u a t i o n s  w i t h  r e s p e c t  t o  t h e  h a i r  f o l l i c l e .
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2 . )  The i n t r a d e r m a l  r e g i o n ,  which can  be f u r t h e r  d i v i d e d  

i n t o  t h r e e  z o n e s .

A . )  The p e r i f o l l i c u l a r  z o n e .

B . )  The d u c t  bo dy ,  w i t h  a l e n g t h  o f  380±58^m i s  t h e  

l o n g e s t  zone  s t r e t c h i n g  f rom t h e  h a i r  f o l l i c l e  t o  a few 

l a y e r s  f rom t h e  f u n d u s .

C . )  The f u n d u s / d u c t  t r a n s i t i o n  z o n e .  T h i s  i s  a s h o r t  

p o r t i o n  o f  n o t  more t h a n  s i x  c e l l s  in  l e n g t h  wh er e  t h e  

d u c t  j o i n s  t h e  f u n d u s .

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

F u n d u s .

The u 1t r a s t r u c t u r a l  a p p e a r a n c e  o f  t h e  g l a n d u l a r  

f u n d u s  in s a m p l e s  t a k e n  b e f o r e  t h e  o n s e t  o f  s w e a t i n g  a t  

40°C was  i n d i s t i n g u i s h a b l e  f rom t h a t  in  s a m p l e s  t a k e n  

d u r i n g  e x p o s u r e  t o  t h e  c o n t r o l  t e m p e r a t u r e  o f  20°C.  The 

f u n d u s  h a d  a lumen c o n t a i n i n g  a f i b r o u s - l i k e  

ma cr omo le cu  1a r  c o l l o i d ,  a f l a t t e n e d  s e c r e t o r y  e p i t h e l i u m  

s u r r o u n d e d  by a m y o e p i t h e l i u m  and  a w e l l  d e v e l o p e d  

b a s e m e n t  membrane ( F i g . 3 . 3 ) .  The e n t i r e  f u n d u s  was  

e n v e l o p e d  in a f e n e s t r a t e d  s h e a t h  o f  f i b r o c y t e s .  The 

s e c r e t o r y  c e l l s  wer e  ea ch  i n t e r l i n k e d  by an a p i c a l  

j u n c t i o n a l  complex  c o m p l e t e  w i t h  desmosome an d  z o n a  

o c c 1u d e n s  ( F i g . 3 . 4 ) .  The m y o e p i t h e l i a l  c e l l s  wer e

F i q . 3 . 3 . Sweat  g l a n d  f u n d u s  o f  an ox i l l u s t r a t i n g  t h e  

s e c r e t o r y  a nd  m y o e p i t h e l i a  and  t h e  s u r r o u n d i n g  f i b r o c y t e  

s h e a t h .

F i g . 3 . 4 . An e l e c t r o n  m i c r o g r a p h  d e m o n s t r a t i n g  t h e  

c o n n e c t i o n s  b e t w ee n  t h e  e p i t h e l i a l  c e l l s .
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a t t a c h e d  t o  t h e  s e c r e t o r y  c e l l s  and  t o  e a c h  o t h e r  by 

desmosomes  and  t o  t h e  b as e m e n t  membrane by hemidesmosomes  

( F i g . 3 . 5 ) .

The s e c r e t o r y  c e l l s  h a d  l umi na l  m i c r o v i l l i ,  g e n e r a l l y  

s i n g l e ,  b u t  s o m e t i m e s  b r a n c h e d  ( F i g . 3 . 6 )  wh i c h  a p p e a r e d  t o  

be  more numerous  a t  t h e  a p i c a l  j u n c t i o n s  ( F i g . 3 . 5 ) .  

A d d i t i o n a l l y ,  a t  t h e  b a s e s  o f  t h e s e  c e l l s ,  m i c r o v i l l o u s  

p r o j e c t i o n s  f rom t h e  e p i t h e l i u m  l ay  w i t h i n  n a r r o w  c l e f t s  

b e t w e e n  t h e  s e c r e t o r y  and  m y o e p i t h e l i a l  l a y e r s  ( F i g . 3 . 5 ) .  

The d e n s e  g r a n u l a r  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 s  p r o b a b l y  

due t o  p o l y s o m e s  a s  s t a i n i n g  f o r  g l y c o g e n  p r o v e d  n e g a t i v e .  

A s m a l l  Golg i  body was  f o u n d  s i t u a t e d  l a t e r a l  t o  t h e  f l a t ,  

o v a l ,  c e n t r a l l y  p l a c e d  n u c l e u s  ( F i g . 3 . 3 ) .  C o a t e d  v e s i c l e s  

were  o c c a s i o n a l l y  f o u n d  in c l o s e  a s s o c i a t i o n  w i t h  t h e  

Gol g i  a p p a r a t u s  b u t  more o f t e n  p r o x i m a l  t o  membrane-bound  

v e s i c l e s  w i t h  e l e c t r o n - d e n s e  c o n t e n t s .  T he se  

e l e c t r o n - d e n s e  v e s i c l e s  were  mos t  p r o b a b l y  l y s o s o m e s ,  a s  

i n d i c a t e d  by a u t o f l u o r e s c e n c e  and  p o s i t i v e  h i s t o c h e m i c a 1 

t e s t s  f o r  a c i d  p h o s p h a t a s e .  Rough e n d o p l a s m i c  r e t i c u l u m  

(RER),  a l t h o u g h  n o t  p r o m i n e n t ,  was  g e n e r a l l y  p r e s e n t ,  

e s p e c i a l l y  in  t h e  p e r i n u c l e a r  r e g i o n .  M i c r o f i l a m e n t s  c o u l d  

be  s e e n  t h r o u g h o u t  t h e  c e l l  b u t  wer e  mos t  p r o n o u n c e d  in 

t h e  a p i c a l  r e g i o n  where  t h e y  we r e  o r i e n t a t e d  p a r a l l e l  t o  

t h e  l u mi na l  s u r f a c e .  M i c r o t u b u l e s  we r e  f o u n d  in a few 

s e c r e t o r y  c e l l s .  The m i t o c h o n d r i a  w e r e  e l o n g a t e d ,  w i t h  a

F i a . 3 . 5 . High power  v i ew of  t h e  a p i c a l  j u n c t i o n a l  c om pl ex .  

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

mi c r o v  i 11 i .
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p a l e  m a t r i x ,  and  p l a t e - l i k e  c r i s t a e  a c r o s s  t h e i r  

l o n g i t u d i n a l  a x i s .  P r o m i n e n t  w i t h i n  t h e  c e l l s  wer e  

membrane bound  v e s i c l e s  ( F i g . 3 . 6 ) .  T h e s e  c o n t a i n e d  c l o s e l y  

p a c k e d  g r a n u l a r  and  f i l a m e n t o u s  m a t e r i a l  s i m i l a r  t o  t h e  

l u m i n a l  c o n t e n t s .  A number o f  t h e s e  v e s i c l e s  a l s o  c o n t a i n  

e l e c t r o n - d e n s e  a g g r e g a t e s  ( F i g . 3 . 7 ) .

The m y o e p i t h e l i u m  was we 11- d e v e 1 op ed  a n d  e q u i v a l e n t  

in  t h i c k n e s s  t o  t h e  s e c r e t o r y  e p i t h e l i u m  ( F i g . 3 . 3 , 6 ) .  I t  

c o n s i s t e d  o f  a s i n g l e  l a y e r  o f  s p i n d l e - s h a p e d  smooth  

m u s c l e  c e l l s  wh i ch  o v e r l a p p e d  a t  t h e i r  t a p e r e d  p o l e s .  The 

n u c l e u s ,  a l s o  s p i n d l e - s h a p e d ,  was c e n t r a l  o r  e c c e n t r a l l y  

p l a c e d  t o  a more l umi na l  p o s i t i o n  in  t h e  c e l l .  The a p i c a l  

c o n e s  a t  t h e  n u c l e u s  c o n t a i n e d  RER an d  e l o n g a t e d  

m i t o c h o n d r i a  whi ch  h ad  a m a t r i x  more e l e c t r o n - d e n s e  t h a n  

t h a t  o f  t h e  m i t o c h o n d r i a  in t h e  s e c r e t o r y  c e l l s .  

M i t o c h o n d r i a  wer e  a l s o  f o u n d  s i n g l y  o r  in s m a l l  g r o u p s  a t  

t h e  p e r i p h e r y  o f  t h e  s a r c o p l a s m .  The a p i c a l  c o n e s  a l s o  

c o n t a i n e d  a b u n d a n t  e l e c t r o n - d e n s e  g r a n u l e s  which  r e s e m b l e d  

b e t a  g l y c o g e n  p a r t i c l e s  ( F i g . 3 . 7 ) .  C a v e o l a e  wer e  f o u n d  on 

t h e  s e r o s a l  membrane u n d e r l y i n g  t h e  b a s e m e n t  membrane and 

in  t h e  c l e f t s  b e t w ee n  a d j a c e n t  m y o e p i t h e l i a l  c e l l s .  T h i c k  

a nd  t h i n  f i l a m e n t s  wer e  f ou n d  among t h e  d e n s e  a r r a y s  o f  

c o n t r a c t i l e  p r o t e i n s .  Numerous d e n s e  b o d i e s  wer e  s e e n  in

F i a . 3 . 7 . An e l e c t r o n  m i c r o g r a p h  of  t h e  Golg i  a p p a r a t u s  and  

c l o s e l y  a s s o c i a t e d  v e s i c l e s  in a s e c r e t o r y  c e l l .  Some of  

t h e  v e s i c l e s  c o n t a i n  e l e c t r o n - d e n s e  a g g r e g a t e s ,  a n d  o t h e r s  

a f i l a m e n t o u s  m a t e r i a l  s i m i l a r  t o  t h a t  in t h e  lumen.

\
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t h e  s a r c o p l a s m  ( F i g . 3 . 3 , 5 , 6 , 7 )  and amongs t  t h e  c o n t r a c t i l e  

f i l a m e n t s  were  e l o n g a t e d  p r o f i l e s  o f  smooth  membranous  

v e s i c l e s ,  p r o b a b l y  s a r c o p l a s m i c  r e t i c u l u m .

L a n g e r h a n s  c e l l s ,  i d e n t i f i e d  by B i r b e c k  g r a n u l e s ,  

we r e  a l s o  o c c a s i o n a l l y  f ou n d  b e t we en  s e c r e t o r y  and  

m y o e p i t h e l i a l  c e l l s .

D u c t .

The i n t r a f o 11 i c u 1a r  r e g i o n .

Where t h e  d u c t  op en ed  i n t o  t h e  h a i r  f o l l i c l e  o r i f i c e  

i t  was  composed of  t h r e e  l i v i n g  c e l l  l a y e r s  w i t h  t h r e e  t o  

s i x  c o r n i f i e d  c e l l s  f o r m i n g  t h e  lumen ( F i g . 3 . 8 , 9 ) .  At t h i s  

p o i n t  c o r n i f i e d  c e l l s  of  t h e  d u c t  wer e  c o n t i g u o u s  w i t h  t h e  

s t r a t u m  corneum of  t h e  i n n e r  r o o t  s h e a t h  ( F i g . 3 . 8 ) .  The 

l i v i n g  c e l l s  were  u 1t r a s t r u c t u r a 11y i n d i s t i n g u i s h a b l e  f rom 

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

k e r a t i n i z e d  lumi na l  s u r f a c e  d e e p e r  in  t h i s  r e g i o n  was 

r e p l a c e d  by one l i n e d  w i t h  s h o r t  d e n s e l y - p a c k e d  

m i c r o v i l l i ,  u s u a l l y  f rom one c e l l  wh ich  j o i n e d  w i t h  i t s e l f

F i g . 3 . 8 . The b o v i n e  d u c t  a t  t h e  p o i n t  of  e n t r y  i n t o  t h e  

h a i r  f o l l i c l e  c a n a l .  The k e r a t i n i z e d  l um in a l  s u r f a c e  i s  

c o n t i g u o u s  w i t h  t h e  s t r a t u m  corneum o f  t h e  i n n e r  r o o t  

s h e a t h  o f  t h e  h a i r  f o l l i c l e .  The g r a n u l a r  c e l l s  which  form 

t h e  w a l l  of  t h e  g l a n d  do no t  c o m p l e t e l y  e n c i r c l e  t h e  

1umen.

F i g . 3 . 9 . In t h i s  e l e c t r o n  m i c r o g r a p h  f rom t h e  

i n t r a f o 1 1 i c u 1a r  r e g i o n  t h e  d u c t  s t i l l  h a s  a k e r a t i n i z e d  

l u mi n a l  s u r f a c e  b u t  h e r e  no l o n g e r  c o n t i g u o u s  w i t h  t h e  

h a i r  f o l l i c l e .
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by means  of  a z o n u l a  o c c l u d e n s . At t h e  a p i c a l  j u n c t i o n a l  

compl ex  t h e r e  was a p r o m i n e n t  e p i t h e l i a l  f o l d  wh i ch  

e x t e n d e d  i n t o  t h e  lumen.  T h i s  s i n g l e  l u m i n a l  c e l l  was 

s u r r o u n d e d  by two more l a y e r s  o f  g r a n u l o s u m  c e l l s  

i n t e r c o n n e c t e d  by desmosomes .  Towards  t h e  o u t e r  r o o t  

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

f o r m i n g  t h e  lumen ( F i g . 3 . 1 0 ) .  T h i s  c e l l  h a d  a  c o n s p i c u o u s  

e p i t h e l i a l  f o l d  a t  t h e  l u mi n a l  j u n c t i o n a l  compl ex  and  

s h o r t  m i c r o v i l l  l i n i n g  t h e  e n t i r e  lumen.  Amongst  t h e s e  

m i c r o v i l l i  numerous  s m a l l  v e s i c l e s  we r e  o b s e r v e d  ( F i g . 3 . 1 1  

i n s e t ) .  O c c a s i o n a l l y  t h e  lumen a t  t h i s  l e v e l  was  l i n e d  by 

two c e l l s .  The d u c t  w a l l ,  i n c l u d i n g  t h e  l u m i n a l  c e l l  was 

g e n e r a l l y  f o u n d  t o  c o n s i s t  of  t h r e e  t o  f i v e  c e l l  l a y e r s .  

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

F i g . 3 . 1 0 . The b o v i n e  d u c t  w i t h i n  t h e  o u t e r  r o o t  s h e a t h  of  

t h e  h a i r  f o l l i c l e  i s  composed of  t h r e e  c e l l  l a y e r s  1

i n t e r c o n n e c t e d  by desmosomes .  The l u m in a l  s u r f a c e  i s  

p r o v i d e d  by t h e  i n n e r  s i n g l e  c e l l  wh ic h  i s  c o n n e c t e d  t o  

i t s e l f  t o  form a r i n g .  A p r o m i n e n t  e p i t h e l i a l  f o l d  w i t h  a 

z o n u l a  o c c l u d e n s  i s  p r e s e n t  a t  t h e  p o i n t  o f  c o n n e c t i o n  and 

t h e  s u r f a c e  i s  l i n e d  by d e n s e l y  p a c k e d  m i c r o v i l l i .

F i g . 3 . 1 1 . The b o v i n e  d u c t  in t h e  p e r i f o l l i c u l a r  r e g i o n  

i m m e d i a t e l y  o u t s i d e  t h e  h a i r  f o l l i c l e .  The a p p e a r a n c e  i s  

s i m i l a r  t o  t h a t  f o u n d  w i t h i n  t h e  o u t e r  r o o t  s h e a t h  b u t  t h e  

lumen i s  s m a l l e r  and  t h e  e n t i r e  d u c t  i s  now s u r r o u n d e d  by 

a  f i b r o c y t e  s h e a t h .  V e s i c l e s  o b s e r v e d  b e t w e e n  t h e  

m i c r o v i l l i  a t  t h e  n o n - k e r a t i n i z e d  l u m i n a l  s u r f a c e  

t h r o u g h o u t  t h e  i n t r a f o l 1 i c u l a r  zone  w e r e  mos t  numer ous  in 

t h i s  r e g i o n  ( I n s e t ) .

18





i n d i s t i n g u i s h a b l e  f rom t h e  c e l l s  of  t h e  o u t e r  r o o t  s h e a t h ,

a l t h o u g h  t h e y  t e n d e d  t o  be f l a t t e r .  The c e l l s  o f  t h e  d u c t

wer e  c o n n e c t e d  by desmosomes t o  each  o t h e r  a n d  t o  

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

The i n t r a d e r m a l  r e g i o n .

The d u c t  a t  t h e  s h o r t  p e r i f o l l i c u l a r  z o n e ,  w he r e  i t  

s e p a r a t e s  f rom t h e  h a i r  f o l l i c l e ,  h a d  c h a n g e d  l i t t l e  in

c e l l u l a r  u l t r a s t r u c t u r e  ( F i g . 3 . 1 1 ) .  The c e l l s  o f  t h e  t h r e e

l a y e r s ,  a l t h o u g h  more f l a t t e n e d ,  wer e  s t i l l  s i m i l a r  t o  t h e  

g r a n u l o s u m  c e l l s  o f  t h e  o u t e r  r o o t  s h e a t h .  The i n n e r  c e l l  

l a y e r  s u r r o u n d i n g  t h e  now s ma l l  lumen was g e n e r a l l y  

composed  of  two o r  t h r e e  c e l l s  a l t h o u g h  d u c t s  w i t h  a 

s i n g l e  c e l l  c o u l d  s t i l l  be f ou n d  ( F i g . 3 . 1 1 ) .  An e p i t h e l i a l  

f o l d  was  s t i l l  p r o m i n e n t  and  t h e  v e s i c l e s  b e t w e e n  t h e  

m i c r o v i l l i  wer e  now more numerous  ( F i g . 3 . 1 1  i n s e t ) .  The 

d u c t  was  now e n t i r e l y  s u r r o u n d e d  by a f e n e s t r a t e d  s h e a t h  

o f  f i b r o c y t e s .  i

The d u c t  b od y ,  t h e  l o n g e s t  p o r t i o n ,  showed 

e s s e n t i a l l y  t h e  same s t r u c t u r e  a l o n g  i t s  e n t i r e  l e n g t h .

The d u c t  w a l l  in t h i s  r e g i o n  c o n s i s t e d  o f  two l a y e r s  of  

e p i t h e l i a  ( F i g . 3 . 1 2 ) ,  t h e  l umi na l  c e l l s  l i n k e d  by a p i c a l  

J u n c t i o n a l  c o m p l e x e s  w i t h  z o n u l a  o c c l u d e n t e s  ( F i g . 3 . 1 2

F i g . 3 . 1 2 . A s e c t i o n  t h r o u g h  t h e  b o v i n e  d u c t  in t h e  body 

r e g i o n .  The c e l l s  o f  t h e  i n n e r  o f  t h e  two l a y e r s  c o m p os i n g  

t h e  d u c t  w a l l  a r e  c o n n e c t e d  by z o n u l a e  o c c l u d e n t e s  ( I n s e t )  

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

T o n o f i l a m e n t  b u n d l e s  a r e  p r o m i n e n t  a r o u n d  t h e  m a r g i n s  o f  

t h e  b a s a l  c e l  I s .
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i n s e t ) .  The e p i t h e l i a l  f o l d s  were  l e s s  p r o n o u n c e d  and  t h e  

lumen now h a d  c o n t e n t s  s i m i l a r  t o  t h o s e  in  t h e  f u n d u s .  The 

l u m i n a l  m i c r o v i l l i  in t h i s  r e g i o n  wer e  s h o r t e r  an d  l e s s  

d e n s e l y  p a c k e d  and  t h e r e  was no e v i d e n c e  o f  t h e  v e s i c l e s  

f o u n d  in  t h e  i n t r a f o 11i c u 1a r  d u c t .  T he se  l u m in a l  c e l l s  had  

a s p i n d l e - s h a p e d  n u c l e u s  w i t h  a c y t o p l a s m  r i c h  in 

r i b o s o m e s  a nd  c o n t a i n e d  a few s ma l l  r o u n d  m i t o c h o n d r i a .

The c e l l s  o f  t h e  o u t e r  l a y e r ,  c o n n e c t e d  by desmosomes ,  

became p r o g r e s s i v e l y  f l a t t e r  a s  t h e  d u c t  a p p r o a c h e d  t h e  

f u n d u s .  Gap j u n c t i o n s  were  o b s e r v e d  b e t w ee n  some b u t  n o t  

a l l  o f  t h e  b a s a l  c e l l s  in t h e  lower  p o r t i o n  o f  t h e  d u c t  

body ( Fi  g .  3 . 1 3 ,  i n s e t ) ,  i . e .  in t h e  r e g i o n  c.237fim f rom t h e  

h a i r  f o l l i c l e  t o  t h e  t r a n s i t i o n  z o n e .  The se  b a s a l  c e l l s  

h a d  an o v o i d  n u c l e u s  in a d e ns e  c y t o p l a s m  c o n t a i n i n g  smal l  

m i t o c h o n d r i a .  A p r o m i n e n t  f e a t u r e  o f  t h e  c e l l s  wer e  

t o n o f i l a m e n t  b u n d l e s  s i t u a t e d  a r o u n d  t h e  m a r g i n s  in  a 

d i r e c t i o n  p a r a l l e l  t o  t h e  l e n g t h  of  t h e  d u c t  ( F i g . 3 . 1 2 ) .

W i t h i n  t h e  f u n d u s / d u c t  t r a n s i t i o n  z o n e ,  wh ich  was two 

t o  f i v e  c e l l s  in l e n g t h  ( F i g . 3 . 1 4 ) ,  t h e  l umi na l  c e l l s  more 

c l o s e l y  r e s e m b l e d  t h e  s e c r e t o r y  c e l l s  o f  t h e  f u n d u s  t h a n  

t h o s e  o f  t h e  d u c t  body .  Luminal  c e l l s  in  t h i s  zone  h ad  

p r e s e n t  in  t h e i r  c y t o p l a s m  s e c r e t o r y  v e s i c l e s  and  

d e g e n e r a t i n g  m i t o c h o n d r i a .  A t r e t i c  l u mi na l  c e l l s  were  a l s o

F i g . 3 . 1 3 . Basa l  c e l l s  f rom t h e  lower  p o r t i o n  of  t h e  d u c t  

b o d y .  Gap j u n c t i o n s  o c c u r r e d  be twe en  t h e  b a s a l  c e l l s  c l o s e  

t o  t h e  b a s e m e n t  membrane.  These  b a s a l  c e l l s  a l s o  h a ve  a 

p r o m i n e n t  r ou g h  e n d o p l a s m i c  r e t i c u l u m .
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r e g u l a r l y  s e e n  in t h i s  zone  ( F i g . 3 . 1 4 , 1 5 ) .  O c c a s i o n a l l y  

t h e  s e r o s a l  membrane of  a luminal  c e l  1 in  t h i s  zone  

r e a c h e d  t h e  b a s a l  l a m i na  ( F i g . 3 . 1 6 ) ,  The mos t  p r o m i n e n t  

s t r u c t u r a l  d i f f e r e n c e s  in t h i s  zone  wer e  f o u n d  in t h e  

e l o n g a t e d  b a s a l  c e l l s ,  which e x h i b i t e d  f e a t u r e s  

c h a r a c t e r i s t i c  o f  m y o b l a s t s .  Gap j u n c t i o n s  wer e  a b s e n t ,  

t h e  b a s a l  c e l l s  wer e  i n t e r c o n n e c t e d  by desmosomes which  a t  

p o i n t s  w er e  d i f f e r e n t i a t e d  i n t o  n e x u s e s .  T h e i r  c y t o p l a s m  

was  r i c h  in  r i b o s o m e s ,  g l y c o g e n  d e p o s i t s  and  f i l a m e n t  

b u n d l e s  o f  v a r y i n g  s i z e  ( F i g . 3 . 1 7 ) .  These  f i l a m e n t  b u n d l e s

F i g . 3 . 1 4 . A l o n g i t u d i n a l  s e c t i o n  of  t h e  f u n d u s  o f  t h e  

b o v i n e  s w e a t  g l a n d  w i t h  t h e  d u c t  l e a d i n g  f rom i t .  The 

f i b r o c y t e  s h e a t h  and  i n n e r  and o u t e r  c e l l  l a y e r s  can be 

s e e n .  The b a s a l  c e l l s  a t  t h i s  l e v e l  a r e  v e r y  f l a t  w i t h  

o v o i d  n u c l e i .  The d u c t  luminal  c e l l s  now have  f e a t u r e s  in 

common w i t h  t h e  s e c r e t o r y  c e l l s  such  a s  s e c r e t o r y  v e s i c l e s  

a n d  d e g e n e r a t i n g  m i t o c h o n d r i a .  A t r e t i c  l umi na l  c e l l s  were  

r e g u l a r l y  o b s e r v e d  in t h i s  t r a n s i t i o n a l  r e g i o n .

F i g . 3 . 1 5 . An a t r e t i c  lumina l  c e l l  f rom t h e  f u n d u s / d u c t  

t r a n s i t i o n  z o n e .

F i g . 3 . 1 6 . The f u n d u s / d u c t  t r a n s i t i o n  z o n e .  A l umi na l  d u c t  

c e l l  w i t h  a p o r t i o n  of  i t s  s e r o s a l  membrane on t h e  

b a s e m e n t  membrane be t ween  two b a s a l  d u c t  c e l l s .

F i g . 3 . 1 7 . A b a s a l  d u c t  c e l l  in t h e  f u n d u s / d u c t  t r a n s i t i o n  

z o n e ,  w i t h  a g ro u p  of  f i l a m e n t s  of  v a r y i n g  t h i c k n e s s ,  

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

\
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( F i g . 3 . 18) were  q u i t e  d i f f e r e n t  f rom t h e  t o n o f i 1 ame n t s  of  

t h e  b a s a l  c e l l s  in t h e  d u c t  body and more c l o s e l y  

r e s e m b l e d  t h o s e  o f  t h e  f u n d u s  m y o e p i t h e l i u m .  At t h e  

j u n c t i o n  b e t w e e n  t h e  d u c t  and  f u n d u s  t h e r e  was no 

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

o f  t h e  l umi na l  c e l l s .  The c e l l s  were  c o n n e c t e d  by 

j u n c t i o n a l  c o m p l e x e s  w i t h  z o n u l a e  o c c l u d e n t e s  a t  t h e  

l um in a l  s u r f a c e .  The b a s a l  d u c t  c e l l s ,  a l t h o u g h  t h e y  

c o n t a i n e d  m y o f i l a m e n t  b u n d l e s ,  c o u l d  s t i l l  be 

d i s t i n g u i s h e d  f rom t h e  n e i g h b o u r i n g  m y o e p i t h e l i a l  c e l l s  

whi ch  a t  p o i n t s  o v e r l a p p e d  ( F i g . 3 . 1 9 ) .

L a n g e r h a n s  c e l l s ,  i d e n t i f i e d  by t h e i r  B i r b e c k  

g r a n u l e s ,  wer e  l o c a t e d  t h r o u g h o u t  t h e  e n t i r e  l e n g t h  of  t h e  

d u c t  ( F i g . 3 . 2 0 ) .  A n o t h e r  s t r u c t u r e  f o u n d  o c c a s i o n a l l y  

a l o n g  t h e  l e n g t h  of  t h e  d u c t  were  t h e  desmosome

F i a . 3 . 1 8 . A h i g h  power  e l e c t r o n  m i c r o g r a p h  i l l u s t r a t i n g  a 

g r o u p  o f  m y o f i l a m e n t s .  These  a r e  q u i t e  d i f f e r e n t  f rom t h e  

t o n o f i 1 a m e n t s  in t h e  b a s a l  c e l l s  o f  t h e  d u c t  body .

F i g . 3 . 1 9 . The f u n d u s / d u c t  t r a n s i t i o n  z o n e .  The lumina l  

c e l l  o f  t h e  d u c t  h a s  a s i m i l a r  a p p e a r a n c e  t o  t h a t  of  i t s  

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

m y o e p i t h e l i a l  c e l l  w i t h  m y o f i l a m e n t s ,  f u s i f o r m  d e n s i t i e s  

and  c a v e o l a e ,  o v e r l a p s  w i t h  a b a s a l  d u c t  c e l l  r i c h  in 

r i b o s o m e s  an d  c o n t a i n i n g  g l y c o g e n  d e p o s i t s .

F i q . 3 . 2 0 . The body of  a d e n d r i t i c  c e l l  s i t u a t e d  be t ween  a 

' l u m i n a l  and  b a s a l  c e l l  in t h e  d u c t  w a l l .  I t  i s  n o t  

c o n n e c t e d  t o  t h e  d u c t a l  c e l l s  and  t h e  p r e s e n c e  in  t h e  

c y t o p l a s m  of  t h e  c h a r a c t e r i s t i c  B i r b e c k  g r a n u l e s  i d e n t i f y  

i t  a s  a L a n g e r h a n s  c e l l .  ■ _



c o n n e c t i o n s  be t ween  t h e  f i b r o c y t e s  o f  t h e  s h e a t h  

s u r r o u n d i n g  t h e  e n t i r e  g l a n d  ( F i g . 3 . 2 1 , 2 2 ) .

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

F u n d u s .

Upon a c t i v a t i o n  of  t h e  g l a n d s  few o b s e r v a b l e  

d i f f e r e n c e s  wer e  f o u n d  in c e l l u l a r  a p p e a r a n c e .  An i n c r e a s e  

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

o f  t h e i r  n u c l e i  wer e  i n d i c a t i v e  of  m y o e p i t h e l i a l  

c o n t r a c t i o n  ( F i g . 3 . 2 3 ) .  The most  c o n c l u s i v e  e v i d e n c e  of  

s w e a t i n g  a c t i v i t y  was a w i d e n i n g  of  t h e  i n t e r c e l l u l a r  

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

l a y e r s  ( F i g . 3 . 2 4 ) .  In c o n t r o l  and  s t i m u l a t e d  g l a n d s  

membrane-bound  v e s i c l e s  c o n t a i n i n g  f i l a m e n t o u s  m a t e r i a l  

and  e l e c t r o n - d e n s e  i n c l u s i o n s  were  f r e q u e n t l y  s e e n

F i g . 3 . 2 1 . F i b r o c y t e  s h e a t h  f rom t h e  u p p e r  d u c t  body .  

Desmosomes c o n n e c t i n g  f i b r o c y t e s  o f  t h e  s h e a t h .

F i g . 3 . 2 2 . Desmosome c o n n e c t i n g  f i b r o c y t e s  f rom t h e  s h e a t h  

o f  t h e  l ower  d u c t  body .

F i g . 3 . 2 3 . The a c t i v e  b o v i n e  swea t  g l a n d  f u n d u s .  The 

i n c r e a s e  in d i a m e t e r  of  t h e  m us c l e  c e l l s  i s  i n d i c a t i v e  of  

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

F i g . 3 . 2 4 . The a c t i v e  b o v i n e  s wea t  g l a n d  f u n d u s .  The most  

s i g n i f i c a n t  s i g n  o f  s w e a t i n g  a c t i v i t y  was an i n c r e a s e  in 

t h e  s i z e  o f  t h e  s p a c e s  be t we en  t h e  myo- and  s e c r e t o r y  

ep i t h e  1 i a .
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a d j a c e n t  t o  t h e  lumi na l  membrane ( F i g . 3 . 2 5 , 2 6 ) .  They 

a p p e a r e d  t o  r e l e a s e  t h e i r  c o n t e n t s  i n t o  t h e  lumen by 

e x o c y t o s i s  ( F i g . 3 . 2 5 ) .  These  v e s i c l e s  were  o f t e n  s e e n  in 

c l o s e  a p p o s i t i o n  t o  each  o t h e r  ( F i g . 3 . 2 7 ) ,  and  in a manner  

which  s u g g e s t e d  t h e  o c c u r r e n c e  of  v e s i c l e  f u s i o n  

( F i g . 3 . 2 8 ) .  The s o u r c e  o f  t h e s e  v e s i c l e s  i s  s t i l l  o b s c u r e .  

A l t h o u g h  v e s i c l e s  o f  v a r i a b l e  s i z e  wer e  f o u n d  c l o s e l y  

a s s o c i a t e d  w i t h  t h e  Golgi  body and a d j a c e n t  t o  

m i t o c h o n d r i a  ( F i g . 3 . 7 ) ,  t h e  g l a n d s  a t  r e s t  and  a t  s t a g e s  

of  s t i m u l a t i o n  showed e v i d e n c e  of  m i t o c h o n d r i a l  b u d d i n g  

a n d / o r  d e g e n e r a t i o n .  F i g . 3 . 2 9  shows a m i t o c h o n d r i o n  w i t h  

i t s  ' b u d '  a l m o s t  f u l l y  formed b e f o r e  s e p a r a t i o n .  

M i t o c h o n d r i a  e x h i b i t e d  c h a n g e s  in t h e i r  c r i s t a e  w i t h  t h e  

a p p e a r a n c e  of  m i c r o f i l a m e n t s  and  l on g  membranous c r i s t a e  

( F i g . 3 . 3 0 , 3 1 ) .  Some m i t o c h o n d r i a  were  a l s o  o b s e r v e d  t o

F i g . 3 . 2 5 . An e x o c y t o t i c  v e s i c l e  a t  t h e  lumi na l  s u r f a c e  of  

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

Fi a . 3 . 2 6 . A v e s i c l e  c o n t a i n i n g  an e l e c t r o n - d e n s e  a g g r e g a t e  

j u s t  be lo w t h e  lumi na l  membrane of  t h e  s e c r e t o r y  

ep i  t h e  1 ium.

F i g . 3 . 2 7 . V e s i c l e s  in a s e c r e t o r y  c e l l  a p p a r e n t l y  a b o u t  t o  

f u s e .

F i g . 3 . 2 8 . F u s i n g  v e s i c l e s  w i t h i n  a s e c r e t o r y  c e l l .

F i g . 3 . 2 9 . An example  o f  m i t o c h o n d r i a l  b u d d i n g .

F i g . 3 . 3 0 . A l a r g e  m i t o c h o n d r i o n  f rom a s e c r e t o r y  c e l l  

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

F i g . 3 . 3 1 . A l a r g e  d e n s e  i n c l u s i o n  and  f i l a m e n t s  in  a 

m i t o c h o n d r i o n .
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c o n t a i n  s ma l l  e l e c t r o n - d e n s e  b o d i e s  ( F i g . 3 . 3 2 ) .  

M i t o c h o n d r i a  w i t h  l a r g e  d en s e  a g g r e g a t e s  and  v e r y  few,  

a p p a r e n t l y  d e g e n e r a t i n g ,  c r i s t a e  were  a l s o  f o u n d  

( F i g . 3 . 3 3 ) .  These  m i t o c h o n d r i a  were  s i m i l a r  in a p p e a r a n c e  

t o  t h e  v e s i c l e s  c o n t a i n i n g  t h e  e l e c t r o n - d e n s e  a g g r e g a t e s .

S e c r e t o r y  c e l l  d e a t h  was o c c a s i o n a l l y  o b s e r v e d  in t h e  

a c t i v e  g l a n d  ( F i g . 3 . 3 4 , 3 5 ) .  The d ead  c e l l s  wer e  more 

f r e q u e n t l y  f o u n d  c l o s e  t o  t h e  f u n d u s / d u c t  j u n c t i o n .

D u c t .

H e a t - i n d u c e d  s w e a t i n g  h ad  l i t t l e  v i s i b l e  e f f e c t  on t h e  

u l t r a s t r u c t u r e  o f  t h e  g l a n d u l a r  d u c t  in c a t t l e .  The lumen,  

p a r t i c u l a r l y  w i t h i n  t h e  i n t r a f o 11i c u 1a r  r e g i o n ,  was 

n o t i c e a b l y  w i d e r  in t h e  s a m p l e s  t a k e n  a f t e r  s t i m u l a t i o n .  

The numerous  s ma l l  l umi na l  v e s i c l e s  o b s e r v e d  amongs t  t h e  

m i c r o v i l l i  o f  t h e  i n t r a f o l 1 i c u 1a r  r e g i o n  were  s t i l l  

p r e s e n t .  The l umi na l  c o n t e n t s  of  t h e  d u c t  body which  were  

s i m i l a r  t o  t h o s e  of  t h e  f u n d u s  were  s t i l l  s e e n .  The 

i n t e r c e l l u l a r  s p a c e s  in some d u c t s  a p p e a r e d  t o  be w i d e r ,  

b u t  t h i s  was  n o t  e s t a b l i s h e d  a s  a g e n e r a l  f e a t u r e  d u r i n g  

s w e a t  i ng.

Fi a . 3 . 3 2 . M i t o c h o n d r i a  c o n t a i n i n g  s ma l l  e l e c t r o n - d e n s e  

i n c l u s i o n s .

F i g . 3 . 3 3 . A m i t o c h o n d r i o n  w i t h  a l a r g e  i n c l u s i o n  and  few 

r e c o g n i s a b l e  c r i s t a e .

F i a . 3 . 3 4 . A low power  v iew of  a d i s r u p t e d  s e c r e t o r y  c e l l  

f rom t h e  a c t i v e  f u n d u s .

F i g . 3 . 3 5 . Dead s e c r e t o r y  c e l l  f rom t h e  a c t i v e  f u n d u s .  The 

l umi na l  membrane i s  d i s r u p t e d .
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DISCUSSION.

The c y t o l o g i c a l  a p p e a r a n c e  of  t h e  u n s t i m u l a t e d  c a t t l e  

s w e a t  g l a n d  f u n d u s  was s i m i l a r  t o  t h a t  f o u n d  by P r a s a d  

( 1 9 7 3 ) .  T he r e  were  few d e t e c t a b l e  c y t o l o g i c a l  c h a n g e s  

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

c h a n g e s  o b s e r v e d  in t h e  m y o e p i t h e l i u m  d u r i n g  s w e a t i n g  

s u p p o r t  t h e  e a r l i e r  c o n c l u s i o n ,  b a s e d  on e v i d e n c e  of  a 

r e d u c t i o n  in g l a n d u l a r  volume ( F i n d l a y  & J e n k i n s o n ,  1 964) ,  

t h a t  t h e  m y o e p i t h e l i u m  seemed c o n t r a c t e d  t h r o u g h o u t  

a c t i v i t y .  However m y o e p i t h e l i a l  c o n t r a c t i o n  c o u l d  no t  be 

d i r e c t l y  c o r r e l a t e d  w i t h  any s p e c i f i c  s t a g e  of  s e c r e t i o n .  

Columnar  s e c r e t o r y  c e l l s  were  n e v e r  s e e n ,  an d  t h e  a b s e n c e  

o f  a p i c a l  n e c r o b i o s i s  c o n f i r m s  t h e  v ie w o f  F i n d l a y  & 

J e n k i n s o n  ( 19 64)  t h a t  t h e  s wea t  g l a n d s  of  c a t t l e  a r e  no t  

a p o c r i n e  g l a n d s  a s  d e f i n e d  by S c h i e f f e r d e c k e r  ( 1 9 1 7 ) .  The 

c o l l o i d a l  lumina l  c o n t e n t s ,, which a r e  s i m i l a r  t o  t h o s e  

i l l u s t r a t e d  by P r a s a d  ( 1 9 7 3 ) ,  a p p e a r  t o  be d e r i v e d  f rom 

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

f o u nd  in c a t t l e  s w e a t  ( J e n k i n s o n ,  Mabon & Manson,  1 97 4a ) .  

T h e i r  c o n t e n t s  a p p e a r  t o  be r e l e a s e d  by e x o c y t o s i s  in a 

manner  s i m i l a r  t o  t h a t  d e s c r i b e d  f o r  t h e  s w e a t  g l a n d s  of  

t h e  p r i m a t e  a x i l l a  and  c a t  ( B i e m p i c a  & Montes ,  1965;  

Munger ,  1 9 6 5 a ) .  T h e r e  was no e v i d e n c e  f rom t h i s  

m o r p h o l o g i c a l  s t u d y  t o  show w h e t h e r  o r  n o t  t h i s  p r o c e s s ,  

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

s w e a t i n g .  I n d e e d  t h e  mode of  v e s i c l e  f o r m a t i o n ,  and  t h e
l

s o u r c e  of  t h e  v e s i c l e s  i s  s t i l l  unknown.  V e s i c l e s ,  s m a l l e r  

t h a n  t h o s e  a t  t h e  l umi na l  s u r f a c e ,  wer e  f r e q u e n t l y  s e e n  

c l o s e  t o  t h e  Golgi  b ody .  Thus  t h e y  may be d e r i v e d ,  a s

s u g g e s t e d  f o r  t h e  s w e a t  g l a n d s  of  o t h e r  s p e c i e s  ( C h a r l e s ,
\
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1959;  B ie mp ic a  & Mon tes ,  1965;  Mun ger , 1 9 6 5 a , b ) ,  f rom t h e  

Golg i  a p p a r a t u s .  However ,  s e c r e t o r y  v e s i c l e s  were  a l s o  

s e e n  n e a r  t o  m i t o c h o n d r i a  and  c o u l d  be  a p r o d u c t  of  

m i t o c h o n d r i a l  t r a n s f o r m a t i o n .  These  c o n f i g u r a t i o n s  were  

s e e n  w i t h i n  m i t o c h o n d r i a  more f r e q u e n t l y  t h a n  c o u l d  be 

e x p l a i n e d  by an a g e i n g  p r o c e s s .  In t h e  a p o c r i n e  s wea t  

g l a n d  o f  t h e  human a x i l l a  m i t o c h o n d r i a  c o n t a i n i n g  

o s m i o p h i l i c  i n c l u s i o n s  have  been  o b s e r v e d  ( B i e m p i c a  & 

M o n te s ,  1 9 6 5 ) ,  and  a s s o c i a t e d  w i t h  s e c r e t o r y  g r a n u l e  

f o r m a t i o n  ( C h a r l e s ,  1959;  Bi emp ica  & Mo nt es ,  1965;  Munger,  

1965b;  H a s h i m ot o ,  G r o ss  & L e v e r ,  1 9 6 6 b ) .  A l t h o u gh  

s e c r e t o r y  g r a n u l e s  were  n o t  p r e s e n t  in c a t t l e  s wea t  

g l a n d s ,  i t  i s  c o n c e i v a b l e  t h a t  t h e  s e c r e t o r y  v e s i c l e s  w i t h  

d e n s e  c o n t e n t s  i s  t h e  b o v i n e  e q u i v a l e n t .  The c l o s e  

a p p o s i t i o n  of  t h e s e  v e s i c l e s  w i t h  an d  w i t h o u t  d e n s e  

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

f u s i o n ,  and  s o  a t h i r d  p o s s i b i l i t y  i s  t h a t  t h e  l a r g e r  

v e s i c l e s  a t  t h e  l umi na l  s u r f a c e  were  p r o d u c e d  by f u s i o n  of  

e i t h e r  o r  of  b o t h  of  t h e  p r e c e d i n g  t y p e s ,  p e r h a p s  in 

a s s o c i a t i o n  w i t h  l ysosomal  a c t i o n .

I t  i s  d i f f i c u l t  t o  s e e  how any o f  t h e s e  o b s e r v a t i o n s  

can  a c c o u n t  f o r  t h e  r e m a r k a b l e  s u s t a i n e d  p r o d u c t i o n  of  

s w e a t  o f  whi ch  t h e  cow i s  c a p a b l e .  The mos t  n o t i c e a b l e  

f e a t u r e  of  t h e  g l a n d  i s  t h e  i n c r e a s e  in t h e  s i z e  o f  t h e  

i n t e r c e l l u l a r  s p a c e s  be twe en  t h e  myo- and  s e c r e t o r y  

e p i t h e l i a .  T h i s  i n c r e a s e  in t h e  i n t e r c e l l u l a r  s p a c e s ,  

which  a l s o  o c c u r s  in  man ( S a t o ,  1 9 7 4 ) ,  a p p e a r s  t o  be a 

c h a r a c t e r i s t i c  of  t h e  a c t i v e  s wea t  g l a n d .  T h e r e f o r e ,  t h e  

c o n c l u s i o n  can  be made t h a t  s e c r e t i o n  i n v o l v e s  f l u i d
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t r a n s p o r t  and  e x o c y t o s i s  b u t  t h a t  t h e  p r o d u c t s  o f  c e l l  

d e a t h  a l s o  c o n t r i b u t e  t o  s w ea t  c o m p o s i t i o n .



CHAPTER 4 .

THE OVINE AND CAPRINE GLAND.

INTRODUCTION,

I t  seems  r e a s o n a b l e  t o  s u p p o se  t h a t  s h e e p  an d  g o a t s  

w i t h  a d i f f e r e n t  s w e a t i n g  p a t t e r n  t o  t h a t  o f  c a t t l e  may 

have  a d i f f e r e n t  mode of  s e c r e t i o n .  As d e s c r i b e d  in 

C h a p t e r  1 s h e e p  and  g o a t s  show d i s c r e t e  i n t e r m i t t e n t  

d i s c h a r g e s  o f  s w e a t  which  g r a d u a l l y  d e c l i n e  in s i z e  t o  

what  h a s  been  c a l l e d  ' f a t i g u e '  ( B l i g h ,  1967;  R o b e r t s h a w ,  

1 9 6 8) .  The ' f a t i g u e '  of  t h e  g l a n d s  i s  a p p a r e n t l y  due t o  

t h e  r a t e  o f  e x p u l s i o n  e x c e e d i n g  t h a t  o f  s w ea t  p r o d u c t i o n  

( J e n k i n s o n  & R o b e r t s h a w ,  1971;  J o h n s o n ,  1 9 7 3) .  In t h e  

g o a t ,  a s  in c a t t l e ,  l i g h t  m i c r o s c o p y  shows a d e c r e a s e  in 

g l a n d u l a r  volume d u r i n g  s w e a t i n g  s u p p o r t i n g  t h e  v i ew of  

s w e a t  e x p u l s i o n  by m y o e p i t h e l i a l  a c t i o n .  The 

u l t r a s t r u c t u r e  o f  t h e  g l a n d  in s h ee p  and  g o a t ,  even  a t  

r e s t ,  h a s  n o t  been  d e s c r i b e d  and t h e  mech an i s ms  of  s wea t  

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

u n d e r s t o o d .

T h e r e f o r e  by s t u d y i n g  t h e  u 1t r a s t r u c t u r a 1 a p p e a r a n c e  

of  t h e  s w e a t  g l a n d s ,  b e f o r e ,  and  a t  i n t e r v a l s  d u r i n g  

s w e a t i n g  in  a c o n t r o l l e d  warm e n v i r o n m e n t ,  i n f o r m a t i o n  on 

t h e  modes  of  s e c r e t i o n  and  swea t  e x p u l s i o n  can be o b t a i n e d  

a nd  compar ed  w i t h  t h e  mechan i sms  f ou nd  in c a t t l e .

PROCEDURE.

F i v e  a d u l t  c a s t r a t e d  male  D o r s e t  Horn X F i n n i s h  

L a n d r a c e  s h e e p  and  two a d u l t  c a s t r a t e d  B r i t i s h  Saanen  

g o a t s  wer e  s u b j e c t e d  t o  15°C Dry Bulb (DB) /10°C Wet Bulb  

CWB) f o r  3 h o u r s  and  c u t a n e o u s  e v a p o r a t i v e  l o s s  was
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m o n i t o r e d  c o n t i n u o u s l y .  Sk i n  s a m p l e s  were  t a k e n  

i m m e d i a t e l y  upon e n t r y  and  b e f o r e  removal  of  t h e  a n i m a l s  

f rom t h e  c h am be r .  The f o l l o w i n g  day t h e  a n i m a l s  were  

i n d u c e d  t o  s w e a t  by p l a c i n g  them in an e n v i r o n m e n t  of  

40°C DB/26°C WB. C u t a n e o u s  e v a p o r a t i v e  l o s s  was  a g a i n  

m e a s u r e d  c o n t i n u o u s l y  and  s a m p l e s  were  t a k e n  f rom t h e  

c o n t r a l a t e r a l  s i d e  a t  t h e  t i m e s  shown in F i g . 4 . 1 .

T h r e e  a d d i t i o n a l  f e m a l e  B r i t i s h  Saanen  g o a t s  were  

s u b j e c t e d  t o  40° C DB/26°C WB and  s a m pl e d  b e f o r e  and  a t  t h e  

end  of  t h e  e x p o s u r e  a f t e r  s wea t  g l a n d  ' f a t i g u e ' .  T h e s e ,  

w i t h  one of  t h e  o t h e r  g o a t s  and  t h r e e  of  t h e  s h e e p ,  were 

s a m p l e d  t o  p r o v i d e  a r a n g e  of  s a m p l e s  f rom ' f a t i g u e '  

d u r i n g  t h e  r e c o v e r y  p e r i o d  a t  t h e  t i m e s  shown in F i g . 4 . 2 .  

Th es e  s a m p l e s  wer e  t a k e n  in a coo l  e n v i r o n m e n t  and  t h e  

i n t e r v a l s  wer e  m e a s u r e d  f rom t h e  moment t h e  a n i m a l s  l e f t  

t h e  h o t  e n v i r o n m e n t .  Al l  s a m p l e s  were  f i x e d  and p r o c e s s e d  

f o r  t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y  a s  d e s c r i b e d  in 

a p p e n d i x  1.

RESULTS.

P a t t e r n s  o f  e v a p o r a t i v e  l o s s .

The p a t t e r n s  o f  c u t a n e o u s  e v a p o r a t i v e  l o s s  f rom t h e
o of i v e  s h e e p  an d  two g o a t s  in an e n v i r o n m e n t  o f  40 C DB/26 C

F i g . 4 . 1 . The p a t t e r n s  o f  c u t a n e o u s  e v a p o r a t i v e  l o s s  f rom 5
o os h e e p  and  2 g o a t s  in an e n v i r o n m e n t  o f  40 C DB/26 C WB 

S k i n  s a m p l e s  were  t a k e n  f rom t h e  c o n t r a l a t e r a l  s i d e  a t  t h e  

t i m e s  shown (nu mb ered  a r r o w s ) .

F i q . 4 . 2 . S k i n  s a m p l i n g  t i m e s  d u r i n g  t h e  s w e a t  g l a n d  

r e c o v e r y  p e r i o d ,  m e a s u r e d  f rom t h e  t i m e  o f  l e a v i n g  t h e  h o t  

e n v i r o n m e n t .
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SHEEP 1

SHEEP 2

SHEEP 3(/) 2

DC
SHEEP 4a. 1

UJ

SHEEP 5

GOAT 1

5 GOAT 4

2h
TIME

4
2

Animal

Environmental 
temperature 

max/min (°C)

Sampling times (h-min)
A

t

1. 2 3 4 5 6
—^

7

Sheep 3 12 0-15 0-45 1-30 3-0 9-0 24-0
(controlled)

Sheep 4 12 0-10 0-40 1-0 1-45 2-30 7-0 22-0
(controlled)

Sheep 5 11/9 0-25 3-0
Goat 1 21/19 1-0 3-0 6-0 10-0 24-0
Goat 2 13/9 1-0 2-0 3-0 5-0 10-0 24-0
Goat 3 13/9 0-15 0-30 1-0 4-0 5-0 10-0 24-0
Goat 5 12/10 0-10 0-40 1-45 2-30 4-0 9-0 24-0



WB a r e  shown in F i g . 4 . 1 .  A l t ho u gh  t h e r e  was s u b s t a n t i a l  

i n t e r - a n i m a l  v a r i a t i o n  t h e  d e c r e m e n t a l  p a t t e r n  of  d i s c r e t e  

s y n c h r o n o u s  s w e a t  d i s c h a r g e s  t o  ' f a t i g u e 7 was f ound  in a l l  

a n i m a l s .  S w e a t i n g  was  n o t  o b s e r v e d  d u r i n g  t h e  c o n t r o l  

e x p e r i m e n t  a t  15°C u s i n g  t h e  same a n i m a l s .

Sweat  g l a n d  s t r u c t u r e .

The o v i n e  and  c a p r i n e  s wea t  g l a n d  c o n s i s t s  of  a 

c o i l e d  f u n d u s  w i t h  a d u c t  which  p a s s e s  t h r o u g h  t h e  d e r m i s  

a l o n g s i d e  t h e  h a i r  f o l l i c l e  b e t ween  l o b e s  of  t h e  s e b a c e o u s  

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

f o l l i c l e  c l o s e  t o  t h e  s u r f a c e  and  ope ns  i n t o  t h e  

f o l l i c u l a r  o r i f i c e .  The s t r u c t u r e  of  t h e  d u c t  in s h eep  and 

g o a t  was e s s e n t i a l l y  s i m i l a r  t o  t h a t  f ound  in  t h e  c a t t l e .

In b o t h  s p e c i e s  t h e  i n t r a f o l 1 i c u 1a r / p e r i f o l 1 i c u 1a r  r e g i o n
l

was ^75±41|im in l e n g t h .  The d u c t  body in s h e e p  was 555±46|im 

l o n g  a nd  450±41^m l o ng  in t h e  g o a t .

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

F u n d u s .

Sheep and  g o a t s  h ad  an a n a l a g o u s  u l t r a s t r u c t u r e  in
ot h e  s p e c i m e n s  t a k e n  b e f o r e  s w e a t i n g  a t  40 C, and  d u r i n g

oand  a f t e r  e x p o s u r e  t o  15 C. The f u n d u s  of  b o t h  s p e c i e s  

c o n s i s t e d  of  a c u b o i d a l  s e c r e t o r y  e p i t h e l i u m  s u r r o u n d e d  by 

a m y o e p i t h e l i u m  and  b as e m e n t  membrane ( F i g . 4 . 3 , 4 ) .  The 

whole  g l a n d  was  e n v e l o p e d  by a f e n e s t r a t e d  f i b r o c y t e

F i g . 4 . 3 . E l e c t r o n  m i c r o g r a p h  of  a s e c t i o n  t h r o u g h  t h e  

s w e a t  g l a n d  f u n d u s  o f  t h e  s h e e p  sh owi ng  t h e  low c u b o i d a l  

s e c r e t o r y  e p i t h e l i u m  c h a r a c t e r i s t i c  o f  t h e  u n s t r e s s e d  

g l a n d ,  t h e  s u r r o u n d i n g  m y o e p i t h e l i u m  and f i b r o c y t e  s h e a t h .
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s h e a t h  ( F i g . 4 . 3 ) .  The f u n d u s  lumen in s h e e p  and  g o a t  d i d  

n o t  a l w a y s  c o n t a i n  c o l l o i d a l  f i l a m e n t o u s  m a t e r i a l  b u t  when 

p r e s e n t  i t  was  s i m i l a r  t o ,  b u t  l e s s  d e n s e l y  p a c k e d  t h a n ,  

t h a t  in c a t t l e .  The j u n c t i o n a l  c o m p l e x e s  be twe en  

e p i t h e l i a l  c e l l s  w er e  c o m p a r a b l e  t o  t h o s e  f o u n d  p r e v i o u s l y  

in c a t t l e .  M y o e p i t h e l i a l  c e l l s  h ad  hemidesmosomes  on t he  

b a s em en t  membrane an d  desmosomes  be twe en  n e i g h b o u r i n g  

m u s c l e  c e l l s  and  t h e  s e c r e t o r y  e p i t h e l i u m  ( F i g . 4 . 5 ) .  

S e c r e t o r y  c e l l s  wer e  l i n k e d  by a p i c a l  j u n c t i o n a l  

c o m p l e x e s ,  w i t h  desmosomes  and  z o n u l a e  o c c l u d e n t e s  

( F i g . 4 . 6 ) .  Basa l  d o v e t a i l i n g  was p r e s e n t ,  a l t h o u g h  i t  was 

much l e s s  p r o n o u n c e d  t h a n  in c a t t l e .  The m i c r o v i l l i  of  t h e  

s e c r e t o r y  c e l l s  we r e  more n um er o us ,  s h o r t e r ,  and more 

f r e q u e n t l y  b r a n c h e d  t h a n  t h o s e  o f  c a t t l e  ( F i g . 4 . 7 ) .  :

M i c r o v i l l i  we r e  a l s o  p r e s e n t  in t h e  c l e f t s  be t ween  t h e  

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

F i g . 4 . 4 . T h i s  e l e c t r o n  m i c r o g r a p h  f rom t h e  u n s t r e s s e d  

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

s i m i l a r i t i e s .  The f u n d u s  h a s  a low c u b o i d a l  s e c r e t o r y  

e p i t h e l i u m  a nd  s u r r o u n d i n g  m y o e p i t h e l i u m .

F i g . 4 . 5 . E l e c t r o n  m i c r o g r a p h  i l l u s t r a t i n g  t h e  c e l l u l a r  

c o n n e c t i o n s  b e t w e e n  m y o e p i t h e l i u m  and  s e c r e t o r y  e p i t h e l i u m  

in t h e  g o a t .

F i g . 4 . 6 . High power  v iew o f  an a p i c a l  j u n c t i o n a l  complex 

b e t w ee n  s e c r e t o r y  c e l l s  o f  a g o a t .

F i g . 4 . 7 . High power  v i ew o f  lumina l  m i c r o v i l l i  f rom a 

s e c r e t o r y  c e l l  o f  t h e  g o a t .
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The c y t o p l a s m  of  t h e  s e c r e t o r y  c e l l s  h ad  a f i n e  

g r a n u l a r  t e x t u r e  due t o  p o l y s o m e s .  The o v o i d  n u c l e u s  

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

( F i g . 4 , 3 , 4 ) .  In some c e l l s  a p r o m i n e n t  n u c l e o l u s  was 

p r e s e n t .  The Golgi  a p p a r a t u s  was a p r o m i n e n t  o r g a n e l l e ,  

g e n e r a l l y  l a t e r a l  t o  t h e  n u c l e u s ,  a l t h o u g h  s ome t im es  in a 

more l umi na l  p o s i t i o n  ( F i g . 4 . 8 ) .  A more e x t e n s i v e  RER was 

f o u n d  l o c a t e d  t o w a r d s  t h e  b a s e  of  t h e  c e l l  and  in a 

p e r i n u c l e a r  p o s i t i o n  ( F i g . 4 . 9 ) .  The s ma l l  m i t o c h o n d r i a  

wer e  o v o i d  and  h ad  an e l e c t r o n  d e n s e  m a t r i x .  The c r i s t a e ,  

l y i n g  in  a t r a n s v e r s e  p o s i t i o n ,  were  of  t h e  f l a t  l a m e l l a r  

t y p e .  The l y s o s o m e s  p r e s e n t  were  s ma l l  and  i n c o n s p i c u o u s .  

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

w i t h  them.  M i c r o f i l a m e n t s  were  a p r o m i n e n t  f e a t u r e  of  t he  

s e c r e t o r y  c e l l s  and  were  more n o t i c e a b l e  in t h e  b a s a l  

r e g i o n s  and  t h e  apex  wher e  t h e y  l ay  p a r a l l e l  t o  t h e  

l u mi na l  membrane.  C l o s e l y  a s s o c i a t e d  w i t h  t h e  Golgi  

a p p a r a t u s  wer e  membrane-bound  v e s i c l e s  ( F i g . 4 . 8 ) ,  o f t e n  

f o u nd  i m m e d i a t e l y  b e l ow t h e  lumina l  membrane and a p p e a r i n g  

t o  be u n d e r g o i n g  e x o c y t o s i s  ( F i g . 4 . 1 0 ) .

The m y o e p i t h e l i u m  c o n s i s t e d  of  a s i n g l e  l a y e r  of  

we 11- d e v e 1 op ed  smooth  m u s c l e  c e l l s ,  which  were  t h i n n e r  

t h a n  t h e  o v e r l y i n g  c u b o i d a l  s e c r e t o r y  c e l l s  and  more

F i a . 4 . 8 . E l e c t r o n  m i c r o g r a p h  of  t h e  Golgi  and  i t s  

a s s o c i a t e d  v e s i c l e s  f rom a s e c r e t o r y  c e l l  o f  t h e  s h e e p .

F i g . 4 . 9 . Rough e n d o p l a s m i c  r e t i c u l u m  f rom a s e c r e t o r y  c e l l  

of  t h e  g o a t .

F i g . 4 . 1 0 . Membrane-bound e x o c y t o t i c  v e s i c l e s  a t  t h e  

l umi na l  s u r f a c e  of  t h e  s e c r e t o r y  e p i t h e l i u m  of  a g o a t .
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a n g u l a r  t h a n  t h o s e  o f  c a t t l e .  They a l s o  e x h i b i t  a g r e a t e r  

o v e r l a p p i n g  a t  t h e i r  p o l e s  t h a n  c a t t l e .  The c e l l s  had  

t h i c k  and  t h i n  f i l a m e n t s  w i t h  what  a p p e a r e d  t o  be 

s a r c o p l a s m i c  r e t i c u l u m  b e t we en  them.  The a p i c a l  c o n e s  a t  

t h e  n u c l e i  c o n t a i n e d  RER and  m i t o c h o n d r i a  which  were  a l s o  

f o u n d  r a n d o m l y  in t h e  p e r i p h e r a l  s a r c o p l a s m .  C a v e o l a e  were  

a l s o  p r e s e n t  on t h e  b a s a l  s u r f a c e  an d  g r a n u l e s  p o s s i b l y  of  

b e t a - g l y c o g e n  were  f o u n d  t h r o u g h o u t  t h e  c y t o p l a s m .

L a n g e r h a n s  c e l l s  wer e  s e e n  o c c a s i o n a l l y  be twe en  t h e  

s e c r e t o r y  e p i t h e l i u m  and m y o e p i t h e l i u m .

D u c t .

The i n t r a f o l 1 i c u 1a r  d u c t  had  a k e r a t i n i z e d  lumen w i t h  

some s i x  c o r n i f i e d  l a y e r s  s u r r o u n d e d  by f o u r  l a y e r s  of  

g r a n u l a r  c e l l s  ( F i g . 4 , 1 1 , i n s e t ) .  In t h e  g o a t  t h e  

k e r a t i n i z e d  lumen u s u a l l y  e x t e n d e d  t h r o u g h  t h e  

i n t r a f o l 1 i c u 1a r  r e g i o n  t o  t h e  p e r i f o l l i c u l a r  zone 

( F i g . 4 . 1 2 ) .  The s i n g l e  l i v i n g  c e l l  co mpo s i ng  t h e  lumina l  

w a l l  o f  t h e  d u c t  in t h e  p e r i f o l l i c u l a r  zone  was  r e p l a c e d  

by two o r  t h r e e  l umi na l  c e l l s  ( F i g . 4 . 1 3 ) .  The d u c t  lumen 

o f  t h e  p e r i f o l l i c u l a r  zone  in t h e  s h e e p  was g e n e r a l l y  

l i n e d  by t h r e e  c e l l s  w i t h  a t h r e e  c e l l  l a y e r  d u c t  wa l l  

( F i g . 4 . 1 4 ) .  Amongst  t h e  lumi na l  m i c r o v i l l i  o f  b o t h  s p e c i e s  

in  t h i s  zone  numerous  s ma l l  v e s i c l e s  wer e  o b s e r v e d  

( F i g . 4 . 13 i n s e t , 14 i n s e t ) .

F i a . 4 . 1 1 . i n s e t . K e r a t i n i z e d  lumen o f  t h e  i n t r a f o l 1i c u 1a r  

d u c t  o f  t h e  g o a t .

F i a . 4 . 1 2 . K e r a t i n i z e d  lumen of  t h e  p e r i f o l l i c u l a r  d u c t  in 

t h e  g o a t .
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The u l t r a s t r u c t u r e  o f  t h e  d u c t  body in  b o t h  t h e  s heep  

an d  g o a t  was s i m i l a r  t o  t h a t  of  t h e  cow,  a l t h o u g h  t h e  

t o n o f i l a m e n t  b u n d l e s  o f  t h e  b a s a l  c e l l s  were  l e s s  

c o n s p i c u o u s  an d  a p p e a r e d  t o  be l e s s  w e l l  d e v e l o p e d  

( F i g . 4 . 1 5 ) .  D o v e t a i l i n g  o f  l a t e r a l  m i c r o v i l l i ,  

p a r t i c u l a r l y  t o w a r d s  t h e  b a s e  of  t h e  lumi na l  c e l l s ,  no t  a 

n o t i c e a b l e  f e a t u r e  in t h e  cow, was p r e s e n t  in t h e  g o a t ,  

and  was even  more p r o m i n e n t  in  t h e  s h e e p  ( F i g . 4 . 1 6 ) .  In 

t h e  lower  d u c t  b ody ,  desmosomes  and  gap j u n c t i o n s  were  

p r e s e n t  b e t w e e n  b a s a l  c e l l s  ( F i g . 4 . 1 7 , i n s e t ) .

F i c f . 4 . 13.  i n s e t . P e r i f o l l i c u l a r  zone  of  t h e  d u c t  f rom a 

g o a t .  The i n n e r  two c e l l s  form a r i n g  l i n e d  w i t h  

m i c r o v i l l i .  The o u t e r  l a y e r s  o f  g r a n u l a r  c e l l s  a r e  

c o n n e c t e d  by desmosomes.  V e s i c l e s  wer e  o b s e r v e d  be tween  

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

z o n e .

F i g . 4 . 1 4 . i n s e t ♦ The p e r i f o l l i c u l a r  zone  of  t h e  s h e e p .  The 

lumen i s  l i n e d  by t h r e e  c e l l s  w i t h  a t h r e e  c e l l  l a y e r  d u c t  

w a l l .  L a n g e r h a n s  c e l l s  and  t h e i r  p r o c e s s e s  can be  s e en  

b e t w ee n  c e l l  l a y e r s .  V e s i c l e s  were  o b s e r v e d  be t ween  t h e  

m i c r o v i l l i  a t  t h e  l umi na l  s u r f a c e  t h r o u g h o u t  t h i s  zo ne .  

F i g . 4 . 1 5 . The d u c t  r e g i o n  in a g o a t  i l l u s t r a t i n g  t h e  two 

e p i t h e l i a l  l a y e r s  and  s u r r o u n d i n g  f i b r o c y t e  s h e a t h .  A 

L a n g e r h a n s  c e l l  p r o c e s s  can be s e e n  be t ween  t h e  i n n e r  and  

o u t e r  c e 11 1a y e r s .

F i g . 4 . 1 6 . The d u c t  body r e g i o n  in a s h e e p  i l l u s t r a t i n g  t h e  

d o v e t a i l i n g  o f  l a t e r a l  m i c r o v i l l i  t o w a r d s  t h e  b a s e  of  

l umi na l  c e l  I s .
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At t h e  t r a n s i t i o n  zone  t h e  l umi na l  c e l l s  i n c r e a s i n g l y  

became more c u b o i d a l  and  r e m i n i s c e n t  of  s e c r e t o r y  c e l l s  a s  

t h e y  n e a r e d  t h e  f u n d u s .  Basa l  c e l l s  l i k e  t h o s e  of  t h e  cow 

c o n t a i n e d  m y o f i l a m e n t  b u n d l e s  and  e x h i b i t e d  f e a t u r e s
i

c h a r a c t e r i s t i c  o f  m y o b l a s t  c e l l s  ( F i g . 4 . 1 8 ) .  L a n g e r h a n s  

c e l l s  wer e  a l s o  f o u n d  b e t we en  d u c t  w a l l  c e l l s  t h r o u g h o u t  

t h e  d u c t .  In t h e  s h e e p  t h e y  were  more p r o m i n e n t  and  

e x h i b i t e d  more d e n d r i t i c  p r o c e s s e s .

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

F u n d u s .

The g l a n d s  of  t h e  s h e e p  and g o a t  e x h i b i t e d  

q u a l i t a t i v e l y  s i m i l a r  c h a n g e s  on s t i m u l a t i o n .  These  w e r e ,  

h o w e v e r ,  much more p r o n o u n c e d  in t h e  g o a t .  D u r i n g  t h e  

f i r s t  s w e a t  d i s c h a r g e ! ( F i g . 4 . 1 )  t h e r e  was l i t t l e  c hang e  in 

t h e  a p p e a r a n c e  of  t h e  s e c r e t o r y  c e l l s  in  e i t h e r  s p e c i e s  

( F i g . 4 . 1 9 ) .  The Golg i  a p p a r a t u s  was l a r g e  w i t h  numerous  

s e c r e t o r y  v e s i c l e s .  Some of  t h e  c e l l s ,  e s p e c i a l l y  t h o s e  in 

s a m p l e s  t a k e n  d u r i n g  t h e  downward s l o p e  o f  t h e  p e a k ,  h ad  a 

convex  l um ina l  membrane w i t h  m i s s h a p e n  a p i c a l  m i c r o v i l l i .

Fi  a . 4 . 1 7 . In t h i s  e l e c t r o n  m i c r o g r a p h  f rom t h e  lower  d u c t  

body o f  t h e  g o a t  a gap j u n c t i o n  and  desmosome i s  p r e s e n t  

b e t w e e n  b a s a l  d u c t  c e l l s .

F i a . 4 . 1 8 . F u n d u s / d u c t  t r a n s i t i o n  zone  f rom t h e  g o a t .  

Luminal  c e l l s  a r e  r e m i n i s c e n t  o f  f u n d u s  s e c r e t o r y  c e l l s  

w h i l e  b a s a l  c e l l s  e x h i b i t  f e a t u r e s  c h a r a c t e r i s t i c  of  

m y o b i a s t  c e 1 I s .

F i g . 4 . 1 9 . The f u n d u s  of  t h e  g o a t  a f t e r  t h e  f i r s t  s w e a t i n g  

p eak  s h o w i n g  l i t t l e  change  in t h e  a p p e a r a n c e  of  t h e  

s e c r e t o r y  c e l l s .

36



By t h e  b e g i n n i n g  o f ,  and  d u r i n g ,  t h e  s e c o n d  s wea t  

d i s c h a r g e ,  t h e  m y o e p i t h e l i u m  a p p e a r e d  c o n t r a c t e d  and t h e  

s e c r e t o r y  c e l l s  were  now c o l u mn a r  ( F i g . 4 . 2 0 ) .  M i c r o v i l l i  

on t h e  l a t e r a l  membranes  o f  t h e  c o l um n ar  s e c r e t o r y  c e l l  

wer e  s t i l l  nu mer ous .  Those  a t  t h e  apex  were  s p a r s e ,  

s o m e t i m e s  d i s t o r t e d ,  and  in some i n s t a n c e s  a b s e n t  

( F i g . 4 . 2 1 ) .  The c o lu m na r  s e c r e t o r y  c e l l s  h a d  a v e r y  

p r o m i n e n t  Gol g i  a p p a r a t u s  and  numerous  s e c r e t o r y  v e s i c l e s .  

G l a n d s  were  a l s o  o b s e r v e d  d u r i n g  t h e  s e c o n d  and  t h i r d  

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

T he se  c u b o i d a l  c e l l s  were  more f r e q u e n t l y  f ou n d  in t h e  

s h e e p  ( F i g . 4 . 2 2 )  t h a n  in t h e  g o a t ,  a l t h o u g h ,  c e l l s  were  

f o u nd  w i t h  a m i s s h a p e n  l umi na l  membrane ( F i g . 4 . 2 3 ) .  In

F i g . 4 . 2 0 . The f u n d u s  of  t h e  s h e e p  d u r i n g  t h e  upward  s l o p e  

of  t h e  s e c o n d  s w e a t i n g  peak  ( s h e e p  4 ,  s ampl e  4 ) .  The 

s e c r e t o r y  c e l l s  have  become c o l um n ar  and  t h e  m y o e p i t h e l i u m  

a p p e a r s  t o  be  c o n t r a c t e d .

F i g . 4 . 2 1 . A p i c a l  p o r t i o n  f rom s e c r e t o r y  c e l l s  of  t h e  s heep  

a t  t h e  s e c o n d  s w e a t i n g  p e a k .  M i c r o v i l l i  on t h e  l a t e r a l  

s u r f a c e s  a r e  numerous  w h i l e  t h o s e  a t  t h e  apex  a r e  s p a r s e  

o r  a b s e n t .

F i g . 4 . 2 2 . In t h i s  e l e c t r o n  m i c r o g r a p h  of  t h e  g o a t  f u n d us  

t a k e n  a f t e r  t h e  s e c o n d  s w e a t i n g  peak  t h e  lumen i s  p a c k e d  

w i t h  s e c r e t o r y  p r o d u c t  mak i ng  i t  d i f f i c u l t  t o  d e t e r m i n e  

t h e  e x a c t  s h a p e  of  t h e  s e c r e o r y  c e l l .

F i g . 4 . 2 3 . T h i s  m i c r o g r a p h  o f  t h e  f u n d u s  f rom a s h e e p  t a k e n  

a t  t h e  s e c o n d  s w e a t i n g  peak  h a s  an a c t i v e  s e c r e t o r y  c e l l  

w i t h  a m i s s h a p e n  lumina l  membrane.
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some g l a n d s  t h e  amount  o f  s e c r e t o r y  p r o d u c t  and  c e l l u l a r  

d e b r i s  in  t h e  lumen made i t  d i f f i c u l t  t o  e a s i l y  d e t e r m i n e  

t h e  e x a c t  s h a p e  of  t h e  s e c r e t o r y  c e l l  ( F i g . 4 . 2 4 ) .  Dur ing  

an d  f rom t h e  t h i r d  s w e a t  d i s c h a r g e  ( t h e  s e c o n d  in g o a t  1) 

u n t i l  ' f a t i g u e '  s e c r e t o r y  c e l l s  v a r i e d  m a r k e d l y  in 

a p p e a r a n c e ,  even  w i t h i n  a p a r t i c u l a r  g l a n d .  They c o u l d  be 

c l a s s e d  i n t o  t h r e e  t y p e s ,  a l l  o f  which  were  c o l u m n a r .

C e l l s  of  t h e  f i r s t  t y p e  were  s i m i l a r  t o  t h o s e  f oun d  a t  t he  

s e c o n d  s w e a t i n g  p eak  e x c e p t  t h a t  t h e  s e c r e t o r y  v e s i c l e s  in 

t h e i r  a p i c a l  c y t o p l a s m  wer e  more numerous .  The 

i n t e r c e l l u l a r  s p a c e s  b e t w ee n  t h e  s e c r e t o r y  and 

m y o e p i t h e l i a l  c e l l s  e x h i b i t e d  a marked  d i l a t a t i o n  

s u g g e s t i n g  t h e  a c c u m u l a t i o n  of  i n t e r c e l l u l a r  f l u i d .  In t h e  

s e c o n d  t y p e  ( F i g . 4 . 2 5 )  t h e  Golgi  a p p a r a t u s  was v e r y  l a r g e  

and  d i s o r g a n i s e d .  The RER was s t r i k i n g l y  d i s t e n d e d  and 

a p p e a r e d  t o  be v e s i c u l a t i n g  in t h e  a p i c a l  r e g i o n  of  t h e  

c e l l .  M i c r o v i l l i  on t h e  l a t e r a l  membrane were  normal  

w h e r e a s  t h o s e  a t  t h e  a p i c a l  membrane were  u n e v e n ,  a n g u l a r  

and  o f t e n  m i s s i n g .  The se  c e l l s  a l s o  h ad  a marked 

d i l a t a t i o n  o f  t h e  p e r i n u c l e a r  c i s t e r n a e .  The t h i r d  c e l l

F i g . 4 . 2 4 . E l e c t r o n  m i c r o g r a p h  of  an a c t i v e  s e c r e t o r y  c e l l  

s ho w i n g  s t r e s s  o f  t h e  a p i c a l  membrane f rom a s h e e p  a t  t h e  

s e c o n d  s w e a t i n g  p e a k .

Fi a . 4 . 2 5 . E l e c t r o n  m i c r o g r a p h  of  t h e  f u n d u s  o f  t h e  sweat  

g l a n d  o f  a g o a t  t a k e n  on t h e  downward s l o p e  of  t h e  f i f t h  

s w e a t i n g  peak  ( g o a t  1, s amp le  4 ) .  In t h e  much c o n t r a c t e d  

g l a n d ,  c o l u m n a r  c e l l s  show marked  Golgi  and RER d i l a t a t i o n  

and  a c t i v i t y .  Note  t h e  n u c l e u s  in t h e  lumen.
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t y p e ,  more commonly f o u n d  in t h e  g o a t ,  a p p e a r e d  t o  have 

t a k e n  t h i s  s e e m i n g l y  h i g h  l e v e l  of  a c t i v i t y  t o  a more 

e x t r e m e  s t a g e  where  c e l l u l a r  d i s r u p t i o n  o c c u r r e d  

( F i g . 4 . 2 6 ) .  D u r i n g  t h i s  p e r i o d ,  and  a t  g l a n d u l a r
I

' f a t i g u e ' ,  t h e  lumen c o n t a i n e d  c e l l u l a r  d e b r i s ,  i n c l u d i n g  

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

lumen ( F i g . 4 . 2 7 ) .  The m y o e p i t h e l i u m  was c o n t r a c t e d  w i t h  

some c e l l s  w i t h  m a r k e d l y  c r e n a t e d  n u c l e i .  The 

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

l a y e r s  wer e  g r e a t l y  d i l a t e d .

At ' f a t i g u e '  t h e r e  was s t i l l  d i l a t a t i o n  of  t h e  

i n t e r c e l l u l a r  s p a c e s  and  c e l l u l a r  d e b r i s  in t h e  lumen 

( F i g . 4 . 2 8 ) .  The smooth mu s c l e  c e l l s  a p p e a r e d  t o  be 

c o n t r a c t e d .  Some of  t h e  s e c r e t o r y  c e l l s  s t i l l  h ad  a
i

d i s t i n c t l y  v e s i c u l a r  a p p e a r a n c e ,  e s p e c i a l l y  in t h e  a p i c a l

F i o . 4 . 2 6 ♦ E l e c t r o n  m i c r o g r a p h  of  t h e  g l a n d  in a sample  

t a k e n  f rom a g o a t  a t  a s ma l l  peak  c l o s e  t o  ' g l a n d u l a r  

f a t i g u e '  ( g o a t  1, s a mpl e  5 ) ,  showi ng  a p a r t l y  d i s r u p t e d  

s e c r e t o r y  c e l l  b e i n g  s h e d  i n t o  t h e  lumen.

F i g . 4 . 2 7 . E l e c t r o n  m i c r o g r a p h  of  t h e  g l a n d  a t  ' f a t i g u e '  

( g o a t  1,  s a mp l e  6 ) .  Amongst  t h e  lumina l  d e b r i s ,  n u c l e i  and 

o r g a n e l l e  r e m n a n t s  can  be s e e n .

F i a . 4 . 2 8 . Low power  e l e c t r o n  m i c r o g r a p h  of  a swea t  g l a n d  

f rom g o a t  2 a t  ' f a t i g u e '  s howi ng  d e b r i s  in  t h e  lumen,  

numerous  s e c r e t o r y  v e s i c l e s  in t h e  a p i c a l  c y t o p l a s m ,  and 

mar ked  d i l a t a t i o n  o f  t h e  s p a c e s  be t ween  t h e  s e c r e t o r y  and 

myoep i t h e  1 i a .
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r e g i o n ,  and  were  a p p a r e n t l y  a c t i v e  ( F i g . 4 . 2 9 ) .  In many of  

t h e s e  c e l l s  t h e  v e s i c u l a r  membranes  wer e  i n c o m p l e t e  and  i t  

was n o t  o b v i o u s  w h e t h e r  t h i s  v e s i c u l a t i o n  was c a u s e d  by 

Gol gi  a c t i v i t y  o r  a s s o c i a t e d  w i t h  t h e  d i l a t i o n  of  t h e  RER. 

O t h e r  c e l l s ,  p a r t i c u l a r l y  in t h e  s h e e p ,  were  s i m i l a r  in 

a p p e a r a n c e  t o  t h o s e  in t h e  u n s t i m u l a t e d  g l a n d  ( F i g . 4 . 3 0 )  

e x c e p t  t h a t  in some t h e r e  were  s t i l l  c o n s p i c u o u s  g a ps  

b e t w ee n  them and  t h e  m y o e p i t h e l i u m .  Some of  t h e  g a p s  were  

f i l l e d  by l a r g e  membrane-bound b o d i e s  c o n t a i n i n g  

c y t o p l a s m i c  d e b r i s .  The re  were  a l s o ,  most  n o t i c e a b l y  in t h e  

g o a t ,  a r e a s  of  t h e  s e c r e t o r y  e p i t h e l i u m  t h a t  showed 

c o n s i d e r a b l e  damage w i t h  an a l m o s t  squamous  e p i t h e l i u m  

o v e r l y i n g  l a r g e  a c c u m u l a t i o n s  o f  membrane-bound  b o d i e s  

( F i g . 4 . 3 1 ) .

D u c t .

The d u c t  in t h e  s h e ep  and  g o a t  showed l i t t l e  

u 1t r a s t r u c t u r a l  d i f f e r e n c e  on h e a t - i n d u c e d  s w e a t i n g .  The 

o n l y  n o t i c e a b l e  c h a n g e s  was a w i d e r  lumen w i t h  t h e  

i n t e r c e l l u l a r  s p a c e s  in some d u c t s  a p p e a r i n g  w i d e r .

F i g . 4 . 2 9 . Sheep s wea t  g l a n d  t a k e n  a t  / f a t i g u e / . The 

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

v e s i c u l a r  a p p e a r a n c e .

Fi a . 4 . 3 0 . E l e c t r o n  m i c r o g r a p h  of  t h e  s h e e p  f u n d u s  a t  

/ f a t i g u e / . T h i s  s e c r e t o r y  c e l l  i s  s i m i l a r  t o  t h o s e  of  t h e  

u n s t i m u l a t e d  g l a n d .

F i g . 4 . 3 1 . E l e c t r o n  m i c r o g r a p h  of  t h e  g o a t  f u n d u s  a t  

' f a t i g u e ' .  The a l m o s t  squamous  e p i t h e l i u m  o v e r l i e s  l a r g e  

a c cu mu 1 a t i o n s  of  membrane-bound b o d i e s .
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R e c o v e r y ,

D u r i n g  t h e  e a r l y  p a r t  of  g l a n d u l a r  r e c o v e r y  in a cool  

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

/ f a t i g u e ' ,  e x c e p t  t h a t  t h e r e  was u s u a l l y  l i t t l e  o r  no 

d e b r i s  in t h e  lumen.  The re  was s t i l l  c o n s i d e r a b l e  

i n t e r c e l l u l a r  v a c u o l i s a t i o n  and e v i d e n c e  o f  membrane-bound 

b o d i e s  in t h e  g a p s .  In s a m p l e s  t a k e n  w i t h i n  t h e  f i r s t  hour  

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

r a t h e r  t h a n  c o l u m n a r ,  a l t h o u g h  some were  s t i l l  

v e s i c u l a t e d .  D e g e n e r a t i n g  o r  a t r e t i c  c e l l s  were  a l s o  f ound  

in  b o t h  s p e c i e s  be twe en  t h e  v e s i c u l a t e d  s e c r e t o r y  c e l l s  

( F i g . 4 . 3 2 , 3 3 ) .  M y o e p i t h e l i a l  c e l l s  a p p e a r e d  t o  be more 

r e l a x e d  w i t h  a l e s s  c r e n a t e d  n u c l e i .  One h o ur  a f t e r  

r emoval  of  t h e  a n i m a l s  f rom t h e  h e a t  t h e  s e c r e t o r y  c e l l s  

s t i l l  v a r i e d  in s h a p e  f rom f l a t  a t t e n u a t e d  c e l l s  

( F i g . 4 . 3 4 , 3 5 )  t o  t h o s e  which  were  a l m o s t  ' n o r m a l '  c u b o i d a l  

w h i l e  s h ow in g  e v i d e n c e  of  e x o c y t o s i s  and a p i c a l

F i g . 4 . 3 2 . E l e c t r o n  m i c r o g r a p h  of  t h e  g l a n d  in a sample  

f rom a s h e e p  t a k e n  d u r i n g  r e c o v e r y ,  45 m i n u t e s  a f t e r  

' f a t i g u e ' .  T h e r e  a r e  e x t e n s i v e  d i l a t a t i o n s  be t ween  t h e  

s e c r e t o r y  and  m y o e p i t h e l i a l  c e l l s .  An a t r e t i c  c e l l  can be 

s e e n  b e t w ee n  two v e s i c u l a t e d  s e c r e t o r y  c e l l s .

F i a . 4 . 3 3 . An a t r e t i c  c e l l  f rom a s h e e p  g l a n d  45 m i n u t e s  

a f t e r  ' f a t  i g u e ' .

F i g . 4 . 3 4 . The s w e a t  g l a n d  in a s ampl e  f rom g o a t  t a k e n  1 

h o u r  a f t e r  ' f a t i g u e ' .  The c e l l s  of  t h e  now r e l a x e d  g l a n d  

show l i t t l e  e v i d e n c e  of  s e c r e t o r y  a c t i v i t y ,  and  a r e  

a t t e n u a t e d .
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v e s i c u l a t i o n  ( F i g . 4 . 3 6 ) .  Two h o u r s  a f t e r  t h e  s t a r t  of  

r e c o v e r y  t h e  now r e l a x e d  g l a n d  s t i l l  h ad  a t t e n u a t e d  

s e c r e t o r y  c e l l s  and  c e l l s  which were  in a r e a s o n a b l y  

' n o r m a l '  s t a t e  ( F i g . 4 . 3 7 ) .  Th er e  were  a r e a s  where  c e l l s  

s h o wi n g  no s e c r e t o r y  a c t i v i t y  had  d i l a t a t i o n s  be t ween  c e l l  

l a y e r s .  V a c u o l e s  and  membrane-bound  b o d i e s  c o n t a i n i n g  

c y t o p l a s m i c  d e b r i s  were  p r o m i n e n t  in t h e  s e c r e t o r y  

e p i t h e l i u m  ( F i g . 4 . 3 8 ) .  The m y o e p i t h e l i u m  a t  t h i s  t i me  was 

i n d i s t i n g u i s h a b l e  f rom t h a t  of  t h e  u n s t i m u l a t e d  g l a n d .  

A f t e r  3 h o u r s ,  c u b o i d a l  s e c r e t o r y  c e l l s  w i t h  v e s i c u l a t e d  

c y t o p l a s m  c o u l d  s t i l l  be o b s e r v e d  w i t h  l a r g e  

me mbra ne -bound  v e s i c l e s  c l o s e l y  r e s e m b l i n g  t h o s e  s e e n  

e a r l i e r .  The m a j o r i t y  of  t h e  c e l l s  by t h i s  t i m e ,  

e s p e c i a l l y  in  t h e  s h e e p ,  a p p e a r e d  s i m i l a r  t o  t h o s e  of  t h e  

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

Golgi  a p p a r a t u s  was n o t  p r o m i n e n t  and  t h e r e  was l i t t l e

F i g . 4 . 3 5 . The s wea t  g l a n d  in a sampl e  f rom g o a t  t a k e n  1 

h o u r  a f t e r  ' f a t i g u e ' .  The s e c r e t o r y  c e l l s  in t h i s  e l e c t r o n  

m i c r o g r a p h  a r e  squamous .

F i g . 4 . 3 6 . The s w e a t  g l a n d  in a s ampl e  f rom g o a t  t a k e n  1 

h o u r  a f t e r  ' f a t i g u e ' .  In t h i s  e l e t r o n  m i c r o g r a p h  t h e  

s e c r e t o r y  c e l l s  a l m o s t  have  t h e  ' n o r m a l '  c u b o i d a l  s h a p e .  

F i g . 4 . 3 7 . The s wea t  g l a n d  in a sampl e  f rom s h e e p  2 h o u r s  

a f t e r  ' f a t i g u e '  w i t h  a r e a s o n a b l y  ' n o r m a l '  s e c r e t o r y  

e p i  t h e l i u m .

F i g . 4 . 3 8 . The s w e a t  g l a n d  in a s ample  f rom s h e e p  2 h o u r s  

a f t e r  ' f a t i g u e ' .  In t h i s  e l e c t r o n  m i c r o g r a p h  t h e  s e c r e t o r y  

c e l l  h a s  p r e s e n t  in  t h e  b a s a l  c y t o p l a s m  v e s i c l e s  and  

membrane-bound  b o d i e s  c o n t a i n i n g  d e b r i s .
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e v i d e n c e  of  v e s i c l e  p r o d u c t i o n .  I n t e r c e l l u l a r  s p a c e s  were 

s t i l l  w i d e r  t h a n  in t h e  u n s t i m u l a t e d  g l a n d  b u t  

c o n s i d e r a b l y  l e s s  p r o n o u n c e d  t h a n  a t  ' f a t i g u e ' .

8 - 10  h o u r s  a f t e r  t h e  a n i m a l s  wer e  r emoved f rom t h e  

h e a t  t h e  m a j o r i t y  of  t h e  s e c r e t o r y  c e l l s ,  p a r t i c u l a r l y  in 

t h e  s h e e p ,  h a d  r e t u r n e d  t o  ' n o r m a l  7 . The number o f  c e l l s  

c o n t a i n i n g  membrane-bound  b o d i e s  had  d e c r e a s e d  w i t h  t h e  

g a p s  b e t w ee n  c e l l  l a y e r s  becomi ng  l e s s  p r o n o u n c e d .  

F l a t t e n e d  s e c r e t o r y  c e l l s  c o u l d  be f ou n d  ( F i g . 4 . 3 9 ) ,  

a l t h o u g h  t h e s e  had  a f a i r l y  ' n o r m a l '  a p p e a r a n c e .  The 

c u b o i d a l  s e c r e t o r y  c e l l s  h ad  l y s o s o m e s ,  now s m a l l e r ,  and a 

r e o r g a n i s i n g  Golgi  w i t h  i t s  a s s o c i a t e d  v e s i c l e s  ( F i g . 4 . 4 0 )  

more p r o m i n e n t  in a h i g h e r  p r o p o r t i o n  of  t h e  c e l l s .  By 

18- 24  h o u r s  o f  r e c o v e r y  t h e  g l a n d s  o f  b o t h  s h e e p  and  g o a t  

Had become i n d i s t i n g u i s h a b l e  f rom t h o s e  of  t h e  

u n s t i m u l a t e d  a n i m a l s .

F i o . 4 . 3 9 . The s wea t  g l a n d  in a s ampl e  f rom s h e e p  9 h o u r s  

a f t e r  ' f a t i g u e ' .  In t h i s  e l e c t r o n  m i c r o g r a p h  t h e  

m y o e p i t h e l i u m  a p p e a r s  r e l a x e d  and t h e  s e c r e t o r y  e p i t h e l i u m  

a l t h o u g h  f l a t t e n e d  had  a f a i r l y  ' n o r m a l '  a p p e a r a n c e .

F i g . 4 . 4 0  . The s wea t  g l a n d  in a s ample  f rom s h e e p  9 h o u r s  

a f t e r  ' f a t i g u e ' .  The s e c r e t o r y  c e l l  in  t h i s  e l e c t r o n  

m i c r o g r a p h  h a s  r e t u r n e d  t o  ' n o r m a l ' .  The now c u b o i d a l  

s e c r e t o r y  c e l l  h a s  a r e o r g a n i s e d  Golgi  w i t h  a s s o c i a t e d  

v e s i c l e s .
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DISCUSSION.

The s e c r e t o r y  mechani sm in t h e  s h e e p  an d  g o a t  a l s o  

seems  t o  be one of  f l u i d  t r a n s p o r t  and  e x o c y t o s i s  of  

s e c r e t o r y  v e s i c l e s .  T he se  v e s i c l e s  wer e  a p p a r e n t l y  

p r o d u c e d  by t h e  we 11- d e v e 1 oped  Golgi  body and  p o s s i b l y  

d i r e c t l y  f rom t h e  RER. The m i t o c h o n d r i a l  t r a n s f o r m a t i o n  

f o u nd  in c a t t l e  was n o t  p r e s e n t  in s h e e p  and  g o a t s .  The 

c h a n g e s  whi ch  o c c u r r e d  in t h e  s e c r e t o r y  c e l l s  d u r i n g  t h e  

e a r l y  p a r t  o f  t h e  d e c r e m e n t a l  s w e a t i n g  r e s p o n s e  were  

s t r o n g l y  i n d i c a t i v e  of  i n c r e a s e d  v e s i c l e  p r o d u c t i o n  and 

e n h a n c e d  s e c r e t o r y  a c t i v i t y .  T h e r e  was no c o r r e l a t i o n  

b e t w e e n  t h e  o b v i o u s  c y t o l o g i c a l  c h a n g e s  and  t h e  p e a k s  and 

t r o u g h s  of  t h e  s w e a t i n g  p a t t e r n .  The m y o e p i t h e l i u m  

g e n e r a l l y  a p p e a r e d  t o  be c o n t r a c t e d  f rom t h e  f i r s t  

s w e a t i n g  p e ak  t o  / f a t i g u e / . The p a l e  a p i c a l  z o n e s ,  such  a s  

t h o s e  d e s c r i b e d  by Be l l  C1974) in t h e  m y o e p i t h e l i u m  of  t h e  

human a x i l l a r y  a p o c r i n e  g l a n d  a f t e r  s t i m u l a t i o n  by 

a d r e n a l i n e  wer e  n e v e r  s e e n .  The c h a n g e s  in t h e  lumina l  

membrane of  t h e  s e c r e t o r y  c e l l s ,  and  t h e  mar ked  d i s t e n s i o n  

o f  t h e  RER s e e n  a t  and  b e t w ee n  t h e  s m a l l e r  s w e a t i n g  p e a k s ,  

seem t o  i n d i c a t e  t h e  b e g i n n i n g s  of  s e c r e t o r y  f a i l u r e .

Some, b u t  n o t  a l l ,  c e l l s ,  p a r t i c u l a r l y  in t h e  g o a t ,  a p p e a r  

t o  f a i l  t o  t h e  p o i n t  of  d e s t r u c t i o n ,  e x t r u d i n g  t h e i r  

c o n t e n t s ,  i n c l u d i n g  n u c l e i ,  i n t o  t h e  lumen.

I t  i s  s t i l l  n o t  c l e a r  i f  o r  how an i n t a c t  e p i t h e l i u m  

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

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

lumen.  The e v i d e n c e  f rom / f a t i g u e d / g l a n d s  and  d u r i n g  t h e  

s u b s e q u e n t  r e c o v e r y  p e r i o d  s u g g e s t s  t h a t  n e i g h b o u r i n g  

c e l l s  s p r e a d ,  make c o n t a c t ,  and e n c a s e  t h e  r e m n a n t s  of
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a t r e t i c  c e l l s  b e t w e e n  them and  t h e  u n d e r l y i n g  

m y o e p i t h e l i u m .  The d e b r i s  now l o c a t e d  in t h e  i n t e r c e l l u l a r  

s p a c e s  t h e n  a p p e a r s  t o  be g r a d u a l l y  p h a g o c y t o s e d  by t h e  

s e c r e t o r y  c e l l  a s  t h e  e p i t h e l i u m  r e c o n s t i t u t e s  i t s e l f  when
I

t h e  a n i m a l s  a r e  a g a i n  in  a coo l  e n v i r o n m e n t .  Whet her  

n e i g h b o u r i n g  c e l l s  can come i n t o  c o n t a c t  r a p i d l y  enough t o  

m a i n t a i n  t i g h t  j u n c t i o n s  d u r i n g  t h e  l a t e r  p h a s e s  of  

s w e a t i n g  i s  s t i l l  d e b a t a b l e .  However ,  t h e  a b s e n c e  of  

b r e a k s  in  t h e  s e c r e t o r y  e p i t h e l i u m  wou ld  seem t o  i n d i c a t e  

t h a t  r a p i d  r e c o n s t i t u t i o n  o c c u r s .  J e n k i n s o n ,  Nimmo, 

J a c k s o n ,  McQeen,  E l d e r ,  Mackay and  Montgomery ( 1 98 3)  u s i n g  

l a n t h a n u m  i n j e c t e d  i n t r a d e r m a l 1y , c o n c l u d e d  t h a t  t h e  

l um in a l  i n t e r c e l l u l a r  c o n n e c t i o n s  b e t w e e n  e p i t h e l i a l  c e l l s  

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

d e a t h .

The o c c u r r e n c e  of  c e l l  d e a t h  and  l o s s  d u r i n g  a c t i v i t y  

s u g g e s t s  t h e  e x i s t e n c e  o f  a mechan i sm of  c e l l  r e p l a c e m e n t .  

A l t h o u g h  c e n t r i o l e s  were  f o u n d  in t h e  s e c r e t o r y  c e l l s ,  

m i t o t i c  c o n f i g u r a t i o n s  we r e  n e v e r  s e e n .  Montagna and 

P a r a k k a l  ( 1 9 7 4 )  i n d i c a t e  t h a t  m i t o t i c  f i g u r e s  wer e  r a r e l y  

s e e n  in  t h e  human a p o c r i n e  s w e a t  g l a n d ,  in s p i t e  o f  c l e a r  

e v i d e n c e  of  h i g h  c y t o p l a s m i c  a c t i v i t y  and  c e l l u l a r  

s l o u g h i n g .  Both of  t h e s e  c o m po ne n t s  may w e l l  be p r e s e n t  in 

a l l  mammals.  E v i d e n c e  f o r  t h e  e x i s t e n c e  of  c e l l  l o s s  f rom 

t h e  s e c r e t o r y  e p i t h e l i u m  h a s  b een  p u b l i s h e d  f o r  t h e  human 

a p o c r i n e  g l a n d  ( S ch a u m b u r g - L e v e r  & L e v e r ,  1 9 7 5 ) ,  and  f o r  

c a t t l e  in  C h a p t e r  3.

R e c o v e r y  of  a t  l e a s t  some of  t h e s e  c e l l s  a p p e a r s  t o  

be r a p i d ,  s i n c e  s e c r e t o r y  a c t i v i t y  r e t u r n s  w i t h i n  15 

m i n u t e s  o f  t h e  g o a t s  r e t u r n i n g  t o  a cool  e n v i r o n m e n t
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( J e n k i n s o n  & R o b e r t s h a w ,  1 9 7 1 ) .  I t  i s  e v i d e n t  f rom t h e s e  

r e s u l t s  t h a t  t h e  f u l l  s w e a t i n g  r e s p o n s e  o b t a i n e d  5 h o u r s  

a f t e r  ' f a t i g u e 7 in t h e  g o a t  ( J e n k i n s o n  & R o b e r t s h a w ,  1971) 

o c c u r r e d  in  g l a n d s  which  had  n o t  r e t u r n e d  f u l l y  t o  t h e  

p r e - s t r e s s e d  s t a t e .

The s e c o n d  c om pon en t ,  s e c r e t i o n ,  a p p e a r s  t o  be 

b r o u g h t  a b o u t  by two m e c h a n i s m s ,  namely v e s i c l e  e x o c y t o s i s  

and  f l u i d  t r a n s p o r t .  The p a r t i c u l a t e  m a t t e r  c o u l d  be 

p r o t e i n ,  wh ich  i s  known t o  be p r e s e n t  in t h e  s wea t  of  a 

number of  s p e c i e s  ( J e n k i n s o n ,  Mabon & Manson,  19 74 b ) ,  and 

h a s  been  d e m o n s t r a t e d  in t h e  f u n d u s  of  c a t t l e  and  s h e e p  

( L l o y d ,  Mabon & J e n k i n s o n ,  1 9 77 ) .  The s i t e  o f  f l u i d  

t r a n s p o r t  s t i l l  r e m a i n s  t o  be d e t e r m i n e d ,  b u t  a c t i v e  

pumping may o c c u r  in t h e  g l a n d u l a r  f u n d u s ,  a s  in t h e  r a t  

p l a n t a r  g l a n d  ( S a t o  & S a t o ,  1 9 7 8) .

The r e s u l t s  f rom t h e  s h e e p  and  g o a t ,  w h i l e  a g r e e i n g  

w i t h  t h e  v i ew  of  J e n k i n s o n  and  R o b e r t s h a w  ( 1 971 )  t h a t  

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

i m p o r t a n c e  of  p r e - f o r m e d  s w ea t  t o  s u b s e q u e n t  a c t i v i t y  in 

t h e  h e a t ,  a s  s u g g e s t e d  by A l l e n  and B l i g h  ( 1 9 6 9 )  and  

J o h n s o n  ( 1 9 7 3 ) .  They a l s o  d e m o n s t r a t e  t h a t  t h e  ' f a t i g u e '  

i s  n o t  a s  p o s t u l a t e d  by J o hn so n  ( 1 9 7 3 ) ,  s i m p l y  an 

i m b a l a n c e  b e t w e e n  t h e  s e c r e t o r y  and  d i s c h a r g e  mechan i sms  

b u t  due t o  s e c r e t o r y  c e l l  e x h a u s t i o n  and  f a i l u r e .  The 

e v i d e n c e  of  m y o e p i t h e l i a l  c o n t r a c t i o n  t h r o u g h o u t  s w e a t i n g  

i s  n o t  c o n s i s t e n t  w i t h  B l i g h ' s  t h e s i s  of  m y o e p i t h e l i a l  

a c t i o n  in e x p u l s i o n  of  s w e a t .

T h e r e f o r e ,  t h e  mode of  s e c r e t i o n  in t h e  s h e e p  and 

g o a t  a s  in t h e  cow h a s  t h r e e  c o m p o n e n t s ,  f l u i d  t r a n s p o r t ,
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e x o c y t o s i s  a nd  c e l l  d e a t h  - d e s p i t e  t h e  d i f f e r e n t  p a t t e r n s  

o f  e v a p o r a t i v e  l o s s .
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CHAPTER 5 .

THE EQUINE GLAND.

INTRODUCTION.

E q u i d a e  on e x p o s u r e  t o  h e a t  d i s p l a y  a g r a d u a l  

i n c r e a s e  in c u t a n e o u s  w a t e r  v a p o u r  l o s s  o v e r  a p e r i o d  of  

a b o u t  1 h o u r .  T h i s  r i s e s  t o  a maximum which  can  be 

s u s t a i n e d  f o r  s e v e r a l  h o u r s  ( A l l e n  & B l i g h ,  1969;  

R o b e r t s h a w  & T a y l o r ,  1969;  K er r  e t  a l . ,  1 9 8 0 ) .  The 

m y o e p i t h e l i u m  of  t h e  g l a n d u l a r  f u n d u s  i s  b e l i e v e d  t o  p l a y  

l i t t l e  p a r t  in t h e  d i s c h a r g e  of  h o r s e  s w e a t ,  t h e  o u t p u t  of  

whi ch  seems  t o  be l a r g e l y  d e p e n d e n t  on s e c r e t o r y  c e l l  

a c t i v i t y  ( Ta ka g i  & Tagawa,  1959;  A l l e n  & B l i g h ,  1 9 6 9 ) .  

I n f o r m a t i o n  on t h e  n a t u r e  o f  t h e  s e c r e t o r y  p r o c e s s  in t h i s  

s p e c i e s  i s  c o n f l i c t i n g  and  t h e r e  i s  a p p a r e n t l y  none on 

d u c t a l  a c t i v i t y ,  a l t h o u g h  t h e  c o m p o s i t i o n  o f  t h e  

h y p e r t o n i c  s w ea t  ( K e r r  e t  a l . , 11980) i s  p r o b a b l y  m o d i f i e d  

by c e l l u l a r  a c t i v i t y  in t h e  d u c t ,  a s  i s  t h e  h y p o t o n i c  

s w e a t  of  t h e  p r i m a t e  ( S a t o ,  1977;  Mor imot o ,  1 9 78 ) .

The p h y s i o l o g i c a l  e x p e r i m e n t s  of  A l l e n  and  B l i g h  

( 19 69)  s u p p o r t  t h e  v iew of  Takagi  and  Tagawa ( 1 9 5 9 ) ,  b a s e d  

on l i g h t  m i c r o s c o p i c  s t u d i e s  o f  t h e  e q u i n e  s w e a t  g l a n d  

t h a t  t h e  mode of  s e c r e t i o n  i s  n o t  a p o c r i n e .  A l t e r n a t i v e l y ,  

e v i d e n c e  of  c y t o p l a s m i c  p r o t r u s i o n s  on t h e  s e c r e t o r y  

c e l l s ,  o b t a i n e d  f rom l i g h t  ( T a l u k d a r ,  Ca l houn  & S t i n s o n ,  

1970)  and  e l e c t r o n  m i c r o g r a p h s  o f  u n s t i m u l a t e d  h o r s e  s w ea t  

g l a n d s  ( K u ro s um i ,  Matsuzawa & S a i t o ,  1963;  S o r e n s e n  & 

P r a s a d ,  1 9 7 3 ) ,  i n d i c a t e  an a p o c r i n e  p r o c e s s .  However 

S o r e n s e n  and  P r a s a d  ( 1 9 7 3 )  f a i l e d  t o  d e t e c t  ' p i n c h e d - o f f / 

c y t o p l a s m  in t h e  lumen and  n o t e d  t h a t  a p i c a l  s w e l l i n g  of



t h e  s e c r e t o r y  c e l l s  can  be i n d u c e d  by f i x a t i o n .  The 

p r e s e n c e  of  low,  more v a c u o l a t e d ,  s o m e t i m e s  c o m p l e t e l y  

r u p t u r e d ,  s e c r e t o r y  c e l l s  w i t h  f r a g m e n t e d  n u c l e i ,  in t h e  

g l a n d s  o f  s k i n  f rom r e g i o n s  r e n d e r e d  a n h i d r o t i c  by 

r e p e a t e d  i n t r a d e r m a l  i n j e c t i o n s  of  a d r e n a l i n e  ( L o v a t t  

Evans  e t  a l . ,  1 9 5 7 ) ,  i s  i n d i c a t i v e  o f  c e l l  d e a t h  d u r i n g  

a c t i v i t y .  T hu s ,  a l t h o u g h  i t  i s  p o s s i b l e  t h a t  t h i s  

a p p e a r a n c e  r e s u l t s  f rom e x c e s s i v e  s t i m u l a t i o n  s i n c e  t h e  

d o s e s  of  a d r e n a l i n e  u s e d  wer e  n o t  g i v e n ,  t h e  e v i d e n c e  

s u g g e s t s  t h a t  s w e a t  f o r m a t i o n  in  t h e  h o r s e  may a l s o  have  

two c o m p o n e n t s ,  namely s e c r e t i o n  ( e x o c y t o s i s  and  f l u i d  

t r a n s p o r t )  and  c e l l  d e a t h ,  a s  p o s t u l a t e d  f o r  t h e  cow, 

s h e e p  and  g o a t  ( C h a p t e r s  3 , 4 ) .

The u l t r a s t r u c t u r e  o f  t h e  h o r s e  s w ea t  g l a n d  was 

t h e r e f o r e  s t u d i e d  b e f o r e  and  d u r i n g  s w e a t i n g  t o  t e s t  t h i s  

h y p o t h e s i s  and  p r o v i d e  a n a t o m i c a l  e v i d e n c e  on t h e  n a t u r e  

of  t h e  c h a n g e s  in b o t h  t h e  d u c t  and  f u n d u s  f o r  f u r t h e r  

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

PROCEDURE.

One t h o r o u g h b r e d  g e l d i n g  a g ed  11 y e a r s ,  two S h e t l a n d  

m a r e s  and  a Welsh c r o s s  g e l d i n g  a l l  a g e d  4 y e a r s  h ad  s k i n  

s a m p l e s  t a k e n  a t  t h e  b e g i n n i n g  and  a f t e r  s i x  h o u r s  

e x p o s u r e  t o  18°C Dry Bulb  (DB)/11°  C Wet Bulb (WB) Two d a y s  

l a t e r  t h e  h o r s e s  wer e  e x p o s e d  t o  40°C DB/23°C WB in t h e  

c l i m a t i c  chamber  f o r  6 h o u r s .  C u t a n e o u s  m o i s t u r e  l o s s  was 

a g a i n  m o n i t o r e d  c o n t i n u o u s l y  and  s a m p l e s  were  t a k e n  f rom 

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

in F i g . 5 . 1 .  Al l  s a m p l e s  wer e  f i x e d  and  p r o c e s s e d  f o r  

t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y  a s  d e s c r i b e d  in  Appendix  

1 •
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RESULTS.

P a t t e r n s  of  e v a p o r a t i v e  l o s s .

The p a t t e r n s  o f  c u t a n e o u s  l o s s ,  each  t o  i t s  own b a s e  

l i n e ,  f ou n d  in t h e  f o u r  h o r s e s  when e x p o s e d  t o  an 

e n v i r o n m e n t  of  40°C DB/23°C WB a r e  i l l u s t r a t e d  in F i g . 5 . 1 .  

The s w e a t  p a t t e r n s  o f  t h e  f o u r  a n i m a l s  were  e s s e n t i a l l y  

s i m i l a r ,  a l t h o u g h  t h e r e  wer e  v a r i a t i o n s  in t h e  m a g n i t u d e  

of  t h e  r e s p o n s e  an d  in two of  t h e  a n i m a l s  t h e r e  was a f a l l  

in o u t p u t  t o w a r d s  t h e  end  of  t h e  e x p e r i m e n t a l  p e r i o d .  In 

t h e  coo l  e n v i r o n m e n t  s w e a t i n g  d i d  n o t  o c c u r  in any of  t h e  

f o u r  a n i m a l s .

Sweat  g l a n d  s t r u c t u r e .

The e q u i n e  s w e a t  g l a n d  ( F i g . 5 . 2 ) ,  wh ich  was a l w a y s  

f o u n d  in c l o s e  a s s o c i a t i o n  w i t h  t h e  h a i r  f o l l i c l e ,  

t r a v e r s e d  f rom t h e  t i g h t l y  c o i l e d  f u n d u s ,  t h r o u g h  t h e  

d e r m i s ,  p e n e t r a t e d  t h e  h a i r  f o l l i c l e  and  f i n a l l y  o pe ne d  

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

s k i n .  The d u c t  e n t e r e d  t h e  h a i r  f o l l i c l e  in a d i r e c t i o n  

a l m o s t  p a r a l l e l  t o  i t  ( F i g . 5 . 2 )  g i v i n g  a s h o r t

F i g . 5 . 1 . The p a t t e r n s  of  c u t a n e o u s  e v a p o r a t i v e  l o s s  f rom
o  of o u r  E qu i d a e  in an e n v i r o n m e n t  of  40 C DB/23 C WB S ki n  

s a m p l e s  were  t a k e n  f rom t h e  c o n t r a l a t e r a l  s i d e  a t  t h e  

t i m e s  shown ( n umb e re d  a r r o w s ) .

F i g . 5 . 2 . A d i a g r a m  i l l u s t r a t i n g  t h e  f u n d u s  and d i f f e r e n t  

z o n e s  of  t h e  d u c t  f rom t h e  e q u i n e  s w e a t  g l a n d  and  t h e i r  

s i t u a t i o n s  w i t h  r e s p e c t  t o  t h e  h a i r  f o l l i c l e .
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i n t r a f o l  1 i c u l  a r  r e g i o n  of  89±35fim. The i n t r a d e r m a l  d u c t  

can  a g a i n  be s u b - d i v i d e d  i n t o  t h r e e  m o r p h o l o g i c a l  d i s c r e t e  

z o n e s ,  a p e r i f o l l i c u l a r  z o n e ,  d u c t  body and  d u c t / f u n d u s  

t r a n s i t i o n  zone  ( F i g . 5 . 2 ) .

Sweat  g l a n d  u l t r a s t r u c t u r e .

F u n d u s .

The s w e a t  g l a n d  f u n d u s  of  t h e  h o r s e  h a d  t h e  same 

s t r u c t u r e  a s  t h a t  of  t h e  cow, s h e e p  and  g o a t .  The 

s e c r e t o r y  e p i t h e l i u m  was s u r r o u n d e d  by a m y o e p i t h e l i u m  

( F i g . 5 . 3 )  and  e n v e l o p e d  in a f e n e s t r a t e d  s h e a t h  of  

f i b r o c y t e s .  U n m y e l i n a t e d  n e r v e  f i b r e s  a s s o c i a t e d  w i t h  

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

o c c a s i o n a l l y  in t h e  c o n n e c t i v e  t i s s u e  b e t w ee n  t h e  s h e a t h  

and  m y o e p i t h e l i u m .  The c u b o i d a l  s e c r e t o r y  c e l l s  had  a 

c y t o p l a s m  d e n s e l y  p a c k e d  w i t h  s e c r e t o r y  v e s i c l e s  

( F i g . 5 . 3 , 4 )  and  t h e i r  n u c l e i  we r e  l o c a t e d  in t h e  b a s a l  

p o r t i o n  of  t h e  c e l l .  The e l e c t r o n  d e n s e  o r  opaque  v e s i c l e s  

seem t o  r e p r e s e n t  d i f f e r e n c e s  in t h e  d e g r e e  o f  s t o r a g e  

c o n c e n t r a t i o n  r a t h e r  t h a n  a r a n g e  of  v e s i c l e  t y p e .

F i g . 5 . 3 . A s e c t i o n  t h r o u g h  t h e  f u n d u s  of  t h e  r e s t i n g  

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

w i t h  v e s i c l e s  and  have  t h e i r  n u c l e i  s i t u a t e d  t o w a r d s  t h e  

b a s e  of  t h e  c e l l .

F i g . 5 . 4 . S e c t i o n  of  a s e c r e t o r y  c e l l  f rom a r e s t i n g  g l a n d .  

D e n s e l y  p a c k e d  s e c r e o r y  v e s i c l e s  i n t e r s p e r s e d  w i t h  sma l l  

m i t o c h o n d r i a  can be s e e n .  The n u c l e u s  h a s  a " 'dented' '  

a p p e a r a n c e  due t o  p r e s s u r e  f rom s e c r e t o r y  v e s i c l e s .  The 

c e l l  a l s o  h a s  l ong  d e n s e l y  p a c k e d  m i c o v i l l i .

51





The s e c r e t o r y  c e l l s  e x h i b i t e d  an e x t e n s i v e  and  we l l  

d e v e l o p e d  Golg i  a p p a r a t u s  w i t h  a s s o c i a t e d  v e s i c l e s  of  

v a r y i n g  s i z e .  The m i t o c h o n d r i a  wer e  s m a l l  and  r o u n d  o r  

o v o i d  w i t h  f l a t  l a m e l l a r  c r i s t a e  and  an e l e c t r o n  d e n s e  

m a t r i x .  Between t h e  t i g h t l y  p a c k e d  s e c r e t o r y  v e s i c l e s ,

RER, r i b o s o m e s  and  g l y c o g e n  p a r t i c l e s  wer e  i d e n t i f i e d  

C F i g . 5 . 4 , 5 , 6 ) .  The m i c r o v i l l i ,  b o t h  s i n g l e  and  b r a n c h e d ,  

on t h e  l umi na l  membrane of  t h e  s e c r e t o r y  c e l l s  were  more 

numerous  and  c o n s i d e r a b l y  l o n g e r  t h a n  t h o s e  f o u n d  in 

c a t t l e ,  s h e e p  and  g o a t s .  A s e c r e t o r y  v e s i c l e  was 

o c c a s i o n a l l y  s e e n  p r o t r u d i n g  f rom t h e  membrane a t  t h e  

l umi na l  s u r f a c e  ( F i g . 5 . 5 ) .  However ,  t h i s  f e a t u r e ,  

r e m i n i s c e n t  of  m i c r o - a p o c r i n e  s e c r e t i o n ,  was n o t  s e e n  

b e i n g  ' ' p i n c h e d  o f f ' '  and  no o t h e r  form of  c y t o p l a s m i c  

p r o t r u s i o n  was e v e r  o b s e r v e d  a t  t h e  l umi na l  s u r f a c e .

S e c r e t o r y  c e l l s  wer e  c o n n e c t e d  a t  t h e  lumen by a p i c a l  

j u n c t i o n a l  c o m p l e x e s  ea ch  w i t h  a z o n u l a  o c c l u d e n s  and 

desmosome.  The l a t e r a l  s u r f a c e s  h ad  w e l l  d e v e l o p e d

Fi g . 5 . 5 . S e c t i o n  of  a s e c r e t o r y  c e l l  f rom a r e s t i n g  g l a n d  

w i t h  a p r o t r u d i n g  s e c r e t o r y  v e s i c l e  a t  t h e  l umi na l  

s u r f a c e .  T h i s  a p p e a r a n c e ,  o n l y  o c c a s i o n a l l y  s e e n ,  i s  

r e m i n i s c e n t  of  m i c r o - a p o c r i n e  s e c r e t i o n .  None of  t h e s e  

v e s i c l e s  was a c t u a l l y  s e e n  b e i n g  ' ' p i n c h e d  o f f '  and  no 

o t h e r  form of  c y t o p l a s m i c  p r o t r u s i o n  was o b s e r v e d  a t  t h e  

l umi na l  s u r f a c e .

F i g  . 5 ♦ 6 . S e c r e t o r y  c e l l  f rom t h e  b a s a l  p o r t i o n  of  a 

r e s t i n g  g l a n d  i l l u s t r a t i n g  b a s a l  m i c r o v i l l  which  a t  p o i n t s  

r e a c h  t h e  b a s em en t  membrane be twe en  m y o e p i t h e l i a l  c e l l s .
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i n t e r d i g i t a t i o n s  whi ch  a t  t h e  b a s a l  m a r g i n  t r a v e r s e d  

b e t w e e n  n e i g h b o u r i n g  m y o e p i t h e l i a l  c e l l s  t o  t h e  ba s e m e n t  

membrane ( F i g . 5 . 6 ) .  C e l l u l a r  p r o j e c t i o n s  wer e  a l s o  f o u n d  

a l o n g  t h e  s e r o s a l  membrane a d j a c e n t  t o  t h e  m y o e p i t h e l i u m .

The m y o e p i t h e l i u m  was composed of  s ma l l  

we 11- d e v e 1 oped  smooth  m u s c l e  c e l l s .  A l t h o u g h  s e p a r a t e d  by 

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

o c c a s i o n a l l y  t o u c h  and  l i n k  w i t h  desmosomes  and  f o rmed  a 

w i d e - m e s h e d  n e t w o r k .  The m u s c l e  c e l l s  wer e  a l s o  c o n n e c t e d  

t o  n e i g h b o u r i n g  s e c r e t o r y  c e l l s  by desmosomes .

D u c t .

I n t r a f o l 1 i c u 1a r  r e g i o n .

At t h e  o p e n i n g  i n t o  t h e  h a i r  f o l l i c l e  t h e  lumen was 

l i n e d  w i t h  8-10  l a y e r s  of  c o r n i f i e d  c e l l s ,  s u r r o u n d e d  by 

4 - 6  l a y e r s  o f  l i v i n g  c e l l s  ( F i g . 5 . 7 ) .  The l a t t e r  which  

c l o s e l y  r e s e m b l e  t h e  g r a n u l o s u m  c e l l s  of  t h e  f o l l i c l e  were  

r i c h  in  k e r a t o h y a l i n  and  p i g me n t  g r a n u l e s .  The d u c t  midway 

t h r o u g h  t h e  f o l l i c l e  was s t i l l  4 - 6  c e l l s  t h i c k  and  ha d  a 

lumen s u r r o u n d e d  by l i v i n g  c e l l s  ( F i g . 5 . 8 ) .  T he se  c e l l s ,  

u s u a l l y  two,  had  on t h e i r  l umi na l  s u r f a c e ,  m i c r o v i l l i ,  

wh i ch  wer e  a s s o c i a t e d  w i t h  s ma l l  v e s i c l e s  a t  t h e i r  b a s e s  

( F i g . 5 . 8  i n s e t ) .  They a l s o  h ad  p r o m i n e n t  e p i t h e l i a l  f o l d s  

( F i g . 5 . 8 )  w i t h  a p i c a l  j u n c t i o n a l  c o m p l e x e s .  L a n g e r h a n s  

c e l l s  and  t h e i r  p r o c e s s e s  were  commonly f o u n d  b e t we en  t h e

F i g . 5 . 7 . The k e r a t i n i z e d  l umi na l  s u r f a c e  o f  t h e  d u c t  in 

t h e  u p p e r  p a r t  of  t h e  h a i r  f o l l i c l e .  The c o r n i f i e d  

squamous  c e l l s  a r e  s u r r o u n d e d  by c e l l s  i n d i s t i n g u i s h a b l e  

f rom t h e  g r a n u l o s u m  c e l l s  of  t h e  h a i r  f o l l i c l e .
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c e l l s  in t h i s  r e g i o n  ( F i g . 5 . 8 ) .

I n t r a d e r m a l  r e g i o n .

The d u c t  in t h e  p e r i f o l l i c u l a r  zone  whi ch  was 

a p p r o x i m a t e l y  30|im l o n g ,  a c q u i r e s  a f i b r o c y t e  s h e a t h  upon 

l e a v i n g  t h e  h a i r  f o l l i c l e  and  n a r r o w s  due t o  a g r a d u a l  

r e d u c t i o n  in  t h e  s i z e  o f  t h e  lumen a n d  t h e  number  o f  c e l l  

l a y e r s  c om p o s i n g  i t s  w a l l .  The a p p e a r a n c e  o f  t h e  d u c t  in 

t h i s  u p p e r  p o r t i o n  ( F i g . 5 . 9 )  was  s i m i l a r  t o  t h a t  o b s e r v e d  

w i t h i n  t h e  l ower  f o l l i c l e ,  e x c e p t ,  t h a t  i t  was  now 

s u r r o u n d e d  by a f i b r o c y t e  s h e a t h  a nd  t h e  s m a l l  v e s i c l e s  

o b s e r v e d  a t  t h e  b a s e  o f  t h e  m i c r o v i l l i  we r e  g e n e r a l l y  more 

n u m er o us .  The c o n n e c t i v e  t i s s u e  l a y e r  o u t s i d e  t h e  b as e me n t  

membrane was n o t  p r o m i n e n t  and  l a r g e  g a p s  wer e  p r e s e n t  in 

t h e  f i b r o c y t e  s h e a t h .  A l i t t l e  d e e p e r ,  t h e  lumen was  s t i l l  

a p p r o x i m a t e l y  t h e  same s i z e  w i t h  t h e  i n n e r  r i n g  o f  2 - 3  

l i v i n g  c e l l s  s u r r o u n d e d  by a f u r t h e r  2 - 4  l a y e r s  o f  

g r a n u 1o s u m - t y p e  c e l l s .  The l i n i n g  of  t h e  lumen was s i m i l a r  

t o  t h a t  in t h e  lower  f o l l i c u l a r  z o n e .  In t h e  l o w e s t  

p o r t i o n  of  t h e  p e r i f o l l i c u l a r  z o n e ,  t h e  number  of  c e l l  

l a y e r s  in t h e  w a l l  f e l l  f rom 5 t o  3 and  t h e  lumen became 

n a r r o w e r .  T h e r e  wer e  now, g e n e r a l l y ,  t h r e e  c u b o i d a l  c e l l s

F i g . 5 . 8 . i n s e t . The d u c t  mid-way a c r o s s  t h e  w i d t h  o f  t h e  

h a i r  f o l l i c l e .  The lumen,  f o rmed  by two c e l l s  w i t h  

p r o m i n e n t  e p i t h e l i a l  f o l d s ,  h a s  a l i n i n g  of  d e n s e l y  p a c k e d  

m i c r o v i l l i .  L a n g e r h a n s  c e l l s  an d  t h e i r  p r o c e s s e s  a r e  

p r e s e n t  be t we en  t h e  c e l l  l a y e r s  of  t h e  d u c t  w a l l .  V e s i c l e s  

wer e  o b s e r v e d  b e t w ee n  t h e  m i c r o v i l l i  a t  t h e  l umi na l  

s u r f a c e  t h r o u g h o u t  t h i s  z o n e .
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w i t h  s h o r t  d e n s e l y  p a c k e d  m i c r o v i l l i  a t  t h e i r  l umina l  

s u r f a c e  f o r m i n g  t h e  i n n e r  r i n g .  The se  wer e  i n t e r c o n n e c t e d  

a t  t h e  l u m i na l  s u r f a c e  by j u n c t i o n a l  c o m p l e x e s  ea ch  w i t h  a 

z o n u l a  o c c l u d e n s . T h e r e  wer e  s m a l l  b u t  d e f i n i t e  i n f o l d i n g s  

i n t o  t h e  lumen and  l a t e r a l  d o v e t a i l i n g  of  i n t e r c e l l u l a r  

f i n g e r s  o c c u r r e d  p a r t i c u l a r l y  n e a r  t h e  b a s e  of  t h e  c e l l s .  

The u n d e r l y i n g  c e l l s ,  now more f l a t t e n e d  in  a p p e a r a n c e ,  

wer e  c o n n e c t e d  t o  t h e  l u mi na l  c e l l s  an d  t h o s e  of  t h e  lower  

l a y e r s  by desmosomes .  The f i b r o c y t e  s h e a t h  was s t i l l  l o o s e  

and  a p p a r e n t l y  n o t  w e l l  d e v e l o p e d .  O c c a s i o n a l l y  s e c r e t o r y  

v e s i c l e s  f rom t h e  f u n d u s  s e c r e t o r y  c e l l s  wer e  o b s e r v e d  in 

t h e  lumen o f  t h e  r e s t i n g  g l a n d  ( F i g . 5 . 9 ) .  L a n g e r h a n s  c e l l s  

an d  t h e i r  d e n d r i t i c  p r o c e s s e s  wer e  s t i l l  f o u n d  b e t we en  t h e  

d u c t  c e l l s  a t  t h i s  l e v e l  ( F i g . 5 . 9 ) .  T he se  c e l l s  c o u l d  be 

r e c o g n i s e d  by t h e i r  c h a r a c t e r i s t i c  B i r b e c k  g r a n u l e s  and  

t h e  a b s e n c e  of  j u n c t i o n s  w i t h  n e i g h b o u r i n g  c e l l s  

( F i g . 5 . 1 0 ) .

The d u c t  body t h r o u g h o u t  i t s  e n t i r e  l e n g t h  o f  474± 

67fim was composed of  two c e l l  l a y e r s  s u r r o u n d e d  by a d e n s e  

c o n n e c t i v e  t i s s u e  l a y e r  and  f e n e s t r a t e d  f i b r o c y t e  s h e a t h .

F i g . 5 . 9 . The p e r i f o l l i c u l a r  z o n e .  The d u c t  h a s  now 

s e p a r a t e d  f rom t h e  h a i r  f o l l i c l e .  The lumen i s  s t i l l  

composed of  two c e l  I s  b u t  t h e  d u c t  w a l 1 now h a s  s i x  c e l  1 

1a y e r s .

F i g . 5 . 1 0 ♦ A L a n g e r h a n s  c e l l  in t h e  p e r i f o l l i c u l a r  zone  of  

t h e  d u c t .  The c e l l  can be r e c o g n i s e d  by t h e  a b s e n c e  of  

c e l l  j u n c t i o n s  and  t h e  p r e s e n c e  of  B i r b e c k  g r a n u l e s  in t h e  

c y t o p  1 a s m .

55





The lumen o v e r  t h e  u p p e r  p o r t i o n  of  t h e  d u c t  body was 

a g a i n  w i d e r  and  r i n g e d  by 3 - 5  c u b o i d a l  c e l l s  w i t h  s h o r t  

w i d e l y  s p a c e d  m i c r o v i l l i  a t  t h e i r  l u m in a l  s u r f a c e  

( F i g . 5 . 1 1 ) .  The se  l um in a l  c e l l s  wer e  i n t e r d i g i t a t e d  a l o n g  

t h e i r  l a t e r a l  and  b a s o l a t e r a l  s u r f a c e s .  They we r e  j o i n e d  

t o  e a c h  o t h e r  by a p i c a l  j u n c t i o n a l  c o m p l e x e s  a nd  by 

desmosomes  t o  t h e  u n d e r l y i n g  l a y e r  o f  now s p i n d l e  s h a p e d  

c e l l s .  T he se  o v o i d  b a s a l  c e l l s  wer e  a l s o  a t t a c h e d  by 

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

l a y e r  l i n k e d  t o  t h e  b a s em en t  membrane by h e m i de sm o so m es . 

The o u t e r  c o n n e c t i v e  t i s s u e  and  f i b r o c y t e  s h e a t h  were  now 

p r o m i n e n t  and  a p p a r e n t l y  b e t t e r  d e v e l o p e d .  T h r o u g h o u t  t h e  

r e m a i n d e r  o f  t h e  d u c t  body t h e  o v e r a l l  s t r u c t u r e  was 

b a s i c a l l y  s i m i l a r .  The l a t e r a l  i n t e r d i g i t a t i o n s  a t  t h e  

b a s e s  of  t h e  l umi na l  c e l l s  were  more p r o m i n e n t  and  

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

F i q ♦ 5 . 11 ♦ The u p p e r  d u c t  body .  The w a l l  i s  now o n l y  two 

c e l l s  t h i c k .  The t h r e e  c e l l s  f o r m i n g  t h e  l u m in a l  l a y e r  a r e  

i n t e r d i g i t a t e d  l a t e r a l l y ,  p a r t i c u l a r l y  a t  t h e i r  b a s e s .

They do n o t  e x t e n d  t o  t h e  bas emen t  membrane a s  t h e  

f l a t t e n e d  b a s a l  c e l l s ,  c o n n e c t e d  by desmosomes ,  form a 

c o m p l e t e  r i n g .  The c o n n e c t i v e  t i s s u e  w i t h i n  t h e  f i b r o c y t e  

s h e a t h  i s  much t h i c k e r  t h a n  in t h e  p e r i f o l l i c u l a r  z o n e .  

L a n g e r h a n s  c e l l s  a r e  p r o m i n e n t  b e t we en  t h e  o u t e r  c e l l s .



b a s a l  membrane <F i g . 5 . 1 2 , 1 3 ) .  Th e re  w e r e ,  t h u s ,  f ewer  

desmosomal  c o n n e c t i o n s  b e t we en  b a s a l  c e l l s  in  t h e  lower  

d u c t  body a l t h o u g h  t h e y  wer e  s t i l l  f i r m l y  a t t a c h e d  t o  t h e  

lu mi n a l  c e l l s  and  t h e  b as e m e n t  membrane.  The lu mi n a l  c e l l s  

c o n t a i n e d  a s m a l l  Golg i  a p p a r a t u s ,  m i t o c h o n d r i a  and  had  

s h o r t  w i d e l y  s p a c e d  m i c r o v i l l i .  The lumen was  now w i d e r  

a nd  s o m e t i m e s  c o n t a i n e d  n e c r o t i c  s e c r e t o r y  c e l l s  f rom t h e  

f u n d u s  ( F i g . 5 . 1 2 ) .

As w i t h  t h e  o t h e r  s p e c i e s  s t u d i e d  t h e  d u c t / f u n d u s  

t r a n s i t i o n  zone  of  5 - 6  c e l l s  h a d  a more c o m p l e t e  

f i b r o c y t e  s h e a t h .  The b a s a l  c e l l s  c o n t a i n e d  p r o m i n e n t  

m y o f i l a m e n t s ,  c a v e o l a e  an d  wer e  in a l l  r e s p e c t s  i d e n t i c a l  

t o  t h e  m y o e p i t h e l i u m  of  t h e  f u n d u s  a l t h o u g h  t h e  c e l l s  

s u r r o u n d i n g  t h e  lumen were  s t i l l  i d e n t i c a l  t o  t h o s e  o f  t h e  

l ower  d u c t  b od y .  They were  low and  c u b o i d a l  w i t h  s h o r t  

w i d e l y  s p a c e d  m i c r o v i l l i ,  a s m a l l  Go l g i  a p p a r a t u s ,  

m i t o c h o n d r i a  and  t h e  o c c a s i o n a l  s ma l l  v e s i c l e .  D o v e t a i l i n g  

a t  t h e  s e r o s a l  s u r f a c e s  was s t i l l  p r o m i n e n t  a n d ,  a s  in t h e

F i g . 5 . 1 2 . Lower d u c t  b ody .  The lumen i s  now w i d e r  w i t h  t h e  

i n n e r  l a y e r  composed of  a b o u t  s e v e n  c e l l s  whi ch  have  

p r o m i n e n t  l a t e r a l  i n t e r d i g i t a t i o n s . T h i s  d o v e t a i l i n g  i s  

p a r t i c u l a r l y  p r o n o u n c e d  a t  t h e  b a s e  wher e  t h e  c e l l s  now 

t o u c h  t h e  b a s eme n t  membrane be twe en  t h e  now s m a l l e r  and 

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

s e c r e t o r y  c e l l  i s  p r e s e n t  w i t h i n  t h e  lumen.

F i g . 5 . 1 3 . Lower d u c t  body .  T h i s  m i c r o g r a p h  i l l u s t r a t e s  t h e  

b a s a l  i n t e r d i g i t a t i o n s  of  t h e  l umi na l  c e l l s  which  now 

e x t e n d  t o  t h e  b a s em e nt  membrane.
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l ower  d u c t  bod y ,  p r o c e s s e s  c o u l d  r e a c h  t h e  b as e m e n t  

membrane.  At t h e  j u n c t i o n  w i t h  t h e  f u n d u s  t h e  l umi na l  d u c t  

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

by a j u n c t i o n a l  complex  i n c l u d i n g  a z o n u l a  o c c l u d e n s . Both 

c e l l  t y p e s  can  r e a d i l y  be d i s t i n g u i s h e d ,  t h e  f u n d u s  

s e c r e t o r y  c e l l  b e i n g  p a c k e d  w i t h  s e c r e t o r y  v e s i c l e s  and  

h a v i n g  l o n g e r  m i c r o v i l l i  ( F i g . 5 . 1 4 ) .  L a n g e r h a n s  c e l l s  were  

p r o m i n e n t  b e t we en  t h e  b a s a l  c e l l s  and  s o m e t i m e s  b e t w ee n  

t h e  l u m in a l  and  b a s a l  c e l l s  of  t h e  d u c t  t h r o u g h o u t  t h e  

e n t i r e  i n t r a d e r m a l  r e g i o n .  T h e r e  was no e v i d e n c e  o f  a 

n e r v e  s u p p l y  t o  t h e  d u c t  a l t h o u g h  n e r v e s  d i d  accompany t h e  

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

E f f e c t  o f  s t i m u l a t i o n .

F u n d u s .

H e a t - i n d u c e d  s w e a t i n g  h ad  a d r a m a t i c  e f f e c t  on t h e  

u l t r a s t r u c t u r e  o f  t h e  s e c r e t o r y  c e l l s  o f  t h e  f u n d u s .  From 

t h e  o n s e t  of  s w e a t i n g  t h e  c e l l s  v a r i e d  in s h a p e  due t o  

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

F i g . 5 . 1 4 . D u c t / f u n d u s  t r a n s i t i o n  z o n e .  The f u n d u s  

s e c r e t o r y  c e l l ,  w i t h  l o n g  m i c r o v i l l i  and  d e n s e l y  p a c k e d  

v e s i c l e s  i s  r e a d i l y  d i s t i n g u i s h e d  f rom i t s  n e i g h b o u r i n g  

d u c t  c e l l .  The b a s a l  c e l l s  in t h i s  zone  ha ve  a s i m i l a r  

a p p e a r a n c e  and  r e s e m b l e  m y o e p i t h e l i a l  c e l l s .







f rom low c u b o i d a l  ( F i g . 5 . 1 5 )  t o  squamous  some of  which  

wer e  a l m o s t  c o m p l e t e l y  d e v o i d  o f  s e c r e t o r y  v e s i c l e s  

( F i g . 5 . 1 6 ) .  T h i s  d i f f e r e n c e  in t h e  number  o f  s e c r e t o r y  

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

Most  c e l l s  a p p e a r e d  t o  be d i s c h a r g i n g  t h e i r  c o n t e n t s  by 

e x o c y t o s i s ,  h o w e v e r ,  membrane-bound  v e s i c l e s  c o m p l e t e  w i t h  

c o n t e n t s  we r e  a l s o  o c c a s i o n a l l y  s e e n  in  t h e  lumen 

( F i g . 5 . 1 7 ) .  T he se  membrane bound v e s i c l e s  seem t o  be 

l a r g e l y  d e r i v e d  f rom d i s i n t e g r a t i n g  s e c r e t o r y  c e l l s  a s  

c y t o p l a s m i c  o r g a n e l l e s ,  i n c l u d i n g  n u c l e i ,  can  be f o u n d  

( F i g . 5 . 1 7 ) .  The i n t e r c e l l u l a r  s p a c e s  wer e  d i l a t e d  and  t h e  

g a p s  b e t w e e n  t h e  b a s a l  i n f o l d i n g s  of  t h e  s e c r e t o r y  c e l l s  

h a d  w i d e n e d .  The z o n u l a e  o c c l u d e n t e s  s t i l l  a p p e a r e d  t o  be 

i n t a c t  an d  t h e  Golg i  a p p a r a t u s  was s t i l l  p r o m i n e n t  w i t h i n  

t h e  c e l l .  T h e r e  was l i t t l e  e v i d e n c e  of

F i g . 5 . 1 5 . A f u n d u s  s h o r t l y  a f t e r  t h e  o n s e t  o f  s w e a t i n g .  

The s e c r e t o r y  c e l l s  a r e  f l a t t e r  and  show e v i d e n c e  of  

v e s i c l e  d e p l e t i o n .  The i n t e r c e l l u l a r  s p a c e s  seem t o  have  

i n c r e a s e d  in  w i d t h  and  t h e  c r e n a t e d  m y o e p i t h e l i u m  a p p e a r s  

t o  h a ve  c o n t r a c t e d .

F i g . 5 . 1 6 . A f u n d u s  s h o r t l y  a f t e r  t h e  o n s e t  of  s w e a t i n g .  

The f l a t t e r  s e c r e t o r y  c e l l s  a r e  now a l m o s t  c o m p l e t e l y  

d e v o i d  o f  s e c r e t o r y  v e s i c l e s .  I n t e r c e l l u l a r  d i l a t a t i o n  i s  

s t i l l  e v i d e n t .

Fi g . 5 . 1 7 . A f u n d u s  a f t e r  t h e  o n s e t  of  s w e a t i n g .  In t h i s  

s e c t i o n  t h e  g l a n d  lumen i s  p a c k e d  w i t h  d e b r i s  f rom 

d i s i n t i g r a t i n g  s e c r e t o r y  c e l l s .  Membrane-bound s e c r e t o r y  

v e s i c l e s ,  m i t o c h o n d r i a  and  a n u c l e u s  can e a s i l y  be s e e n  

a mongs t  t h e  l umina l  c o n t e n t s .
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m o r p h o l o g i c a l  c ha ng e  in t h e  m y o e p i t h e l i a l  c e l l s  a l t h o u g h  

t h e y  a p p e a r e d  t o  be more c o n t r a c t e d  ( F i g . 5 . 1 5 ) .

A f t e r  3 - 4  h o u r s  of  s w e a t i n g  t h e  s e c r e t o r y  c e l l s  l o s t  

t h e i r  c u b o i d a l  a p p e a r a n c e  and  became more f l a t t e n e d .  They 

we r e  g e n e r a l l y  a l m o s t  c o m p l e t e l y  d e v o i d  o f  v e s i c l e s  

( F i g . 5 . 1 8 )  a l t h o u g h  a few c o n t a i n i n g  some v e s i c l e s  were  

s t i l l  p r e s e n t .  The Golg i  a p p a r a t u s  was  much l e s s  p r o m i n e n t  

a n d  few v e s i c l e s  were  o b s e r v e d  a d j a c e n t  t o  i t .  The 

c y t o p l a s m  of  t h e  c e l l  now c o n t a i n e d  few 

r i b o s o m e s  o r  g l y c o g e n  g r a n u l e s .  The n u c l e u s  was more 

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

d i l a t e d  and  t h e  lumen was u s u a l l y  d e v o i d  o f  s e c r e t o r y  

v e s i c l e s .  The m y o e p i t h e l i a  s t i l l  a p p e a r e d  t o  be c o n t r a c t e d  

b u t  o t h e r w i s e  e x h i b i t e d  l i t t l e  ch an g e  f rom t h e  r e s t i n g  

s t a t e .

D u c t .

S w e a t i n g  i n d u c e d  by t h e r ma l  s t i m u l a t i o n  h a d  l i t t l e  

e f f e c t  on t h e  s t r u c t u r e  of  t h e  d u c t .  The i n t e r c e l l u l a r  

s p a c e s ,  p a r t i c u l a r l y  t h o s e  in t h e  l ower  p o r t i o n  of  t h e  

l u m in a l  c e l l s  of  t h e  d u c t  body a p p e a r e d  d i l a t e d .  The o n l y  

o t h e r  e v i d e n t  c hang e  was in t h e  lumen p a r t i c u l a r l y  in  t h e  

p e r i f o l l i c u l a r  zone  and  u p p e r  d u c t  b ody .  In t h e s e  z o n e s  i t

F i g . 5 . 1 8 . A f u n d u s  a f t e r  f o u r  h o u r s  of  s w e a t i n g .  The 

s e c r e t o r y  c e l l s ,  w i t h  c e n t r a l l y  p l a c e d  n u c l e i ,  a r e  now low 

c u b o i d a l  and  a l m o s t  c o m p l e t e l y  d e v o i d  of  v e s i c l e s .  

I n t e r c e l l u l a r  s p a c e s  a r e  d i l a t e d  p a r t i c u l a r l y  a t  t h e  b a s a l  

r e g i o n .  The m i c r o v i l l i  s t i l l  a p p e a r  normal  and  t h e  lumen 

e mpt y .  The m y o e p i t h e l i u m  s t i l l  a p p e a r s  t o  be c o n t r a c t e d .

60



BMV

■■ ■*. .fefST ■

' BM V



4'  S



was w i d e r  and  c o n t a i n e d  s e c r e t o r y  g r a n u l e s  and  c y t o p l a s m i c  

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

In a l a t e r  e x p e r i m e n t  c o r r e s p o n d i n g  s a m p l e s  were

o b t a i n e d  f rom t h e  same a n i m a l s  d u r i n g  e x p o s u r e  t o  h i g h
o ot e m p e r a t u r e  and  h i g h  h u m i d i t y  (40 C DB/35 C WB) in which  

t h e  a n i m a l s  s w e a t e d  v i s i b l y  and  p r o f u s e l y ,  a l t h o u g h  

c o n d e n s a t i o n  of  m o i s t u r e  on t h e  s k i n  p r e v e n t e d  a c c u r a t e  

m e a s ur em en t  o f  s w e a t  o u t p u t  w i t h  t h e  v e n t i l a t e d  c a p s u l e  

t e c h n i q u e .  In t h i s  e n v i r o n m e n t  i t  was  o b s e r v e d  v i s u a l l y  

t h a t  a f t e r  a b o u t  4 h o u r s  e x p o s u r e ,  s w e a t i n g  r a t e  began  t o  

f a l l  and  t h a t  s w e a t i n g  h a d  a p p a r e n t l y  a l m o s t  c e a s e d  by t h e  

t i m e  t h e  t h i r d  s k i n  s a mp l e  was t a k e n .  The u 1t r a s t r u c t u r a l  

c h a n g e s  in t h e  g l a n d s  wer e  i d e n t i c a l  t o  t h o s e  o b s e r v e d  in 

g l a n d s  e xa mi ne d  a f t e r  e x p o s u r e  t o  t h e  lower  h u m i d i t y .

DISCUSSION.

S w e a t i n g ,  a s  in t h e  cow, s h e e p  and  g o a t  ( C h a p t e r  

3 , 4 ) ,  ha d  l i t t l e  e f f e c t  on t h e  u l t r a s t r u c t u r e  of  t h e  

e q u i n e  s w ea t  g l a n d  d u c t  o t h e r  t h a n  w i d e n i n g  of  t h e  lumen.  

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

t h e i r  c y t o p l a s m i c  v e s i c l e s  a s  s w e a t i n g  p r o g r e s s e d  u n t i l ,  

a f t e r  f o u r  h o u r s  o f  a c t i v i t y ,  t h e  now f l a t t e n e d  c e l l s  were  

a l m o s t  c o m p l e t e l y  d e v o i d  of  them.  The r e l e a s e  of  v e s i c l e s  

was  a c c o m p a n i e d  by a d i l a t a t i o n  of  t h e  i n t e r c e l l u l a r  

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

s e c r e t o r y  c e l l s .  T he se  b a s a l  i n t e r d i g i t a t i o n s  which  

r e s e m b l e  t h o s e  of  t h e  human e c c r i n e  and  a p o c r i n e  

g l a n d s  ( H a s h i m o t o ,  1 9 7 8 a , b ) ,  were  more h i g h l y  d e v e l o p e d  

t h a n  t h o s e  in c a t t l e ,  s h e e p  and  g o a t s ,  in whi ch  t h e  

s e c r e t o r y  c e l l s  do n o t  r e a c h  t h e  bas e me n t  membrane.  They
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a r e  t h u s  l i k e l y  t o  be a s s o c i a t e d  w i t h  t h e  e f f i c i e n t  f l u i d  

Cion)  t r a n s p o r t  m e c ha n i s ms  in t h e  h o r s e  and  man.  A h i g h  

r a t e  o f  f l u i d  t r a n s p o r t  in  t h e  h o r s e  i s  e m p h a s i s e d  by t h e  

f a c t  t h a t  d u r i n g  s w e a t i n g  t h e  f u n d u s  lumen was empty ,  

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

r emoved .

Most o f  t h e  v e s i c l e s  a p p e a r e d  t o  d i s c h a r g e  t h e i r  

c o n t e n t s  i n t o  t h e  lumen by e x o c y t o s i s ;  t h e r e  was no 

e v i d e n c e  o f  t h e  d i a c r i n e  s e c r e t i o n  d e s c r i b e d  by Has h i mo to  

( 1 9 7 8 b ) .  However ,  an a p p r e c i a b l e  number of  t h e  v e s i c l e s  

were  f o u n d  i n t a c t  in t h e  lumen of  b o t h  f u n d u s  and  d u c t ,  

p a r t i c u l a r l y  in  t h e  u n s t i m u l a t e d  g l a n d .  These  a p p e a r  t o  be 

r e l e a s e d  by c e l l  d i s i n t e g r a t i o n  a s  c y t o p l a s m i c  d e b r i s  

i n c l u d i n g  n u c l e i  and  s e c r e t o r y  v e s i c l e s  wer e  f ou nd  w i t h i n  

t h e  f u n d u s  an d  d u c t .  O c c a s i o n a l l y  v e s i c l e s  were  o b s e r v e d  

p r o t r u d i n g  f rom t h e  l um in a l  s u r f a c e  a n d ,  a l t h o u g h  none was 

o b s e r v e d  t o  be 7p i n c h i n g - o f f ' ,  t h e  p o s s i b i l i t y  t h a t  a 

m i c r o - a p o c r i n e  s e c r e t o r y  p r o c e s s  o c c u r s  in t h e  h o r s e  

c a n n o t  be e l i m i n a t e d .  T h e r e  was ,  h o we ve r ,  no e v i d e n c e  in 

t h i s  s t u d y ,  e i t h e r  b e f o r e  o r  d u r i n g  s e c r e t i o n  of  t h e  

c y t o p l a s m i c  p r o t r u s i o n s  d e s c r i b e d  by Kurosumi e t  a l . ,  

( 1 96 3)  and  S o r e n s e n  and  P r a s a d  ( 1 9 7 3 ) .  S o r e n s e n  and P r a s a d  

( 197 3)  d e s c r i b e  them a s  f i x a t i o n  a r t i f a c t s  which a g r e e s  

w i t h  t h e  membrane b l i s t e r s  i n d u c e d  by f i x a t i o n  d e s c r i b e d  

by S h e l t o n  and  Mowczko ( 1 9 7 8 ) .  Sweat  s e c r e t i o n  in t h e  

h o r s e  t h e r e f o r e ,  a s  in t h e  cow, s h e e p  and  g o a t ,  a p p e a r s  t o  

i n v o l v e  f l u i d  ( i o n )  t r a n s p o r t  and  e x o c y t o s i s  of  v e s i c l e s  

b u t  p o s s i b l y  a l s o  a m i c r o - a p o c r i n e  co mpon en t .

The r e s u l t s  show t h a t  e q u i n e  s w e a t ,  a s  in o t h e r  

s p e c i e s ,  a l s o  c o n t a i n s  t h e  p r o d u c t s  of  n e c r o t i c  c e l l s .
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However ,  w h i l e  in t h e  s h e e p  and  g o a t  ( C h a p t e r  4) s e c r e t o r y  

c e l l  d e a t h  o c c u r s  a s  a r e s u l t  o f  t h e r m a l  s t r e s s ,  i t  i s  no t  

c e r t a i n ,  a l t h o u g h  v e r y  l i k e l y ,  t h a t  a c t i v i t y  s t i m u l a t e s  o r  

a c c e l e r a t e s  c e l l  d e a t h  in  t h e  h o r s e .  The d e a d  s e c r e t o r y  

c e l l s ,  wh i ch  wer e  most  f r e q u e n t l y  s e e n  w i t h i n  t h e  d u c t a l  

lumen,  and  o c c u r  in t h e  g l a n d s  o f  a n h i d r o t i c  e q u i n e  s k i n  

( L o v a t t  Evans  e t  a l . ,  1957)  c o u l d  w e l l  c h a r a c t e r i z e  a 

s p e c i f i c  r e s p o n s e  t o  a c t i v i t y .  A few of  t h e  s e c r e t o r y  

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

s e c r e t i o n ,  may d i e  b e f o r e  d i s c h a r g i n g  t h e i r  c o n t e n t s  by 

e x o c y t o s i s .  T h e r e  was no e v i d e n c e  of  c e l l  l o s s  a f t e r  

c o m p l e t e  d i s c h a r g e  of  t h e i r  c o n t e n t s .  I t  i s  a l s o  p o s s i b l e  

t h a t  t h e  n e c r o t i c  c e l l s ,  a l s o  o b s e r v e d  in t h e  d u c t  of  

r e s t i n g  g l a n d ,  c o u l d  r e s u l t  f rom a mech an is m o f  c e l l  

t u r n o v e r ,  which  n e ed  no t  be r e l a t e d  t o  a c t i v i t y .  T he r e  i s  

no d o u b t ,  h o we v e r ,  t h a t  c e l l  d e b r i s  i s  p r e s e n t  in h o r s e  

s w e a t .  Sweat  f o r m a t i o n  in t h e  h o r s e ,  t h e r e f o r e ,  a s  in t h e  

u n g u l a t e s  d e p e n d s  n o t  o n l y  on s e c r e t i o n  ( f l u i d  t r a n s p o r t ,  

e x o c y t o s i s  and  p o s s i b l y  a m i c r o - a p o c r i n e  p r o c e s s )  b u t  a l s o  

t o  some e x t e n t  on t h e  p r o d u c t s  of  c e l l  d e a t h .

C e l l u l a r  v a r i a t i o n s  in t h e  r a t e  o f  v e s i c l e  d e p l e t i o n ,  

p a r t i c u l a r l y  d u r i n g  t h e  o n s e t  of  s w e a t i n g ,  a r e  e v i d e n t  and 

t h e r e  i s  l i t t l e  d o u b t  t h a t  d u r i n g  p r o l o n g e d  a c t i v i t y  t h e  

r a t e  o f  r e l e a s e  e x c e e d s  t h a t  o f  v e s i c l e  f o r m a t i o n .  T h i s  

r e s u l t s  in a c e l l  c 1o s e 1y r e s e m b l i n g  t h e  d e n s e  c e l l s  w i t h  

p o o r l y  d e v e l o p e d  m i c r o v i l l i  and  d e v o i d  o f  s e c r e t o r y  

v a c u o l e s  o c c a s i o n a l l y  d e t e c t e d  by Kurosumi e t  a l . ,  ( 19 63)  

in  t h e  u n s t i m u l a t e d  g l a n d .  These  c e l l s  can now be 

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

s t a t e  of  t h e  same s e c r e t o r y  c e l l .  The f u n d u s  of  t h e  h o r s e
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t h e r e f o r e  a p p e a r s  t o  c o n t a i n  o n l y  one t y p e  of  s e c r e t o r y  

c e l l  and  a p p a r e n t l y  o n l y  one t y p e  of  s e c r e t o r y  v e s i c l e .

The o b s e r v e d  v a r i a t i o n s  in  t h e  d e n s i t y  of  t h e  c o n t e n t s  of  

t h e  s e c r e t o r y  v e s i c l e s  a r e  l i k e l y  t o  r e p r e s e n t  d i f f e r e n t  

s t a g e s  o f  s t o r a g e  c o n c e n t r a t i o n  b u t  may be i n d u c e d  by 

f i x a t i o n  an d  c h e m i c a l  d e h y d r a t i o n .  Kurosumi e t  a l . ,  C1963) 

d e s c r i b e d  them a s  s e c r e t o r y  v a c u o l e s  w h i l e  S o r e n s e n  and 

P r a s a d  ( 1 9 7 3 )  f o u n d  o n l y  a f l o c c u l e n t  m a t e r i a l  w i t h i n  

them.  T h e i r  c o m p o s i t i o n  h a s  n o t  been  d e t e r m i n e d ,  b u t  l i k e  

t h e  g r a n u l e s  o f  t h e  human a x i l l a r y  g l a n d  ( B e l l ,  1974) t h ey  

a r e  P A S - p o s i t i v e  and  c o n t a i n  p r o t e i n a c e o u s  s u b s t a n c e s  

( Ta ka g i  & Tagawa,  1959;  T a l u k d a r  e t  a l . ,  1 9 7 0 ) .  The 

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

d u r i n g  p r o l o n g e d  s w e a t i n g  ( K e r r  e t  a l . ,  1980)  can t h u s  be 

e x p l a i n e d  by t h e  g r a d u a l  f a l l  in  a v a i l a b l e  s e c r e t o r y  

p r o d u c t  f rom t h e  v e s i c l e s .

The r a t e  and  me t h od  of  v e s i c l e  r e p l a c e m e n t  upon 

c e s s a t i o n  o f  s w e a t i n g  h a s  s t i l l  t o  be d e t e r m i n e d  a l t h o u g h  

t h e  most  l i k e l y  s o u r c e  i s  t h e  p r o m i n e n t  Golg i  a p p a r a t u s .  

The s m a l l e r  v e s i c l e s  o f  v a r y i n g  s i z e  c l o s e l y  a s s o c i a t e d  

w i t h  i t  a r e  l i k e l y  p r e c u r s o r s  o f  t h e  l a r g e r  o n e s .  The 

v a r i a t i o n  in  t h e  a p p e a r a n c e  of  t h e i r  c o n t e n t s  in t h e  

r e s t i n g  g l a n d  most  l i k e l y  r e p r e s e n t s  d i f f e r e n t  s t a g e s  of  

d e v e l o p m e n t  r a t h e r  t h a n  a c t i v i t y ,  a s  s u g g e s t e d  by S o r e n s e n  

and  P r a s a d  ( 1 9 7 3 ) .

The se  r e s u l t s  i l l u s t r a t e  t h a t  t h e  mode of  s e c r e t i o n  

in t h e  h o r s e  i s  b a s i c a l l y  t h e  same a s  t h a t  f ou nd  in t h e  

g l a n d s  of  c a t t l e ,  s h e e p  and  g o a t s .  Sweat  f o r m a t i o n  i s  

composed of  f l u i d  t r a n s p o r t ,  e x o c y t o s i s ,  p o s s i b l e  

m i c r o a p o c r i n e  s e c r e t i o n  and c e l l  d e a t h .
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CHAPTER 6 .

THE HUMAN GLAND.

INTRODUCTION.

Sweat  g l a n d s  f rom t h e  body s u r f a c e  of  some p r i m a t e s ,  

i n c l u d i n g  man,  and  t h e  f o o t p a d s  of  t h e  dog and  c a t ,  a r i s e  

f rom t h e  e p i d e r m i s  and  a r e  n o t  a s s o c i a t e d  w i t h  h a i r  

f o l l i c l e s .  T he se  s w e a t  g l a n d s  were  t e r m e d  ' e c c r i n e '  by 

S c h i e f f e r d e c k e r  ( 1 9 1 7 )  who c o n s i d e r e d  them a s  

p h y s i o l o g i c a l l y  d i f f e r e n t  f rom t h e  a p o c r i n e  g l a n d s .  T h i s  

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

c h a l l e n g e d  (Dobson e t  a l . ,  1958;  J e n k i n s o n ,  1967,  1973) 

h a s  been  r e t a i n e d  b e c a u s e  i t  h a s  n e v e r  been  p r o v e d  t h a t  

t h e y  aire n o t  e c c r i n e .

However ,  h i s t o c h e m i c a 1 and  l i g h t  m i c r o s c o p i c a l  

s t u d i e s  o f  t h e  human e c c r i n e  g l a n d  (Dobson e t  a l . ,  1958) 

i l l u s t r a t e  t h a t ,  d u r i n g  a c t i v i t y ,  some c e l l s  v a c u o l a t e  and  

r e t a i n  g l y c o g e n ,  w h i l e  o t h e r s  e x h i b i t  p a r t i c l e  and  

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

damaged t o  t h e  e x t e n t  t h a t  t h e y  a r e  u n a b l e  t o  f u c t i o n  

n o r m a l l y .  A l t h o u g h  t h e  a u t h o r s  a t  t h i s  t i me  c o n s i d e r e d  i t  

u n l i k e l y  t h a t  s u c h  a normal  f u n c t i o n  a s  s e c r e t i o n  o f  s wea t  

wou ld  p r o d u c e  ' f r a n k  damage '  t o  t h e  s e c r e t o r y  c e l l s ,  i t  

now seems  p o s s i b l e  in l i g h t  o f  t h e  e v i d e n c e  on t h e  a c t i v e  

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

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

I t  i s  c o n c e i v a b l e  t h a t  t h e  e c c r i n e  g l a n d s  do no t  

d i f f e r  a p p r e c i a b l y  f rom t h e  a p o c r i n e  g l a n d s  in t h e i r  mode 

o f  s e c r e t i o n .  Knowledge o f  t h e  u l t r a s t r u c t u r e  of  t h e  g l a n d  

a p p e a r s  t o  be l i m i t e d  t o  t h e  u n s t i m u l a t e d  g l a n d  ( E l l i s ,
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1 9 6 2 , 1 9 6 5 ;  Montagna  & P a r a k k a l ,  1974;  S a t o ,  1977;  

H a s h i m o t o ,  1978a ;  Kurosumi e t  a l . ,  1982)  a p a r t  f rom a 

s t u d y  o f  c a l c i u m  p y r o a n t i m o n a t e  complex  d i s t r i b u t i o n  in

t h e  g l a n d s  o f  t h e  r a t  f o o t p a d  (Sampson & Bowers ,  1 9 8 2 ) .1
The d u c t  a l s o  h a s  an i m p o r t a n t  and  a c t i v e  r o l e  in 

s w e a t  f o r m a t i o n  a s  t h e  c o m p o s i t i o n  of  t h e  p r e c u r s o r  s wea t  

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

a l t e r e d  a s  i t  p a s s e s  a l o n g  t h e  d u c t .  Water  and  i o n s  a r e  

r e a b s o r b e d ,  p a r t i c u l a r l y  in t h e  c o i l e d  p o r t i o n ,  where  

v e s i c l e s  and  g r a n u l e s  a r e  a l s o  e x c r e t e d  by t h e  lumi na l  

c e l l s  ( S a t o ,  1977;  H a s h i m o t o ,  1978a;  Mor i mot o,  1 9 7 8 ) .  The 

d u c t  t h e r e f o r e ,  a l s o  h a s  an i m p o r t a n t  and  a c t i v e  r o l e  in 

s w e a t  f o r m a t i o n .  L i k e  t h e  f u n d u s ,  i n f o r m a t i o n  on t h e  f i n e  

s t r u c t u r e  of  t h e  d u c t  h a s  been  t o t a l l y  o b t a i n e d  f rom t h e  

u n s t i m u l a t e d  g l a n d  ( H i b b s ,  1958;  E l l i s ,  1962,  1967;  

H a s h i m o t o ,  G r o s s  & L e v e r ,  1966a;  S h i b a s a k i  & I t o ,  1967;  

B r e a t h n a c h ,  1971;  Montagna  & P a r a k k a l ,  1974;  S a t o ,  1977;  

Kur osumi ,  1977;  H a s h i m o t o ,  1978a;  Kurosumi e t  a l . ,  1 9 82 ) .

T h e r e f o r e  t h e  c o n c e p t  of  p h y s i o l o g i c a l l y  d i s t i n c t  

s w e a t  g l a n d s  r e q u i r e s  r e a p p r a i s a l .  C o n s e q u e n t l y ,  t h e  

u l t r a s t r u c t u r e  o f  t h e  human e c c r i n e  g l a n d  was e xami ned  

b e f o r e  and  d u r i n g  t h e r m a 11y - i n d u c e d  s w e a t i n g .

PROCEDURE.

Four  m a l e s ,  a g e d  b e t w ee n  20 and 22 y e a r s ,  k e p t
op r e v i o u s l y  in an a m b i e n t  e n v i r o n m e n t  of  16 C Dry Bulb

(DB) /9°C Wet Bulb  (WB) f o r  1 h o u r ,  were  e x p o s e d  t o  40°C 
oDB/30 C WB in t h e  c l i m a t i c  chamber  f o r  up t o  f o u r  h o u r s .  

C u t a n e o u s  m o i s t u r e  l o s s  was m e a s u r e d  c o n t i n u o u s l y  f rom an 

a r e a  on t h e  l o i n  a nd  s k i n  s a m p l e s  were  t a k e n  w i t h  a 3mm 

b i o p s y  punch ( S t i e f e l  L a b o r a t o r i e s  L t d . )  f r o m t h e

66



c o n t r a l a t e r a l  a r e a  i m m e d i a t e l y  a f t e r  t h e  a d m i n i s t r a t i o n  of 

0 .1ml  o f  2% x y l o c a i n e ,  b e f o r e ,  a t  t h e  o n s e t  o f  and  d u r i n g  

s w e a t i n g .  S k i n  s a m p l e s  were  p r o c e s s e d  f o r  e l e c t r o n  

m i c r o s c o p y  a s  d e s c r i b e d  in Appendix  1.

RESULTS.

P a t t e r n s  of  e v a p o r a t i v e  l o s s .

The p a t t e r n s  of  e v a p o r a t i v e  l o s s ,  e ach  t o  i t s  own 

b a s e l i n e ,  o b t a i n e d  f rom t h e  f o u r  humans d u r i n g  t h e r m a l l y  

i n d u c e d  s w e a t i n g  a r e  shown in F i g . 6 . 1 .  The p a t t e r n s  

o b t a i n e d ,  a l t h o u g h  d i f f e r i n g  in m a g n i t u d e  of  r e s p o n s e  

b e t w ee n  s u b j e c t s  wer e  c o m p a r a b l e .  The o u t p u t  a c h i e v e d  

a f t e r  t h e  o n s e t  of  s w e a t i n g  was m a i n t a i n e d  t h r o u g h o u t  t h e  

p e r i o d  of  e x p o s u r e .

Sweat  g l a n d  s t r u c t u r e .

The human s w e a t  g l a n d  ( F i g . 6 . 2 )  t r a v e r s e s  f rom t h e  

t i g h t l y  c o i l e d  f u n d u s  t h r o u g h  t h e  d e r m i s  and  p e n e t r a t e s  

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

The d u c t  can be d i v i d e d  i n t o  2 r e g i o n s  a s  shown in 

F i g . 6 . 2 .

1 . )  The i n t r a e p i d e r m a  1 r e g i o n ,  whi ch  can be d i v i d e d  

i n t o  t h e  u p p e r  and  lower  i n t r a e p i d e r m a  1 z o n e s .

F i g . 6 . 1 ♦ The p a t t e r n s  of  c u t a n e o u s  e v a p o r a t i v e  l o s s  f rom
o of o u r  humans in an e n v i r o n m e n t  o f  40 C DB/23 C WB. Sk i n  

s a m p l e s  wer e  t a k e n  f rom t h e  c o n t r a l a t e r a l  s i d e  a t  t h e  

t i m e s  shown ( numbe red  a r r o w s ) .

F i g . 6 . 2 . A d i a g r a m  i l l u s t r a t i n g  t h e  f u n d u s  a nd  d i f f e r e n t  

z o n e s  of  t h e  d u c t  f rom t h e  human s w e a t  g l a n d .
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2 . )  The i n t r a d e r m a l  r e g i o n ,  whi ch  a g a i n  can  be 

f u r t h e r  d i v i d e d .  In t h i s  r e g i o n  t h e r e  a r e  t h r e e  z o n e s .

A . )  Upper  a s c e n d i n g  d u c t .

B . )  Lower a s c e n d i n g  d u c t .

C . )  C o i l e d  d u c t .  T h i s  p o r t i o n  of  t h e  d u c t  was 

f o u nd  amongs t  t h e  c o i l s  of  t h e  f u n d u s .

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

F u n d u s .

The f u n d u s  was composed of  two c e l l  l a y e r s  s u r r o u n d e d  

by a f e n e s t r a t e d  f i b r o c y t e  s h e a t h  ( F i g . 6 . 3 ) .  The o u t e r  

l a y e r  o f  m y o e p i t h e l i a l  c e l l s  were  e l o n g a t e d  w i t h  a convex 

l um in a l  s u r f a c e  and  a g e n e r a l l y  f l a t t e n e d ,  a l t h o u g h  

c r e n a t e d ,  s e r o s a l  s u r f a c e  a t t a c h e d  by hemidesmosomes  t o  a 

we l l  d e v e l o p e d  b a s a l  l a mi n a  ( F i g . 6 . 4 ) .  They a l s o  c o n t a i n  

d e n s e  b o d i e s  w i t h  a d e g r e e  of  a l i g n m e n t ,  wh i ch  g i v e ,  in 

some p l a n e s  o f  s e c t i o n ,  a p s e u d o - s t r a t i f i e d  a p p e a r a n c e  t o

F i g . 6 . 3 . E l e c t r o n  m i c r o g r a p h  of  t h e  f u n d u s  of  t h e  

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

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

c o n n e c t i v e  t i s s u e  and  f i b r o c y t e  s h e a t h .

F i g . 6 . 4 . A t r a n s v e r s e  s e c t i o n  t h r o u g h  a m y o e p i t h e l i a l  c e l l  

i l l u s t r a t i n g  t h e  convex  lumina l  s u r f a c e  and  t h e  f l a t  

c r e n a t e d  s e r o s a l  s u r f a c e  a t t a c h e d  by hemidesmosomes  t o  t h e  

b a s a l  l a m i n a .
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t h e s e  smoot h  m u s c l e  c e l l s  ( F i g . 6 . 5 ) .  These  c e l l s  f o rmed an 

i n c o m p l e t e  l a y e r  a r o u n d  t h e  s e c r e t o r y  c e l l s  g i v i n g  t h e  

i m p r e s s i o n  of  a wi de  meshed  m y o e p i t h e l i a l  n e t .

The i n n e r  s e c r e t o r y  e p i t h e l i u m  h a d  two m o r p h o l o g i c a l l y  

d i s t i n c t  t y p e s  of  s e c r e t o r y  c e l l ,  g r a n u l a r  and  

n o n - g r a n u 1a r , wh i ch  i n t e r d i g i t a t e  g i v i n g  t h e  i m p r e s s i o n  of  

a p s e u d o - s t r a t i f i e d  e p i t h e l i u m  ( F i g . 6 . 3 ) .  Both c e l l  t y p e s  

h a d  s m a l l ,  s p a r s e ,  s t u b b y  l umi na l  m i c r o v i l l i .  The most  

p r o m i n e n t  f e a t u r e  of  t h e  more numer ous  n o n - g r a n u l a r  c e l l s  

wer e  t h e i r  compl ex  b a s a l  i n f o l d i n g s ,  p r o c e s s e s  of  whi ch 

wer e  f o u n d  b e t we e n  t h e  m y o e p i t h e l i u m  and  r e s t i n g  on t h e  

b a s a l  l a mi n a  ( F i g . 6 . 6 ) .  M i t o c h o n d r i a  wer e  numer ous  

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

( F i g . 6 . 7 ) .  A d j o i n i n g  n o n - g r a n u l a r  c e l l s  f o r me d  c a n a l i c u l i  

whi ch  were  open t o  t h e  l umi na l  s u r f a c e  and  t e r m i n a t e d  

among t h e  b a s a l  i n f o l d i n g s  ( F i g . 6 . 8 ) .  The l a t e r a l  and

F i g . 6 . 5 . A l o n g i t u d i n a l  s e c t i o n  t h r o u g h  a m y o e p i t h e l i a l  

c e l l  i l l u s t r a t i n g  t h e  p s e u d o - s t r a t i f i e d  a p p e a r a n c e  of  

t h e s e  smoot h m u s c l e  c e l l s .  The m y o e p i t h e l i u m  i s  c o n n e c t e d  

t o  t h e  s e c r e t o r y  c e l l s  by desmosomes  and  o c c a s i o n a l  gap 

j u n c t  i o n s .

F i g . 6 ♦ 6 . The b a s a l  p o r t i o n  of  a n o n - g r a n u l a r  c e l l  

i l l u s t r a t i n g  t h e  compl ex  b a s a l  i n f o l d i n g s ,  p r o c e s s e s  of  

whi ch  r e s t  on t h e  b a s a l  l a mi n a .

F i g . 6 . 7 . In t h i s  s e c t i o n  of  a n o n - g r a n u l a r  c e l l  numer ous  

m i t o c h o n d r i a  a r e  f o u n d  a d j a c e n t  t o  t h e  b a s a l  and  l a t e r a l  

i n f o l d i  n g s .

Fi g . 6 . 8 . A c a n a l i c u l u s  be t wee n  a d j o i n i n g  n o n - g r a n u l a r

c e l  I s .
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b a s a l  s u r f a c e s  of  t h e s e  c h a n n e l s  were  s e a l e d  by j u n c t i o n a l  

c o mp l e x e s ,  w i t h  z o n u l a e  o c c l u d e n t e s . b e t we e n  c e l l s ,  s o  

t h a t  t h e y  c o u l d  be c o n s i d e r e d  a s  e x t e n s i o n s  of  t h e  l umi na l  

membrane .  Th e s e  c a n a l i c u l i  wer e  no t  f o u n d  b e t we e n  g r a n u l a r  

and  n o n - g r a n u l a r  c e l l s  o r  be t we e n  a d j a c e n t  g r a n u l a r  c e l l s .  

However ,  in b o t h  t h e s e  l o c a t i o n s  n e i g h b o u r i n g  c e l l s  have  a 

l umi na l  j u n c t i o n a l  compl ex  composed of  desmosome and  t i g h t  

j u n c t i o n .  M y o e p i t h e l i a l  c e l l s  wer e  a l s o  c o n n e c t e d  by 

desmosomes  ( F i g . 6 . 5 )  and  t h e  o c c a s i o n a l  gap j u n c t i o n  t o  

s e c r e t o r y  c e l l s .  Ce l l  j u n c t i o n s  b e t we en  a d j a c e n t  

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

G r a n u l a r  c e l l s  have  a s h a p e  s i m i l a r  t o  a wi ne  g l a s s

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

t h e  bowl .  The s t e m,  o c c a s i o n a l l y  s e e n  in a f a v o u r a b l e  

s e c t i o n  showed t h e  c e l l  e x t e n d i n g  f rom t h e  b a s a l  l a mi n a  t o  

t h e  lumen ( F i g . 6 . 9 ) .  The g r a n u l e s  e x h i b i t e d  d i f f e r e n c e s  in

t h e  t e x t u r e  of  t h e i r  c o n t e n t s  w i t h  t h o s e  in some c e l l s

a p p e a r i n g  much d a r k e r  ( F i g . 6 . 1 0 ) .  C e l l s  w i t h  a 

p r e d o mi n a n c e  of  d a r k  g r a n u l e s  can e a s i l y  be d i s t i n g u i s h e d  

f rom t h o s e  in whi ch  t h e  m a j o r i t y  of  g r a n u l e s  a r e  much 

l i g h t e r  ( F i g . 6 . 1 1 ) .

Fi  cf ♦ 6 . 9 . A w i n e - g l a s s - s h a p e d  g r a n u l a r  c e l l  e x t e n d i n g  f rom 

t h e  b a s a l  l a mi n a  t o  t h e  lumen.

F i g . 6 ♦ 1 0 . A g r a n u l a r  c e l l  w i t h  a p r e d o mi n a n c e  of  d a r k  

g r a n u 1e s .

Fi g . 6 . 1 1 . A g r a n u l a r  c e l l  w i t h  a m a j o r i t y  of  l i g h t e r  

g r a n u 1e s .
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Duct  .

Upper  i n t r a e p i d e r m a  I z o n e .

The s p i r a l  i n t r a e p i d e r m a  1 d u c t ,  j u s t  b e l ow t h e  s t r a t u m  

cor neum,  i s  composed of  a r i n g  of  a t  l e a s t  e i g h t  l a y e r s  of
I

s p i n d l e - s h a p e d  g r a n u l a r  c e l l s  w i t h  a c y t o p l a s m i c  m a t r i x  

p a l e r  t h a n  t h a t  of  t h e  s u r r o u n d i n g  e p i t h e l i a l  c e l l s .  The 

t o n o f i l a m e n t  b u n d l e s  in t h e s e  d u c t a l  c e l l s  wer e  l o c a t e d  

m a i n l y  a t  t h e  c e l l  m a r g i n s  and  no t  r andoml y  a s  in t h e  

e p i d e r m a l  c e l l s .  The e p i t h e l i a l  wa l l  of  t h e  d u c t  was  

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

F i n g e r s  of  u n d e r l y i n g ,  n o n - k e r a t i n i z e d  l umi na l  c e l l s ,  

p o s s i b l y  n e c r o t i c ,  were  o b s e r v e d  t o  e x t e n d  upwa r ds  t o  

p r o v i d e  an i n n e r  l i n i n g  ( F i g . 6 . 1 2 ) .

Lower  i n t r a e p i d e r m a  1 zone  and  u p p e r  a s c e n d i n g  d u c t .

The d u c t i w a l l  d e e p e r  i n t o  t h e  i n t r a e p i d e r m a l  z on e ,  

a l t h o u g h  s t i l l  composed of  a b o u t  e i g h t  c e l l  l a y e r s ,  no 

l o n g e r  showed s i g n s  of  k e r a t i n i z a t i o n  ( F i g . 6 . 1 3 )  and  

r e s e m b l e s  t h a t  of  t h e  u p p e r  h a l f  of  t h e  a s c e n d i n g  p o r t i o n  

of  t h e  d u c t .  The c e l l s  c o m p r i s i n g  t h e  b a s a l  l a y e r s  were

F i g . 6 . 1 2 . The u p p e r  i n t r a e p i d e r m a  1 d u c t  of  t h e  

u n s t i m u l a t e d  s wea t  g l a n d .  The s p i n d l e - s h a p e d  g r a n u l a r  

c e l l s  of  t h e  d u c t  have  a p a l e r  c y t o p l a s m i c  m a t r i x  t h a n  

t h a t  of  t h e  s u r r o u n d i n g  e p i t h e l i a l  c e l l s .  The lumen i s  

l i n e d  by k e r a t i n i z e d  c e l l s  and  in t h i s  s e c t i o n  by 

p r o c e s s e s  f rom u n c o r n i f i e d  c e l l s  d e e p e r  in t h e  d u c t .  

F i g . 6 . 1 3 . The l ower  i n t r a e p i d e r m a  1 zone  of  t h e  d u c t .  The 

d u c t  i s  composed of  a b o u t  e i g h t  c e l l  l a y e r s  w i t h  t h o s e  

c o m p r i s i n g  t h e  b a s a l  l a y e r s  h a v i n g  t o n o f i 1 a me n t s  p r e s e n t  

a s  a n a r r o w c i r c u m f e r e n t i a l  l a y e r .
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f l a t t e n e d  and  s p i n d l e  s h a p e d  w i t h  t o n o f i 1 a me n t s  p r e s e n t  a s  

a n a r r o w c i r c u m f e r e n t i a l  l a y e r  in t h e  p e r i p h e r a l  

c y t o p l a s m .  Th e s e  b a s a l  c e l l s  we r e  i n t e r c o n n e c t e d  by 

desmosomes ,  t h e  o c c a s i o n a l  gap j u n c t i o n  and  v e r y  

o c c a s i o n a l l y  c y t o p l a s m i c  b r i d g e s  ( F i g . 6 . 1 4 ) .  The t h r e e  t o  

f i v e  c e l l s  c o m p r i s i n g  t h e  i n n e r mo s t  r i n g  a r e  c h a r a c t e r i z e d  

by a p r o m i n e n t  f i n e  f i b r i l l a r  n e t wo r k  o r  t e r m i n a l  web 

s i t u a t e d  a p i c a l l y  a nd  e n c i r c l i n g  t h e  lumen.  At t h e  b a s e  of  

t h i s  web,  on t h e  l umi na l  s i d e  of  t h e  n u c l e u s ,  

a c c u m u l a t i o n s  of  mu 1t i v e s i c u 1a r  b o d i e s  a r e  r e g u l a r l y  

o b s e r v e d  ( F i g . 6 . 1 5 ) .  The s e  mu 11 i v e s i c u 1a r  b o d i e s  a r e  a l s o  

p r e s e n t  in t h e  l ower  h a l f  of  t h e  a s c e n d i n g  d u c t ,  a l t h o u g h  

u s u a l l y  in s m a l l e r  a g g r e g a t i o n s .  The c y t o p l a s m  of  t h e

l umi na l  c e l l s  c o n t a i n e d  a s ma l l  Gol g i  a p p a r a t u s ,  f r e e
!

r i b o s o m e s ,  a few m i t o c h o n d r i a  and  t h e  o c c a s i o n a l 1 l i p i d  

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

c o n t a i n e d  s h o r t  l e n g t h s  of  RER and  was  d e v o i d  of  

t o n o f i l a m e n t  f i b r i l s  r e s u l t i n g  in t h e  a p p e a r a n c e  of  a h a l o  

a r o u n d  i t .  T r a n s l u c e n t ,  o v o i d ,  membrane bound  g r a n u l e s ,  

100-500nm in s i z e  and  s o me t i me s  s h owi ng  i n t e r n a l  l a m e l l a r  

s t r u c t u r e ,  p r o b a b l y  m e m b r a n e - c o a t i n g  g r a n u l e s ,  wer e  a l s o  

p r e s e n t  in t h e  c y t o p l a s m .  Numerous s m a l l e r  and  i r r e g u l a r l y  

s h a p e d ,  membrane bound  v e s i c l e s  wer e  a c h a r a c t e r i s t i c  

f e a t u r e  w i t h i n  t h e  lumen and  wer e  c l o s e l y  a s s o c i a t e d  w i t h

F i g . 6 . 1 4 . A c y t o p l a s m i c  b r i d g e  be t wee n  two b a s a l  c e l l s  in 

t h e  u p p e r  a s c e n d i n g  d u c t .  T h i s  exampl e  i s  f rom a d u c t  a t  

t h e  o n s e t  o f  s w e a t i n g .

F i g . 6 . 1 5 . A c c u m u l a t i o n s  of  mu 11 i v e s i c u 1a r  b o d i e s  a t  t h e

l umi na l  s i d e  of  t h e  n u c l e u s  f rom t h e  u p p e r  a s c e n d i n g  d u c t .
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t h e  s h o r t ,  dense- ly  p a c k e d  a p i c a l  m i c r o v i l l i  ( F i g . 6 . 1 6 ) .  

C o n f i g u r a t i o n s  c omme n s u r a t e  w i t h  v e s i c l e  p i n o c y t o s i s  

( F i g . 6 . 1 7 )  we r e  r e g u l a r l y  s e e n .  Ot h e r  c o n f i g u r a t i o n s  

s u g g e s t i v e  of  l umi na l  v e s i c l e  f o r m a t i o n  by / p i n c h i n g - o f f / 

f rom m i c r o v i l l i  we r e  a l s o  o b s e r v e d .  Ap i c a l  j u n c t i o n a l  

c o mp l e x e s  w i t h  a z o n u l a  o c c l u d e n s  a r e  p r e s e n t  b e t we e n  t h e  

l umi na l  c e l l s  ( F i g . 6 . 1 8 ) .  They a l s o  have  e x t e n s i v e  l a t e r a l  

and  b a s a l  i n t e r d i g i t a t i o n s  w i t h  numer ous  desmosomes  and  a 

few gap j u n c t i o n s  ( F i g . 6 . 1 9 ) .  Among t h e s e  l a t e r a l  and 

b a s a l  i n t e r d i g i t a t i o n s , z o n u l a e  o c c l u d e n s  wer e  a l s o  

p r e s e n t  ( F i g . 6 . 2 0 ) .  The t r i l a m i n a r  s t r u c t u r e  of  t h e s e  

j u n c t i o n s ,  whi ch  we r e  a p p r o x i m a t e l y  lOnm in t h i c k n e s s ,  

wer e  c l e a r l y  v i s i b l e  ( F i g . 6 . 2 0  i n s e t ) .

Lower a s c e n d i n g  d u c t .

The wa l l  of  t h e  a s c e n d i n g  d u c t  d e c r e a s e  f rom a b o u t  e i g h t  

c e l l s  i mme d i a t e l y  b e n e a t h  t h e  e p i d e r m i s  t o  f o u r  t o

F i g . 6 . 16 . Membr ane- bound v e s i c l e s  w i t h i n  t h e  lumen and 

c l o s e l y  a s s o c i a t e d  w i t h  t h e  m i c r o v i l i  of  t h e  u p p e r  

a s c e n d i  ng d u c t .

Fi g . 6 . 1 7 . Membr ane- bound c y t o p l a s m i c  v e s i c l e s  may be 

f o r med f rom p i n o c y t o t i c  c o n f i g u r a t i o n s  be t we e n  t h e  b a s e s  

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

F i g . 6 . 1 8 . Ap i c a l  j u n c t i o n a l  compl ex w i t h  a z o n u 1 a 

o c c 1u d e n s  b e t we e n  l umi na l  c e l l s .

F i g . 6 . 1 9 . Desmosomes and  a gap j u n c t i o n  be t we e n  l umi na l  

c e l l s  of  t h e  u p p e r  a s c e n d i n g  d u c t .

F i q . 6 . 2 0 . I n t e r d i g i t a t i o n s  be t ween  a l umi na l  and  b a s a l  

d u c t  c e l l .  In a d d i t i o n  t o  t h e  desmosome c o n n e c t i o n s  

b e t ween  c e l l s ,  a z o n u l a  o c c l u d e n s  can be s e e n  ( i n s e t ) .
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s i x  l a y e r s  a d j a c e n t  t o  t h e  c o i l e d  d u c t  ( F i g . 6 . 2 1 ) .  At t h i s  

l e v e l  t h e  c o n n e c t i v e  t i s s u e  s u r r o u n d i n g  t h e  d u c t  was  more 

d e n s e  w i t h  a more h i g h l y  d e v e l o p e d  f i b r o c y t e  s h e a t h .

Ne r v e s  wer e  n e v e r  f o u n d  w i t h i n  20[im of  t h e  f i b r o c y t e  

s h e a t h  s u r r o u n d i n g  t h e  d u c t .  Wi t h i n  t h e  d e e p e r  r e g i o n  of  

t h e  a s c e n d i n g  d u c t  t h e  l umi na l  c e l l s  s t i l l  e x h i b i t  a 

p r o n o u n c e d  t e r m i n a l  web and  s t u b b y  m i c r o v i l l i  w i t h  a 

f i l a m e n t o u s  c o r e  b u t  f e we r  of  t h e  a s s o c i a t e d  l umi na l  

v e s i c l e s .  The n u c l e i  of  t h e s e  l umi na l  c e l l s  c o n t a i n  more 

e u c h r o m a t i n .  The c y t o p l a s m  of  t h e  c e l l s  have  i n c r e a s e d  

number s  of  now l a r g e r  m i t o c h o n d r i a ,  f r e e  r i b o s o m e s  and 

e 1e c t r o n - t r a n s l u c e n t  v e s i c l e s .  An a p i c a l  j u n c t i o n a l  

compl ex  w i t h  z o n u l a  o c c l u d e n s  was  p r e s e n t  b u t  was  no t  

d e t e c t e d  on t h e  l a t e r a l  and  b a s a l  membr a nes .  However ,  t h e  

l a t e r a l  d o v e t a i l i n g  be t wee n  t h e s e  l umi na l  c e l l s  was  much 

more p r o n o u n c e d .  Basa l  c e l l s  a r e  s t i l l  f l a t  and  

i n t e r d i g i t a t e d  w i t h  numer ous  gap j u n c t i o n s  b e t we e n  them.  

T h r o u g h o u t  t h e  d u c t  La n g e r h a n s  c e l l s ,  w i t h  B i r b e c k  

g r a n u l e s ,  we r e  o b s e r v e d  be t ween  t h e  l a y e r s  of  e p i t h e l i a l  

c e l l s  ( F i g . 6 . 2 2 ) .

F i g . 6 . 2 1 . The l ower  p o r t i o n  of  t h e  a s c e n d i n g  d u c t .  The 

wa l l  i s  s t i l l  a p p r o x i m a t e l y  s i x  l a y e r s  t h i c k .  A t e r m i n a l  

web i s  p r o m i n e n t  in t h e  l umi na l  c e l l s .

F i g . 6 . 2 2 . A L a n g e r h a n s  c e l l  be t ween  e p i t h e l i a l  c e l l s  of  

t h e  l ower  a s c e n d i n g  d u c t .

74



;811S



C o i I e d  d u e t .

The e p i t h e l i a l  wa l l  of  t h e  c o i l e d  d u c t  g e n e r a l l y  

c o n s i s t e d  of  an i n n e r  r i n g  of  l umi na l  c e l l s  s u r r o u n d e d  by 

two l a y e r s  o f  f l a t  b a s a l  c e l l s  ( F i g . 6 . 2 3 ) ,  w i t h  d e n s e  

c o n n e c t i v e  t i s s u e  w i t h i n  t h e  e x t e r n a l  f i b r o c y t e  s h e a t h .

The now c o l u mn a r  l umi na l  c e l l s ,  l i k e  t h o s e  of  t h e  

a s c e n d i n g  d u c t ,  h a d  a we l l  d e v e l o p e d  t e r m i n a l  web of  f i n e  

t o n o f i 1 a me n t s  and  c o n t a i n i n g  numer ous  m i t o c h o n d r i a ,  

a c c u m u l a t i o n s  of  whi ch  a r e  o f t e n  f o u n d  in t h e  p r e i n u c l e a r  

r e g i o n  ( F i g . 6 . 2 4 ) .  The se  c e l l s  a r e  r i c h  in r i b o s o m e s  and  

c o n t a i n e d  o c c a s i o n a l  l i p i d  d r o p l e t s .  Membrane bound 

v e s i c l e s  wer e  s t i l l  p r e s e n t  w i t h i n  t h e  lumen in c l o s e  

a s s o c i a t i o n  w i t h  t h e  s u r f a c e  m i c r o v i l l i  b u t  wer e  o b s e r v e d  

more r a r e l y .  The l umi na l  c e l l s  a r e  j o i n e d  by a p i c a l  

j u n c t i o n a l  c o m p l e x e s .  The l a t e r a l  d o v e t a i l i n g  be t wee n  them 

was even more compl ex  t h a n  f o u n d  in t h e  a s c e n d i n g  d u c t .  

The se  t o r t u o u s  i n t e r d i g i t a t i o n s  wer e  c o n n e c t e d  by numer ous  

desmosomes  a nd  gap j u n c t i o n s ,  whi ch  wer e  a l s o  f ound  

e x t e n s i v e l y  among t h e  i n t e r d i g i t a t i o n s  b e t we e n  l umi na l  and 

b a s a l  c e l l s .  Zo n u l a e  o c c l u d e n t e s . o t h e r  t h a n  t h o s e  in t h e  

a p i c a l  j u n c t i o n a l  c o mp l e x e s  wer e  no t  i d e n t i f i e d  be t ween

F i g . 6 . 2 3 . The c o i l e d  p o r t i o n  of  an u n s t i m u l a t e d  d u c t .  The 

d u c t  wa l l  i s  s t i l l  t h r e e  l a y e r s  t h i c k .  Luminal  and  b a s a l  

c e l l s  a r e  i n t e r c o n n e c t e d  by compl ex  i n t e r d i g i t a t i o n s  w i t h  

numer ous  desmosomes .

Fi g . 6 . 2 4 . High power  v i ew of  t h e  t r a n s i t i o n  zone  of  an 

u n s t i m u l a t e d  d u c t .  The p e r i n u c l e a r  r e g i o n  o f  t h e  l umi na l  

c e l l  h a s  a t e r m i n a l  web of  f i n e  t o n o f i 1 a me n t s  and  numerous

mi t o c h o n d r  i a .
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c e l l s  in t h i s  d u c t a l  r e g i o n .

T r a n s i t i o n  z o n e .

The s h o r t  t r a n s i t i o n  zone  was g e n e r a l l y  t h r e e  t o  s i x  c e l l s  

in l e n g t h .  The wa l l  of  t h e  d u c t  was  u s u a l l y  two c e l ll
l a y e r s  in t h i c k n e s s  ( F i g . 6 . 2 5 )  a l t h o u g h  in p l a c e s  l umi na l  

c e l l s  we r e  o b s e r v e d  r e a c h i n g  and  t o u c h i n g  t h e  b a s a l  l a mi na  

( F i g . 6 . 2 6 ) .  The b a s a l  l a mi n a  was  more p r o m i n e n t  t h a n  t h a t  

o f  t h e  r e m a i n d e r  of  t h e  d u c t  and  c o mp a r a b l e  in t h i c k n e s s  

t o  t h a t  of  t h e  f u n d u s .  The l umi na l  c e l l s  h a d  s p a r s e  

m i c r o v i l l i ,  c o n t a i n e d  f e we r  m i t o c h o n d r i a  and  wer e  f l a t t e r  

t h a n  t h o s e  of  t h e  c o i l e d  d u c t .  The c e l l s  wer e  more 

r e m i n i s c e n t  of  non g r a n u l a r  f u n d u s  c e l l s  t h a n  of  d u c t  

c e l l s .  The i n t e r d i g i t a t i o n s  be t we en  c e l l s  we r e  n o t  a s  

p r o m i n e n t  a s  t h e  b a s a l  i n f o l d i n g s  of  t h e  f u n d u s  o r  t h e  

i n t e r d i g i t a t i o n s  of  t h e  l umi na l  c e l l s  of  t h e  c o i l e d  d u c t .  

M y o e p i t h e l i a l  c e l l s  now f o r med  t h e  b a s a l  l a y e r  ( F i g . 6 . 2 6 ) .

F i g . 6 . 2 5 . T r a n s i t i o n  zone  of  t h e  t h e  u n s t i m u l a t e d  d u c t .

The wa l l  o f  t h e  d u c t  i s  now two c e l l  l a y e r s  in t h i c k n e s s .  

The b a s a l  l a y e r  now f o r med  by m y o e p i t h e l i a l  c e l l s .

F i g . 6 . 2 6 . Luminal  c e l l  o f  t h e  t r a n s i t i o n  zone  r e a c h i n g  and 

t o u c h i n g  t h e  p r o m i n e n t  b a s a l  l a mi na  ( a r r o w s ) .  The l umi na l  

c e l l s  ha v e  few m i c r o v i l l i  and  c o n t a i n e d  f e wer  m i t o c h o n d r i a  

t h a n  t h e  n e i g h b o u r i n g  c o i l e d  d u c t .  Basa l  i n t e r d i g i t a t i o n s  

in t h i s  zone  a r e  n o t  a s  p r o m i n e n t  a s  t h e  b a s a l  i n f o l d i n g s  

o f  t h e  f u n d u s  o r  i n t e r d i g i t a t i o n s  of  t h e  c o i l e d  d u c t .
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E f f e c t s  of  s t i m u l a t i o n .

Ons e t  of  s w e a t i n g .

F u n d u s .

The f u n d u s  of  t h e  a c t i v e  g l a n d  ( F i g . 6 . 2 7 )  d i f f - e r e d  in 

a p p e a r a n c e  f rom t h e  u n s t i m u l a t e d  g l a n d  even when exami ned 

by l i g h t  m i c r o s c o p y .  Soon a f t e r  t h e  o n s e t  of  s w e a t i n g  

t h e r e  was  an a p p a r e n t  t h i c k e n i n g  of  t h e  b a s a l  l a mi na  and 

v a c u o l e s  wer e  s e e n  w i t h i n  t h e  s e c r e t o r y  e p i t h e l i u m ,  

u s u a l l y  a s s o c i a t e d  w i t h  a d e c r e a s e  in t h e  s i z e  of  t h e  

1umen .

E l e c t r o n  mi c r o s c o p y  i l l u s t r a t e d  t h a t  t h e  s m a l l e r  

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

( F i g . 6 . 2 7 )  and  c e l l  d e b r i s .  The m y o e p i t h e l i a l  c e l l s  were  

t a l l e r  a nd ,  j u d g i n g  by t h e  p u c k e r i n g  of  t h e i r  s e r o s a l  

s u r f a c e s ,  a p p e a r e d  t o  be u n d e r  t e n s i o n  ( F i g . 6 . 2 8 ) .  A 

p r o m i n e n t  f e a t u r e  of  t h e  s e c r e t o r y  e p i t h e l i u m  was  t he  

d i l a t a t i o n  o f  t h e  i n t e r c e l l u l a r  s p a c e s ,  p a r t i c u l a r l y  t he

F i g . 6 . 2 7 . The a p p e a r a n c e  of  t h e  f u n d u s  a t  t h e  o n s e t  of  

s w e a t i n g .  Some g r a n u l a r  c e l l s  e x h i b i t  e v i d e n c e  o f  g r a n u l e  

d e p l e t i o n  and  t h e  d i l a t a t i o n  of  t h e  b a s a l  i n f o l d i n g s  

b e t we e n  n o n - g r a n u l a r  c e l l s  i s  s t r i k i n g .

F i g . 6 . 2 8 . High power  v i ew of  t h e  b a s e  of  t h e  f u n d u s  a t  t h e  

o n s e t  o f  s w e a t i n g .  The t a l l e r  m y o e p i t h e l i a l  c e l l s  have  

p u c k e r i n g  on t h e  s e r o s a l  s u r f a c e  i n d i c a t i v e  of  t e n s i o n .  In 

t h i s  s e c t i o n  t h e  b a s a l  i n f o l d i n g s ,  a l t h o u g h  w i d e r  t h a n  in 

c o n t r o l  s e c t i o n s ,  a r e  no t  g r e a t l y  d i s t e n d e d .
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b a s o l a t e r a 1 - i n f o ] d i n g s  ( F i g . 6 . 2 9 )  and c a n a l  i c u l i  be t wee n  

n o n - g r a n u l a r  c e l l s .  The b a s a l  i n f o l d i n g s  wer e  g e n e r a l l y ,  

b u t  n o t  a l w a y s ,  ma r k e d l y  d i s t e n d e d .  The c y t o p l a s m  of  t h e  

now more c u b o i d a l  n o n - g r a n u l a r  c e l l s  c o n t a i n e d  l e s s
i

g l y c o g e n  and  h a d  a foamy a p p e a r a n c e  a s  a r e s u l t  of  SER 

d i s t e n s i o n .  C y t o p l a s m i c  v e s i c u l a t i o n  was  p a r t i c u l a r l y  

p r o n o u n c e d  t o w a r d s  t h e  lumen and  a d j a c e n t  t o  c a n a l i c u l i .  

M i t o c h o n d r i a  e x h i b i t e d  t r a n s l u c e n t  z o n e s  in t h e i r  

m a t r i c e s .  Th e r e  we r e  some n o n - g r a n u l a r  c e l l s  w i t h i n  t h e  

s e c r e t o r y  e p i t h e l i u m ,  i d e n t i f i e d  by t h e i r  c h a r a c t e r i s t i c  

m i t o c h o n d r i a  and  p r o x i m i t y  t o  c a n a l i c u l i  w i t h  l a r g e  

d e p o s i t s  of  g l y c o g e n  in t h e i r  c y t o p l a s m  ( F i g . 6 . 3 0 ) .  C e l l s  

w i t h  t h i s  a p p e a r a n c e  whi ch  s t i l l  c o n t a i n e d  v e s i c l e s  and  

l i p i d  d r o p l e t s  we r e  a l s o  o c c a s i o n a l l y  f ound  in t h e  

u n s t i m u l a t e d  g l a n d .

The i n t e r c e l l u l a r  s p a c e s  be t wee n  t h e  now c o l u mn a r  

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

p r o m i n e n t .  The s h o r t  l e n g t h s  of  RER w i t h i n  t h e  c y t o p l a s m  

of  t h e s e  c e l l s  h a d  d i l a t e d  b u t  t h e  Gol g i  a p p a r a t u s  was

F i g . 6 . 2 9 . T h i s  p o r t i o n  of  t h e  b a s a l  e p i t h e l i u m  a t  o n s e t  

i l l u s t r a t e s  ma r ke d  d i l a t a t i o n  of  t h e  b a s a l  i n f o l d i n g s  and  

t h e  p r e s e n c e  of  m i t o c h o n d r i a  in c l o s e  p r o x i m i t y  t o  t h e  

p r o j  e c t  i o n s .

F i g . 6 . 3 0 . A d a r k  c e l l  c o n t a i n i n g  l i p i d  d r o p l e t s ,  s ma l l  

v e s i c l e s  and  a b u n d a n t  g l y c o g e n ,  a d j o i n i n g  a c a n a l i c u l u s  in 

t h e  s e c r e t o r y  e p i t h e l i u m  of  a f u n d u s  a t  t h e  o n s e t  of  

s w e a t i n g .  C e l l s  of  t h i s  t y p e  wer e  a l s o  p r e s e n t  in s a m p l e s  

t a k e n  a f t e r  3 h o u r s  of  c o n t i n u o u s  s w e a t i n g  and  

o c c a s i o n a l l y  d e t e c t e d  in u n s t i m u l a t e d  g l a n d s .
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s t i l l  n o t  p r o m i n e n t .  In a l l  of  t h e s e  c e l l s  t h e r e  was  an 

a c c u m u l a t i o n  of  t h e  now more s p h e r i c a l  g r a n u l e s  a t  t h e  

a p i c a l  s u r f a c e  ( F i g . 6 . 3 1 )  and  in some t h e r e  was  e v i d e n c e  

of  g r a n u l e  d e p l e t i o n .  A l i m i t i n g  membrane was  o b s e r v e d  

more  e a s i l y  a r o u n d  t h e  p a l e r  g r a n u l e s  t h a n  a r o u n d  t h e  

d a r k e r  o n e s  i n  n e i g h b o u r i n g  c e l l s .  G r a n u l e  r e l e a s e  t o  t h e  

lumen a p p e a r e d  t o  be  m a i n l y  by a p r o c e s s  of  e x o c y t o s i s .  

A l t h o u g h  no g r a n u l e s  wer e  c a u g h t  a t  t h e  e x a c t  moment  of  

l i b e r a t i o n ,  f r e q u e n t  e x a mp l e s  o f  c o n f i g u r a t i o n s  c o n s i s t e n t  

w i t h  t h i s  s e c r e t o r y  p r o c e s s  wer e  s e e n  ( F i g . 6 . 3 2  i n s e t ) .  

Ev i d e n c e  of  g r a n u l e  l o s s  by a m i c r o a p o c r i n e  p r o c e s s  were  

a l s o  s e e n  ( F i g . 6 . 3 2 )  and  some we r e  r e l e a s e d  i n t o  t h e  lumen 

a l o n g  w i t h  o t h e r  c y t o p l a s m i c  c o n s t i t u e n t s  a f t e r  c o mp l e t e

F i g . 6 . 3 1 . G r a n u l a r  c e l l  a t  t h e  o n s e t  of  s w e a t i n g  

i l l u s t r a t i n g  a c c u m u l a t i o n s  of  t h e  now more s p h e r i c a l  

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

F i g . 6 . 3 2 . The l umi na l  s u r f a c e  of  a f u n d u s  a t  t h e  o n s e t  of  

s w e a t i n g  i l l u s t r a t i n g  t h e  p r o b a b l e  modes  of  g r a n u l e  

t r a n s p o r t  t o  t h e  l umen.  The i n s e t  shows  a commonly 

o b s e r v e d  a p p e a r a n c e  wher e  t h e  l umi na l  membrane f o r ms  an 

open c u p ,  mos t  l i k e l y  t h e  r e s u l t  of  e x o c y t o t i c  g r a n u l e  

r e l e a s e .  However ,  g r a n u l e s  were  in some i n s t a n c e s ,  a s  

shown,  e x u d e d  f rom d i s r u p t e d  c e l l s  a l o n g  w i t h  t h e  

c y t o p l a s m i c  c o n t e n t s .  C o n f i g u r a t i o n s  r e m i n i s c e n t  of  a 

m i c r o a p o c r i n e  p r o c e s s  wer e  a l s o  o c c a s i o n a l l y  o b s e r v e d .
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d i s r u p t i o n  of  t h e  l umi na l  membrane <F i g . 6 . 3 2 , 3 3 ) .  

C y t o p l a s m i c  p r o t r u b e r a n c e s  a t  t h e  l umi na l  s u r f a c e  of  t h e s e  

c e l l s  wer e  a l s o  o c c a s i o n a l l y  o b s e r v e d  ( F i g . 6 . 3 4 ) .

P r o l o n g e d  s w e a t i n g .

A f t e r  more t h a n  t h r e e  h o u r s  of  c o n t i n u e d  s w e a t i n g  t h e  

g l a n d s  a p p e a r e d  much l e s s  c o n t r a c t e d .  The lumen 

c o n s i d e r a b l y  l a r g e r  and  c e l l  v a c u o l i z a t i o n  was  more 

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

in t h e  u n s t i m u l a t e d  g l a n d s  l a c k e d  t h e  b a s a l  c r e n a t i o n s ,  

b u t  s t i l l  c o n t a i n e d  g l y c o g e n .  The s e c r e t o r y  e p i t h e l i u m  was  

a p p a r e n t l y  l e s s  s t r a t i f i e d  and  t h e  c e l l s  more  c u b o i d a l .

The now w i d e r  lumen c o n t a i n e d  c e l l u l a r  d e b r i s  i n c l u d i n g  

l e n g t h s  of  membrane .  The n o n - g r a n u l a r  c e l l s  wer e  a l m o s t  

c o m p l e t e l y  d e v o i d  of  g l y c o g e n  and  h a d  p a l e  m i t o c h o n d r i a .  

The s p a c e s  a nd  c a n a l i c u l i  be t wee n  them wer e  v i s u a l l y  

n a r r o w e r  t h a n  a t  t h e  o n s e t  of  s w e a t i n g ,  a l t h o u g h  t h e y  were  

s t i l l  w i d e r  t h a n  t h e  u n s t i m u l a t e d  g l a n d .  Th e s e  c e l l s  

m a i n t a i n e d  t h e i r  c o n t a c t  w i t h  each  o t h e r  and  t h e  b a s a l  

l a mi n a  and  s t i l l  a p p e a r e d  t o  be a c t i v e l y  s e c r e t i n g .  The 

c e l l s ,  r i c h  in g l y c o g e n ,  a d j o i n i n g  c a n a l i c u l i  we r e  a l s o  

f o u n d  in s e c t i o n s  t a k e n  a t  t h i s  s t a g e  of  a c t i v i t y .  The RER 

of  t h e  now c u b o i d a l  g r a n u l a r  c e l l s  was  l e s s  d i l a t e d  and  

t h e  Gol gi  a p p a r a t u s  was  n o t  p r o m i n e n t .  The c e l l s  s t i l l  

showed s i g n s  of  g r a n u l e  t r a n s p o r t  t o  t h e  lumen by

F i g . 6 . 3 3 . D i s r u p t i o n  of  t h e  l umi na l  membrane of  a g r a n u l a r  

c e l l  a t  t h e  o n s e t  of  s w e a t i n g .  The lumen c o n t a i n s  

c y t o p l a s m i c  d e b r i s .

F i g . 6 . 3 4 . C y t o p l a s m i c  p r o j e c t i o n s  a t  t h e  l umi na l  s u r f a c e

o f  g r a n u l a r  c e l l s  d u r i n g  s w e a t i n g .
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e x o c y t o s i s  a nd  o c c a s i o n a l l y  by m i c r o a p o c r i n e  s e c r e t i o n .

The g r a n u l e s  we r e  c o n c e n t r a t e d  a t  t h e  l umi na l  p o r t i o n  of  

t h e  c e l l s  and  a l t h o u g h  t h e  number  in some c e l l s  was  

r e d u c e d  t h e r e  was  no e v i d e n c e  of  c o m p l e t e  d e g r a n u l a t i o n .  

C e l l s  w i t h  d a r k  g r a n u l e s  and o t h e r s  w i t h  p a l e  o n e s  were  

s t i l l  o b s e r v e d .

W i t h i n  t h e  s e c r e t o r y  e p i t h e l i u m ,  i n t e r s p e r s e d  be t ween  

t h e  d i f f e r e n t  c e l l  t y p e s  a t  i r r e g u l a r  i n t e r v a l s  we r e  d y i n g  

and  d e a d  c e l l s  o r  t h e i r  v e s t i g e s .  The se  r e s u l t e d  in ga p s  

in p o r t i o n s  o f  t h e  e p i t h e l i u m  e x t e n d i n g  f rom t h e  lumen t o  

t h e  b a s a l  l a mi n a  ( F i g . 6 . 3 5 , 3 6 ) .  I t  was  i m p o s s i b l e  t o  

d e t e r m i n e  w i t h  c e r t a i n t y  w h e t h e r  t h e s e  r e s u l t e d  f rom t h e  

d e a t h  of  g r a n u l a r  o r  n o n - g r a n u l a r  c e l l s  o r  b o t h .

D u c t .

A c t i v e  i n t r a e p 1 derma 1 z o n e .

In t h i s  zone  t h e  s p a c e s  be t wee n  t h e  c e l l s  we r e  

d i l a t e d  when compa r ed  w i t h  t h e  u n s t i m u l a t e d  d u c t s .  The 

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

i n t r a e p i d e r m a  1 zone  of  t h e  d u c t  were  an i n c r e a s e  in t h e  

number  of  membrane bound v e s i c l e s  in t h e  l umen.  These  

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

F i g . 6 . 3 5 . In t h i s  s e c t i o n  f rom t h e  f u n d u s  a f t e r  3 h o u r s  of  

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

c e l l s .  These  a t r e t i c  c e l l s  d i s i n t e g r a t e  and  l o s e  t h e i r  

a p i c a l  z o n u l a e  o c c l u d e n t e s  and  l umi na l  c e l l  membr anes .

F i g . 6 . 3 6 . D i s i n t e g r a t i o n  of  t h e  a t r e t i c  c e l l s  c a u s e s  ga p s  

in t h e  s e c r e t o r y  e p i t h e l i u m ,  where  t h e  b a s a l  l a mi n a  i s  

e x p o s e d  t o  t h e  lumen and h e nce  a l o s s  of  e p i t h e l i a l  

i n t e g r i t y  r e s u l t s .
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f i n g e r s  of  t h e  n o n - k e r a t i n i z e d  c e l l s  d e e p e r  w i t h i n  t h e  

d u c t  and  a l s o  in  t h e  q u a n t i t y  o f  d e b r i s  in t h e  lumen.

A c t i v e  u p p e r  a s c e n d i n g  z o n e .

D u r i n g  s w e a t i n g  t h e r e  was d i l a t a t i o n  o f  t h e  

i n t e r c e l l u l a r  s p a c e s  ( F i g . 6 . 3 7 )  and  a n a r r o w i n g  of  t h e  

lumen,  whi ch  i s  o f t e n  p a c k e d  w i t h  e l e c t r o n - o p a q u e  m a t e r i a l  

i n c l u d i n g  c e l l  d e b r i s  ( F i g . 6 . 3 8 ) .  L a r g e ,  r o u n d e d ,  

e l e c t r o n - o p a q u e  b o d i e s  wer e  s o m e t i m e s  o b s e r v e d  a s s o c i a t e d  

w i t h  t h e  t o n o f i 1 a m en t s  o f  t h e  t e r m i n a l  web ( F i g . 6 . 3 8 ) .  

T h e r e  was a l s o  an i n c r e a s e d  number of  t h e  membrane-bound  

v e s i c l e s  a d j a c e n t  t o  t h e  s u r f a c e  m i c r o v i l l i  and  t h e  

v e s i c l e s  w i t h i n  t h e  c y t o p l a s m  of  t h e  l umi na l  c e l l s  were  

more numerous  and  t e n d e d  t o  be l a r g e r  ( F i g . 6 . 3 9 ) .  Small  

v e s i c l e s  wer e  a l s o  o c c a s i o n a l l y  o b s e r v e d  w i t h i n  t h e  b a s a l  

c e l l s  a d j a c e n t  t o  t h e  i n t e r c e l l u l a r  s p a c e s .

Fi g . 6 . 3 7 . The u p p e r  a s c e n d i n g  d u c t  d u r i n g  s w e a t i n g .  The 

i n t e r c e l l u l a r  s p a c e s  a r e  d i l a t e d  and a t e r m i n a l  web i s  

p r e s e n t  in t h e  lumi na l  c e l l s .

Fi  a . 6 . 3 8 . E l e c t r o n - o p a q u e  body a t  t h e  b a s e  of  t h e  t e r m i n a l  

web of  a l umi na l  c e l l .  T h i s  s t r u c t u r e ,  which h a s  no 

l i m i t i n g  membrane,  was o b s e r v e d  o n l y  d u r i n g  s w e a t i n g .

F i g . 6 . 3 9 . V e s i c l e s  w i t h i n  t h e  c y t o p l a s m  o f  l umi na l  c e l l s  

wer e  more numerous  and  l a r g e r  t h a n  in t h e  u n s t i m u l a t e d  

d u c t .  T he r e  was a l s o  an i n c r e a s e d  number  of  membrane-bound  

v e s i c l e s  a d j a c e n t  t o  t h e  s u r f a c e  m i c r o v i l l i .
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A c t i v e  lower  a s c e n d i n g  d u c t .

The r e s p o n s e  t o  s w e a t i n g  was s i m i l a r  t o  t h a t  f ou nd  in 

t h e  u p p e r  h a l f  o f  t h e  a s c e n d i n g  d u c t  ( F i g . 6 . 4 0 )  e x c e p t  

t h a t  t h e  v e s i c u l a t i o n  a t  t h e  b a s a l  c e l l  m a r g i n s  was more 

p r o n o u n c e d .

A c t i v e  c o i l e d  d u c t .

The a p p e a r a n c e  of  t h e  a p i c a l  p o r t i o n  of  t h e  lumi na l  

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

m i c r o v i l l o u s  c y t o s k e l e t a l  a r c h i t e c t u r e  of  t h e  u n s t i m u l a t e d  

g l a n d  ( F i g . 6 . 4 1 )  was  no l o n g e r  u n i f o r m l y  p r e s e n t  and  t h e r e  

was a c o n d e n s a t i o n  of  t h e  t e r m i n a l  web.  The m i t o c h o n d r i a ,  

a l t h o u g h  a p p a r e n t l y  l a r g e r  and  more n um er o us ,  were  

g e n e r a l l y  n o t  p r e s e n t  w i t h i n  t h e  web d u r i n g  s w e a t i n g ;  t h e y  

were  s t i l l  m a i n l y  p e r i n u c l e a r  b u t  w i t h  c o n s i d e r a b l e  

c o n c e n t r a t i o n s  a t  t h e  b a s e  of  t h e  t e r m i n a l  web ( F i g . 6 . 4 2 ) .  

Lysosomes  a nd  s m a l l  e l e c t r o n - o p a q u e  g r a n u l e s  were  

f r e q u e n t l y  o b s e r v e d  in t h e  c y t o p l a s m  ( F i g . 6 . 4 3 ) .

The p l a s m a  membrane and  m i c r o v i l l i  o f  t h e  lumi na l  

c e l l s  showed v a r y i n g  d e g r e e s  o f  d i s t o r t i o n .  The m i c r o v i l l i  

o f  some c e l l s  were  s t i l l  p r e s e n t  in p l a c e s  a l t h o u g h  t h e

Fi g . 6 . 4 0 . A c t i v e  l umi na l  c e l l s  f rom t h e  a s c e n d i n g  d u c t .  

Note  t h e  mar ked  v e s i c u l a t i o n  in t h e  c y t o p l a s m .

F i g . 6 . 4 1 . Luminal  c e l l s  f rom t h e  u n s t i m u l a t e d  c o i l e d  d u c t .  

M i c r o v i l l i  a r e  s h o r t  and  s t u b b y .  V e s i c l e s ,  a l t h o u g h  

p r e s e n t  in t h e  c y t o p l a s m ,  a r e  n o t  p r o m i n e n t .  The c e l l  i s  

r i c h  in m i t o c h o n d r i a .

F i g . 6 . 4 2 . The t e r m i n a l  web of  t h i s  c e l l ,  f rom an a c t i v e  

d u c t ,  i s  more e l e c t r o n - o p a q u e .  The l umi na l  m i c r o v i l l i  a r e  

in p l a c e s  ( a r r o w s )  e i t h e r  d i s t o r t e d  o r  a b s e n t .
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l umi na l  s u r f a c e  was  more u n d u l a t i n g .  M i c r o v i l l i  were  

a b s e n t  f rom o t h e r  r e g i o n s .  In o t h e r  c e l l s  m i c r o v i l l i  were  

no l o n g e r  p r e s e n t  a l o n g  e x t e n s i v e  p o r t i o n s  of  t h e  membrane 

( F i g . 6 . 4 2 ) ,  wh ich  h a d  become d i s t e n d e d  t o  form c y t o p l a s m i c  

p r o t r u b e r a n c e s  ( F i g . 6 . 4 3 ) .  These  s u r f a c e  s w e l l i n g s  were  

o f t e n  s o  l a r g e  t h a t  t h e y  o c c u p i e d  much of  t h e  l umi na l  

s p a c e  ( F i g . 6 . 4 4 ) .  The c y t o p l a s m  of  t h e s e  l um in a l  c e l l s  

c o n t a i n e d  s t r u c t u r e s  c o n s i s t i n g  of  one t o  f o u r  s m a l l ,  

f i n e l y  t e x t u r e d ,  e l e c t r o n - o p a q u e  g r a n u l e s  s u r r o u n d e d  by a 

common membrane ,  which  wer e  no t  o b s e r v e d  in t h e  

u n s t i m u l a t e d  d u c t  ( F i g . 6 . 4 3 , i n s e t ) .  They w e r e ,  h o we ve r ,  

n o t  d e t e c t e d  a f t e r  p r o l o n g e d  s w e a t i n g ,  a l t h o u g h  r e g u l a r l y  

f o u nd  a t  o n s e t .  The number of  v e s i c l e s  in t h e  b a s a l  c e l l s  

i n c r e a s e d  d u r i n g  a c t i v i t y  and  in t h e  d i l a t e d  s p a c e s  

b e t w e e n  l u m i na l  and  b a s a l  c e l l s  membrane-bound  d e b r i s  

c o u l d  be f o u n d .

F i g . 6 . 4 3 . In t h i s  c e l l ,  a l s o  f rom a d u c t  d u r i n g  s w e a t i n g ,  

t h e  m i t o c h o n d r i a  a r e  a g a i n  p e r i n u c l e a r .  A p o r t i o n  of  t h e  

l um ina l  membrane i s  now g r e a t l y  d i s t o r t e d  and  a p i c a l  

b l e b b i n g  h a s  o c c u r r e d  ( a r r o w s ) .  Examples  o f  t h e  

g r a n u l e - c o n t a i n i n g  o r g a n e l l e s  c o m p r i s i n g  2 - 4  

e l e c t r o n - o p a q u e  g r a n u l e s  s u r r o u n d e d  by a common membrane 

can  be s e e n .  Such s t r u c t u r e s  were  t r a c e d  o n l y  in  t h e  

s t i m u l a t e d  g l a n d s .

F i g . 6 . 4 4 . In t h i s  i n s t a n c e  s w e a t i n g  h a s  r e s u l t e d  in 

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

b l e b s  occupy  a l a r g e  p r o p o r t i o n  of  t h e  lumen.  The t e r m i n a l  

webs  of  t h e  c e l l s  a r e  p r o m i n e n t  and t h e  l umi na l  c e l l s  a r e  

v e s i  c u 1a t e d .
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A c t i v e  t r a n s i t i o n  zone-.

T h e r e  was  l i t t l e  v i s i b l e  chang e  in a p p e a r a n c e  in t h e  

t r a n s i t i o n  z one  d u r i n g  s w e a t i n g  o t h e r  t h a n  d i l a t i o n  of  t h e  

i n t e r c e l l u l a r  s p a c e s  and  i n c r e a s e d  numbers  of  

m embrane-bound  v e s i c l e s  in t h e  lumen.

DISCUSSION.

The s t r u c t u r e  o f  t h e  u n s t i m u l a t e d  e c c r i n e  s w e a t  g l a n d  

f u n d u s  a s  s e e n  u s i n g  l i g h t  and  e l e c t r o n  m i c r o s c o p y  , was 

in a c c o r d  w i t h  p r e v i o u s  f i n d i n g s  (Dobson,  e t  a l . ,  1958;  

E l l i s ,  1962,  1965;  Has h i mo to  e t  a l . , 1 9 6 6 a , b ;  Montagna  & 

P a r a k k a l , 1974;  H a s h i m o t o ,  1978a;  Kurosumi e t  a l . ,  1 9 8 2) .  

L i g h t  m i c r o s c o p y  a l s o  showed h e a t - i n d u c e d  c h a n g e s  

i d e n t i c a l  t o  t h o s e  d e s c r i b e d  by Dobson e t  a l . ,  ( 1 9 58 )  even  

a l t h o u g h  t h e  s k i n  s a m p l e s  f o r  t h e  p r e s e n t  s t u d y  wer e  t a k e n  

i m m e d i a t e l y  a f t e r  l o c a l  a n a e s t h e s i a .  The human g l a n d  

d i f f e r e d  in t h e  r e s p e c t  t h a t  in t h e  cow, s h e e p ,  g o a t  and  

h o r s e ,  t h e  f u n d u s  a p p e a r e d  t o  r e m ai n  c o n t r a c t e d  d u r i n g  

s w e a t i n g  ( C h a p t e r  3 , 4 , 5 ) .  E l e c t r o n  m i c r o s c o p y  r e v e a l e d  

t h a t  t h e  s w e a t  g l a n d s  were  s e e m i n g l y  c o n t r a c t e d  in a l l  

s p e c i m e n s  e x a mi n e d  d u r i n g  t h e  e a r l y  p e r i o d  o f  s w e a t i n g  and  

l a t e r  were  a l w a y s  d i l a t e d .  The r e s u l t s  show t h a t  human 

s w e a t  l i k e  t h a t  of  d o m e s t i c  a n i m a l s  i s  f o rmed  n o t  o n l y  by 

s e c r e t i o n  b u t  a l s o  f rom t h e  p r o d u c t s  of  c e l l  d e a t h .  Two of  

t h e  s e c r e t o r y  p r o c e s s e s  d i s p l a y e d  by t h e  human g l a n d ,  

f l u i d  t r a n s p o r t  and  v e s i c l e  e x o c y t o s i s  a r e  common t o  a l l  

t h e  an i mal  s p e c i e s  s t u d i e d  and  t h e  t h i r d ,  m i c r o a p o c r i n e  

s e c r e t i o n ,  a l s o  o c c u r s  in t h e  h o r s e .  The d a t a  i l l u s t r a t e  

t h a t  t h e  f u n d a m e n t a l  p r o c e s s e s  of  s wea t  f o r m a t i o n  in t h e  

human s wea t  g l a n d  a r e  t h e  same a s  t h o s e  in h a i r e d  a n i m a l s
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a nd  i t  can t h u s  be p r o p o s e d  t h a t  s wea t  i s  f o rmed  f rom t h e  

p r o d u c t s  o f :

A . )  S e c r e t i o n .  T h i s  m a i n l y  by f l u i d  t r a n s p o r t ,  

v e s i c l e  e x o c y t o s i s  and  a p o s s i b l e  s u b s i d i a r y  m i c r o a p o c r i n e  

p r o c e s s .

B . ) C e11 d e a t h .

The c o n t r i b u t i o n  an d  e f f i c i e n c y  of  t h e  d i f f e r e n t  s e c r e t o r y  

p r o c e s s e s  c l e a r l y  v a r y  b e t we en  s p e c i e s  and  in man 

s e c r e t o r y  c e l l  s p e c i a l i z a t i o n  a p p e a r s  t o  have  e v o l v e d .  

E s t i m a t e s  o f  t h e  c o n t r i b u t i o n  t h a t  d e g e n e r a t e  c e l l s  make 

t o  s w e a t  c o m p o s i t i o n  a w a i t s  c o m p a r a t i v e  i n f o r m a t i o n  on 

s e c r e t o r y  c e l l  p r o d u c t i o n  and  t u r n o v e r  in b o t h  t h e  

u n s t i m u l a t e d  and  a c t i v e  g l a n d .  However ,  t h e  m o r p h o l o g i c a l  

e v i d e n c e ,  w h i l e  a g a i n  s h owi ng  s p e c i e s  v a r i a b i l i t y ,  

i n d i c a t e s  t h a t  in some i n s t a n c e s  a t  l e a s t  c e l l  d e a t h  i s  

e i t h e r  i n d u c e d  o r  a c c e l e r a t e d  upon g l a n d u l a r  s t i m u l a t i o n .  

The r e s u l t i n g  i n f l u e n c e  on s w e a t  c o m p o s i t i o n  i s  l i k e l y  t o  

be s i g n i f i c a n t  p a r t i c u l a r l y  in man,  in v iew of  t h e  e f f e c t s  

o f  d i s r u p t i o n  on t h e  s e c r e t o r y  e p i t h e l i u m .

The i n t e r c e l l u l a r  s p a c e s  be t we en  n o n - g r a n u l a r  c e l l s  

and  t h e  b l i n d  e n d e d  c a n a l i c u l i  which may w e l l ,  a s  in many 

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

(Diamond & B o s s e r t , 1967)  w e r e ,  a t  t h e  o n s e t  of  s w e a t i n g ,  

more d i s t e n d e d  in some a r e a s  o f  t h e  e p i t h e l i u m  t h a n  in 

o t h e r s ,  s u g g e s t i n g  v a r i a b i l i t y  in t h e  r e s p o n s e  t o  

s t i m u l a t i o n .  When s w e a t i n g  c o n t i n u e d  f o r  more t h a n  t h r e e  

h o u r s  t h e r e  was no d e c l i n e  in t h e  f l u i d  o u t p u t  b u t  t h e r e  

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

n o n - g r a n u l a r  c e l l s .  These  m o r p h o l o g i c a l  c h a n g e s  may 

f o r e t e l l  t h e  e v e n t u a l  s e c r e t o r y  f a i l u r e  whi ch  Dobson e t
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a l . ,  C1958) d e s c r i b e d  in i n s t a n c e s  of  p r o f u s e  s w e a t i n g  

c o n t i n u e d  f o r  l o n g e r  p e r i o d s  t h a n  in t h e  p r e s e n t  s t u d y .  A 

s ma l l  number of  t h e  c e l l s  a d j a c e n t  t o  c a n a l i c u l i ,  which 

h av e  m i t o c h o n d r i a  t y p i c a l  of  t h e  n o n - g r a n u l a r  c e l l s ,  

c o n t a i n  a c c u m u l a t i o n s  o f  g l y c o g e n  and  a p p e a r  t o  be l e s s  

a c t i v e .  The r o l e  o f  t h e s e  c e l l s ,  i f  a n y ,  in t h e  e p i t h e l i u m  

i s  unknown.  They c o u l d  r e p r e s e n t  t h e  n o n - g r a n u l a r  c e l l s  in 

an e a r l y  s t a g e  of  d e g e n e r a t i o n  h a v i n g  f a i l e d  t o  r e s p o n d  t o  

s t i m u l a t i o n .  However ,  t h e i r  n u c l e i  wer e  n o t  d e g e n e r a t e  and 

t h e i r  membranes  wer e  s t i l l  i n t a c t .  They have  v e s i c l e s ,  

l i p i d  d r o p l e t s  and  d i l a t e d  RER in t h e i r  c y t o p l a s m  

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

t h e y  a r e  s p e c i a l i z e d  s e c r e t o r y  c e l l s  s i n c e  t h e y  a r e  a l s o  

f o u n d  in t h e  u n s t i m u l a t e d  g l a n d .

The g r a n u l a r  c e l l s  show l e s s  i n t e r c e l l u l a r  

d i l a t a t i o n  and  a r e  p o s s i b l y  more c o n c e r n e d  w i t h  g r a n u l e  

p r o d u c t i o n  t h a n  w i t h  f l u i d  t r a n s p o r t .  The p r o c e s s e s ,  which 

in  d o m e s t i c  a n i m a l s  a r e  c a r r i e d  o u t  by one t y p e  of  

s e c r e t o r y  c e l l ,  may w e l l  t h e r e f o r e  h ave  been  d e v o l v e d  t o  

s p e c i a l i z e d  c e l l s  in t h e  human e c c r i n e  g l a n d .  The r e s p o n s e  

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

some e x h i b i t e d  a g r e a t e r  d e g r e e  o f  d e g r a n u l a t i o n  t h a n  

o t h e r s .  However ,  t h e y  a l l  d e m o n s t r a t e d  g r a n u l e  

a c c u m u l a t i o n  a t  t h e  l umi na l  membrane of  t h e  c e l l .  The most  

l i k e l y  s o u r c e  of  t h e  s e c r e t o r y  g r a n u l e s  i s  t h e  Golgi  

a p p a r a t u s  (Kurosumi  e t  a l . ,  1 9 8 2 ) .  The p a l e r  g r a n u l e s  h ad  

a d e n s i t y  c o m p a r a b l e  t o  t h e i r  a s s o c i a t e d  m i t o c h o n d r i a ,  b u t  

e v i d e n c e  of  m i t o c h o n d r i a l  t r a n s f o r m a t i o n ,  a s  f o u n d  in 

c a t t l e ,  was n o t  s e e n .  The e v i d e n c e  p a r t i c u l a r l y  f rom t h e  

a c t i v e  g l a n d  s u p p o r t s  t h e  c o n c l u s i o n  ( I n q u e ,  1 9 7 9 ;
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Kurosumi e t  a l . ,  1982)  t h a t  g r a n u l e  t r a n s p o r t  t o  t h e  lumen 

o f  t h e  human s w e a t  g l a n d  i s  by e x o c y t o s i s ;  d i a c r i n e  

s e c r e t i o n  d e s c r i b e d  by Hash i mot o  ( 1 9 7 8 a )  was  n o t  o b s e r v e d .  

The c y t o p l a s m i c  p r o t r u s i o n s ,  o c c a s i o n a l l y  f o u n d  a t  t h e  

l um ina l  s u r f a c e  of  a c t i v e  c e l l s  p o s s i b l y  i n d i c a t e  

c y t o p l a s m i c  e x t r u s i o n  by a m i c r o a p o c r i n e  p r o c e s s  b u t  

a n o t h e r  p o s s i b i l i t y  in t h i s  i n s t a n c e  i s  b l i s t e r i n g  of  t h e  

l um ina l  membrane by f i x a t i o n  ( S h e l t o n  & Mowezko, 19 78) .

A f t e r  t h r e e  h o u r s  of  c o n t i n u e d  s w e a t i n g ,  c e l l  

r e m n a n t s  and  even g a p s  wer e  r e g u l a r l y  fo un d  w i t h i n  t h e  

s e c r e t o r y  e p i t h e l i u m .  I t  was i m p o s s i b l e  t o  i d e n t i f y  w i t h  

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

r e m a i n i n g  o r g a n e l l l e s  wer e  d i s o r g a n i s e d  and d i s t o r t e d .  

T he se  r e m a i n s  a r e  u n l i k e l y  t o  be s o l e l y  f rom d i s r u p t e d  

g r a n u l a r  c e l l s  a s  Dobson ( 1 9 6 0 ) ,  u s i n g  l i g h t  m i c r o s c o p y ,  

o b s e r v e d  a t r o p h y  of  t h e  l a r g e  p a l e  c e l l s  a f t e r  r e p e a t e d  

e p i s o d e s  of  p r o f u s e  s w e a t i n g  and t h e  p r e s e n t  s t u d y  d o es  

n o t  e x c l u d e  t h i s  p o s s i b i l i t y .  The v a c u o l a t i o n  o b s e r v e d  by 

Dobson e t  a l . ,  ( 1 95 8)  i s  most  l i k e l y  c a u s e d  by d i s r u p t i o n  

and  l o s s  of  b o t h  g r a n u l a r  and n o n - g r a n u l a r  s e c r e t o r y  

c e l  I s .

U s i n g  e l e c t r o n  m i c r o s c o p y  i t  i s  c l e a r  t h a t  d u r i n g  a 

s i n g l e  e x p o s u r e  t o  h e a t ,  p o r t i o n s  of  t h e  s e c r t o r y  

e p i t h e l i u m  a r e  b r e a c h e d ,  e x p o s i n g  t h e  b a s a l  l a m i n a .  In 

s u c h  r e g i o n s  t h e  a p i c a l  j u n c t i o n a l  c o m p l e x e s  h av e  been  

e l i m i n a t e d  l e a v i n g  no v i s i b l e  b a r r i e r  t o  f l u i d  ex ch an g e  

w i t h  t h e  s u r r o u n d i n g  c o n n e c t i v e  t i s s u e .  Some g e n e r a l  

d i s t o r t i o n  of  t h e  s e c r e t o r y  c o i l  and  c e l l u l a r  a t r o p h y  can 

s t i l l  be f o u n d  by l i g h t  m i c r o s c o p y  24 h o u r s  a f t e r  

t h e r m a l l y  i n d u c e d  s w e a t i n g  (Dobson & L o b i t z ,  1 95 8 ) .
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T h e r e f o r e  e p i t h e l i a l  c e l l  r e p l a c e m e n t  i s  l i k e l y  t o  be s low 

w i t h  c e l l  c o n t a c t s  n o t  b e i n g  r a p i d l y  r e - e s t a b l i s h e d .  In 

t h i s  r e s p e c t -  human e c c r i n e  s w ea t  g l a n d s  a p p e a r  t o  d i f f e r  

f rom t h o s e  o f  d o m e s t i c  a n i m a l s ,  in which  t h e  n e i g h b o u r i n g  

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

s w e a t i n g  p r e v e n t i n g  t h e  p a s s a g e  of  i n t e r c e l l u l a r  l an t hanum 

i n t o  t h e  lumen ( J e n k i n s o n  e t  a l . ,  1 9 8 3 ) .

The r e s u l t s ,  in t h e  human l o i n ,  do n o t  c o n f i r m  t h e  

c o n c e p t  of  a u n i f o r m l y  s t r u c t u r e d  d u c t  w a l l  of  two or  

t h r e e  c e l l  l a y e r s  e x t e n d i n g  f rom t h e  c o i l e d  p o r t i o n  t o  t h e  

i n t r a e p i d e r m a  1 zone  CHibbs,  1958;  E l l i s ,  1962;  Hash imot o 

e t  a l . ,  1966a;  S h i b a s a k i  & I t o ,  1967;  H a s h i m o t o ,  1978a;  

Kurosumi e t  a l . ,  1 9 8 2 ) .  Kurosumi ( 1 97 7)  s o m e t i m e s  fo und  

more t h a n  two c e l l  l a y e r s  in t h e  d u c t  o f  g l a n d s  f rom t h e  

e x t e r n a l  a u d i t o r y  m e a t u s  o r  r e t r o a u r i c u 1a r  r e g i o n .  I t  

t h e r e f o r e  s eems  l i k e l y  t h a t  e i t h e r  s e r i a l  s e c t i o n i n g  h a s  

r e v e a l e d  a more complex  d u c t a l  s t r u c t u r e  t h a n  p r e v i o u s l y  

f o u n d ,  o r  t h e r e  a r e  r e g i o n a l  v a r i a t i o n s  in t h e  morphology  

o f  t h e  d u c t .  As in o t h e r  s p e c i e s  ( C h a p t e r  3 , 4 , 5 )

L a n g e r h a n s  c e l l s  wer e  f o u n d  be twe en  d u c t a l  c e l l s ,  

p a r t i c u l a r l y  in t h e  i n t r a e p i d e r m a l  zone  and  u p p e r  

a s c e n d i n g  d u c t .  The i m p o r t a n c e  t o  t h e  a s c e n d i n g  zone  of  

s p e c i a l i z e d  i n t e r c e l l u l a r  c o n n e c t i o n s  i s  s t i l l  unknown;  i f  

p r e s e n t  e l s e w h e r e  in t h e  d u c t ,  t h e y  a r e  n o t  r e a d i l y  fo und .  

I t  i s  p o s s i b l e  t h a t  t h e s e  c o n n e c t i o n s  m i g h t  be i n v o l v e d  in 

t h e  i n t e r c e l l u l a r  p a s s a g e  of  f l u i d s ,  p a r t i c u l a r l y  i f ,  a s  

s u g g e s t e d  by Ha sh i mot o  ( 1 9 7 8 a ) ,  t h e  p r o j e c t i n g  l umi na l  

i n t r a e p i t h e  1 i a l  f o l d  a c t s  a s  a v a l v e  c o n t r o l l i n g  t h e  

p a s s a g e  of  p r e f o r m e d  s w e a t .  The f u n c t i o n  of  t h e  

c y t o p l a s m i c  b r i d g e s  be t ween  t h e  b a s a l  c e l l s  of  t h e  d u c t ,
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a l s o  n o t e d  by I t o ,  E n jo  and  Uch i da  ( 1 9 54 )  u s i n g  t h e  l i g h t  

m i c r o s c o p e ,  i s  s t i l l  unknown.

The f i n d i n g  t h a t  m y o e p i t h e l i a l  c e l l s  a r e  a b s e n t  f rom 

t h e  s h o r t  t r a n s i t i o n  zone  i s  s u p p o r t e d  by S h i b a s a k i  and 

I t o  ( 1 9 67 )  and  H as h imo t o  ( 1 9 7 8 a ) .  The s p e c i a l i z e d  

s p h i n c t e r  d e s c r i b e d  by Kurosumi e t  a l . ,  ( 1 9 8 2 )  in t h e  

i n i t i a l  s egment  and  t h e  b u n d l e s  of  f i l a m e n t o u s  m a t e r i a l  in 

t h e  l umi na l  c e l l s ,  r e s e m b l i n g  d r a g o n f l y  w i n g s  were  not  

f o u n d .

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

d u c t .

1 . )  A w i d e n i n g  of  t h e  i n t e r c e l l u l a r  s p a c e s ,  e x c e p t  a t  t h e  

j u n c t i o n a l  c o m p l e x e s .

2 . )  I n c r e a s e d  c y t o p l a s m i c  v e s i c u l a t i o n  w i t h  an 

a c c om pa ny i n g  r i s e  in i n t r a l u m i n a l  v e s i c l e s .

3 . )  The p r e s e n c e  in t h e  o f t e n  n a r r ow  lumen of  p a r t i c u l a t e  

m a t t e r .

The se  were  t h e  o n l y  d e t e c t a b l e  d i f f e r e n c e s  a l s o  f oun d  in 

t h e  s h o r t  t r a n s i t i o n a l  and  l ower  i n t r a e p i d e r m a l  z o n e s ,  

which  a r e  t h e r e f o r e  u n l i k e l y  t o  be m a j o r  r e g i o n s  of  

e l e c t r o l y t e  and  w a t e r  r e a b s o r p t i o n  (Kurosumi  e t  a l . ,  1982) 

The g r e a t e s t  c h a ng e  in d u c t a l  mo rp ho l og y  upon t he r ma l  

s t i m u l a t i o n  o c c u r r e d  in t h e  c o i l e d  d u c t ,  where  some of  t h e  

lumina l  c e l l s  d i s p l a y e d  v a r y i n g  d e g r e e s  of  a p i c a l  

d i s t e n s i o n .  The se  b l e b s  wer e  n o t  s e e n  in t h e  u n s t i m u l a t e d  

d u c t .  A l t h o u g h  t h e  a p p e a r a n c e  may have  been  i n f l u e n c e d  by 

t h e  g l u t a r a 1dehyde  f i x a t i o n ,  which  can i n d u c e  b l i s t e r i n g  

o f  c e l l  membranes  ( S h e l t o n  & Mowczko, 1978;  S l e t y r  & 

R o b a r d s ,  1 9 8 2 ) ,  i n c l u d i n g  t h o s e  of  t h e  s wea t  g l a n d  

(Kurosumi e t  a l . ,  1982;  and  t h e  p r e s e n t  s t u d y ) ,  t h e r e  i s
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l i t t l e  d oub t  t h a t  a  c hange  in t h e  m o rph ol og y  of  t h e  

l umi na l  membrane an d  a p i c a l  c y t o p l a s m  o c c u r s  d u r i n g  

s w e a t i n g .  The i m p r e s s i o n  o b t a i n e d  i s  of  d i s t e n s i o n  o f  t h e  

p l a s m a  membrane a nd  d i s t o r t i o n  of  t h e  m i c r o v i l l i  by c e l l  

f l u i d  f i l t e r i n g  t h r o u g h  t h e  a p i c a l  t e r m i n a l  web of  

m i c r o f i l a m e n t s .  The p r e s e n c e  among t h e  l umi na l  c o n t e n t s  of  

i s o l a t e d  membranous  c o n f i g u r a t i o n s  s i m i l a r  in  a p p e a r a n c e ,  

s u g g e s t s  t h a t  t h e y  a r e  t h e  e x p r e s s i o n  of  a s e c r e t o r y  

p r o c e s s .  The l u m in a l  b l i s t e r s  may w e l l  g i v e  r i s e  t o  t h e  

v a c u o l i z a t i o n  of  t h e  a c t i v e  e p i t h e l i u m  of  t h e  c o i l e d  d u c t  

s e e n  by l i g h t  m i c r o s c o p y  (Dobson e t  a l . ,  1 9 5 8) .

The d a r k  and  c l e a r  v e s i c l e s  o b s e r v e d  by S h i b a s a k i  and 

I t o  ( 1 9 6 7 ) ,  amongs t  t h e  t o n o f i 1 a m en t s  o f  t h e  l umi na l  c e l l s  

o f  t h e  c o i l e d  d u c t ,  were  a l s o  s e e n  and  f ou n d  t o  be more 

numerous  in t h e  a c t i v e  c o i l .  The g l a n d s  exa mi n ed  by 

S h i b a s a k i  an d  I t o  ( 1 96 7)  were  p r o b a b l y  a c t i v e ,  a t  a low 

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

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

a b s o r p t i o n ,  i s  p r o b a b l y  a l s o  an a r e a  of  s e c r e t i o n  due t o  

i t s  m i t o c h o n d r i a  r i c h  c e l l s  and  t h e  b l e b b i n g  p r o c e s s .  The 

o r i g i n  of  t h e  d e b r i s  in t h e  d i l a t e d  a r e a s  b e t w ee n  t h e  

c e l l s  of  t h i s  zone  i s  n o t  known.  I t  i s  p r o b a b l e  t h a t ,  a s  

f o u n d  in t h e  f u n d u s  o f  s h e e p  and  g o a t  ( C h a p t e r  4 ) ,  t h e  

e n c l o s e d  c e l l  d e b r i s  w i l l  be p h a g o c y t o s e d  by t h e  d u c t  

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

r e p l a c e m e n t  in t h e  s w ea t  g l a n d  f u n d u s  and  d u c t  t o g e t h e r  

w i t h  t h e  c o n t r i b u t i o n  t o  t h e  s wea t  c o n s t i t u e n t s  of  c e l l  

d i s r u p t i o n  r e q u i r e s  d a t a  on c e l l  k i n e t i c s  u n d e r  v a r y i n g  

p h y s i o l o g i c a l  c o n d i t i o n s .
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CHAPTER 7 .

CYTOCHEMISTRY.

INTRODUCTION.

The u 1t r a s t r u c t u r a 1 s t u d i e s  i l l u s t r a t e  t h a t  t h e  mode 

of  s w e a t  s e c r e t i o n  i s  b a s i c a l l y  t h e  same in a l l  t h e  

s p e c i e s  e x a m i n e d .  Sweat  i s  formed  by s e c r e t i o n  ( f l u i d  

t r a n s p o r t ,  e x o c y t o s i s  and  p o s s i b l e  m i c r o a p o c r i n e  

s e c r e t i o n )  and  c e l l  d e a t h .  In o r d e r  t o  e x p l a i n  t h e  

d i f f e r e n c e s  b e t w ee n  t h e  p a t t e r n s  of  s w e a t  o u t p u t  

( F i g s . 3 . 1 . , 4 . 1 . , 5 . 1 . , 6 . 1 . )  i t  i s  n e c e s s a r y  t o  examine  

f u n c t i o n a l  a s p e c t s  of  s wea t  s e c r e t i o n .  F l u i d  t r a n s p o r t  

i n v o l v i n g  t h e  movement o f  e l e c t r o l y t e s  and  w a t e r  by a c t i v e  

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

b e i n g  d r i v e n  in most  i n s t a n c e s  by a o u a b a i n  s e n s i t i v e ,  

sod ium and  p o t a s s i u m  d e p e n d e n t  a d e n o s i n e  t r i p h o s p h a t a s e  

( N a , K-ATPase) (Skou ,  1 9 6 5) .  The u 1t r a s t r u e t u r a 1 

l o c a l i z a t i o n  of  t h i s  enzyme in s w e a t  g l a n d s  a t  r e s t  and 

d u r i n g  t h e r m a l  s t i m u l a t i o n  i s  of  i m p o r t a n c e  in 

e s t a b l i s h i n g  t h e  c e l l u l a r  r o u t e  of  e l e c t r o l y t e s  and w a t e r  

a c r o s s  t h e  s e c r e t o r y  e p i t h e l i u m .  N a , K-ATPase h a s  been 

l o c a l i z e d  by i m m u n oc y t o ch em i s t r y  in k i d n e y  ( K y t e ,  1 9 7 6 a , b )  

and  r e t i n a  ( S t a h l  & B a s k i n ,  1984) and  by a u t o r a d i o g r a p h y  

u s i n g  t r i t i a t e d  o u a b a i n  on i n t e s t i n e  ( S t i r l i n g ,  1972) .  

Q u i n t o n  and  Tormey ( 1 97 6)  u s i n g  t r i t i a t e d  o u a b a i n  on 

i s o l a t e d  s w e a t  g l a n d s  f rom t h e  v o l a r  s u r f a c e  of  t h e  male  

human f o r e a r m ,  l o c a l i z e d  t h e  enzyme on t h e  b a s a l  and 

l a t e r a l  membranes  of  t h e  s e c r e t o r y  e p i t h e l i u m  of  t h e  

f u n d u s .
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The W a c h s t e i n  and  Meise l  ( 1957)  t e c h n i q u e  f o r  the  

l o c a l i z a t i o n  of  ATPases  h a s  f a l l e n  o u t  of  f a v o u r  b e c a u s e  

of  two i n h e r e n t  w e a k n e s s e s .  The c a p t u r e  a g e n t ,  l e a d ,  i s  

t o x i c  and  ATP a s  a s u b s t r a t e  o f f e r s  no s e l e c t i v i t y  f o r  

Na,K-ATPase ( r e v i e w e d  by F i r t h ,  1978;  E r n s t  & Hootman,  

1 9 8 1 ) .  E r n s t  ( 1 9 7 2 a , b )  u s i n g  t h e  a v i a n  s a l t  g l a n d  

d e v e l o p e d  a c y t o c h e m i c a l  t e c h n i q u e  f o r  t h e  l o c a l i z a t i o n  of  

t h e  enzyme.  T h i s  t e c h n i q u e ,  u s i n g  s t r o n t i u m  a s  t h e  c a p t u r e  

a g e n t  and  p - n i t r o p h e n y 1 p h o s p h a t e  a s  s u b s t r a t e ,  

d e m o n s t r a t e s  t h e  K - d e p e n d e n t  p -  n i t r o p h e n y 1 p h o s p h a t a s e  

(K-NPPase)  a c t i v i t y  of  t h e  Na,K-ATPase complex  and i t  

shows  t h e  a p p r o p r i a t e  ion d e p e n d e n c e  and i n h i b i t o r  

s e n s i t i v i t y .  I t  a l s o  h a s  t h e  b e n e f i t  t h a t  t h e  s p e c i m e n s  

can be c h e m i c a l l y  f i x e d  t h e n  p r o c e s s e d  a f t e r  t h e  

c o m p l e t i o n  o f  t h e  e x p e r i m e n t  ( E r n s t  & P h i l p o t t ,  19 70) .  The 

t e c h n i q u e  h a s  been  u s e d  s u c c e s s f u l l y  on a r a n g e  of  

t i s s u e s ,  i n c l u d i n g ,  k i d n e y  c o r t e x  ( E r n s t ,  1975;  E r n s t  & 

S c h r e i b e r ,  1 9 8 1 ) ,  p l a c e n t a  ( F i r t h ,  F a r r  & Ko p pe l ,  1979) 

b l o o d  p l a t e l e t s  ( C u t l e r ,  F e i n s t e i n  & C h r i s t i a n ,  1980) and 

s a l i v a r y  g l a n d s  ( C o s s u , L a n t i n i ,  Puxeddu & R i v a ,  1984; 

S p e i g h t  & C h i s h o l m ,  19 84 ) .  When a p o s i t i v e  r e a c t i o n  was 

o b t a i n e d ,  t h i s  t e c h n i q u e  s a t i s f i e d  t h e  c r i t e r i a  s u g g e s t e d  

by E r n s t  and  Hootman ( 19 81)  t h a t : -

1 . )  D e p o s i t i o n  of  t h e  c y t o c h e m i c a l  r e a c t i o n  was p o t a s s i u m  

d e p e n d e n t  and  i n h i b i t e d  by o u a b a i n .

2 . )  The r e a c t i o n  p r o d u c t  was s t i l l  p r e s e n t  when t h e  

a l k a l i n e  p h o s p h a t a s e  i n h i b i t o r ,  l e v a m i s o l e ,  was p r e s e n t  in 

t h e  i n c u b a t i o n  s u b s t r a t e  ( F i r t h ,  1974;  Hootman & P h i l p o t t ,  

19 79 ) .
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3 . )  The r e a c t i o n  p r o d u c t s  a t t r i b u t a b l e  t o  K-NPPase s h o u l d  

be l o c a l i z e d  t o  t h e  c y t o p l a s m i c  s i d e  o f  t h e  p l a s m a  

membrane (Sen & P o s t ,  1 9 6 4) .

4 . )  The r e a c t i o n  p r o d u c t  s h o u l d  be l o c a l i z e d  t o  membranes  

and n o t  be c o n f u s e d  w i t h  non s p e c i f i c  b i n d i n g  on o t h e r  

t i s s u e  c o m p o n e n t s .

5 . )  T i s s u e  u l t r a s t r u c t u r e  s h o u l d  be p r e s e r v e d  w i t h o u t  an 

e x c e s s i v e  l o s s  of  K-NPPase a c t i v i t y .

GLANDULAR Na . K - AT P a se .

Tr i a 1s .

B e f o r e  e x p e r i m e n t s  were  a t t e m p t e d  in t h e  

e n v i r o n m e n t a l  chamber  a s e r i e s  of  t r i a l s  was u n d e r t a k e n  t o  

d e t e r m i n e  t h e  e f f i c a c y  of  t h e  Na,K-ATPase t e c h n i q u e  ( E r n s t  

1 9 7 2 a , b )  d e s c r i b e d  in a p p e n d i x  2 .  i

Rat  Kidney and  F o o t p a d  Sweat  G l a n d .

The i n i t i a l  t r i a l  was  c a r r i e d  o u t  on k i d n e y  a s  t h e  

r e s u l t  was  a l r e a d y  known ( E r n s t ,  1975)  and  t h e  f o o t p a d  

s wea t  g l a n d  a s  i t  i s  an a v a i l a b l e  model f o r  o t h e r  

e x p e r i m e n t a l  a n i m a l s .

R e s u I t .

The enzyme d i s t r i b u t i o n  in t h e  k i d n e y  c o r t e x  was 

s i m i l a r  t o  t h a t  f o u n d  by E r n s t  ( 1 9 7 5 ) .  The d i s t a l  

c o n v o l u t e d  segme nt  r e a c t e d  i n t e n s e l y  on t h e  c y t o p l a s m i c  

s i d e  of  t h e  h i g h l y  f o l d e d  b a s a l  membranes  ( F i g . 7 . 1 ) ,  

w h e r e a s  t h e  p r o x i m a l  c o n v o l u t e d  s e g m e n t s  ( F i g . 7 . 2 )  were  

b a r e l y  r e a c t i v e .  In t h e  s w e a t  g l a n d  f u n d u s  t h e  r e a c t i o n

Fi g . 7 . 1 . Rat  k i d n e y  c o r t e x :  D i s t a l  c o n v o l u t e d  t u b u l e  w i t h  

i n t e n s e  r e a c t i o n  p r o d u c t  on t h e  c y t o p l a s m i c  s i d e  o f  t h e

h i g h l y  f o l d e d  b a s a l  membrane.
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p r o d u c t  was l o c a l i z e d  on l a t e r a l  and b a s o l a t e r a l  membranes  

of  t h e  s e c r e t o r y  c e l l s  ( F i g . 7 . 3 , 4 , 5)  . No r e a c t i o n  p r o d u c t  

was f ou nd  on t h e  l umi na l  m i c r o v i l l i  of  t h e  s e c r e t o r y  c e l l s  

o r  t h e  membranes  of  t h e  m y o e p i t h e l i a l  c e l l s  ( F i g . 7 . 3 ) .  In 

c o n c o m i t a n t  c o n t r o l s  t h e  r e a c t i o n  p r o d u c t  in t h e  f o o t p a d  

s we a t  g l a n d  was p o t a s s i u m  d e p e n d e n t  and  i n h i b i t e d  by 

o u a b a i n .  The r e s u l t s  of  t h e  c o n t r o l  k i d n e y  s a m p l e s  a g a i n  

a g r e e d  w i t h  E r n s t  ( 1 9 7 5 ) ,  r a t  k i d n e y  K-NPPase was 

p o t a s s i u m  d e p e n d e n t  and  s e n s i t i v e  t o  o u a b a i n .  The 

t e c h n i q u e  was  r e p e a t e d  on t h e  k i d n e y s  and  f o o t p a d  swea t  

g l a n d s  of  a n o t h e r  two r a t s ,  w i t h  t h e  same r e s u l t ,  t o  

v e r i f y  i t s  r e l i a b i l i t y  and  improve  t e c h n i c a l  d e x t e r i t y  in 

s a mpl e  p r o c e s s i n g .

The Na,K-ATPase t e c h n i q u e  was a g a i n  s u c c e s s f u l  on Rat  

k i d n e y  c o r t e x  and  f o o t p a d  s w e a t  g l a n d  so  i t  was t h e n  

a p p l i e d  t o  t h e  s w e a t  g l a n d s  f rom t h e  r e q u i r e d  s p e c i e s .

F i g . 7 ♦ 2 . Rat  k i d n e y  c o r t e x :  P r o x im a l  c o n v o l u t e d  t u b u l e  

w i t h  no r e a c t i o n  p r o d u c t  p r e s e n t  on t h e  h i g h l y  f o l d e d  

b a s a l  membrane

F i g . 7 . 3 . Rat  f o o t p a d  s w e a t  g l a n d  f u n d u s :  Low power 

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

b a s a l  and  b a s o l a t e r a l  membranes  of  t h e  s e c r e t o r y  

ep i t h e  1 i urn.

F i g . 7 . 4 . Rat  f o o t p a d  s w e a t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  

on t h e  a p i c a l  l a t e r a l  membranes  be twe en  s e c r e t o r y  c e l l s .  

F i g . 7 . 5 . Rat  f o o t p a d  s w e a t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  

on t h e  b a s a l  i n f o l d i n g s  o f  a s e c r e t o r y  c e l l .
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C a t t l e  and  S h e e p .

P r o c e d u r e .

One cow and  two s h e e p  were p l a c e d  in an e n v i r o n m e n t  

o f  40° C Dry Bulb  ( D . B . )  /2 6 °C  Wet Bulb  (W.B. )  and  t h e  

s w e a t i n g  r e s p o n s e  was m o n i t o r e d  t h r o u g h o u t  t h e  e x p o s u r e  

p e r i o d  of  3 h o u r s .  A s k i n  s ampl e  was t a k e n  f rom each  

an i mal  on e n t r y  t o  t h e  ch amber .  The cow was s a m p l e d  a g a i n  

a f t e r  t h r e e  h o u r s  e x p o s u r e  and t h e  s h e e p  d u r i n g  t h e  s e c o n d  

s w e a t i n g  p e ak  ( C h . 4 ,  F i g . 4 . 1 )  and  a t  f a t i g u e .  Sampl es  were 

f i x e d  and  p r o c e s s e d  a s  d e s c r i b e d  in a p p e n d i x  2.  Rat  

f o o t p a d  s w e a t  g l a n d  was u s e d  in t h i s  and  a l l  f u r t h e r  

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

R e s u 1t .

No r e a c t i o n  p r o d u c t  was f ou n d  on t h e  s e c r e t o r y  o r  

m y o e p i t h e l i a l  c e l l s  of  t h e  u n s t i m u l a t e d  f u n d u s  o f  t h e  cow 

( F i g . 7 . 6 ) .  A f t e r  t h e r m a l  s t i m u l a t i o n ,  r e a c t i o n  p r o d u c t  was 

d e t e c t e d  on t h e  o u t e r  l e a f l e t  o f  t h e  l umina l  membrane of  

t h e  s e c r e t o r y  c e l l s  ( F i g . 7 . 7 ) .

The enzyme was p r e s e n t ,  a l b e i t  a t  a v e r y  low l e v e l ,  

on t h e  b a s a l  and  b a s o l a t e r a l  membranes  of  t h e  u n s t i m u l a t e d

F i q . 7 . 6 . Cow s w ea t  g l a n d  f u n d u s :  The u n s t i m u l a t e d  swea t  

g l a n d  f u n d u s  w i t h  no r e a c t i o n  p r o d u c t  p r e s e n t  on any c e l l  

m e m b r a n e s .

Fi g . 7 . 7 . Cow s w e a t  g l a n d  f u n d u s :  A f t e r  t h e r m a l  s t i m u l a t i o n  

r e a c t i o n  p r o d u c t  i s  p r e s e n t  on t h e  l umi na l  membrane of  t h e  

s e c r e t o r y  e p i t h e l i u m  ( a r r o w s ) .
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s e c r e t o r y  c e l l s  of  t h e  s h e e p  ( F i g . 7 . 8 ) .  At t h e  s e c o n d  

s w e a t i n g  p eak  t h e  amount  on t h e  b a s a l  and  b a s o l a t e r a l  

membranes  i n c r e a s e d  ( F i g . 7 . 9 )  and  r e a c t i o n  p r o d u c t  was 

a l s o  p r e s e n t  on t h e  l umi na l  m i c r o v i l l i  ( F i g . 7 . 9 . 1 0 ) .  At 

f a t i g u e  t h e r e  was no r e a c t i o n  p r o d u c t  p r e s e n t  on any of  

t h e  s e c r e t o r y  ( F i g . 7 . 1 1 )  o r  m y o e p i t h e l i a l  c e l l  membranes .  

The r e a c t i o n  in a l l  i n s t a n c e s  was a g a i n  p o t a s s i u m  

d e p e n d e n t  and  i n h i b i t e d  by o u a b a i n .

H o r s e .

A c o m p a r a b l e  t r i a l  was c a r r i e d  o u t  on t h e  s wea t  

g l a n d s  of  two h o r s e s .  Both were  s a m p l e d  a t  r e s t  and  one 

a f t e r  e x e r c i s e  when i t  h ad  v i s i b l y  s w e a t e d .  The h o r s e  

which  was  o n l y  s a m p l e d  a t  r e s t  was n e r v o u s  and e x c i t e d  

b e f o r e  t h e  b i o p s y  was t a k e n .  T h e r e f o r e ,  i t  i s  p o s s i b l e  

t h a t  t h i s  s p e c i m e n  may n o t  be r e p r e s e n t a t i v e  of  t h e  g l a n d s  

a t  r e s t .  R e a c t i o n  p r o d u c t  was p r e s e n t  on t h e  lumina l

Fi g . 7 . 8 . Sheep s w e a t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  

p r e s e n t  on t h e  b a s a l  and  b a s o l a t e r a l  membranes  of  t h e  

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

F i g . 7 . 9 . Sheep s w e a t  g l a n d  f u n d u s :  At t h e  s e c o n d  s w e a t i n g  

peak  t h e  s e c r e t o r y  e p i t h e l i u m  s howi ng  r e a c t i o n  p r o d u c t  

p r e s e n t  on b a s a l ,  b a s o l a t e r a l  and l umi na l  membranes  of  t h e  

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

F i g . 7 . 1 0 . Sheep s w e a t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  i s  

p r e s e n t  on t h e  l um in a l  m i c r o v i l l i  of  a s e c r e t o r y  c e l l  

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

F i g . 7 . 1 1 . Sheep s w e a t  g l a n d  f u n d u s :  At s w e a t i n g  f a t i g u e  no 

r e a c t i o n  p r o d u c t  i s  p r e s e n t  on t h e  s e c r e t o r y  e p i t h e l i u m .
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m i c r o v i l l i  ( F i g . 7 . 1 2 )  and  b a s a l  and b a s o l a t e r a l  membranes  

of  t h e  s e c r e t o r y  c e l l s  ( F i g . 7 . 1 3 )  of  t h e  f u n d u s  of  t h e  

f i r s t  ( u n e x e r c i s e d )  h o r s e .  At r e s t  t h e  s e c o n d  ( e x e r c i s e d )  

h o r s e  e x h i b i t e d  t h e  r e a c t i o n  o n l y  on t h e  b a s a l  and  

b a s o l a t e r a l  membranes  of  t h e  s e c r e t o r y  c e l l s  ( F i g . 7 . 1 4 ) .  

A f t e r  e x c e r c i s e  i t  was p r e s e n t  on t h e  l umi na l  m i c r o v i l l i  

( F i g . 7 . 1 5 , 1 6 )  a s  w e l l  a s  t h e  b a s a l  and  b a s o l a t e r a l  

membranes  of  t h e  s e c r e t o r y  c e l l s  ( F i g . 7 . 1 5 , 1 7 ) .  The 

r e a c t i o n  was p o t a s s i u m  d e p e n d e n t  and  i n h i b i t e d  by o u a b a i n .

With t h e  s u c c e s s f u l  c o m p l e t i o n  of  t h e  t r i a l s  more

F i g . 7 . 1 2 . Horse  s w e a t  g l a n d  f u n d u s :  In t h i s  h o r s e  a t  r e s t  

r e a c t i o n  p r o d u c t  i s  p r e s e n t  on t h e  l umi na l  m i c r o v i l l i  of  

t h e  s e c r e t o r y  c e l l s .

F i g . 7 . 1 3 . Hor se  s wea t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  

p r e s e n t  on t h e  b a s a l  i n f o l d i n g s  of  a s e c r e t o r y  c e l l  a t  

r e s t .

Fi g . 7 . 1 4 . Horse  s w ea t  g l a n d  f u n d u s .  In t h i s  h o r s e  a t  r e s t  

r e a c t i o n  p r o d u c t  i s  o n l y  p r e s e n t  on t h e  b a s a l  and  

b a s o l a t e r a l  membranes  of  t h e  s e c r e t o r y  e p i t h e l i u m .

F i g . 7 . 1 5 . Horse  s wea t  g l a n d  f u n d u s .  A f t e r  e x e r c i s e  

r e a c t i o n  p r o d u c t  i s  a l s o  p r e s e n t  on t h e  l umina l  membrane 

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

F i g . 7 . 1 6 . Horse  s w e a t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  on 

t h e  l umi na l  m i c r o v i l l i  of  a s e c r e t o r y  c e l l  a f t e r  t h e  h o r s e  

was e x e r c i s e d .

F i g . 7 . 1 7 . Horse  s w e a t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  on 

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

was e x e r c i s e d .
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d e t a i l e d  e x p e r i m e n t s  on t he  e f f e c t s  of  t h e r m a l  s t i m u l a t i o n  

on s w e a t  g l a n d  Na,  K-ATPase were  u n d e r t a k e n .

E f f e c t s  of  t he r m a l  s t i m u l a t i o n .

C a t t l e .  Sheep and  G o a t .

Four  a n i m a l s  f rom each  s p e c i e s  wer e  p l a c e d  in an 
o  oe n v i r o n m e n t  of  40 C DB/26 C WB. S k i n  s a m p l e s  were  t a k e n  

f rom t h e  c a t t l e  upon e n t r y  i n t o  t h e  e n v i r o n m e n t a l  chamber  

a t  t h e  o n s e t  of  s w e a t i n g  and a f t e r  3 h o u r s  o f  c o n t i n u o u s  

s w e a t i n g .  The s h e e p  and  g o a t s  were  s a m p l e d  a t  e n t r y ,  

i m m e d i a t e l y  a f t e r  t h e  s e c o n d  s w e a t i n g  peak  and a t  

g l a n d u l a r  f a t i g u e .  The r e s u l t s  f rom t h e s e  e x p e r i m e n t s  were 

n e g a t i v e  a t  a l l  s ample  t i m e s  in e v e r y  i n s t a n c e .  Rat  

f o o t p a d  s w e a t  g l a n d s  p r o c e s s e d  a t  t h e  same t i me  were 

p o s  i t  i v e .

H o r s e .

The above  e x p e r i m e n t  was r e p e a t e d  a t  t h e  same 

e n v i r o n m e n t a l  c o n d i t i o n s  u s i n g  f o u r  h o r s e s .  Sampl es  were  

t a k e n  upon e n t r y  a t  s w e a t i n g  p l a t e a u  and  a f t e r  3 h o u r s  of  

s w e a t i n g .  On two of  t h e  h o r s e s  r e a c t i o n  p r o d u c t  was not  

d e t e c t e d  e i t h e r  b e f o r e  o r  a f t e r  t h e r m a 11y - i n d u c e d  

s w e a t i n g .  The r e a c t i o n  was p r e s e n t  on t h e  b a s a l  and 

b a s o l a t e r a l  membranes  of  t h e  s e c r e t o r y  c e l l s  on t h e  o t h e r  

two h o r s e s  ( F i g . 7 . 1 8 , 1 9 )  b u t  was a b s e n t  f rom t h e  lumina l  

m i c r o v i l l i .  At p l a t e a u  and  a f t e r  3 h o u r s  of  s w e a t i n g  i t

F i g . 7 . 1 8 . Horse  s wea t  g l a n d  f u n d u s  a t  r e s t :  R e a c t i o n  

p r o d u c t  p r e s e n t  on t h e  b a s a l  membranes  of  t h e  s e c r e t o r y  

c e l  I s .
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was s t i l l  p r e s e n t  on t he  b a s a l  and b a s o l a t e r a l  membranes  

b u t  a b s e n t  f rom t h e  l umi na l  m i c r o v i l l i .  Rat  f o o t p a d  s wea t  

g l a n d s  p r o c e s s e d  a t  t h e  same t i me  wer e  p o s i t i v e .

The r e s u l t s  p r o mp t e d  a s e r i e s  of  e x p e r i m e n t s  on r a t s ,  

c a t t l e ,  s h e e p  and  g o a t s  t o  e v a l u a t e  c r i t i c a l l y  t h e  r e a s o n  

f o r  t h e  d i s c r e p a n c i e s  be t ween  t h e  r e s u l t s  of  t h e  

e x p e r i m e n t s  and  t h o s e  f rom t h e  t r i a l s .

T e c h n i q u e  e v a l u a t i o n .

Fi x a t  i o n .

B i o c h e mi c a l  s t u d i e s  ( E r n s t  & P h i l p o t t ,  1970)  on t he  

a v i a n  s a l t  g l a n d  and  on t e l e o s t  g i l l  f i l a m e n t s  showed t h a t  

more t h a n  70% of  t h e  Na,K-ATPase r e m a i n s  a f t e r  f i x a t i o n  

w i t h  2-3% p a r a f o r m a l d e h y d e .  S u b s e q u e n t  s t u d i e s  ( E r n s t ,  

1975)  d e m o n s t r a t e d  t h a t  t h e  i n c l u s i o n  of  a low 

c o n c e n t r a t i o n  of  g l u t a r a l d e h y d e  (0 . 25%)  t o  t h i s  f i x a t i v e  

r e s u l t e d  in s u p e r i o r  mo r p h o 1o g i c a 1 p r e s e r v a t i o n  w h i l e  

m a i n t a i n i n g  e n z y m a t i c  a c t i v i t y .  Us i n g  t h i s  i n f o r m a t i o n  t h e  

f o l l o w i n g  p r i m a r y  f i x a t i v e s  were  t e s t e d  on s k i n  s a mp l e s  

f rom C a t t l e ,  Sheep ,  Goat  and Rat  f o o t p a d .

F i x . l .  ( E r n s t .  1975;  C u t l e r  e t  a l . .  1980) .

1% P a r a f o r m a l d e h y d e  p l u s  0.25% G l u t a r a l d e h y d e  in 0.1M 

s od i um c a c o d y l a t e  a t  pH7. 3 .

F i g . 7 . 1 9 . Hor se  s we a t  g l a n d  f u n d u s  a t  r e s t :  R e a c t i o n  

p r o d u c t  on t h e  b a s o l a t e r a l  membranes  of  t h e  s e c r e t o r y  

c e l  I s .
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F i x .2 ( B r o d e r s o n ,  P a t t o n  & S t a h l ,  1978) .

3% P a r a f o r m a l d e h y d e  p l u s  0.25% G1u t a r a 1dehyde  in 0.1M 

sod i um c a c o d y l a t e  a t  p H7 . 3 .

F i x . 3.  ( E r n s t .  1 9 7 2 a . b ) .

3% P a r a f o r m a l d e h y d e  in 0.1M s o d i u m c a c o d y l a t e  a t  

pH7 . 3 .

The s k i n  s a m p l e s  were  s i m u l t a n e o u s l y  f i x e d  f o r  1 hour  

and  p r o c e s s e d  t o g e t h e r  a s  d e s c r i b e d  in a p p e n d i x  2 f o r  t h e  

p r e s e n c e  of  a K - d e p e n d e n t ,  o u a b a i n  s e n s i t i v e  r e a c t i o n .

R e s u 1t .

The d i s t r i b u t i o n  of  t h e  r e a c t i o n  p r o d u c t  on t h e  Rat  

f o o t p a d  s we a t  g l a n d  f u n d u s  was  a s  c o n s i s t e n t l y  f ound  

p r e v i o u s l y .  Th e r e  was no r e a c t i o n  p r e s e n t  in t h e  cow,  

s h e e p  o r  g o a t .  F i x a t i v e  1 was  r e t a i n e d  f o r  f u r t h e r  

e x p e r i m e n t s  a s  t h i s  gave  maximum enzyme r e t e n t i o n  combi ned  

w i t h  r e a s o n a b l e  u 1t r a s t r u c t u r a l  p r e s e r v a t i o n  in f o o t p a d  

s we a t  g l a n d s .

Al t h o u g h  t h e  t e c h n i q u e  was  s u c c e s s f u l  on f o o t p a d  

s we a t  g l a n d s  t h e  q u a l i t y  of  t h e  g l u t a r a 1dehyde  u s e d  in t h e  

p r i m a r y  f i x a t i v e  was e x a mi n e d .  Ande r s on  ( 1967)  c o n c l u d e d  

t h a t  mos t  commer c i a l  g l u t a r a l d e h y d e  h a d  " i m p u r i t i e s "  which 

h a d  an i n h i b i t o r y  e f f e c t  on enzyme a c t i v i t y .  Da v i e s  and 

G a r r e t t  ( 1972)  showed t h a t  d i s t i l l e d  g l u t a r a l d e h y d e  was 

r e q u i r e d  f o r  c o n s i s t e n t  r e s u l t s  w i t h  mi ni mal  i n h i b i t i o n .  

Al t h o u g h  t h e  g 1u t a r a  1dehyde  u s e d  in t h e  p r i m a r y  f i x a t i v e  

of  t h e  i n i t i a l  t r i a l s  was  of  E.M. g r a d e  (Agar  A i d s ) ,  a 

s a mpl e  was  e x a mi n e d  s p e c t r o p h o t o m e t r i c a 11y . The s p e c t r a l  

UV a b s o r b a n c e  c u r v e  ( F i g . 7 . 2 0 )  of  t h i s  s a mpl e  showed two 

maxima a t  w a v e l e n g t h s  of  280nm and  233nm . Ander son  ( 1967)  

f rom c h r o m a t o g r a p h i c  e x p e r i m e n t s  and  c o m p a r i s o n s  w i t h
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s p e c t r a l  a b s o r p t i o n  c u r v e s  f ound  a peak  of  a b s o r p t i o n  a t  

280nm due t o  d i a l d e h y d e  and  a n o t h e r  a t  233nm c a u s e d  e i t h e r  

by c o n t a m i n a t i n g  m a t e r i a l  e g .  g l u t a r i c  a c i d  o r  p o l y m e r i c  

fo r ms  of  g l u t a r a 1d e h y d e . D i s t i l l a t i o n  of  t h e  

g 1u t a r a 1dehyde  s o l u t i o n  r emoved t h i s  s e c o n d  peak  l e a v i n g  a 

p u r e  s o l u t i o n  a b s o r b i n g  a t  280nm ( Fahi mi  & Drochmans ,  

1 9 6 8 ) .  Co mme r c i a l l y  a v a i l a b l e  d i s t i l l e d  g l u t a r a 1dehyde  

( S i g m a . )  was  t e s t e d  and  a s  can be s e e n  in F i g . 7 . 20  

a b s o r p t i o n  was  o n l y  p r e s e n t  a t  280nm.

The f i x a t i o n  t r i a l  was  r e p e a t e d  u s i n g  d i s t i l l e d  

g l u t a r a 1dehyde  in f i x a t i v e  1 and  2.  Aga i n  t h e  r a t  f o o t p a d  

s we a t  g l a n d  f u n d u s  gave  a p o s i t i v e  r e s u l t ,  w h i l e  w i t h  b o t h  

f i x a t i v e s  c a t t l e ,  s h e e p  and  g o a t  g l a n d s  wer e  n e g a t i v e .  

D e s p i t e  t h e s e  n e g a t i v e  r e s u l t s ,  in a l l  f u r t h e r  e x p e r i m e n t s  

d i s t i l l e d  g l u t a r a l d e h y d e  was u s e d  t o  a v o i d  t h e  i n h i b i t o r y  

e f f e c t s  of  t h e  c o n t a m i n a n t s  a b s o r b i n g  a t  233nm ( An d e r s o n ,  

1967;  Fahimi  & Drochmans ,  1968;  D a v i e s  & G a r r e t t ,  1972) .

F i x a t i v e  B u f f e r s .

The f i x a t i v e  t r i a l s  d i d  n o t  r e s o l v e  t h e  p r o b l e m so 

t h e  c h o i c e  of  b u f f e r  f o r  t h e  p r i m a r y  f i x a t i v e  was s t u d i e d .  

T r i s  and  v e r o n a l ,  p o o r  b u f f e r s  in t h e  p h y s i o l o g i c a l  r a n g e ,  

c o n t a i n  an amino g r oup  and c a n n o t  be u s e d  w i t h  a l d e h y d e s .  

T h i s  i s  b e c a u s e  of  a C a n i z a r r o - t y p e  r e a c t i o n  whi ch 

p r o d u c e s  a s o l u t i o n  w i t h  no b u f f e r i n g  c a p a c i t y  in t h e  

p h y s i o l o g i c a l  r a n g e  of  pH v a l u e s .  P h o s p h a t e  b u f f e r s  have  

t h e  a d v a n t a g e  t h a t  t h e y  a r e  t h e  mos t  ' p h y s i o 1o g i c a 17 s i n c e

F i a . 7 . 2 0 . S p e c t r a l  a b s o r b a n c e  of  2 s a mp l e s  of

g l u t a r a l d e h y d e . E.M. Grade  h a s  p e a k s  a t  280nm and 233nm

w h e r e a s  d i s t i l l e d  g l u t a r a 1dehyde  o n l y  h a s  a peak a t  280nm.
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t h e y  mimic c e r t a i n  c o mponen t s  of  e x t r a c e l l u l a r  f l u i d s  and 

a r e  n o t  t o x i c  t o  c e l l s .  Al t h o u g h  t h e r e  i s  l i t t l e  e v i d e n c e  

of  d i f f e r e n c e s  amongs t  p h o s p h a t e  b u f f e r s ,  w i t h  r e s p e c t  t o  

u 1t r a s t r u c t u r a 1 p r e s e r v a t i o n ,  t h i s  may n o t  be t r u e  f o r  

c y t o c h e m i s t r y .  P h o s p h a t e s  c a n n o t  be u s e d  when c a l c i u m  i o n s  

a r e  n e c e s s a r y  and  mus t  be r emoved b e f o r e  h y d r o l y t i c  enzyme 

t e c h n i q u e s  a r e  u s e d .  In t h i s  e x p e r i m e n t  S o r e n s e n / s  Na/K 

p h o s p h a t e  and  M i l l o n i g ' s  monosodi um p h o s p h a t e  b u f f e r s  were 

t e s t e d .  C a c o d y l a t e ,  a l t h o u g h  a s c h e d u l e d  p o i s o n  due t o  t he  

p r e s e n c e  of  a r s e n i c ,  h a s  t h e  a d v a n t a g e  t h a t  c a l c i u m  can be 

i n c l u d e d  in t h e  b u f f e r  and  t h e  i n h i b i t o r y  e f f e c t s  of  t h e  

a r s e n i c  on t h e  Na, K-ATPase a r e  r e v e r s i b l e  ( E r n s t  and 

P h i l p o t t ,  1 9 7 0 ) .  C o l l i d i n e  when u s e d  t o  b u f f e r  

p a r a f o r m a l d e h y d e  l e a d s  t o  l y s i s  of  t h e  c y t o p l a s m i c  m a t r i x  

and  e x t e n s i v e  d e s t r u c t i o n  of  membranes  ( C a r s o n ,  Lynn & 

M a r t i n ,  1972) .  When u s e d  w i t h  g l u t a r a l d e h y d e  C o l l i d i n e  

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

b u f f e r s  ( B u s s o n - Ma b i 11o t , 19 7 1 ) .  Sk i n  s a m p l e s  f rom cow, 

s h e e p ,  g o a t  and  t h e  r a t  f o o t p a d  wer e  f i x e d  u s i n g  1% 

p a r a f o r m a l d e h y d e  and  0.25% g l u t a r a l d e h y d e  in e i t h e r  

c a c o d y l a t e ,  S o r e n s e n / s  o r  M i l l o n i g / s  p h o s p h a t e  b u f f e r .  

A f t e r  f i x a t i o n  t h e  s a m p l e s  wer e  p r o c e s s e d  a s  d e s c r i b e d  in 

a p p e n d i x  2.

R e s u 1t .

The r a t  f o o t p a d  s we a t  g l a n d  f u n d u s  was  p o s i t i v e  in 

t h e  t h r e e  b u f f e r s  t e s t e d  w h i l e  cow,  s h e e p  and  g o a t  were  

n e g a t i v e .  As t h e r e  was no a d v a n t a g e  of  p h o s p h a t e s  o v e r  t he  

o r i g i n a l  c a c o d y l a t e  b u f f e r  ( E r n s t ,  1972a)  c a c o d y l a t e  

r e m a i n e d  t h e  f i x a t i v e  b u f f e r  d u r i n g  t h e  r e m a i n d e r  of  t h e  

t e c h n i q u e  t r i a l s .
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D i r e c t  i n c u b a t i o n .

B e f o r e  commencing t r i a l s  on s u b s t r a t e  c o m p o s i t i o n  and 

opt imum c o n d i t i o n s ,  t i s s u e s  wer e  i n c u b a t e d  in t h e  s t a n d a r d  

s u b s t r a t e  w i t h o u t  p r i m a r y  f i x a t i o n .  On e x a m i n a t i o n  t h e  

q u a l i t y  of  u l t r a s t r u c t u r e  was s o  p o o r  t h a t  even  t h e  r a t  

c o u l d  be j u d g e d  a f a i l u r e .

I n c u b a t i o n  Ti me.  T e mp e r a t u r e  and  p H.

In t h i s  s e r i e s  of  e x p e r i m e n t s  t h e  s a m p l e s  wer e  p r o c e s s e d  

a s  d e s c r i b e d  in a p p e n d i x  2.  The d i s t r i b u t i o n  of  t h e  

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

s t a t e d .

R e s u 1t .

T i m e .

S w e a t a l a n d  f u n d u s .

R a t . Cow. S h e e p

30 M i n u t e s + v e . - v e . - v e .

45 M i n u t e s + ve  . - v e . - v e  .

1 H o u r . + ve  . -  v e . -  ve  .

1 . 5 H o u r s . + v e . - v e . - v e  .

2 H o u r s . + ve  . -  v e . -  ve  .

3 H o u r s . + v e . -  ve  . - v e  .

S e c t i o n s ,  f r o m a l l  an  i m a 1s ,

s h o w e d  an i n c r e a s e i n  n o n - s p e c  i f

p a r t  i c u 1a r 1y on t h e c i s t e r n a e  o f
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T e m p e r a t u r e .
o

I n c u b a t i o n  t e m p e r a t u r e  w a s  r a i s e d  t o  3 7  C.

S w e a t q 1 a n d f u n d u s .

R a t  . Cow S h e e p .

30 M i n u t e s . + v e . - v e  . - v e .

45  M i n u t e s . + v e . -  v e . - v e .

1 H o u r . + v e . - v e . — v e

1 . 5  H o u r s . + ve  . -  v e . - v e  .

2 H o u r s . + ve  . - v e . - v e  .

2 . 5  H o u r s . + ve  . - v e  . - v e  .

3 H o u r s . + ve  . - v e  . - v e  .

R a i s i n g  t h e  i n c u b a t i o n  t e m p e r a t u r e  r e s u l : t e d  i n

i n c r e a s e  o f n o n - s p e c  i f i c b a c k g r o u n d  s t a i n i n g in a l l

a n i m a l s  o t h e r w i s e t h e  r e s u l t  w a s  t h e  sam e  a s b e f o r e

pH.

Sweat  g l a n d  f u n d u s .

Rat  . Cow. Goat

pH 7 . 2 - v e  . -  ve  . -  v e .

pH 8. + / - v e . - v e  . -  v e .

pH 9. + ve . - v e . - v e  .

pH 10 . - v e  . -  ve  . - v e .

Cow and g o a t  were  n e g a t i v e  a t  a l l  pH v a l u e s .  The r a t  

f o o t p a d  s wea t  g l a n d  showed c h a n g e s  f rom t h e  o r i g i n a l  

d i s t r i b u t i o n  whi ch  a g r e e d  w i t h  t h o s e  of  E r n s t  ( 1 9 7 2 a ) .  The 

r e a c t i o n  p r o d u c t  was  ma r k e d l y  r e d u c e d  a t  pH 8 and a b s e n t  

a t  pH 7 . 2  due t o  i n s u f f i c i e n t  t r a p p i n g  of  t h e  h y d r o l y s e d  

p h o s p h a t e  and s o l u b i l i z a t i o n  o f  t h e  s t r o n t i u m  p h o s p h a t e .

At pH v a l u e s  above  9 t h e  p o t a s s i u m - d e p e n d e n t  a c t i v i t y  f e l l  

r a p  i d l y .
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I n c u b a t i o n  s u b s t r a t e  c o m p o s i t i o n .

In t h i s  s e r i e s  of  e x p e r i m e n t s  t h e  s a m p l e s  wer e  

p r o c e s s e d  a s  d e s c r i b e d  in a p p e n d i x  2 b u t  w i t h  t h e  

i n c u b a t i o n  s u b s t r a t e  a l t e r e d  in t h e  f o l l o w i n g  w a y s : -

P o t a s s i  urn.

Sweat q 1 and f u n d u s .

R a t . Cow. S h e e p . Goat

lOmM KC1. + v e . -  ve . -  v e . -  ve .

20mM KC1 . + ve . - v e  . - v e . - v e  .

50mM KC1 . + ve . -  ve . -  v e . -  ve .

lOOmM KC1. + v e . -  ve . -  v e . - v e  .

The d i s t r i b u t i o n  of  t h e  r e a c t i o n  p r o d u c t  on t h e  Rat  

f o o t p a d  s we a t  g l a n d  was a s  b e f o r e ,  cow,  s h e e p  and  g o a t  

wer e  n e g a t i v e .

p - N i t r o o h e n v 1 P h o s p h a t e .  ( p - NPP. )

S w e a t q 1 a n d f u n d u s .

R a t  . Cow. S h e e p . G o a t

lOmM p-NPP + ve  . -  ve  . - v e  . -  ve  .

20mM p-NPP + ve . -  ve . -  ve . -  ve  .

30mM p-NPP + ve  . -  ve  . -  ve  . - v e  .

The d i s t r i b u t i o n  of  t he  r e a c t i o n  p r o d u c t  on t h e  Rat  

f o o t p a d  s we a t  g l a n d  was a s  b e f o r e ,  cow,  s h e e p  and  go a t  

were  n e g a t i v e .

S t r o n t i u m  c h l o r i d e .

S t r o n t i u m ,  t h e  c a p t u r e  ion f o r  t h e  h y d r o l y s e d  

p h o s p h a t e  of  t h e  r e a c t i o n ,  i s  a s t r o n g  i n h i b i t o r  of  t h e  

enzyme,  a l t h o u g h  l e s s  i n h i b i t o r y  t h a n  o t h e r  heavy  m e t a l s  

( E r n s t ,  1 9 7 2 a , b ) .  The c o n c e n t r a t i o n  of  t h e  s t r o n t i u m  was 

l o we r e d ,  f rom 20mM, t o  a s c e r t a i n  i f  t h e  ion was i n d e e d
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c a u s i n g  e x c e s s  i n h i b i t i o n  of  t h e  enzyme in t h e  

e x p e r i m e n t a l  a n i m a l s .

Sweat  g l a n d  f u n d u s .

R a t . Cow. G o a t .

20mM S r C l .  +ve .  - v e .  - v e .

lOmM S r C l . +ve .  - v e .  - v e .

5mM S r C l . + ve .  - v e .  - v e .

D e c r e a s i n g  t h e  c o n c e n t r a t i o n  of  s t r o n t i u m  in t he  

i n c u b a t i o n  s u b s t r a t e  ha d  no e f f e c t  on t h e  r e s u l t .  The 

d i s t r i b u t i o n  in t h e  r a t  f o o t p a d  s we a t  g l a n d  was a s  b e f o r e .

Lead n i t r a t e  s u b s t i t u t i o n .

T h i s  s t e p  of  t h e  t e c h n i q u e  was n e c e s s a r y  t o  c o n v e r t  

s t r o n t i u m  p h o s p h a t e  t o  l e a d  p h o s p h a t e  whi ch  can be 

v i s u a l i z e d  in t h e  e l e c t r o n  m i c r o s c o p e .  The s t a n d a r d  t i me  

of  2 x 5 m i n u t e s  was  a l t e r e d  t o  1 x 5 m i n u t e s  and 3 x 5  

m i n u t e s .  Agai n  t h e  r a t  was p o s i t i v e  a t  a l l  t i m e s  w i t h  

c a t t l e ,  s h e e p  and  g o a t  n e g a t i v e .

The c h a n g e s  in t e c h n i q u e  f a i l e d  t o  e n a b l e  r e p e t i t i o n  

of  t h e  o r i g i n a l  r e s u l t  e x c e p t  w i t h  t h e  r a t  whi ch  gave  a 

c o n s i s t e n t l y  p o s i t i v e  r e s u l t .  As t h e  E r n s t  t e c h n i q u e  

p r o v e d  u n s u c c e s s f u l  on t h e  e x p e r i m e n t a l  a n i m a l s  a s e c o n d  

t e c h n i q u e  f o r  t h e  e l e c t r o n  m i c r o s c o p i c  l o c a l i z a t i o n  of  t he  

o u a b a i n  s e n s i t i v e ,  p o t a s s i u m - d e p e n d e n t

p - n i t r o p h e n y 1 p h o s p h a t e  a c t i v i t y  of  t h e  Na, K-ATPase complex 

was  t e s t e d .  The t e c h n i q u e  ( Ma ya ha r a ,  F u j i m o t o ,  Ando & 

Ogawa,  1981) ,  whi ch  u s e s  p - n i t r o p h e n y 1 p h o s p h a t e  a s  

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

d 1 me t hy  1s u 1p h o x i d e  a s  an a c t i v a t o r ,  was t e s t e d  on Rat  

f o o t p a d .  In t h e  s we a t  g l a n d  f u n d u s ,  r e a c t i o n  p r o d u c t  was 

a g a i n  f o c a l i z e d  on t h e  b a s a l  and  b a s o l a t e r a l  membranes  of
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t h e  s e c r e t o r y  e p i t h e l i a l  c e l l s  ( F i g . 7 . 2 1 , 2 2 , 2 3 ) .  The 

r e a c t i o n  p r o d u c t  was  o u a b a i n  s e n s i t i v e  and  p o t a s s i u m  

d e p e n d e n t .  I t s  e x t r e m e l y  f i n e  s i z e  e n a b l e d  v i s u a l i z a t i o n  

on t h e  c y t o p l a s m i c  s i d e  of  t h e  p l a s ma  membrane.  The 

t e c h n i q u e  was  t r i e d  on c a t t l e ,  s h e e p  and g o a t  b u t  a g a i n  

w i t h  a n e g a t i v e  r e s u l t .  A s e r i e s  of  t r i a l s  was s t a r t e d  on 

t h e  c h e mi c a l  c o m p o s i t i o n  of  t h e  s u b s t r a t e  b u t  a b a n d o n e d  a s  

p r e c i p i t a t e s  f o r med  r e a d i l y  maki ng  t h e  s u b s t r a t e  

u n s u i t a b l e  f o r  u s e .

A f i n a l  e x p e r i m e n t  on t h e  l o c a l i z a t i o n  of  Na,K-ATPase 

in s we a t  g l a n d s  was  u n d e r t a k e n  a f t e r  p e r s o n a l  

c o mmu n i c a t i o n  w i t h  Dr J .  A. F i r t h .  The l i g h t  m i c r o s c o p i c  

t e c h n i q u e  ( Gut h & A l b e r s ,  1974)  d e s c r i b e d  in a p p e n d i x  2 

was c a r r i e d  o u t  on u n f i x e d  c r y o s t a t  s e c t i o n s .  As 

p r e v i o u s l y  Rat  k i d n e y  and  f o o t p a d  wer e  u s e d  a s  +ve c o n t r o l  

t i s s u e s .  R e a c t i o n  p r o d u c t  was l o c a l i z e d  in t h e  t u b u l e s  of  

t h e  k i d n e y  c o r t e x  and  a t  t h e  b a s e  of  s e c r e t o r y  c e l l s  of  

t he  s we a t  g l a n d  f u n d u s .  However ,  when c a r r i e d  o u t  on t he

F i g . 7 . 2 1 . Rat  f o o t p a d  s we a t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  

p r e s e n t  on t h e  b a s a l  and b a s o l a t e r a l  membranes  of  t h e  

s e c r e t o r y  e p i t h e l i u m  a f t e r  s t a i n i n g  by t h e  Mayahara  ( 1981)  

t e c h n  i q u e .

F i g . 7 . 2 2 . Rat  f o o t p a d  s we a t  g l a n d  f u n d u s :  High power  

e l e c t r o n  m i c r o g r a p h  of  t h e  b a s a l  i n f o l d i n g s  a f t e r  s t a i n i n g  

by t h e  Mayahara  e t  a l . ,  ( 1981)  t e c h n i q u e .

F i u . 7 . 2 3 . Rat  f o o t p a d  s we a t  g l a n d  f u n d u s :  High power  

e l e c t r o n  m i c r o g r a p h  of  t h e  a p i c a l  membranes  be t we e n  

s e c r e t o r y  c e l l s  s t a i n e d  by t h e  Mayahara  e t  a l . , ( 1 9 8 1 )  

t e c h n  i q u e .
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s k i n  of  c a t t l e ,  s h e e p  and  g o a t  no r e a c t i o n  p r o d u c t  

d e v e l o p e d  in t h e  s wea t  g l a n d s .

The d i s t r i b u t i o n  of  a l k a l i n e  p h o s p h a t a s e  in s we a t  

g l a n d s  was  a l s o  e x a mi n e d .  Al t h o u g h  a l k a l i n e  p h o s p h a t a s e  

was  i n h i b i t e d  by l e v a m i s o l e  ( B o r g e r s ,  1973)  in t h e  

Na, K-ATPase  i n c u b a t i o n  medium,  t h e  enzyme i s  c a p a b l e  of  

c a t a l y s i n g  t h e  h y d r o l y s i s  of  v a r i o u s  p h o s p h a t a s e  e s t e r s  a t  

a l k a l i n e  pH.  T h e r e f o r e  t h e  p o s s i b i l i t y  t h a t  a l k a l i n e  

p h o s p h a t a s e  i s  b e i n g  d e m o n s t r a t e d  by t h e  p - NPPase  

t e c h n i q u e  c a n n o t  be e l i m i n a t e d .

GLANDULAR ALKALINE PHOSPHATASE.

T r i a l s .

A s e r i e s  of  t e c h n i q u e  t r i a l s  on t h e  s we a t  g l a n d s  f rom 

r a t  f o o t p a d ,  cow,  s h e e p  and  g o a t  was  u n d e r t a k e n  b e f o r e  an 

e x p e r i m e n t  was a t t e m p t e d  in t h e  e n v i r o n m e n t a l  chamber .  

P r o c e d u r e . ,

Sa mpl e s  were  f i x e d  and  p r o c e s s e d  f o r  a l k a l i n e  

p h o s p h a t a s e  ( A l k . P a s e )  a s  d e s c r i b e d  in Appendi x  2.

Rat  f o o t p a d .

A l k a l i n e  p h o s p h a t a s e  was l o c a t e d  in t h e  f i b r o c y t e  

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

g l a n d  ( F i g . 7 . 2 4 ) ,  and  on t h e  p l a s ma  membranes  of  t h e  

m y o e p i t h e l i a l  c e l l s  ( F i g . 7 . 2 5 ) .  I t  wa s ,  h o we v e r ,  a l s o

F i g . 7 . 2 4 . Ra t  f o o t p a d  s we a t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  

p r e s e n t  in t h e  f i b r o c y t e  s h e a t h  and on t h e  p l a s ma  

membranes  of  t h e  m y o e p i t h e l i u m .

F i g . 7 . 2 5 . Rat  f o o t p a d  s we a t  g l a n d  f u n d u s :  High power  

e l e c t r o n  m i c r o g r a g h  of  r e a c t i o n  p r o d u c t  on t h e  p l a s ma  

membrane of  t h e  m y o e p i t h e l i u m .
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d e t e c t e d  in low c o n c e n t r a t i o n  on t h e  b a s a l  i n f o l d i n g s  of  

t h e  s e c r e t o r y  c e l l s  ( F i g . 7 . 2 4 ) .  The r e a c t i o n  p r o d u c t  was 

c o m p l e t e l y  i n h i b i t e d  by l e v a m i s o l e  ( F i g . 7 . 2 6 ) .

Cow. Sheep and  G o a t .

The d i s t r i b u t i o n  of  a l k a l i n e  p h o s p h a t a s e  in t h e  swea t  

g l a n d s  was  e s s e n t i a l l y  t h e  same a s  t h a t  f o u n d  in t h e  r a t .  

The main c o n c e n t r a t i o n s  of  enzyme in t h e  cow were  on t he  

b a s a l  membranes  of  t h e  s e c r e t o r y  c e l l s  and  a r o u n d  t h e  

m y o e p i t h e l i a l  c e l l s  ( F i g . 7 . 2 7 ) ,  p a r t i c u l a r l y  a t  t he  

s u r f a c e  a d j o i n i n g  t h e  s e c r e t o r y  c e l l s ,  wher e  c a v e o l a e  were  

r e g u l a r l y  e l e c t r o n  opaque  ( F i g . 7 . 2 8 ) .  I t  was a l s o  p r e s e n t  

in t h e  s u r r o u n d i n g  f i b r o c y t e  s h e a t h .  The enzyme in s he ep  

and  g o a t  was g e n e r a l l y  s e e n  in ve r y  low c o n c e n t r a t i o n ,  

l a t e r a l l y  be t wee n  s e c r e t o r y  c e l l s ,  b u t  was  n e v e r  f ound  a t  

t h e  l umi na l  s u r f a c e  ( F i g . 7 . 2 9 ) .  The f i b r o c y t e s  in t he  

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

p h o s p h a t a s e .  The r e a c t i o n  was c o m p l e t e l y  i n h i b i t e d  by 

1evami  s o  1e .

F i g . 7 . 2 6 . Rat  f o o t p a d  s wea t  g l a n d  f u n d u s :  No r e a c t i o n  

p r o d u c t  i s  p r e s e n t  a f t e r  l e v a m i s o l e  i n h i b i t i o n .

F i g . 7 . 2 7 . Cow s we a t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  p r e s e n t  

on t h e  b a s a l  membranes  of  s e c r e t o r y  c e l l s  and  a r o u n d  t he  

myoep i t h e  1 i urn.

F i g . 7 . 2 8 . Cow s wea t  g l a n d  f u n d u s :  High power  e l e c t r o n  

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

b e t we e n  s e c r e t o r y  and  m y o e p i t h e l i u m .

F i g . 7 . 2 9 . Goat  s we a t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  

b e t we en  s e c r e t o r y  c e l l s  and m y o e p i t h e l i u m .
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E f f e c t  of  t h e r ma l  s t i m u l a t i o n .

Four  c a t t l e ,  s h e e p  and  g o a t s  wer e  p l a c e d  in an 
o  oe n v i r o n me n t  of  40 C DB/26 C WB. Sk i n  s a m p l e s  were  t a k e n  

f rom t h e  c a t t l e  upon e n t r y  i n t o  t h e  e n v i r o n m e n t a l  chamber ,  

a t  t h e  o n s e t  of  s w e a t i n g ,  and  a f t e r  3 h o u r s  of  c o n t i n u o u s  

s w e a t i n g .  Sampl es  wer e  t a k e n  f rom t h e  s h e e p  and  g o a t s  a t  

e n t r y ,  i mm e d i a t e l y  a f t e r  t h e  s e c o n d  s w e a t i n g  peak  and  a t  

g l a n d  f a t i g u e .  The s a m p l e s  f rom e a c h  s p e c i e s  wer e  f i x e d  

and  p r o c e s s e d  f o r  a l k a l i n e  p h o s p h a t a s e  a s  d e s c r i b e d  in 

a p p e n d i x  2.  In t h i s  s e r i e s  of  e x p e r i m e n t s  t h e  e f f e c t  of  

t h e  Na, K-ATPase i n h i b i t o r ,  o u a b a i n ,  was a l s o  t e s t e d .  

Resu l t . .

Thermal  s t i m u l a t i o n  h a d  no e f f e c t  on t he  d i s t r i b u t i o n  

of  a l k a l i n e  p h o s p h a t a s e .  The r e a c t i o n  p r o d u c t  in c a t t l e  

was l o c a l i s e d  t o  t h e  membranes  of  t h e  m y o e p i t h e l i u m ,  

p a r t i c u l a r l y  t h o s e  a d j a c e n t  t o  t h e  s e c r e t o r y  e p i t h e l i u m  

( F i g . 7 . 3 0 )  and  n e v e r  f o u n d  on t h e  l umi na l  membrane of  t he  

s e c r e t o r y  e p i t h e l i u m .  The r e a c t i o n  was c o m p l e t e l y  

i n h i b i t e d  by l e v a m i s o l e  ( F i g . 7 . 3 1 )  b u t  u n a f f e c t e d  by 

o u a b a i n  ( F i g . 7 . 3 2 ) .

F i q . 7 . 3 0 . Cow s we a t  g l a n d  f u n d u s :  At s w e a t i n g  p l a t e a u  

r e a c t i o n  p r o d u c t  i s  s t i l l  p r e s e n t  b e t we e n  s e c r e t o r y  and 

myoep i t h e  1 i urn.

F i a . 7 . 3 1 . Cow s wea t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  i s  

a b s e n t  a f t e r  l e v a m i s o l e  i n h i b i t i o n .

Fi g . 7 . 3 2 . Cow s we a t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  i s  

s t i l l  p r e s e n t  a f t e r  t r e a t m e n t  w i t h  o u a b a i n .

111



;*P * .e

MyoE

MyoE



M yoE

m
*

■ ^  '

0 -5 jjm



M y o E



7
31

M y o E



Sheep and  g o a t s  had  t h e  same d i s t r i b u t i o n  of  enzyme 

in t h e  a c t i v e  and  f a t i g u e d  g l a n d  ( F i g . 7 . 3 3 , 3 4 )  a s  a t  r e s t .  

The r e a c t i o n  was i n h i b i t e d  by l e v a m i s o l e  b u t  u n a f f e c t e d  by 

o u a b a i  n .

H o r s e .

In t h e  u n s t i m u l a t e d  e q u i n e  s we a t  g l a n d  f u n d u s  t h e  

r e a c t i o n  p r o d u c t  was l o c a l i s e d  a t  t h e  l umi na l  membrane and 

on t h e  m i c r o v i l l i  o f  t h e  s e c r e t o r y  c e l l s ,  b u t  was  a b s e n t  

f rom t h e i r  l a t e r a l  and  b a s a l  s u r f a c e s  ( F i g . 7 . 3 5 ) .  No 

enzyme was f ound  on t h e  m y o e p i t h e l i a l  c e l l s  a l t h o u g h  i t  

was  a g a i n  p r e s e n t  in t h e  s u r r o u n d i n g  f i b r o c y t e s .

The d i s t r i b u t i o n  of  t h e  enzyme was  u n a f f e c t e d  by 

g l a n d u l a r  s t i m u l a t i o n ,  a l t h o u g h  t h e  amount  of  r e a c t i o n  

p r o d u c t  p r e s e n t  a f t e r  3 h o u r s  of  s w e a t i n g ,  a s  a s s e s s e d  by 

c o m p a r i s o n  of  c o r r e s p o n d i n g  h i s t o l o g i c a l  s e c t i o n s  f rom t he  

same h o r s e s  p r o c e s s e d  in t h e  same i n c u b a t i o n  b a t h ,  

a p p e a r e d  t o  ha ve  been  c o n s i d e r a b l y  r e d u c e d  ( F i g . 7 . 3 6 ) .  The 

r e a c t i o n  was  i n h i b i t e d  by l e v a m i s o l e  and  u n a f f e c t e d  by

F i g . 7 . 3 3 . Sheep s wea t  g l a n d  f u n d u s  a f t e r  t h e  s e c o n d  

s w e a t i n g  p e a k :  R e a c t i o n  p r o d u c t  i s  p r e s e n t  be t we e n

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

F i g . 7 . 3 4 . Goat  s wea t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  i s  

p r e s e n t  b e t we e n  s e c r e t o r y  and  m y o e p i t h e l i u m .

F i g . 7 . 3 5 . Hor se  s we a t  g l a n d  f u n d u s :  R e a c t i o n  p r o d u c t  

p r e s e n t  on t h e  l umi na l  m i c r o v i l l i  of  t h e  s e c r e t o r y  

ep i c h e 1 i urn.

F i g . 7 . 3 6 . Hor se  s wea t  g l a n d  f u n d u s :  A f t e r  3 h o u r s  of  

t h e r ma l  s t i m u l a t i o n  r e a c t i o n  p r o d u c t  i s  s t i l l  p r e s e n t  on 

l umi na l  m i c r o v i l l i  of  t h e  s e c r e t o r y  c e l l s .
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DISCUSSION.

The r e s u l t s  f o r  t h e  g l a n d u l a r  l o c a l i z a t i o n  of  

Na, K-ATPase  a l t h o u g h  i n t e r e s t i n g  we r e  d i s a p p o i n t i n g  a s  t he  

t e c h n i q u e  was  n o t  r e p e a t a b l e .  When a p o s i t i v e  r e a c t i o n  was 

o b t a i n e d  i t  s a t i s f i e d  t h e  c r i t e r i a  s u g g e s t e d  by E r n s t  and 

Hootman ( 1 9 8 1 ) .  The r e a c t i o n  was p o t a s s i u m  d e p e n d e n t ,  

i n h i b i t e d  by o u a b a i n ,  p r e s e n t  when an a l k a l i n e  p h o s p h a t a s e  

i n h i b i t o r  was  i n c l u d e d  and ,  in a l l  b u t  one i n s t a n c e ,  

l o c a l i z e d  t o  t h e  c y t o p l a s m i c  s i d e  of  t h e  p l a s ma  membrane.  

Rat  k i d n e y  and  t h e  b a s a l  and  b a s o l a t e r a l  membranes  of  

s e c r e t o r y  c e l l s  f rom r a t  f o o t p a d ,  s h e e p  and  h o r s e  s wea t  

g l a n d s  s a t i s f i e d  t h e s e  c r i t e r i a .  When p r e s e n t  on t he  

l umi na l  membrane of  s e c r e t o r y  c e l l s  f rom t h e  s h e e p  and  

h o r s e  s wea t  g l a n d s  i t  a l s o  s a t i s f i e d  t h e s e  c r i t e r i a .  The 

r e a c t i o n  p r o d u c t  in t h e  cow was  f o u n d  on t h e  o u t e r  l e a f l e t  

of  t h e  s e c r e t o r y  c e l l  l umi na l  membrane.  L e u e n b e r g e r  and 

No v i k o f f  ( 1974)  in t h e  r a t  c o r n e a  and  M i l h o r a t ,  Dav i s  and 

Hammock, ( 19 7 5 )  in t h e  c h o r o i d  p l e x u s  a l s o  f ound  r e a c t i o n  

p r o d u c t  o n l y  on t h e  e x t r a c e l l u l a r  s i d e  of  t h e  p l a s ma  lemma. 

Q u i n t o n ,  Wr i g h t  and  Tormey,  ( 1973)  u s i n g  t r i t i a t e d  o u a b a i n  

on t h e  c h o r o i d  p l e x u s  l o c a l i z e d  t h e  r e a c t i o n  t o  t h e

v e n t r i c u l a r  s u r f a c e  of  t h e  e p i t h e l i u m  a g r e e i n g  w i t h  t h e  

p h y s i o l o g i c a l  d a t a  of  Wr i gh t  ( 1 9 7 2 ) .  Al t h o u g h  M i l h o r a t  e t  

a l . ,  ( 1975)  and  Qu i n t o n  e t  a l . ,  ( 1973)  l o c a l i z e d  t h e  

enzyme on d i f f e r e n t  s i d e s  of  t h e  membrane ,  t h e  r e a c t i o n  

d e p o s i t i o n ,  l i k e  t h a t  f ound  in cow and s h e e p ,  was  

K- d e p e n d e n t  and o u a b a i n  s e n s i t i v e .

The f a i l u r e  of  t h e  t e c h n i q u e  t o  p r o v i d e  r e p r o d u c i b l e  

r e s u l t s ,  d e s p i t e  t h e  r a n g e  of  m o d i f i c a t i o n s ,  may no t  be
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due t o  t e c h n i c a l  s h o r t c o m i n g s  bu t  s p e c i f i c  r e q u i r e m e n t s  of 

t h e  enzyme.  The enzyme may be e x t r e m e l y  l a b i l e  and  

d e t e r i o r a t e  r a p i d l y  a f t e r  t h e  b i o p s y  h a s  been  t a k e n .  T h i s  

s eems  u n l i k e l y  a s  u n f i x e d  t i s s u e  f rom c a t t l e ,  s h e e p  and 

g o a t  gave  a n e g a t i v e  r e s u l t .  S t u d i e s  ha ve  shown a c t i v a t i o n  

of  Na, K-ATPase  by s e c r e t a g o g u e s  s uc h  a s  c a r b a c h o l , CCKg, 

s e c r e t i n  and  VIP in g u i n e a  p i g  p a n c r e a t i c  a c i n a r  c e l l s  

(Hoot man,  E r n s t  & W i l l i a m s ,  1983)  and  by c a r b a c h o l  and 

cGMP in r a t  s u b m a n d i b u l a r  g l a n d  ( S h i ,  S t e w a r t  & Sen,

1980) .  The l o c a l i z a t i o n  of  Na, K-ATPase on t h e  l umi na l  

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

a d r e n e r g i c  component  may be n e c e s s a r y  f o r  a c t i v a t i o n  of  

t h e  enzyme in s we a t  g l a n d s .  Both c h o l i n e r g i c  and 

a d r e n e r g i c  co mp o n e n t s  a r e  i n v o l v e d  in t h e  s w e a t i n g  

r e s p o n s e  of  t h e  h o r s e  ( L o v a t t  Evans  & Smi t h ,  1956;  

J e n k i n s o n ,  Montgomery & E l d e r ,  1978;  J o h n s t o n  & Cr e e d ,

1 9 8 2 ) .  The e f f e c t s  of  s e c r e t a g o g u e s  on Na, K-ATPase 

a c t i v i t y  in t h e  s we a t  g l a n d  r e q u i r e s  f u r t h e r  s t u d y .  There  

i s  e v i d e n c e  f o r  t h e  a p p e a r a n c e  of  ATPase s i t e s  in r e s p o n s e  

t o  a l d o s t e r o n e  and a n t i d i u r e t i c  hormone (ADH) in c u l t u r e d  

m o n o l a y e r s  of  a mp h i b i a n  b l a d d e r  e p i t h e l i a l  c e l l s  ( Le wi s ,  

1983;  K r a e h e n b u h l ,  Bonna r d ,  G e e r i n g ,  G i r a r d e t  & R o s s i e r ,

19 8 3 ) .  T h i s  s y s t e m  r e l i e s  on a " c y t o s k e 1e t o n  w i t h  

v e s i c l e s "  c o n t a i n i n g  t r a n s p o r t  p r o t e i n s  whi ch  can be 

i n s e r t e d  i n t o  t h e  a p p r o p r i a t e  membrane upon a c t i v a t i o n  

( Le wi s ,  1983) .  Such a s y s t e m in s we a t  g l a n d s  i s  u n l i k e l y ,  

a s  i f  v e s i c l e s  of  t h i s  t y p e  wer e  p r e s e n t  t h e y  wou l d  be 

e x p e c t e d  t o  s t a i n  f o r  Na,K-ATPase and  be p r e s e n t  in t he  

c y t o p l a s m  of  u n s t i m u l a t e d  s we a t  g l a n d  s e c r e t o r y  c e l l s .
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The main d i s t r i b u t i o n  of  a l k a l i n e  p h o s p h a t a s e  was on 

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

membranes .  Only t h e  h o r s e  showed r e a c t i o n  p r o d u c t  on t he  

l umi na l  m i c r o v i l l i  of  s e c r e t o r y  c e l l s  and  no t  on t he  

membranes  of  t h e  m y o e p i t h e l i u m .  The d i s t r i b u t i o n  of  

a l k a l i n e  p h o s p h a t a s e  was  u n a f f e c t e d  by o u a b a i n  and t he r ma l  

s t i m u l a t i o n ,  e x c e p t  f o r  t h e  r e d u c t i o n  in t h e  h o r s e ,  bu t  

was  c o m p l e t e l y  i n h i b i t e d  by l e v a m i s o l e .  The se  f i n d i n g s  do 

n o t  r u l e  ou t  t h e  p o s s i b i l i t y  t h a t  t h e  r e a c t i o n  p r o d u c t  

f ound  u s i n g  t h e  E r n s t  ( 1 9 7 2 a , b )  t e c h n i q u e  f o r  Na,K-ATPase 

in t h e  cow,  s h e e p  and  h o r s e  was  a 1e v a mi s o  1 e - r e s i s t a n t  

a l k a l i n e  p h o s p h a t a s e  ( F i r t h  & Ma r l a n d ,  19 7 5 ) .  The q u e s t i o n  

r e m a i n s  howe ve r ,  why d i d  t h e  r e a c t i o n  f o r  Na,K-ATPase on l y  

o c c u r  in t h e  cow a f t e r  t h e r ma l  s t i m u l a t i o n  and why was i t

a b o l i s h e d  in s h e e p  a f t e r  g l a n d  f a t i g u e .

C a p t u r e  t e c h n i q u e s  u s i n g  o t h e r  me t a l  i o n s  such  a s  

Cer i um ( Ro b i n s o n  & Ka r n o v s k y ,  1983)  can be u s e d  and 

v i s u a l i s e d  d i r e c t l y  o r  be d e t e c t e d  by E l e c t r o n  

S p e c t r o s c o p i c  I mag i ng  p r o d u c i n g  an e l e m e n t a l  d i s t r i b u t i o n  

map of  t h e  s p e c i me n .  The a u t o r a d i o g r a p h i c  l o c a l i z a t i o n  of  

Na, K-ATPase u s i n g  t h e  s p e c i f i c i t y  of  t r i t i a t e d  o u a b a i n  

b i n d i n g  t o  t h e  enzyme ( S t i r l i n g ,  1972)  and 

i mmu n o c y t o c h emi ca 1 t e c h n i q u e s  w i t h  l a b e l l e d  a n t i b o d y  

( Ky t e ,  1 9 7 6 a , b ;  S z t u l ,  B i e m e s d e r f e r , Ca p l a n ,  Ka s h g a r i a n  & 

Boye r ,  1987)  on l i g h t l y  f i x e d  o r  u l t r a t h i n  f r o z e n  s e c t i o n s

w i l l  have  t o  be t e s t e d  b e f o r e  more e x p e r i m e n t s  on

t h e r m a l l y  s t i m u l a t e d  s we a t  g l a n d s  a r e  u n d e r t a k e n .  The 

i s o l a t i o n  of  s wea t  g l a n d s  by t h e  s h e a r i n g  t e c h n i q u e  of  

Lee ,  J o n e s  and Kea l ey  ( 1984)  and t h e i r  m a i n t e n a n c e  in 

c u l t u r e  (Lee e t  a l . ,  1984)  b e f o r e  e x a m i n a t i o n  by
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c y t o c h e m i s t r y  can a l s o  b e  t e s t e d .  B i o c h e m i c a l  a s s a y s  o f  

s we a t  g l a n d s  u s i n g  t h e  t e c h n i q u e s  d e s c r i b e d  by Schuurmans  

S t e k h o v e n  and  B o n t i n g  ( 1981)  wou l d  a l s o  be of  i mp o r t a n c e  

in d e t e r m i n i n g  t h e  o v e r a l l  a c t i v i t y  of  Na, K-ATPase .

Us i n g  a c o m b i n a t i o n  of  t h e s e  t e c h n i q u e s ,  s we a t  g l a n d s  can 

be e x a mi n e d  in an a t t e m p t  t o  e x p l a i n  t h e  r e s u l t s  o b t a i n e d  

in t h e  i n i t i a l  e x p e r i m e n t s  u s i n g  t h e  E r n s t  t e c h n i q u e  f o r  

Na , K-ATPase .
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CHAPTER 8 .

GENERAL DISCUSSION.

T h e s e ,  t h e  f i r s t  c o m p a r a t i v e  dynami c  s t u d i e s  of  swea t  

g l a n d  u l t r a s t r u c t u r e ,  i l l u s t r a t e  t h a t  t h e  s we a t  g l a n d  du c t  

in a l l  s p e c i e s  can  be d i v i d e d  i n t o  two main r e g i o n s ,  t he  

i n t r a e p i d e r m a  1 r e g i o n  wher e  i t  t r a v e r s e s  e i t h e r  t h e  

e p i d e r m i s  o r  t h e  h a i r  f o l l i c l e  and  t h e  i n t r a d e r m a l  r e g i o n .  

The s t r u c t u r e  o f  t h e s e  two r e g i o n s  i s  b a s i c a l l y  t h e  same 

in a l l  s p e c i e s .  The i n t r a d e r m a l  r e g i o n  can be s u b - d i v i d e d  

i n t o  an u p p e r  and  lower  a s c e n d i n g  d u c t  and  a t r a n s i t i o n  

z o n e .  The o n l y  d i f f e r e n c e  o b s e r v e d  b e t we e n  s p e c i e s  was t he  

p r e s e n c e  in man of  a c o i l e d  d u c t a l  zone  a d j a c e n t  t o  t h e  

t r a n s i t i o n  zone  w i t h  t h e  f u n d u s .  The k e r a t i n i z e d  c e l l s  a t  

t h e  mout h of  t h e  d u c t  in a l l  t h e  s p e c i e s  e x a mi n e d  a r e  

l i k e l y ,  a s  a r e  t h o s e  of  t h e  e p i d e r m i s  ( J e n k i n s o n ,  1980) ,  

t o  p r o t e c t  a g a i n s t  p h y s i c a l  damage and  t h e  p e n e t r a t i o n  of  

f o r e i g n  b o d i e s .  J e n k i n s o n  and Ll oyd  ( 19 7 9 )  p o s t u l a t e d  t h a t  

sebum and  s we a t  form an e mu l s i o n  whi ch  p e r m e a t e s  be t ween  

t h e  s quames  and  e x u d e s  f rom t h i s  i n t e r c e l l u l a r  r e s e r v o i r  

on t o  t h e  s k i n  s u r f a c e  a t  t h e  c e l l  m a r g i n s ,  wher e  i t  may 

we l l  c h an g e  in c o m p o s i t i o n  and h a r d e n  t o  form a s e a l a n t .  

T h e r e f o r e ,  s i n c e  t h e  d u c t  p o r e  in t h i s  zone  i s  c o n t i g u o u s  

w i t h  t h e  e p i d e r m i s  i t  woul d  seem t o  have  a r o l e  in 

s p r e a d i n g  s we a t  o v e r  t h e  s u r f a c e  of  t h e  s k i n .

The u n d e r l y i n g  p o r t i o n  of  t he  i n t r a e p i d e r m a  1 zone  and 

u p p e r  p o r t i o n  of  t h e  i n t r a d e r m a l  d u c t  in a l l  s p e c i e s  

e x h i b i t  s ma l l  membrane bound v e s i c l e s  a s s o c i a t e d  w i t h  

l umi na l  m i c r o v i l l i  ( F i g s .  3 . 11  i n s e t ,  4 . 1 3  i n s e t ,  5 . 8  

i n s e t  & 6 . 1 6 , 1 7 ) .  T h e i r  f u n c t i o n  in t h i s  r e g i o n  i s  s t i l l
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unknown,  a s  i s  t h e i r  s o u r c e .  V e s i c l e s  of  t h i s  t y p e  have  

a l s o  be e n  i l l u s t r a t e d  and  d e s c r i b e d  in t h e  u n s t i m u l a t e d  

human e c c r i n e  and  a p o c r i n e  g l a n d  ( K u r o s u m i , 1977;  

Ha s h i mo t o ,  1 9 7 8 a , b ;  T a n i ,  Yamamoto & Mi sh i ma ,  19 8 0 ) .  They 

wer e  c o n s i d e r e d  by S h i b a s a k i  and  I t o  ( 1 9 6 7 ) ,  Kurosumi  

( 1977)  a nd  Ha s h i mo t o  ( 1 9 78a )  t o  o r i g i n a t e  f rom t h e  

m i c r o v i l l i  by b u d d i n g  and  wer e  a s c r i b e d ,  w i t h o u t  

s u p p o r t i n g  e v i d e n c e ,  an / e x c r e t o r y / r o l e .  Th e r e  was  no 

u 1t r a s t r u e t u r a 1 e v i d e n c e  f rom t h e  s p e c i e s  e x a mi ned  in t h i s  

s t u d y  t o  i n d i c a t e  t h a t  t h e s e  v e s i c l e s  we r e  f o r med and  

r e l e a s e d  by t h e  l umi na l  c e l l s  in t h e  d u c t  in t h i s  zone  

a l t h o u g h  t h i s  wou l d  seem t o  be t h e  mos t  l i k e l y  

p o s s i b i l i t y .  However ,  t h e y  c o u l d  be d e r i v e d  f rom t h e  

s e c r e t o r y  p r o d u c t s  of  t h e  f u n d u s  o r  r e m n a n t s  of  d e ad  

s e c r e t o r y  c e l l s  t r a p p e d  by t h e  m i c r o v i l l i  s i n c e  a f t e r  

t h e r ma l  s t i m u l a t i o n  and i n c r e a s e d  f l u i d  o u t p u t ,  t h e r e  i s  a 

ma r ked  r e d u c t i o n  in t h e i r  q u a n t i t y  in t h e  d u c t .  Th e r e  i s  

a l s o  no e v i d e n c e  f rom t h i s  s t u d y  on w h e t h e r  o r  no t  

a b s o r p t i o n  of  t h e s e  v e s i c l e s  by l umi na l  d u c t  c e l l s  o c c u r s .

Wi t h i n  t h e  l umi na l  c e l l s  of  t h e  l ower  i n t r a e p i d e r m a  1 

and  u p p e r  dermal  z o n e s ,  v e s i c l e s  of  d i f f e r e n t  mor phol ogy  

were  f o u n d  c l o s e l y  a s s o c i a t e d  w i t h  t h e  l umi na l  p l a s ma  

membrane.  The s e  v e s i c l e s  had  b r i s t l e - l i k e  s t r u c t u r e s  on 

t h e i r  c y t o p l a s m i c  s u r f a c e  and formed c o a t e d  p i t s  

( F i g . 6 . 1 7 ) .  S i m i l a r  c o a t e d  v e s i c l e s  i s o l a t e d  f rom b r a i n ,  

have  been  f o u n d  t o  c o n t a i n  s e v e r a l  ma j o r  p r o t e i n s ,  t h e  

b e s t  c h a r a c t e r i s e d  of  whi ch  i s  c l a t h r i n  ( Un g e wi c k e l l  & 

B r a n t o n ,  1 9 8 1 ) .  In t h e  s wea t  g l a n d s  t h e s e  v e s i c l e s  

p r o b a b l y  p r o v i d e  a s p e c i a l i s e d  pa t hway  f o r  m a c r o m o l e c u l e s  

in t h e  l umea t o  be t a k e n  i n t o  t h e  l umi na l  c e l l s  by
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a b s o r p t i v e  e n d o c y t o s i s  ( G o l d s t e i n ,  Ande r s on  & Brown,  1979;  

P a s t a n  & W i l l i n g h a m ,  1981) .  These  c o mp o n e n t s  of  s we a t  

s e c r e t i o n ,  p r o b a b l y  p r o t e i n s ,  may l a t e r  be h y d r o l y s e d  in 

t h e  numer ous  mu 11 i v e s i c u 1a r  b o d i e s  a t  t h e  b a s e  of  t h e  

t e r m i n a l  web w i t h i n  t h e  l umi na l  c e l l s  ( F i g . 6 . 1 5 ) .  T h i s  

v i ew was  s u p p o r t e d  by Kurosumi  ( 1977)  who c o n s i d e r e d  t h a t  

t h e  s m a l l ,  empty v e s i c l e s  of  t h i s  t y p e  ( F i g . 6 . 1 7 )  

a p p e a r i n g  n e a r  t h e  l umi na l  s u r f a c e  a r e  p i n o c y t o t i c  and  

i n v o l v e d  in t h e  r e a b s o r p t i o n  of  s u b s t a n c e s  f rom t h e  s w e a t .  

Dynamic s t u d i e s  a r e  now r e q u i r e d  f o r  t h e  e l u c i d a t i o n  of  

t h e  r o l e s  in s we a t  f o r m a t i o n  of  b o t h  t y p e s  of  v e s i c l e  

f ound  in t h e  d u c t .

In t h e  l ower  a s c e n d i n g  d u c t  in a l l  s p e c i e s  and  in t h e  

a d d i t i o n a l  c o i l e d  zone  of  man,  u n c o a t e d  c y t o p l a s m i c  

v e s i c l e s ,  wh i ch  i n c r e a s e d  ma r k e d l y  in number  d u r i n g  

s w e a t i n g  ( F i g . 6 . 3 9 , 4 0 ) ,  were  p r e s e n t  in t h e  l umi na l  c e l l s .  

Kurosumi  e t  a l . ,  ( 1982)  c o n s i d e r e d  t h a t  t h e s e  v e s i c l e s ,  

whi ch  s t a i n  w i t h  m e t h e n a m i n e - s i 1v e r , a r i s e  f rom t h e  Golgi  

a p p a r a t u s  and  a r e  l i k e l y  t o  be i n v o l v e d  in t r a n s p o r t  of  

s e c r e t o r y  p r o d u c t s  t o  t h e  l umi na l  membrane .  The c o a t e d  

v e s i c l e s  common in t h e  i n t r a e p i d e r m a  1 and u p p e r  

i n t r a d e r m a l  d u c t  wer e  no t  p r e s e n t  in t h e  c e l l s  of  t h i s  

zone  .

The mos t  mar ked  c h a n g e s  in d u c t a l  mor pho l ogy  o c c u r r e d  

in t h e  c o i l e d  zone  of  t h e  human d u c t  d u r i n g  t he r ma l  

s t i m u l a t i o n .  The l umi na l  c e l l s  e x h i b i t e d  v a r y i n g  d e g r e e s  

of  a p i c a l  d i s t e n t i o n  whi ch  were  n e v e r  s e e n  in t h e  

u n s t i m u l a t e d  d u c t .  Al t h o u g h  t h i s  a p p e a r a n c e  may have  been 

i n f l u e n c e d  by g l u t a r a 1dehyde  f i x a t i o n  ( S h e l t o n  & Mowczko,  

1978;  S l e t y r  & Ro b a r d s ,  1982)  t h e r e  i s  l i t t l e  d o ub t  t h a t  a
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c hange  in t h e  mor pho l ogy  of  t h e  l umi na l  membrane and  

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

t h e  p l a s ma  membrane and  d i s t o r t i o n  of  t h e  m i c r o v i l l i  c o u l d  

be t h e  r e s u l t  of  f l u i d  f i l t e r i n g  t h r o u g h  t h e  a p i c a l  

t e r m i n a l  web of  m i c r o f i l a m e n t s .  The m i c r o f i l a m e n t s  of  t h e  

t e r m i n a l  web a r e  p r o b a b l y  m a i n t a i n e d  by t h e  l a r g e  

e l e c t r o n - o p a q u e  b o d i e s  whi ch  a r e  more p r o m i n e n t  w i t h i n  t h e  

t e r m i n a l  web of  l umi na l  c e l l s  in t h e  a c t i v e  d u c t  

( F i g . 6 . 3 8 ) .  These  s t r u c t u r e s  s t r o n g l y  r e s e m b l e  t h e  

'  j unc t  i ona  1 -comp 1 ex a s s o c i a t e d  b o d i e s ' 1 p r e v i o u s l y  r e p o r t e d  

f o r  t h e  c l e a r  ( n o n - g r a n u 1a r ) c e l l s  of  t h e  human e c c r i n e  

s we a t  g l a n d  f u n d u s  by S p i c e r ,  Ma r t i n  and  Simon ( 1 9 7 2 ) .  The 

a p i c a l  b l e b b i n g  of  t h e  l umi na l  membrane in t h e  c o i l e d  d u c t  

of  man d u r i n g  s t i m u l a t i o n  i s  s i m i l a r  t o  t h e  c o n f i g u r a t i o n  

f o u n d  in t h e  s e c r e t o r y  e p i t h e l i u m  of  r a t  f o o t p a d  s wea t  

g l a n d s  a f t e r  p i l o c a r p i n e  s t i m u l a t i o n  ( McWi l l i a ms ,  1986) .  

T h i s  s u g g e s t s  t h a t  t h e  c o i l e d  d u c t  of  man h a s  a s e c r e t o r y  

r o l e  d u r i n g  p r o l o n g e d  s t i m u l a t i o n .  However ,  t h e  c o i l e d  

d u c t  of  man i s  a l s o  an a r e a  whe r e  d u c t a l  s odi um 

r e a b s o r p t i o n  o c c u r s  ( S a t o ,  1977) .  Sodium c r o s s e s  t h e  

l umi na l  membrane e i t h e r  by Na c h a n n e l s  or  a sod i um p r o t o n  

exc h a n g e  s y s t e m  and  i s  pumped ou t  a t  t h e  b a s o l a t e r a l  

membrane by Na, K-ATPase ( Q u i n t o n ,  1 9 8 1 , 8 6 ) .  Qu i n t on  

( 1 9 8 6 ) ,  s u g g e s t e d  t h a t  t h e  e p i t h e l i u m  h a s  a h i g h  c h l o r i d e  

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

t o  m a i n t a i n  e l e c t r i c a l  n e u t r a l i t y .  Whe t he r  a s i m i l a r  o r  

d i f f e r e n t  s y s t e m  o c c u r s  in t h e  l ower  a s c e n d i n g  d u c t  of  

cow,  s h e e p ,  g o a t  and  h o r s e  r e m a i n s  t o  be d e t e r m i n e d .

A j u n c t i o n a l  compl ex i s  p r e s e n t  a t  t h e  l umi na l  

s u r f a c e  t h r o u g h o u t  t h e  d u c t  in a l l  s p e c i e s ,  e x c e p t  f o r  t h e
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k e r a t i n i z e d  i n t r a f o l i i c u 1a r / i n t r a e p i d e r m a l  r e g i o n s .

S t u d i e s  i n  man ( H a s h i m o t o ,  1 9 7 1 , 1 9 7 8 a ) ,  c a t t l e ,  s h e e p ,  

g o a t  a n d  h o r s e  u s i n g  l a n t h a n u m  a s  a  t r a c e r  ( J e n k i n s o n  e t  

a l . ,  1 9 8 3 )  h a v e  d e m o n s t r a t e d  t h a t  t h e s e  a r e  t i g h t  

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

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

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

c e l l s  i n  t h e  l o w e r  b o d y  r e g i o n  i n  a l l  s p e c i e s  may i n d i c a t e  

e l e c t r i c a l  c o u p l i n g  b e t w e e n  t h e  c e l l s  i n  t h i s  z o n e .  I n  t h e  

cow t h e s e  g a p  j u n c t i o n s  w e r e  s o m e t i m e s  s e e n  t o  h a v e  

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

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

a n d  m e t a b o l i c  c o u p l i n g  a n d  r e g i o n s  o f  l ow e l e c t r i c a l  

r e s i s t a n c e  f o r  c e l l  t o  c e l l  p r o p a g a t i o n  o f  e x c i t a t i o n  

i m p u l s e s ,  t h e s e  c e l l s  a r e  l i k e l y  t o  a c t  i n  c o n c e r t .  The  

d y e  c o u p l i n g  e x p e r i m e n t s  o f  J o n e s  a n d  K e a l e y  ( 1 9 8 5 ,  1987 )  

on i s o l a t e d  human s w e a t  g l a n d s  i l l u s t r a t e  t h a t  c e l l s  o f  

t h e  i n n e r  a n d  o u t e r  l a y e r s  o f  t h e  d u c t  a c t  a s  a s y n c y t i u m .  

T h e r e f o r e ,  a p i c a l  a n d  b a s a l  c e l l  c o m p a r t m e n t s  w i l l  be  a b l e  

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

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

s e c r e t  i o n .

S w e a t  i n  a l l  t h e  s p e c i e s  s t u d i e d  w a s  f o r m e d  by 

s e c r e t i o n  w h i c h  c o n s i s t e d  o f  t wo  c o m p o n e n t s ,  e x o c y t o s i s  

a n d  f l u i d  t r a n s p o r t .  I n  t h e  h o r s e  a n d  man a  m i n o r  

m i c r o a p o c r i n e  m e c h a n i s m  w a s  a l s o  p r e s e n t .  C e l l  d e a t h  w h i c h  

w a s  f o u n d  i n  a l l  s p e c i e s  m u s t  a l s o  b e  c o n s i d e r e d  a s  a  

c o m p o n e n t  o f  s w e a t  f o r m a t i o n .  The  s e c r e t o r y  p r o c e s s e s  o f  

e x o c y t o s i s  a n d  f l u i d  t r a n s p o r t  a r e  u n d e r t a k e n  by  o n e  t y p e  

o f  s e c r e t o r y  c e l l  i n  t h e  cow,  s h e e p ,  g o a t  a n d  h o r s e .
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H o w e v e r ,  t h e  s e c r e t o r y  e p i t h e l i u m  o f  man a p p e a r s  t o  h a v e  

s p e c i a l i z e d  a n d  d e v o l v e d  t h e  f u n c t i o n  o f  e x o c y t o s i s  o f  

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

c e l l s  h a v e  b e c o m e  pu mp s  f o r  f l u i d  t r a n s p o r t .  E x o c y t o s i s  i n  

e q u i d a e  a n d  man r e s u l t s  i n  t o t a l  d e p l e t i o n  o f  t h e  s t o r e d  

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

f e w e r  s t o r e d  v e s i c l e s ,  l o s s  d u r i n g  a c t i v i t y  i s  s t i l l  

p r o m i n e n t .  S h e e p  a n d  p a r t i c u l a r l y  t h e  g o a t  e x h i b i t  v e s i c l e  

r e l e a s e  w i t h  m a r k e d  G o l g i  a n d  RER d i l a t a t i o n  a n d  a c t i v i t y  

f o r  a  s h o r t  p e r i o d  f o l l o w i n g  s t i m u l a t i o n .  S e c r e t o r y  

v e s i c l e s  i n  a l l  t h e  s p e c i e s  w e r e  d e r i v e d  f r o m  t h e  G o l g i  

a p p a r a t u s  a l t h o u g h  t h e r e  w a s  e v i d e n c e  t h a t  i n  c a t t l e  t h e y  

a r e  a l s o  f o r m e d  by m i t o c h o n d r i a l  t r a n s f o r m a t i o n .

Th e  u l t r a s t r u c t u r e  o f  t h e  m y o e p i t h e l i u m  i n  a l l  t h e  

s p e c i e s  e x a m i n e d  w a s  s i m i l a r .  The  o n l y  d i f f e r e n c e s  w e r e  i n 

t h e  h o r s e  a n d  man w h e r e  t h e  m y o e p i t h e l i u m  d i d  n o t  o v e r l a p  

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

t h e  b a s e m e n t  m e m b r a n e .  The  o r i e n t a t i o n  o f  t h e  

m y o e p i t h e l i u m  w a s  w i t h  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  c e l l s  

a p p r o x i m a t e l y  p a r a l l e l  t o  t h e  l e n g t h  o f  t h e  g l a n d s .  T h i s  

r e s u l t  a g r e e s  w i t h  t h e  c o m p a r a t i v e  r e s u l t s  o f  J e n k i n s o n

( 1 9 7 1 ) .  D u r i n g  s w e a t i n g  t h e  m y o e p i t h e l i u m ,  o f  a l l  s p e c i e s ,  

a p p e a r e d  c o n t r a c t e d ,  b u t  o t h e r w i s e  w a s  m o r p h o l o g i c a l l y  t h e  

s a me  a s  i n  t h e  u n s t i m u l a t e d  g l a n d .  T h i s  f i n d i n g  l e n d s  

s u p p o r t  t o  t h e  t h e s i s  o f  S a t o  ( 1 9 8 0 )  t h a t  t h e  

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

e x p u l s i o n .  The  p r i n c i p a l  r o l e  o f  t h e  we 1 1- d e v e 1 o p e d  

m y o e p i t h e l i a l  c e l l s  may t h e r e f o r e  b e  t h e  p r o v i s i o n  o f  

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

s u g g e s t e d - b y  M o n t a g n a  a n d  P a r a k k a l  ( 1 9 7 4 )  a n d  S a t o ,
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N i s h i y a m a  a n d  K o b a y a s h i ,  ( 1 9 7 9 ) .  H o w e v e r ,  o b s e r v a t i o n s  o f  

t h e  s w e a t  g l a n d s  o f  t h e  l i v i n g  b a t  w i n g  ( M u r p h y ,  1 9 6 0 ;  

C o r t e s e  & N i c o l l ,  1 9 7 0 )  a n d  human s w e a t  g l a n d  ( N i c o l a i d i s  

& S i v a d j i a n ,  1 9 7 2 )  d e m o n s t r a t e  t h a t  p u l s a t i l e  c o n t r a c t i o n s  

o f  t h e  m y o e p i t h e l i u m  c a n  o c c u r  i n  ma m m a l i a n  s w e a t  g l a n d s .  

T h e r e f o r e ,  t h e  p o s s i b i l i t y  o f  p h a s i c  m y o e p i t h e l i a l  

c o n t r a c t i o n  c a n n o t  b e  e l i m i n a t e d  f r o m  an  a p p e a r a n c e  o f  

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

e v  i d e n c e .

Th e  p r o c e s s  o f  f l u i d  t r a n s p o r t  i s  a s s o c i a t e d  w i t h  

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

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

e p i t h e l i u m .  E q u i d a e  h a v e  l o n g  c l o s e l y  p a c k e d  a p i c a l  

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

w h i c h  r e a c h  t h e  b a s e m e n t  m e m b r a n e .  The  non g r a n u l a r  

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

m i c r o v i l l i  a n d  c o m p l e x  b a s a l  i n f o l d i n g s  on t h e  s e r o s a l  

me mb r a n e  w i t h  c a n a l i c u l i  b e t w e e n  n e i g h b o u r i n g  non  g r a n u l a r  

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

s h o r t  a n d  f r e q u e n t l y  b r a n c h e d  l u m i n a l  m i c r o v i l l i  b u t  w i t h  

f e w e r  b a s a l  i n f o l d i n g s .  C a t t l e  h a v e  s h o r t  w i d e l y  s p a c e d  

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

s e r o s a l  m e m b r a n e .  A l t h o u g h  t h e  m e c h a n i s m  o f  f l u i d  

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

mo d e l  o f  D i a mo n d  a n d  B o s s e r t , ( 1 9 6 7 )  i t  c a n n o t  be  

e x p l a i n e d  on t h e  b a s i s  o f  m i c r o v i l l i  o r  i n t e r d i g i t a t i o n s . 

The  d i s c r e t e ,  s t e p w i s e  a n d  s m o o t h  o n s e t  p a t t e r n s  o f  

s w e a t i n g  p r o p o s e d  by  B l i g h ,  ( 1 9 6 7 )  a r e  n o t  e x p l a i n e d  by  

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

t h e r m a l  s t i m u l a t i o n .  The  s m o o t h  o n s e t  p a t t e r n  o b t a i n e d
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f r o m  h o r s e  a n d  man i s  b e l i e v e d  t o  b e  t h e  r e s u l t  o f  

s e c r e t i o n  w i t h  l i t t l e  o r  no  m y o e p i t h e l i a l  a c t i o n .  The  

i n t e r m i t t e n t  a n d  d e c r e m e n t a l  p a t t e r n  t o  f a t i g u e  e x h i b i t e d  

by  t h e  s h e e p  a n d  g o a t  i s  t h o u g h t  t o  b e  d u e  t o  t h e  r a t e  o f  

s w e a t  e x p u l s i o n  e x c e e d i n g  t h a t  o f  p r o d u c t i o n  ( J e n k i n s o n  & 

R o b e r t s h a w ,  1 9 7 1 ;  J o h n s o n ,  1 9 7 3 ) .  On t h e  b a s i s  o f  t h e  

p r e s e n t  r e s u l t s  i t  s e e m s  mo r e  l i k e l y  t h a t  t h e  p a t t e r n s  o f  

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

e x h a u s t i o n  a n d  f a i l u r e  a n d  n o t  a s  s u g g e s t e d  by A l l e n  a n d  

B l i g h ,  ( 1 9 6 9 )  a n d  J o h n s o n ,  ( 1 9 7 3 )  t o  a n  i m b a l a n c e  b e t w e e n  

t h e  s e c r e t o r y  a n d  d i s c h a r g e  m e c h a n i s m s .  The  s t e p w i s e  

p a t t e r n  o b t a i n e d  f r o m  t h e  cow i s  i n t e r p r e t e d  a s  s e c r e t i o n  

s u p e r  i m p o s e d ■on m y o e p i t h e l i a l  c o n t r a c t i o n s .  A l t h o u g h  

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

s e c r e t o r y  c e l l s  h a v e  l e s s  e x t e n s i v e  f o l d i n g  o f  t h e  c e l l  

s u r f a c e s  whe n  c o m p a r e d  t o  e q u i d a e  a n d  man w h i c h  a l s o  

d i s p l a y  a  s u s t a i n e d  p a t t e r n  o f  s w e a t i n g .

S i n c e  t h e  a v a i l a b l e  u 1t r a s t r u e t u r a 1 e v i d e n c e  d o e s  n o t  

f u l l y  e x p l a i n  t h e  p a t t e r n s  o f  s w e a t  o u t p u t  a n d  s i n c e  f l u i d  

o u t p u t  i s  o n e  o f  t h e  m o s t  i m p o r t a n t  f e a t u r e s  o f  s w e a t i n g ,  

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

t h e r m a l  s t i m u l a t i o n  w a s  c o n s i d e r e d .  F l u i d  t r a n s p o r t  i s  now 

known t o  b e  d r i v e n  by  N a , K - A T P a s e  i n  m o s t  i n s t a n c e s  a n d  

h e n c e  t h e  l o c a l i z a t i o n  o f  t h i s  e n z y me  w h i c h  w o u l d  be  o f  

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

e l e c t r o l y t e  f l o w  a c r o s s  t h e  s e c r e t o r y  e p i t h e l i u m  wa s  

s t u d i e d .  T r i a l  e x p e r i m e n t s  f o r  t h e  c y t o c h e m i c a l  

l o c a l i z a t i o n  o f  N a , K - A T P a s e  i n  c o w,  s h e e p  a n d  h o r s e  

d e m o n s t r a t e d  t h e  e n z y me  on b a s o l a t e r a l  m e m b r a n e s  o f  t h e  

s e c r e t o r y  c e l l s  a t  r e s t  a n d  a c t i v i t y .  The  e n z y me  w a s  a l s o
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p r e s e n t  on t h e  l u m i n a l  me mb r a n e  o f  o n e  h o r s e  a t  r e s t  a n d  

i n  t h e  c o w,  s h e e p  a n d  h o r s e  a f t e r  a c t i v i t y .  U n f o r t u n a t e l y  

when  t h e  l o c a l i z a t i o n  o f  N a , K- ATPa s e  w a s  r e p e a t e d  on a  

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

r e s u l t  w a s  n o t  r e p r o d u c i b l e .  N a , K - A T P a s e  h a s  b e e n  

l o c a l i z e d  on t h e  l u m i n a l  me mb r a n e  o f  t h e  d o g  s u b m a n d i b u l a r  

g l a n d  a c i n i  by  N a k a g a k i ,  G o t o ,  S a s a k i  a n d  I ma i  ( 1 9 7 8 ) ,  

u s i n g  p - n i t r o p h e n y 1 p h o s p h a t a s e  c y t o c h e m i s t r y . T a n a k a ,  

A k a y a ma ,  Ya ma mo t o ,  Omor i  a n d  T a s h i r o ,  ( 1 9 8 7 ) ,  u s i n g  

i mmu n o e 1e c t r o n  m i c r o s c o p y ,  a l s o  l o c a l i z e d  N a , K - A T P a s e  on 

t h e  l u m i n a l  me m b r a n e  o f  s e c r e t o r y  c e l l s  i n  t h e  r a t  

e x o c r i n e  p a n c r e a s .  T h e r e f o r e ,  i t  i s  p o s s i b l e  t h a t  t h e  cow,  

s h e e p ,  g o a t  a n d  h o r s e  may h a v e  a  N a , K - A T P a s e , w h i c h  u n l i k e  

t h a t  o f  t h e  r a t ,  d o e s  n o t  r e s p o n d  t o  t h e  E r n s t  t e c h n i q u e  

( 1 9 7 2 a , b )  on e v e r y  o c c a s i o n  d e s p i t e  e f f o r t s  t o  s t a n d a r d i s e  

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

t h e s e  s p e c i e s  a f t e r  s a m p l i n g  may be  s u c h  t h a t  t h e  

l o c a l i z a t i o n  o f  N a , K - A T P a s e  u s i n g  t h e  K - d e p e n d e n t  

p - n i t r o p h e n y 1 p h o s p h a t a s e  a c t i v i t y  o f  t h e  c o m p l e x  c a n n o t  be  

r e p e a t e d .  I m m u n o e 1e c t r o n  m i c r o s c o p y  a n d  t h e  u s e  o f  

t r i t i a t e d  o u a b a i n  may t h e r e f o r e  be  m e t h o d s  w h i c h  may be  

v a l u a b l e  f o r  t h e  l o c a l i z a t i o n  o f  N a , K - A T P a s e  i n  s w e a t  

g 1a n d s .

L a n g e r h a n s  c e l l s  w e r e  f o u n d  t h r o u g h o u t  t h e  e n t i r e  

l e n g t h  o f  t h e  d u c t  a n d  f u n d u s  i n  a l l  f i v e  s p e c i e s .  T h e s e  

c e l l s  a r e  a l m o s t  c e r t a i n l y ,  a s  p o s t u l a t e d  f o r  t h o s e  i n  t h e  

e p i d e r m i s  o f  man ( S t i n g l ,  K a t z ,  G r e e n  & S h e v a c h ,  1 9 8 0 )  

i n v o l v e d  i n  i m m u n o - d e f e n c e . Th e y  w e r e  m o s t  common 1y f o u n d  

i n  t h e  g l a n d s  o f  h o r s e  a n d  man w h e r e  t h e y  w e r e  r e a d i l y  

i d e n t i f i e d  by t h e i r  c y t o p l a s m i c  B i r b e c k  g r a n u l e s .  C a t t l e
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h a d  t h e  f e w e s t  n u mb e r  p r e s e n t  a n d  i d e n t i f i c a t i o n  w a s  mo r e  

d i f f i c u l t  b e c a u s e  o f  t h e  p a u c i t y  o f  B i r b e c k  g r a n u l e s  i n  

t h e  c y t o p l a s m .  Th e  s t u d y  o f  T a n a k i ,  S t i n g l  a n d  K a t z  ( 1 9 8 0 )  

i n d i c a t e s  t h a t  e p i d e r m a l  L a n g e r h a n s  c e l l s  a r e  d e r i v e d  f r o m 

a n d  c o n t i n u o u s l y  r e p l e n i s h e d  by  a  m o b i l e  p o o l  o f  p r e c u r s o r  

c e l l s  w h i c h  o r i g i n a t e  i n  t h e  b o n e  m a r r o w .  T h e i r  p r e s e n c e  

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

s e b a c e o u s  g l a n d  ( J i m b o w ,  S a t o  & K u k i t a ,  1 9 6 9 )  s u g g e s t s  

m i g r a t i o n  f r o m  t h e  h a i r  f o l l i c l e  down t h e  d u c t  b e t w e e n  

c e l l  l a y e r s .  T h e r e  w a s  no  e v i d e n c e  i n  t h e  p r e s e n t  s t u d y  t o  

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

t h r o u g h  t h e  b a s a l  m e m b r a n e .

The  f a i l u r e  t o  d e t e c t  n e r v e  t e r m i n a l s  i n  t h e  v i c i n i t y  

o f  t h e  d u c t  i n  c o w,  s h e e p ,  g o a t  a n d  h o r s e  s t r e n g t h e n s  t h e  

c o n c l u s i o n  o f  J e n k i n s o n ,  Mo n t g o me r y  a n d  E l d e r  ( 1 9 7 8 )  t h a t  

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

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

d u c t  i n  ma n ,  v a r i c o s i t i e s  o c c u r e d  w i t h i n  t h e  f i b r o c y t e  

s h e a t h  o f  t h e  f u n d u s  ( J e n k i n s o n  e t  a l . ,  1 9 7 8 )  c l o s e  e n o u g h  

t o  h a v e  a  d i r e c t  i n f l u e n c e  on t h e  g l a n d s .  The  e v i d e n c e  i s  

t h u s  c o n s i s t e n t  w i t h  t h e  v i e w  o f  J e n k i n s o n  e t  a l . ,  ( 1 9 7 8 )  

t h a t  t h e  s u d o m o t o r  m e c h a n i s m  i s  b a s i c a l l y  t h e  s a me  i n  a l l  

s p e c i e s .  T h e y  s u g g e s t e d  t h a t  a d r e n e r g i c  a n d  c h o l i n e r g i c  

n e r v e s  a c t  on t h e  c u t a n e o u s  b l o o d  v e s s e l s  a n d  t h a t  l o c a l  

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

J e n k i n s o n  e t  a l . ,  ( 1 9 7 8 )  t h e r e  i s  an  a d d i t i o n a l  m e c h a n i s m  

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

n e r v e  e n d i n g s ,  i n  c l o s e  p r o x i m i t y  t o  t h e  g l a n d s ,  i n  

p a r t i c u l a r  a c e t y l c h o l i n e ,  a l s o  h a v e  a  d i r e c t  a c t i o n  on t h e  

g 1a n d s .
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The  p r e s e n c e  o f  c e l l  d e b r i s  i n  t h e  d u c t  a n d  g a p s  i n  

t h e  s e c r e t o r y  e p i t h e l i u m  i n  man c a u s e d  by c e l l  d e a t h ,  

r a i s e s  t h e  q u e s t i o n  a s  t o  t h e  mode o f  c e l l  r e p l a c e m e n t  i n  

b o t h  t h e  f u n d u s  a n d  d u c t .  The  e m b r y o  1o g i c a 1 d e v e l o p m e n t  o f  

m a mma l i a n  s w e a t  g l a n d s  i s  f r o m  a  d o w n - g r o w i n g  c o l u m n  o f  

c e l l s  e m a n a t i n g  f r o m  t h e  h a i r  f o l l i c l e  b u d  ( H a r d y  & L y n e ,  

1 9 5 6 ;  Lyne  & H e i d e m a n ,  1 9 5 9 )  o r  a s  i n  man t h e  e p i d e r m i s  

( H a s h i m o t o ,  G r o s s  & L e v e r ,  1 9 6 5 ) .  T h r e e  p o s s i b l e  s o u r c e s  

o f  p o s t n a t a l  c e l l  r e p l a c e m e n t  h a v e  b e e n  s u g g e s t e d .  

C h r i s t o p h e r s  a n d  P l e w i g  ( 1 9 7 3 ) ,  on t h e  b a s i s  o f  s t u d i e s  

w i t h  t r i t i a t e d  t h y m i d i n e ,  s u g g e s t e d  t h a t  t h e  c e l l s  a r i s e  

a t  a g e r m i n a l  z o n e  i n  t h e  l o w e r  e p i d e r m i s  a n d  m i g r a t e  t o  

f o r m  t h e  d u c t  c e l l s  o f  t h e  a c r o s y r i n g i u r n . H a s h i m o t o  

( 1 9 7 8 a )  on t h e  o t h e r  h a n d  c o n s i d e r e d  t h a t  t h e  e p i t h e l i u m  

o f  t h e  d u c t  i s  p r o d u c e d  by g e r m i n a t i v e  c e l l s  d e e p  w i t h i n  

t h e  d u c t  a t  t h e  t r a n s i t i o n  p o r t i o n .  The  e v i d e n c e  t o  d a t e  

i n  t h e  human i n d i c a t e s  t h a t  b a s a l  c e l l s  o f  t h e  c o i l e d  z o n e  

o f  t h e  d u c t  a r e  t h e  s o u r c e  o f  new c e l  I s  ( L o b i t z ,  H o l y o k e  & 

M o n t a g n a ,  1 9 5 4 ;  D o b s o n ,  Abe 1e & H a l e ,  1 9 6 1 ) .  I n  t h e  

f o o t p a d  s w e a t  g l a n d s  o f  t h e  m o u s e ,  B u 1 1o u g h  a n d  Doe 1 

( 1 9 7 2 )  f o u n d  m i t o s i s  i n  t h e  i n t r a d e r m a l  d u c t  w h e r e  i t  

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

A f e a t u r e  common a t  t h e  f u n d u s  d u c t  t r a n s i t i o n  z o n e  wa s  

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

( C h a p t e r  3 ,  4 ) .  I t  i s  p o s s i b l e  t h a t  Bui  l o u g h  a n d  Doe 1

( 1 9 7 2 )  i n t e r p r e t e d  t h e s e  t r a n s f o r m i n g  c e l l s  a s  m i t o t i c  

c e l l s  i n  a  z o n e  w h e r e  m i t o s i s  w a s  t h o u g h t  t o  o c c u r .  A 

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

s t u d i e s  o f  t h e  f u n d u s  u s i n g  l i g h t  m i c r o s c o p y  ( D o b s o n  & 

L o b i t z  1 9 5 8 ) .  C o n f i g u r a t i o n s  r e s e m b l i n g  p o s t  m i t o t i c
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d a u g h t e r  c e l l s  w e r e  f o u n d  i n  t h e  s e c r e t o r y  e p i t h e l i u m  o f  

t h e  huma n  g l a n d  d u r i n g  r e c o v e r y  f r o m  s w e a t i n g .  A f t e r  

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

m y o e p i t h e l i u m ,  s h o w i n c r e a s e d  m i t o t i c  a c t i v i t y  ( L o b i t z  & 

D o b s o n ,  1 9 5 7 ) .  The  m i t o t i c  a c t i v i t y  o b s e r v e d  i n  t h e  human 

s w e a t  g l a n d  f u n d u s  a f t e r  i n j u r y  ( L o b i t z  & D o b s o n ,  1 9 5 7 )  i s  

h o w e v e r  a  p a t h o l o g i c a l  r e s p o n s e  t o  t r a u m a  a n d  may n o t  

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

i n  t h e  a c t i v e  s e c r e t o r y  e p i t h e l i u m  o f  t h e  human do  n o t  

s u g g e s t  t h e  r a p i d  r e p l a c e m e n t  o f  t h e  f u n d u s  e p i t h e l i u m  by 

r e - a t t a c h m e n t  o f  a d j a c e n t  c e l l s .  T h i s  i s  i n  c o n t r a s t  t o  

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

c o n n e c t i o n s  b e t w e e n  e p i t h e l i a l  c e l l s  r e m a i n  t i g h t  t o  

l a n t h a n u m  e v e n  a f t e r  p r o l o n g e d  s w e a t i n g  ( J e n k i n s o n  e t  a l . ,  

1 9 8 3 ) .  A l t h o u g h  D o b s o n  a n d  L o b i t z  ( 1 9 5 8 )  d e s c r i b e d  

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

f u n d u s  o f  t h e  human d u r i n g  r e c o v e r y  a f t e r  s w e a t i n g ,  

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

r e c o v e r y  i n  s h e e p  a n d  g o a t .

Of t h e  t h r e e  p o s s i b l e  s o u r c e s  o f  c e l l  r e p l a c e m e n t  t h e  

c o n c l u s i o n  o f  C h r i s t o p h e r s  a n d  P l e w i g  ( 1 9 7 3 )  w h i c h  i s  

b a s e d  on s t u d i e s  o f  m i t o s i s  a n d  c e l l  m i g r a t i o n  u s i n g  

t r i t i a t e d  t h y m i d i n e  a u t o r a d i o g r a p h y ,  p l a n i m e t r y  a n d  

t h r e e - d i m e n s i o n a l  r e c o n s t r u c t i o n  i s  t h e  m o s t  p l a u s i b l e .  

T h e s e  h a v e  b e e n  t h e  o n l y  d y n a m i c  s t u d i e s  o f  c e l l u l a r  

p r o l i f e r a t i o n  i n  t h e  human e c c r i n e  s w e a t  g l a n d  a n d  t h e  

e x a c t  l o c a t i o n  o f  m i t o s i s  i n  s w e a t  g l a n d s  o f  cow,  s h e e p ,  

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

e x p e r i m e n t s .  S u c h  e x p e r i m e n t s  w o u l d  b e  p a r t i c u l a r l y  

v a l u a b l e  a f t e r  a c t i v i t y  o f  t h e  g l a n d s  o f  ma n ,  h o r s e ,  s h e e p
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a n d  g o a t  w h e r e  c e l l  d e a t h  a n d  t h e  p r o d u c t i o n  o f  

r e p l a c e m e n t  c e l l s  h a s  b e e n  i n d u c e d .

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

s w e a t  g l a n d s  c a n  no  l o n g e r  be  d e f i n e d  u s i n g  t h e  

c l a s s i f i c a t i o n  p r o p o s e d  by  S c h i e f f e r d e c k e r  ( 1 9 1 7 ) .  T h o s e  

o f  t h e  c o w,  s h e e p ,  g o a t  a n d  h o r s e  s a t i s f y  t wo  o f  t h e  

c r i t e r i a  o f  t h e  a p o c r i n e  g l a n d  a s  t h e y  d e v e l o p  f r o m 

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

f o l l i c l e s .  T h e y  do  n o t  h o w e v e r ,  s a t i s f y  t h e  p r i n c i p l e  

c r i t e r i o n  a s  t h e y  do  n o t  d i s p l a y  c l a s s i c a l  a p i c a l  

d e g e n e r a t i o n .  The  p r e s e n t  r e s u l t s  i l l u s t r a t e  t h a t  

s e c r e t i o n  i n  t h e s e  s p e c i e s  i s  by  v e s i c l e  e x o c y t o s i s  

t h r o u g h  t h e  l u m i n a l  me mb r a n e  a n d  f l u i d  t r a n s p o r t ,  a l t h o u g h  

t h e  h o r s e  e x h i b i t s  a s e c o n d a r y  m i c r o a p o c r i n e  p r o c e s s .  The  

human s w e a t  g l a n d ,  e c c r i n e  a c c o r d i n g  t o  S c h i e f f e r d e c k e r  

( 1 9 1 7 ) ,  d e v e l o p s  f r o m  t h e  e p i d e r m i s  a n d  i s  n o t  a s s o c i a t e d  

w i t h  h a i r  f o l l i c l e s .  Ho we v e r  t h e  e v i d e n c e  o f  c e l l  d e a t h  

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

t h a t  s e c r e t i o n  i s  n o t  b a s i c a l l y  d i f f e r e n t  f r o m  t h a t  o f  t h e  

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

l u m i n a l  me m b r a n e  w i t h o u t  r u p t u r e  a n d  l o s s  o f  c y t o p l a s m  

r e q u i r e d  o f  e c c r i n e  s e c r e t i o n

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

s t u d i e d  s u g g e s t s  a  c l a s s i f i c a t i o n  o f  h o l o c r i n e .  H o w e v e r ,  

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

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

( G.  H o l o s ,  a l l  + c r i n e i n ,  s e p a r a t e )  a s  d e f i n e d .  A l s o ,  i n  

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

s t i m u l a t i o n ,  s ome  o f  t h e  c e l l s  a l m o s t  c e r t a i n l y  s e c r e t e  

v e s i c l e s  b e f o r e  d e g e n e r a t i o n  a n d  h e n c e  . c o n t r i b u t e  t o  t h e
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s w e a t  mo r e  t h a n  t h e i r  c e l l  c o n t e n t s  a f t e r  d i s r u p t i o n  a s  

w i t h  h o l o c r i n e  s e c r e t i o n .  The  t e r m ,  p a r t l y  h o l o c r i n e ,  i s  

a l s o  u n a c c e p t a b l e  s i n c e  i t  i s  n o t  y e t  known i f  i n  a l l  

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

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

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

r e p  1a c e m e n t .

The  c l a s s i f i c a t i o n  o f  s w e a t  g l a n d s  t h e r e f o r e  r e q u i r e s  

r e a s s e s s m e n t  a n d  u n t i l  m o r e  d e t a i l e d  i n f o r m a t i o n  on t h e  

p r o c e s s e s  i n v o l v e d  i n  s w e a t  f o r m a t i o n  i s  f o r t h c o m i n g ,  i t  

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

c a t e g o r i e s  / a p o c r i n e / a n d  ' ' e c c r i n e " '  a n d  r e v e r t  t o  

a n a t o m i c a l  d e f i n i t i o n s .  The  a n a t o m i c a l  d e f i n i t i o n s ,  

e p i t r i c h i a l  a n d  a t r i c h i a l  ( B l i g h ,  1 9 6 7 ) ,  a d e q u a t e l y  

d i s t i n g u i s h  g l a n d s  a s s o c i a t e d  w i t h  h a i r  f o l l i c l e s  f r o m  

t h o s e  w h i c h  o p e n  d i r e c t l y  t o  t h e  e p i d e r m i s  a n d ,  i f  a p p l i e d  

p r o v i d e  t h e  b a s i s  f o r  f r e s h  a s s e s s m e n t  o f  s w e a t  g l a n d  

p h y s  i o 1o g y .
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APPENDIX 1

TRANSMISSION ELECTRON MICROSCOPY-

The  s k i n  s a m p l e s  w e r e  f i x e d  a n d  p r o c e s s e d  u s i n g  t h e  

f o l l o w i n g  s o l u t i o n s  a n d  m e t h o d .

F I XATI VES .

The  f i x a t i v e  s o l u t i o n s  a r e  f r o m  t h o s e  o f  S a b a t i n i ,  

B e n s c h  a n d  B a r r n e t t  ( 1 9 6 3 ) .

PRIMARY FI XATI VE.

1M. SODIUM CACODYLATE. = 10 ml .

DI STILLED WATER. = 7 0 m l .

25% GLUTARALDEHYDE. = 8 m l .  ( E . M.  GRADE.)

SUCROSE.  = 1 . 7 g .

1M. CALCIUM CHLORIDE.  = 0 . 1 m l .

A d j u s t  t o  pH 7 . 2 ,  b r i n g  t o  100ml  w i t h  d i s t i l l e d  

w a t e r  .

BUFFER WASH.

1M. SODIUM CACODYLATE. = 1 0 ml .

DISTILLED WATER. = 8 0 m l .

SUCROSE.  = 5 . 9 g .

A d j u s t  t o  pH 7 . 2 ,  b r i n g  t o  100ml  w i t h  d i s t i l l e d  

w a t e r  ,

POST FI XATI VE.

1M. SODIUM CACODYLATE. = 1 0ml .

DISTILLED WATER. = 5 0 m l .

SUCROSE.  = 5 . 1 g .

A d j u s t  t o  pH 7 . 2 ,  b r i n g  t o  100ml  w i t h  d i s t i l l e d  

w a t e r  .

BUFFER.  = 3 PARTS.

4% OSMIUM TETROXIDE. = 1 PART,
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METHOD.

The  s k i n  s a m p l e s  w e r e  d i v i d e d  i n t o  E. M.  b l o c k s  a s  

s hown i n  F i g . A . l  a n d  p r o c e s s e d  u s i n g  t h e  f o l l o w i n g  

s c h e d u 1e .

1 . )  P r i m a r y  f i x a t i v e .  = 3 h o u r s .

2 . )  B u f f e r  w a s h .  = 3 x 20 m i n u t e s .  S p e c i m e n s  c a n

be  l e f t  o v e r n i g h t  i n  b u f f e r  i f  n e c e s s a r y .

3 . )  P o s t  f i x a t i v e .  = 2 h o u r s .

4 . )  B u f f e r  w a s h .  = R i n s e .

5 . )  D e h y d r a t e  s l o w l y  u s i n g  g r a d e d  a l c o h o l  o r  a c e t o n e .

6 . )  P r o p y l e n e  o x i d e  a s  i n t e r m e d i a t e  s o l v e n t .

7 . )  P r o p y l e n e  o x i d e / A r a  1d i t e . = O v e r n i g h t .  ( G l a u e r t ,

R o g e r s  & G l a u e r t ,  1 9 5 6 ;  G l a u e r t  & G l a u e r t ,  1 9 5 8 )

8 . )  F r e s h  u n p o 1y m e r i s e d  r e s i n  f o r  3 - 4  d a y s .

9 . )  Embed i n  f l a t  e m b e d d i n g  t r a y s  a n d  p o l y m e r i z e  a t

6 0 °  C.

STAI NI NG. 

l pm SECTI ONS.

l | im s e c t i o n s  w e r e  m o u n t e d  on g e l a t i n e / c h r o m e  a l u m 

s u b b e d  s l i d e s  t h e n  s t a i n e d  u s i n g  t h e  f o l l o w i n g  t e c h n i q u e .  

TQLUIDINE BLUE/PYRQNIN Y . ( I t o  & W i n c h e s t e r ,  1 9 6 3 )

SODIUM BORATE. (BORAX) = 0 . 8 g .

DISTILLED WATER. = 1 0 0 m ! .

D i s s o l v e ,  t h e n  a d d  i n  o r d e r  

TOLUIDINE BLUE.  = 0 . 8 g .

PYRONIN Y.  = 0 . 2 g .

D i s s o l v e ,  t h e n  f i l t e r  i n t o  a s t o c k  b o t t l e .

S t a i n  s e c t i o n s  a t  r o o m t e m p e r a t u r e  u n t i l  t h e  d e s i r e d

d e p t h  o f  s t a i n i n g  i s  o b t a i n e d .  Wash i n  r u n n i n g  t a p  w a t e r ,  

a i r  d r y  a n d  mount  in i mme r s i o n  o i l  o r  s y n t h e t i c  m o u n t i n g
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Al

7

A. )  WHOLE BIOPSY.

DURING DIVISION THE BIOPSY IS FLOODED WITH THE PRIMARY 

FIXATIVE.

' : > W  \  '  *

B . )  THE BIOPSY IS HALVED AND LAID ONTO THE CUT SURFACE

A

C . )  ONE HALF IS DIVIDED INTO FOUR. THE OTHER HALF CAN BE 

USED FOR CYTOCHEMISTRY OR DIVIDED.

D. )  THE QUARTERS ARE LAID ONTO THEIR BROAD SURFACE.

E . )  EACH QUARTER IS FURTHER DIVIDED TO PROVIDE BLOCKS OF A 

SUITABLE SIZE AND SHAPE FOR PROCESSING AND SECTIONING.



me d i u m.  The  s t a i n  g i v e s  a  v e r y  p l e a s i n g  r e s u l t  o f  v a r y i n g  

s h a d e s  o f  b l u e .

ULTRATHIN SECTI ONS.

U l t r a t h i n  s e c t i o n s ,  c u t  u s i n g  a  d i a m o n d  k n i f e ,  w e r e  

m o u n t e d  on c o p p e r  g r i d s  w i t h  a  f o r m v a r  f o i l  t h e n  s t a i n e d  

w i t h  2% U r a n y l  A c e t a t e  i n  50% E t h a n o l  o r  M e t h a n o l  ( S t e m p a k  

& Wa r d ,  1 9 6 4 )  f o l l o w e d  by  R e y n o l d s  L e a d  C i t r a t e  ( R e y n o l d s ,  

1 9 6 3 ) .

SECTIONING REGIME.

FUNDUS.

U s i n g  g l a s s  k n i v e s  a n d  e x a m i n e d  by l i g h t  m i c r o s c o p y  

b l o c k s  w e r e  s e m i t h i n  s e c t i o n e d  p e r p e n d i c u l a r  t o  t h e  s k i n  

s u r f a c e  u n t i l  t h e  s w e a t  g l a n d  f u n d u s  wa s  f o u n d .  The  b l o c k s  

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

d i a m o n d  k n i f e .  S e m i t h i n  s e c t i o n s  w e r e  t h e n  c u t  a t  10pm 

i n t e r v a l s  t h r o u g h  t h e  b l o c k  u n t i l  t h e  f u n d u s / d u c t  

t r a n s i t i o n  z o n e  w a s  f o u n d .  The  b l o c k  wa s  t r i m m e d  i f  

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

k n i f e .

DUCT.

The  b l o c k s  u s e d  f o r  s t u d i e s  o f  t h e  d u c t  w e r e  

s e c t i o n e d  p a r a l l e l  t o  t h e  s k i n  s u r f a c e .  S t a r t i n g  a t  t h e  

e p i d e r m i s  b l o c k s  w e r e  s e c t i o n e d  a t  10| im i n t e r v a l s  u n t i l  a 

d u c t  w a s  f o u n d .  The  d u c t  c h o s e n  w a s  f r o m  a c e n t r a l  

p o s i t i o n  i n  t h e  b l o c k  a s  e x p e r i e n c e  i l l u s t r a t e d  t h a t  d u c t s  

f r o m  t h e  p e r i p h e r y  w e r e  f r e q u e n t l y  l o s t .  A s e l e c t e d  d u c t  

f r o m e a c h  s a m p l e  w a s  s e c t i o n e d  a t  1pm a n d  u l t r a t h i n  

s e c t i o n s  w e r e  t a k e n  e v e r y  20pm t h r o u g h o u t  i t s  e n t i r e  

l e n g t h .  The  r e m a i n i n g  b l o c k s  w e r e  a g a i n  s e c t i o n e d  a t  1pm 

a n d  u l t r a t h i n  s e c t i o n s  c u t  a t  20pm i n t e r v a l s  i n  t h e
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i n t r a f o 1 1 i c u 1a r  r e g i o n  a n d  p e r i f o l l i c u l a r  z o n e  o f  t h e  

i n t r a d e r m a l  r e g i o n .  The  d u c t  b o d y  w a s  u 1t r a t h 1 n - s e c t i o n e d  

a t  50pm i n t e r v a l s  t o  t h e  f u n d u s .

LIGHT MICROSCOPY.

The  s t a i n e d  1pm s e c t i o n s  w e r e  e x a m i n e d  u s i n g  a Z e i s s  

GFL S t a n d a r d  m i c r o s c o p e .

ELECTRON MICROSCOPY.

The  s t a i n e d  u l t r a t h i n  s e c t i o n s  w e r e  e x a m i n e d  w i t h  an

A . E . I . E M 6 B  e l e c t r o n  m i c r o s c o p e  a t  60kV o r  a  J . E . 0 . L . 1 0 0 C  

e l e c t r o n  m i c r o s c o p e  a t  8 0kV.  E l e c t r o n  m i c r o g r a p h s  w e r e  

t a k e n  on I l f o r d  E. M.  p l a t e s  a n d  d e v e l o p e d  w i t h  I l f o r d  PO 

U n i v e r s a l  d e v e l o p e r .



APPENDIX 2 .

CYTOCHEMISTRY.

SODIUM. POTASSIUM -  ADENOSINE TRIPHOSPHATASE.

( E r n s t ,  1 9 7 2 a , b ;  F i r t h  e t  a l . ,  1 9 7 9 )

The  f o l l o w i n g  t e c h n i q u e  w a s  u s e d  t o  l o c a l i z e  t h e  

o u a b a i n  s e n s i t i v e  K - d e p e n d e n t  p - n i t r o p h e n y 1 p h o s p h a t e  

( K - N P P a s e )  a c t i v i t y  o f  t h e  N a , K - A T P a s e  c o m p l e x  a t  t h e  

u 1 t r a s t r u c t u r a l  l e v e l .

SOLUTIONS.

PRIMARY F I XATI VE.

25% GLUTARALDEHYDE. = i m l , ( D I S T I L L E D . )

10% PARAFORMALDEHYDE. = 1 0 ml .

1M. SODIUM CACODYLATE. = 1 0 ml .

DI STI LLED WATER. = 7 0 m l .

SUCROSE.  = 1 . 7 g .

A d j u s t  t o  pH 7 . 2 ,  b r i n g  t o  100ml  w i t h  d i s t i l l e d  

w a t e r .

CACODYLATE BUFFER WASH.

1M. SODIUM CACODYLATE. = 1 0 ml .

DI STILLED WATER. = 8 0 m l .

SUCROSE.  = 5 . 9 g .

A d j u s t  t o  pH 7 . 2 ,  b r i n g  t o  100ml  w i t h  d i s t i l l e d  

w a t e r .

POST FI XATI VE.

1M. SODIUM CACODYLATE. = 1 0 ml .

DI STI LLED WATER. = 6 0 m l .

SUCROSE.  = 5 . 1 g .

A d j u s t  t o  pH 7 . 2 ,  b r i n g  t o  75ml  w i t h  d i s t i l l e d  w a t e r



BUFFER. = 3 PARTS.

4% OSMIUM TETROXIDE. -  1 PART.

PRE-POST INCUBATION RINSE. ClOOmM T R I S . )

TRIZMA BASE. = 6 . 0 5 g .

DISTILLED WATER. = 450ml .

SUCROSE. = 2 5 g .

A d j u s t  t o  pH 9,  b r i n g  t o  500ml w i t h  d i s t i l l e d  w a t e r .  

7% AGAR.

2% LEAD NITRATE.

8 . 6 % SUCROSE. ( 250mM. )

INCUBATION SUBSTRATE.

TRIZMA BASE.  = 1 . 2 1 g .  ClOOmM.)

DI STILLED WATER. = 9 0 m l .

A d j u s t  t o  pH 9 ,  b r i n g  t o  100ml  w i t h  d i s t i l l e d  w a t e r .  

lOOmM TRI S  BUFFER.  = 9 0 m l .

P-NITROPHENYL PHOSPHATE.  = 0 . 2 6 g . ( l OmM. )

MAGNESIUM CHLORIDE.  = 0 . 2 g . ( l OmM. )

POTASSIUM CHLORIDE.  = 0 . 0 7 5 g .  ( l OmM. )

STRONTIUM CHLORIDE.  = 0 . 5 3 g .  ( 20mM. )

LEVAMISOLE. = 0 . 1 2 g .  C5mM. )

Ch e c k  pH ( 9 ) ,  b r i n g  t o  100ml  w i t h  TRI S  BUFFER.  

CONTROL SUBSTRATE.

A . )  -  POTASSIUM CHLORIDE.

B . )  + 5mM OUABAIN ( 0 . 3 6 g / l 0 0 m l . )

C . )  -  LEVAMISOLE,
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METHOD.

1 . )  S a m p l e s  w e r e  f l o o d e d  w i t h  t h e  P r i m a r y  f i x a t i v e  a n d  

d i v i d e d  a s  s h o wn  i n  p l a t e  A 1 .

2 . )  C a c o d y l a t e  b u f f e r  w a s h .  = 3 x 20 m i n u t e s .

3 . )  P r e - i n c u b a t i o n  r i n s e .  = 3 x 20 m i n u t e s  t h e n  o v e r n i g h t  

i f  n e c e s s a r y .

4 . )  Mount  on a  s e c t i o n i n g  d i s c  a n d  s u r r o u n d  w i t h  m o l t e n  

a g a r  C 6 0 ° C ) .  A l l o w  t h e  a g a r  t o  s e t  a n d  c o o l  t o  r o o m 

t e m p e r a t u r e .

5 . )  Cu t  50| im s e c t i o n s  w i t h  Smi t h / F a r q u h a r *  t i s s u e  c h o p p e r  

C S o r v a l 1 T . C . 1 . ) .

6 . )  F l o a t  o u t  s e c t i o n s  i n  p r e - i n c u b a t i o n  r i n s e .

7 . )  W i t h  g l a s s  r o d s  t r a n s f e r  t h e  s e c t i o n s  t o  f r e s h  

p r e - i n c u b a t i o n  r i n s e .  D u r i n g  t h i s  t r a n s f e r  t h e  b e t t e r  

s e c t i o n s  c a n  b e  s e l e c t e d  a n d  s e p a r a t e d  f r o m  t h e  a g a r .

8 . )  I n c u b a t i o n  s u b s t r a t e .  = 45  m i n u t e s  a t  r o o m 

t e m p e r a t u r e  on a  t i s s u e  r o t a t o r .

9 . )  P o s t - i n c u b a t i o n  r i n s e .  = 3 r i n s e s .

1 0 . )  2% L e a d  n i t r a t e .  = 2 x 5  m i n u t e s .

1 1 . )  8 . 6 % S u c r o s e .  = R i n s e .

1 2 . )  P o s t - i n c u b a t i o n  r i n s e .  = R i n s e .

1 3 . )  P o s t  f i x a t i v e .  = 1 h o u r .

1 4 . )  D e h y d r a t e  i n  g r a d e d  a l c o h o l .

1 5 . )  I n t e r m e d i a t e  s o l v e n t .

1 6 . )  I n f i l t r a t e  w i t h  e p o x y  r e s i n .

1 7 . )  Embed i n  f r e s h  r e s i n .

1 8 . )  Cu t  u l t r a t h i n  s e c t i o n s  a n d  mo u n t  on c o p p e r  g r i d s .

1 9 . )  L i g h t l y  s t a i n  w i t h  u r a n y l  a c e t a t e .  S e c t i o n s  c a n  b e  

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

i n i t i a l  l o c a l i z a t i o n  o f  t h e  e n z y me  d e p o s i t s .
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SODIUM/POTASSIUM-DEPENDENT ADENOSINE TRIPHOSPHATASE.

( M a y a h a r a  e t  a l  . , 1 9 8 1 )

SOLUTIONS.

PRIMARY F I XATI VE.

10% PARAFORMALDEHYDE. = 2 0 m l .

25% GLUTARALDEHYDE. = 2 m l .  ( D I S T I L L E D . )

1M. SODIUM CACODYLATE. = 1 0 ml .

DI STI LLED WATER. = 7 0 m l .

A d j u s t  t o  pH 7 . 2 ,  b r i n g  t o  100ml  w i t h  d i s t i l l e d  

w a t e r .

BUFFER WASH.

1M. SODIUM CACODYLATE. = l m l .

SUCROSE.  = 8 . 5 5 g .

DIMETHYLSULPHOXIDE. = 1 0 ml .

DI STI LLED WATER. = 8 0 m l .

A d j u s t  t o  pH 7 . 2 ,  b r i n g  t o  100ml  w i t h  d i s t i l l e d  

w a t e r .

POST F I XATI VE.

1M. SODIUM CACODYLATE. = 1 0 ml .

SUCROSE.  = 5 . I g .

DISTI LLED WATER. = 6 0 m l .

A d j u s t  t o  pH 7 . 2 ,  b r i n g  t o  75ml  w i t h  d i s t i l l e d  w a t e r  

BUFFER.  = 3 PARTS.

4% OSMIUM TETROXIDE. = 1 PART.

POST INCUBATION R I N S E .

1M. SODIUM CACODYLATE. = 1 0 ml .

SUCROSE.  = 8 g .

DI STI LLED WATER. = 8 0 m l .

A d j u s t  t o  pH 7 . 2 ,  b r i n g  t o  100ml  w i t h  d i s t i l l e d  

w a t e r  .



1M. GLYCINE-KQH BUFFER.

POTASSIUM HYDROXIDE. = 5 . 6 1 g .

D i s s o l v e  a n d  b r i n g  t o  100ml  w i t h  d i s t i l l e d  w a t e r .  

GLYCINE.  = 7 . 5 g .

DISTILLED WATER. = 9 0 m l .

A d j u s t  t o  pH 9 w i t h  KOH, b r i n g  t o  100ml  w i t h  

d i s t  i 11e d  w a t e r .

1% LEAD CI TRATE.

POTASSIUM HYDROXIDE. = 0 . 2 8 g .

DISTILLED WATER. = 9 5 m l .

DISSOLVE.

LEAD CITRATE.  = l g .

D i s s o l v e  a n d  b r i n g  t o  100ml  w i t h  d i s t i l l e d  w a t e r .  

PRE-INCUBATION R I N S E .

GLYCINE-KOH.  = 2 5 m l .

DISTILLED WATER. = 7 5 m l .

INCUBATION SUBSTRATE. (ADD IN THE ORDER GI VEN. )

p-NITROPHENYLPHOSPHATE(Mg) . = 0 . 2 4 g .  ( l OOmM. )

DISTILLED WATER. = 10 ml .

GLYCINE-KOH. = 2 5 m l .

C GLYCINE-250mM. K- 20mM. )

DIMETHYLSULPHOXIDE. = 2 5 m l .  ( 2 5 % . )

DEXTRAN. = 3 g . ( 3 % . )

LEAD CITRATE.  = 4 0 m l .

( P b / C i t . - 4mM. K- 20mM. )

LEVAMISOLE. = 0 . 0 6 g .  < 2 . 5mM. )

CONTROLS.

A . )  S u b s t r a t e  f r e e  me d i u m.

B . )  OUABAIN. P r e - i n c u b a t e  f o r  30 m i n u t e s  w i t h  

p r e - i n c u b a t i o n  r i n s e  p l u s  lOmM o u a b a i n  ( 0 . 7 2 g / l 0 0 m l ) .
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I n c u b a t i o n  s u b s t r a t e  p l u s  lOmM o u a b a i n  ( 0 . 7 2 g / l 0 0 m l ) .

C . )  E xc l u d e  P o t a s s i u m  i o n s  f rom t h e  s u b s t r a t e  and  r e p l a c e  

w i t h  Sodium.

GLYCINE-NaOH BUFFER. A d j u s t  pH w i t h  1M ( M)  NaOH.

1% LEAD CITRATE. R e p l a c e  KOH w i t h  0 . 2g NaOH.

D. )  E xc l u d e  LEVAMISOLE.

METHOD.

1 . )  PRIMARY FIXATIVE. = 1 h o u r .  ( 0 - 4 ° C . )

2 . )  BUFFER WASH. = 3 x 20 m i n s .
o( O v e r n i g h t  i f  n e c e s s a r y  a t  0 - 4  C . )

3 . )  50pm SMITH/FARQUHAR SECTIONS.

4 . )  PRE-INCUBATION RINSE. = RINSE.

5 . )  INCUBATION SUBSTRATE. = 10-20 m i n s .  ( R . T . )

6 . )  POST INCUBATION RINSE. = 2 x 5  mins

R i n s e  t h e  i n c u b a t i o n  v e s s e l  w e l l  t o  remove t r a c e s  of  

t h e  DMSO. DMSO o x i d i s e s  t h e  osmium t e t r o x i d e  o f  t h e  

p o s t  f i x a t i v e .  I n c o m p l e t e  r i n s i n g  c a u s e s  t h e  v e s s e l  

and  p o s t  f i x a t i v e  t o  b l a c k e n  v e r y  q u i c k l y .

7 . )  POST FIXATIVE. = 1 h o u r .

8 . )  DEHYDRATE WITH GRADED ALCOHOL.

9 . )  EMBED IN ARALDITE.

1 0 . )  SECTION AND STAIN WITH URANYL ACETATE.
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SODIUM/PQTASSIUM-DEPENDENT ADENOSINE TRIPHOSPHATASE,

( F i r t h , J . A .  -  P e r s o n a l  C o m m u n i c a t i o n . )  

(Guth  & A l b e r s .  1 9 7 4 . )

SOLUTIONS.

2% COBALT CHLORIDE.

1% AMMONIUM SULPHIDE.

BUFFER WASH.

2-AMIN0-2-METHYL-1-PROPANOL. = 1 . 6 m l .  <70mM.

DISTILLED WATER. = 230ml .

A d j u s t  t o  pH 9 - 9 . 1 ,  b r i n g  t o  250ml w i t h  d i s t i l  

w a t e r .

INCUBATION SUBSTRATE.

2-AMIN0-2-METHYL-1-PROPANOL. = 0 . 6 7 m l .  (70mM

DISTILLED WATER. = 60ml .

DIMETHYLSULPHOXIDE. = 25ml .  (25%)

A d j u s t  t o  pH 9 - 9 . 1 ,  b r i n g  t o  100ml w i t h  d i s t i l  

w a t e r .

POTASSIUM CHLORIDE. 

MAGNESIUM CHLORIDE. 

p-NPP.  (SIGMA 104) 

CONTROLS.

0 . 2 2 g . ( 30mM.

0 . 4 g . ( 20mM. )  

0 . 1 3 g . (5mM.)

A. ) 5mM LEVAMISOLE. = 0 . 12g/100ml

B. ) 5mM OUABAIN. = 0 . 3 6 g / 10 0m l

C. ) - v e  POTASSIUM.

METHOD.

1 . ) U n f i x e d  c r y o s t a t  s e c t i o n s .

2.  ) I n c u b a t i o n  s u b s t r a t e . = 20 m i n s . -  2 h o u r s

3 .  ) B u f f e r  wash. = 2 r  i n s e s .

4.  ) 2% C o b a l t  c h l o r i d e . = 5 mi n s .

5 .  ) B u f f e r  w a s h . = r i n s e .

41

1 ed

. )

1 ed

)

(RT)



6.  ) D i s t i l l e d  w a t e r . = 3 r i n s e s

7 .  ) 1% Ammonium s u l p h i d e .  = 3 m i n s .

8 .  ) R un ni ng  t a p  w a t e r .  = w a s h .

9.  ) C o u n t e r s t a i n  a s  d e s i r e d .

10 . ) Mount in g l y c e r i n  j e l l y .

11 . ) o r  D.C.M. in D.P.X.

RESULT.

Na , /K-ATPase  a c t i v i t y :  BLACK.

N u c l e i  and  c y t o p l a s m  a s  c o u n t e r s t a i n e d .
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ALKALINE PHOSPHATASE. ( M i 1 1 on i g & M i 1 1 on i g , 1 9 7 3 . )

SOLUTIONS.

FIXATIVES.

P r i m a r y  f i x a t i v e ,  b u f f e r  wash and  p o s t  f i x a t i v e  

t h e  same a s  t h o s e  u s e d  f o r  t h e  u 1 1 r a s t r u c t u r a  1 

d e m o n s t r a t i o n  of  Na,K-ATPase by t h e  me thod  of  E r n s t  

( 1 9 7 2 a , b )  d e s c r i b e d  e a r l i e r .

7% AGAR.

PRE & POST INCUBATION RINSE. (lOOmM T R IS . )

TRIZMA BASE. = 6 . 0 5 g .

DISTILLED WATER. = 450ml .

A d j u s t  t o  pH 9 . 2 ,  b r i n g  t o  500ml w i t h  d i s t i l l e d  

w a t e r .

0.2M T R I S .

TRIZMA BASE. = 2 . 4 g .

DISTILLED WATER. = 90ml .

A d j u s t  t o  pH 9 . 2 ,  b r i n g  t o  100ml w i t h  d i s t i l l e d  

w a t e r .

1% SODIUM GLYCEROPHOSPHATE.

3% SODIUM CITRATE.

3% LEAD CITRATE.

INCUBATION SUBSTRATE. (ADD IN THE ORDER GIVEN.)

0 .2M TRIS.  = 7 6 m l .

DEXTRAN. -  2 . 28g (OPTIONAL)

1% Na GLYCEROPHOSPHATE. = 4m1.

3% SODIUM CITRATE. = 6ml .

3% LEAD NITRATE. = 6m1,

Add t h e  l e a d  n i t r a t e  s l o w l y  w h i l e  s t i r r i n g ,  i f  a 

o p a l e s c e n c e  i s  fo rmed  s e v e r a l  d r o p s  of  c i t r a t e  w i l l
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d i s s o l v e  i t .  The  s o l u t i o n  i s  c o m p l e t e l y  c l e a r  a n d  s t a b l e  

f o r  s e v e r a l  h o u r s .

CONTROL SUBSTRATE.

A. )  -  SODIUM GLYCEROPHOSPHATE.

B.) + 5mM LEVAMISOLE. (0.12g/l00m1.)
METHOD.

1 . )  F l o o d  s a mp l e  w i t h  t h e  p r i m a r y  f i x a t i v e  and  d i v i d e  a s  

shown in p l a t e  A1.

2 . )  C a c o d y l a t e  b u f f e r  wash .  = 3 x 20 m i n u t e s .

3 . )  P r e - i n c u b a t i o n  r i n s e .  = 3 x 20 m i n u t e s  t he n  o v e r n i g h t  

i f  n e c e s s a r y .

4 . )  Mount o n t o  a s e c t i o n i n g  d i s c  and  s u r r o u n d  w i t h  m o l t e n  

a g a r  ( 6 0 ° C . ) .  Al low t h e  a g a r  t o  s e t  and  coo l  t o  room 

t e m p e r a t u r e .

5 . )  Cut  50pm s e c t i o n s  w i t h  S m i t h / F a r q u a h a r  t i s s u e  ch op p er  

( S o r v a l 1 T . C . l . )

6 . )  F l o a t  s e c t i o n s  o u t  in t h e  p r e - i n c u b a t i o n  r i n s e .

7 . )  Wi th g l a s s  r o d s  t r a n s f e r  t h e  s e c t i o n s  t o  f r e s h  

p r e - i n c u b a t i o n  r i n s e .  D u r i n g  t h i s  t r a n s f e r  t h e  b e s t  

s e c t i o n s  can  be s e l e c t e d  f rom t h e  a g a r .
o8 . )  I n c u b a t i o n  s u b s t r a t e .  = 1-2  h o u r s  (38 C. )

9 . )  P o s t  i n c u b a t i o n  r i n s e .  = 3 r i n s e s .

1 0 . )  P o s t  f i x a t i v e .  = 1 h o u r .

1 1 . )  D e h y d r a t e  in g r a d e d  a l c o h o l .

1 2 . )  I n t e r m e d i a t e  s o l v e n t .

1 3 . )  I n f i l t r a t e  w i t h  epoxy r e s i n .

1 4 . )  Embed in f r e s h  r e s i n .

1 5 . )  Cut u l t r a t h i n  s e c t i o n s  and  mount  on c o p p e r  g r i d s .

144



1 6 . )  L i g h t l y  s t a i n  w i t h  u r a n y l  a c e t a t e .  S e c t i o n s  can be 

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

i n i t i a l  l o c a l i z a t i o n  of  t h e  enzyme d e p o s i t s .
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APPENDIX 3 .

KEY TO FIGURES. 

CHAPTERS 1 - 5 .

A A t r e t i c  l umi na l  c e l l .

BC B a s a 1 d u c t  c e l l .

BD Basal  d o v e t a i l i n g .

BMV B a s a 1 mi c r o v  i 1 1 i .

C Cen t r  i o 1e .

CT C o n n e c t i v e  t i s s u e .

D Desmosome.

EF Ep i t h e  1 i a l  f o l d .

ES E c c r i n e  s e c r e t i o n .

F F i b r o c y t e  s h e a t h .

G Golgi  a p p a r a t u s .

GC G r a n u 1a r  c e l l .

GJ Gap j u n c t i o n .
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