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COMPARATIVE STUDIES OF THE HISTOLOGY AND PHYSIOLOGY OF 

SALIVARY GLANDS IN SOME SPECIES OF RODENTS

CHAPTER I 

INTRODUCTION

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

i n t o  t h r e e  major  r e l a t e d  a s p e c t s .  F i r s t l y ,  a  c o m p a ra t iv e  

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

of  t h e  Order  R o d e n t i a  was i n i t i a t e d .  T h is  p h a se  of s tu d y  

was prompted by r e p o r t s  (B e n s l e y ,  1908; Honda, 1927; Harvey,  

u n p u b l i s h e d  d a t a )  of  d i f f e r e n c e s  i n  g r o s s  anatomy, a n d ,  more 

s t r i k i n g l y ,  i n  m ic r o s c o p ic  anatomy of t h e  s u b m a x i l l a r y  g l a n d  

of  v a r i o u s  mammals.

Seco n d ly ,  a n  a t t e m p t  was made t o  d e te r m in e  whether  s a l i ­

v a ry  g la n d  sex d imorphism  was c h a r a c t e r i s t i c  of r o d e n t s  i n  

g e n e r a l .  A sex d i f f e r e n c e  i n  l a b o r a t o r y  r a t  and mouse sub­

m a x i l l a r y  g la n d  s t r u c t u r e  h a s  been  r e p o r t e d  (L a c assag n e ,

1 9 4 0 a ,c ;  F e k e t e ,  1 9 4 1 ) .  T h i s  d imorphism m a n i f e s t s  i t s e l f  b o t h  

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

morphic  q u a l i t i e s :  ( l )  t u b u l e  d i a m e t e r ,  (2) t e r m i n a l  t u b u l e

c e l l  g r a n u l a t i o n ,  and (3)  t h e  dependence  of g r o s s  w e ig h t  upon 

male hormone ( L a c a s s a g n e ,  1 9 4 0 a ,b ;  F e y e l - C a b a n e s , 1947; F r a n t z  

and Kirschbaum , 1949a) i n  b o th  t h e  m a tu r in g  and the  a d u l t
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g la n d  (Harvey, 1952) .  Female hormone has  be en  shown t o  i n ­

f l u e n c e  the  s u b m a x i l l a r y  g la n d  w e i g h t ,  t u b u l e  c e l l  g ranu­

l a t i o n ,  and more e s p e c i a l l y ,  t h e  s t r u c t u r e  and s i z e  of t h e  

a c i n a r  c e l l s  (Harvey,  1952) .

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

ences  sug g e s te d  by such  d imorphism, l e d  t h e  a u th o r  to  conduct  

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

v a ry  g lan ds  of b o th  sexes  of  l a b o r a t o r y  r o d e n t s .  Raynaud and 

R e b e y r o t t e  (1949) obse rv ed  t h a t  s a l i v a  from male mice pos­

s e s s e d  g r e a t e r  a b i l i t y  to  r e l e a s e  g lu c o s e  from s t a r c h  th an  

d id  s a l i v a  from fem a le  mice.  L ik e w is e ,  c a s t r a t i o n  of  male 

mice d e c re a se d  t h i s  en zym at ic  a c t i v i t y  w h i l e  a d m i n i s t r a t i o n  

of t e s t o s t e r o n e  t o  f e m a le s  enhanced i t .  A m y lo ly t ic  a c t i v i t y  

of s a l i v a r y  t i s s u e  and e f f e c t s  of g o na d a l  hormones on t h i s  

a c t i v i t y  were i n v e s t i g a t e d  by Harvey (1957a ,  b ) . R e s u l t s  of 

t h e s e  s t u d i e s  conf i rm ed  the  f i n d i n g s  of Raynaud and Rebey­

r o t t e .

I n  l i g h t  of the  r e p o r t e d  d i f f e r e n c e s  i n  a m y l o l y t i c  ac ­

t i v i t y  of s a l i v a r y  g l a n d s  and s a l i v a r y  g l a n d  s e c r e t i o n s ,  i t  

became of i n t e r e s t  t o  d e te r m in e  whether  o t h e r  g l y c o s i d a s e s , 

namely,  l a c t a s e ,  m a l t a s e ,  and  s u c r a s e ,  were  p r e s e n t  i n  s a l i ­

v a r y  t i s s u e  of some s p e c i e s  of l a b o r a t o r y  a n im a l s  and ,  i f  so ,  

to  what degree  t h e i r  a c t i v i t y  might be a f f e c t e d  by s h i f t s  i n  

go n ad a l  hormone l e v e l s .



CHAPTER I I  

HISTOLOGIC STUDIES

M a t e r i a l s  and Methods 

S a l i v a r y  g la n d s  u se d  i n  t h i s  s tudy  were from ( l )  mice 

and g u in e a  p ig s  r e a r e d  i n  our l a b o r a t o r y  u nder  c o n d i t i o n s  of 

s t a n d a r d  d i e t  f ed  ah l i b i t u m ; and (2) o t h e r  r o d e n t s  t r a p p e d  

o r  sh o t  i n  t h e i r  n a t u r a l  env ironm ent  w i th o u t  knowledge of 

t im e ,  q u a l i t y ,  or q u a n t i t y  of t h e i r  most r e c e n t  f e e d i n g .

T i s s u e s  from a n im a ls  s a c r i f i c e d  i n  t h e  l a b o r a t o r y  were 

im m e d ia te ly  e x c i s e d  and p l a c e d  i n  f i x a t i v e  s o l u t i o n .  When 

i t  was n o t  f e a s i b l e  t o  b r i n g  l i v e  specimens i n t o  t h e  l a b o ­

r a t o r y ,  g l a n d s  were c o l l e c t e d  i n  t h e  f i e l d  no t  lo n g e r  t h a n  

tw e n ty  m in u te s  a f t e r  th e  d e a t h  of th e  a n im a l ,  p l a c e d  i n  

f i x a t i v e ,  and b ro u g h t  t o  t h e  l a b o r a t o r y  f o r  f u r t h e r  p r o c è s  

s i n g .  A l l  t i s s u e s  were f i x e d  i n  m o d i f ied  Z en k e r - fo rm o l  

(H ens ley)  s o l u t i o n ,  s e c t i o n e d  a t  e i g h t  m ic r o n s ,  and s t a i n e d  

w i t h  M a l l o r y ' s  T r i p l e  C o n n e c t iv e  T i s s u e  (MTCT) s t a i n  or  

p e r i o d i c - a c i d - S c h i f f  (FAS) r e a g e n t .

A ccord ing  t o  c l a s s i f i c a t i o n  of Order R o d e n t i a  by H a l l  

and Kelson  (19 5 9 ) ,  t h e  55 a n im a l s  i n c lu d e d  i n  t h i s  p h ase  of 

s tu d y  r e p r e s e n t e d  t h e  f o l l o w i n g  t h r e e  s u b - o r d e r s  and s i x  

f a m i l i e s ;
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Sub-Order  Sc iuror .o rpha ;  F a r . l iy  S c i u r l d a e  ( s q u i r r e l s )

Geosyidae  (p o c k e t  gophe rs )  

H e te r o a y ld a e  (pouched mice) 

C a s t o r id a e  ( b e a v e r s )

Sub-Order  Kyomorpha: Fam ily  C r i c e t i d a e  ( n a t i v e  r a t s  and mice)

Muridae ( t r u e  r a t s  and mice) 

Sub-Order  K ys t r icom orpha ;  Family Cavidae  ( g u i n e a  p i g s )

R e s u l t s

H i s t o l o g i c  d e t a i l s  of the  m ic r o s c o p ic  a p p e a ra n c e  of s a l i ­

v a r y  g l a n d s  from tw e lv e  s p e c i e s  of r o d e n t s  a r e  p r e s e n t e d  i n  

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

o f  normal a d u l t  male and f e m a le  l a b o r a t o r y  mice a r e  u se d  a s  

p r o t o t y p e s  or  models  to  which  g l a n d s  of o th e r  s p e c i e s  w i l l  be 

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

be c o n s i d e r e d  f i r s t  r a t h e r  th an  In  p ro p e r  taxonom ic  p o s i t i o n  

w i t h  o t h e r  s p e c i e s  o f  Order  R o d e n t i a .

Sub-Order:  Myomorpha   Family  Muridae

L a b o r a t o r y  mouse ( Mus m u s c u lu s )

S u b m a x i l l a r y  g lan d

The s u b m a x i l l a r y  g l a n d  i s  a  compound, b ra n c h e d ,  t u b u l o -  

a c i n o u s  g l a n d  d i v i d e d  by c o n n e c t i v e  t i s s u e  s e p t a  i n t o  s e v e r a l  

o v o id  l o b e s  and l o b u l e s .

Duct s y s te m :— A l a r g e  e x c r e t o r y  d u c t . which l e a d s  to  

t h e  o r a l  c a v i t y ,  s e r v e s  a s  th e  e x c u r r e n t  opening  f o r  a l l  

l o b e s .  The main stem and p r i n c i p a l  b ra n c h e s  a r e  l i n e d  by



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

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

comes a s im p le  columnar t i s s u e .  T h is  e x c r e t o r y  p o r t i o n  o f  

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

i n t r a l o b u l a r  d u c t s  (som etim es r e f e r r e d  t o _ a s  s e c r e t o r y  d u c t s  

or  s t r i a t e d  t u b u l e s )  l i n e d  by a  s i n g l e  l a y e r  of columnar 

e p i t h e l i a l  c e l l s  w i th  a  f i n e l y  g r a n u l a r  cy top lasm  c o n t a i n i n g  

c h a r a c t e r i s t i c  b a s a l  s t r i a t i o n s ,  which  a r e  b e l i e v e d  to  be 

p a r a l l e l  rows of  m i t o c h o n d r i a .  Large  s p h e r i c a l  n u c l e i  occupy 

a c e n t r a l  or s u b c e n t r a l  p o s i t i o n .  The i n t r a l o b u l a r  d u c t s  

d i v i d e  i n t o  t e r m i n a l  t u b u l e s . a s  shown i n  t h e  d iagram  below, 

which  a r e  th e  s e x - d im o r p h ic  components of t h e  g la n d .

r x : r e to r y

I n te r lo b u la r  Duct

In t r a lo b u la r  Duct

Acinous (Serous) 
Terminal Tubule

Acinar Cell

Diagram of the  Submaxillary Gianc of the  Laboratory  Mouse.

T e rm in a l  t u b u l e s : - - T h e  major sex dimorphism i n  the  sub=. 

m a x i l l a r y  o f  a d u l t  male and fem ale  mice i s  e x p r e s s e d  by d i f ­

f e r e n c e s  i n  c e l l  h e i g h t  and q u a n t i t y  of l a r g e  h i g h l y  r e ­

f r a c t i v e  g r a n u l e s  w i t h i n  each  c e l l ,  b o t h  of which a r e  g r e a t e r
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I n  male  th a n  i n  fem a le  g l a n d s  ( P I .  1, F i g s ,  1 and 2 ) .  I n  ad­

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

i n  p e r i p h e r a l  a r e a s  and t h o s e  i n  c e n t r a l  a r e a s  of th e  l o b u l e s  

i n  some a d u l t  male g l a n d s  and i n  a l l  f em a le  g l a n d s .  When 

s e c t i o n s  of male s u b m a x i l l a r y  g land  a r e  s t a i n e d  by MCTC 

s t a i n ,  c e l l s  of c e n t r a l  t e r m i n a l  t u b u l e s  have s u b c e n t r a l  

n u c l e i ,  b a s a l  s t r i a t i o n s ,  numerous sm a l l  da rk  g r a n u l e s ,  some 

l a r g e r  u n s t a i n e d  chromophobic  g r a n u l e s ,  and o c c a s i o n a l l y  a 

few l a r g e  c o a r s e  r e d - o r a n g e  g r a n u l e s .  Cytoplasm of t h e  pe­

r i p h e r a l  c e l l s ,  on t h e  o t h e r  hand ,  i s  g e n e r a l l y  so d e n s e ly  

packed w i th  t h e  r e d - o r a n g e  g r a n u l e s  t h a t  b a s a l  n u c le i  a r e  

d i s t o r t e d  or o b sc u re d ,  c e l l  membrane i s  i n d i s t i n c t ,  and 

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

C e n t r a l  t e r m i n a l  t u b u l e  c e l l s  i n  fem ale  g lan d s  have 

l i t t l e  g r a n u l a t i o n  of  any s o r t ,  n u c l e i  a r e  l o c a t e d  in  the  

c e n t r a l  r e g i o n  o f  t h e  c y to p la s m ,  and b a s a l  s t r i a t i o n s  a r e  

c l e a r l y  v i s i o i e  between n u c l e i  and c e l l  b a s e s .  I n  p e r i p h e r ­

a l  r e g i o n s ,  c e l l  cy to p la sm  f r e q u e n t l y  c o n t a i n s  l a r g e  s p h e r i ­

c a l  r e d - o r a n g e  g r a n u l e s  b u t  t o  a much l e s s e r  e x t e n t  t h a n  i n  

s i m i l a r  c e l l s  of t h e  male  g l a n d ;  n u c l e i  a r e  b a s a l  and s t r i ­

a t i o n s  a r e  no lo n g e r  a p p a r e n t .

A c ina r  c e l l s : - - A s  t h e  d u c t  sys tem t e r m i n a t e s ,  t e r m i n a l  

t u b u l e s  c o n nec t  w i t h  s e r o u s  a c i n i  composed of sm a l l  g roups  

of c e l l s ,  e ach  of  which h a s  an  opaque,  s p h e r i c a l  n u c le u s  a t  

t h e  b a s e .  The n a r ro w ,  a lm o s t  o b l i t e r a t e d ,  a c i n a r  lumina  a r e  

seldom seen .  These c e l l s  p o s s e s s  f i n e  d a rk  b lu e  or p u r p l i s h
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g r a n u l e s  I n  v a r y i n g  amounts and v a c u o l e s  a r e  f r e q u e n t l y  

p r e s e n t .  The c e l l s  r e s t  on a basem ent  membrane and s c a t t e r e d  

between membrane and e p i t h e l i u m ,  s t e l l a t e  b a s a l  c e l l s  or 

" b a sk e t "  ce.: I s  a r e  o bse rv ed .  A c in i  a p p e a r  t o  be more numerous 

i n  t h e  fem a le  th a n  i n  the  male g l a n d .

S u b l i n g u a l  g lan d

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

of t h e  s u b m a x i l l a r y  g la n d s  w i t h i n  t h e  same c o n n e c t i v e  t i s s u e  

s h e a t h .  U n l ik e  th e  m u l t i - l o b a t e d  s u b m a x i l l a r y ,  t h e  s u b l i n g u a l  

i s  composed of a  s i n g l e  o v o id  lo b e  which i s  d i v id e d  by con­

n e c t i v e  t i s s u e  s e p t a  i n t o  s e v e r a l  l o b u l e s .

Duct s y s te m :— The e x c r e t o r y  duc t  h a s  a  p rom inen t  lumen 

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

chang ing  t o  s im p le  columnar e p i t h e l i u m  f o l lo w e d  by low b a s a l l y  

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

of  t h e  duc t  sys tem  ap p ro a ch e s  t h e  a c i n i  i t  becomes s l e n d e r ,  

fo rm ing  i n t e r c a l a t e d  d u c t s , a s  i n d i c a t e d  i n  d iag ram .

E xcret^^v  Duct
I n te r lo b u la r  Duct 
I n t r a lo b u la r  Duct

I n te r c a la t e d  Duct

Acinous (Mucous)

Diagram of the  Suoxingual Guana of the  Laboratory  Mouse
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I n t e r c a l a t e d  d u c t s ; — T hese  d u c t s  a r e  d i s t i n c t i v e  by t h e i r  

sm a l l  lum ina ,  low c u b o id a l  c e l l s  w i th  round  c e n t r a l  n u c l e i  and 

a sm al l  amount o f  cy top lasm  which i s  devo id  of g r a n u l e s .

S ince  i n t e r c a l a t e d  d u c t s  a r e  c o n t i n u o u s  w i t h  th e  a c i n i ,  t h e y  

a p p a r e n t l y  occupy a p o s i t i o n  i n  t h e  d uc t  system s i m i l a r  t o  

t h a t  occu p ied  by th e  t e r m i n a l  t u b u l e s  of t h e  s u b m a x i l l a r y  

g la n d .

A c ina r  c e l l s : —A cin i  a r e  composed of mucous c e l l s  w i t h  

n u c l e i  f l a t t e n e d  to  t h e  b a s e s  and th e  cy top lasm  which a p p e a r s  

c l e a r .  When s u b j e c t e d  to  MTCT s t a i n ,  cy top lasm  s t a i n s  a p a l e  

b l u e ;  t h e  PAS method c o l o r e d  a ne tw ork  of cy top lasm  magenta  

or r ed  p u r p l e ,  ( P A S - p o s i t i v e ) , i n d i c a t i n g  t h e  p r e s e n c e  of  

n e u t r a l  p o l y s a c c h a r i d e s .  Lumina o f  i n t r a l o b u l a r  d u c t s  con­

t a i n e d  m a t e r i a l  which s t a i n e d  a  l i g h t e r  shade of magenta ,  

and would t h u s  be c o n s i d e r e d  t o  be  P A S - p o s i t i v e .  N u c le i  

were u n s t a i n e d  by PAS t r e a t m e n t .

There  a p p e a re d  to  be no d i f f e r e n c e  be tween the  s u b l i n g u a l  

g l a n d s  from male  l a b o r a t o r y  mice and th o s e  from fem ale  m ice .  

P a r o t i d  g land

The s e v e r a l  lo b es  of t h e  mouse p a r o t i d  g land a r e  sub­

d i v i d e d  by c o n n e c t i v e  t i s s u e  s e p t a  i n t o  numerous s m a l l  e-  

l o n g a t e d  l o b u l e s .  T h is  f l a t  and somewhat d i f f u s e  g l a n d  ex­

t e n d s  from th e  v e n t r o - l a t e r a l  s u r f a c e  of  t h e  neck t o  the  

s h o u l d e r s .

Duct sy s t e m :— The p s e u d o s t r a t i f i e d  p r im a ry  duc t  b r a n c h e s  

r e p e a t e d l y  and soon g i v e s  p l a c e  t o  s im p le  columnar e p i t h e l i u m
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f o l l o w e d  by s t r i a t e d  d u c t s  which Lead i n t o  narrow i n t e r c a l a t e d  

d u c t s .

Excretory  Duîrt -ÿ 
In teruobuxar Duct

ïn t r a lo b u la r  'Duct

In te  rc a l i te d - ih ic t  

Acinous (Serous)

Diagram of the  P a ro t id  Gland of tne  Laboratory Mouse

I n t e r c a l a t e d  d u c t s : — These d u c t s  of low c u b o id a l  e p i ­

th e l iu m  a r e  l o n g e r  t h a n  th o s e  of t h e  s u b l i n g u a l  g l a n d  and 

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

t h e  a c i n i .

A c in a r  c e l l s : — C h ro n o p h i l  m a t e r i a l ,  which s t a i n s  d a r k l y  

w i t h  b a s i c  d y e s ,  i s  ob se rv ed  i n  t h e  cy top lasm  of  t h e  s e r o u s  

c e l l s  a round  and below th e  n u c l e i .  I t  i s  t h e  p r e s e n c e  of 

such  chrom oph i l  m a t e r i a l  which d i f f e r e n t i a t e s  p a r o t i d  s e r o u s  

a c i n a r  c e l l s  from t h o s e  obse rved  i n  mouse s u b m a x i l l a r y  

t i s s u e .

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

p l a s m i c  g r a n u l e s  a r e  u s u a l l y  d i s c e r n i b l e .  I t  sho u ld  be n o ted  

t h a t  t h r o u g h o u t  t h e  l i t e r a t u r e  (S to rm o n t ,  1932) t h e s e  g r a n u l e s  

a r e  r e f e r r e d  t o  a s  zymogenic (enzyme a n t e c e d e n t )  and p a r o t i d  

g l a n d  a c i n i  a r e  c l a s s i f i e d  a s  se rozymogenic  c e l l s .
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B oth  male and fe m a le  p a r o t i d  g la n d s  a p p ea r  t o  be s im i ­

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

The m ic r o s c o p ic  anatomy of  s u b l i n g u a l  and p a r o t i d  g la n d s  

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

were s t a i n e d  by MTCT method: fo x  s q u i r r e l  ( S c iu r u s  n i g e r ) ,

p o c k e t  gopher  (Oeomys b u r s a r i u s ) , b rush  mouse ( Peromyscus 

b o y l i i ) , pack r a t  ( Neotoma f l o r i d a n a ) , and g u in e a  p ig  ( Cavia  

p o r c e l l u s ) . With t h e  e x c e p t i o n  of th e  p r e s e n c e  of a d ip o s e  

c e l l s  among s u b l i n g u a l  and p a r o t i d  a c i n i ,  i n  male and fem ale  

g u i n e a  p i g  t i s s u e s  no o b s e r v a b l e  s p e c i e s  or  sex d i f f e r e n c e s  

were n o te d  i n  t h i s  p o r t i o n  of t h e  s a l i v a r y  complex.

I n  o r d e r  to  a v o id  r e p e t i t i o n ,  t h e  r e s u l t s  of the  survey  

o f  s u b m a x i l l a r y  g l a n d  s t r u c t u r e  t o  be p r e s e n t e d  i n  subsequent  

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

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

mouse.  U n le s s  o t h e r w i s e  i n d i c a t e d ,  d e s c r i p t i o n s  of s t a i n i n g  

p r o p e r t i e s  of  c e l l u l a r  s t r u c t u r e s  r e f e r  to  c o l o r i n g  by MTCT 

s t a i n .

Sub-Order :  Sc iu rom orpha  ----  Family  S c i u r i d a e

Woodchuck (Marmota monax) .

The s i n g l e  specimen of  a s u b m a x i l l a r y  g l a n d  from a 

woodchuck was from an a d u l t  m ale .

S e rous  a c i n i  d i s p l a y  a v e r y  r e m a rk a b le  v a r i a t i o n  i n  

amount of  c y to p l a s m i c  g r a n u l a t i o n  and i n  t h e  s t a i n i n g  a f f i n i ­

t i e s  01  t h e  f i n e  b l u e  g r a n u l e s .  Sphero id  b a s a l  n u c le i  a r e  

sh ad es  of  ye l low  t o  red . (F I .  I I ,  F i g .  c ) .
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I n t e r c a l a t e d  d u c t s ,  l i n e d  by low c u b o i d a l  c e l l s  w i th  

rounded  c e n t r a l  n u c l e i  and cy top lasm  d e v o id  of g r a n u l e s ,  a r e  

a p p a r e n t .  Term ina l  t u b u l e s  a r e  no t  o b se rv e d .

C e l l s  of s t r i a t e d  i n t r a l o b u l a r  d u c t s  have  c e n t r a l  n u c l e i  

which i n  most i n s t a n c e s  a r e  su r ro u n d e d  by a "ha lo"  of  c l e a r  

cy to p la sm .  N u c l e i ,  l i k e  th o s e  of t h e  a c i n a r  c e l l s ,  r a n g e  i n  

c o lo r  from ye l low  to  r e d ,  which  s u g g e s t s  d i f f e r e n c e s  i n  t h e  

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

Fox s q u i r r e l  ( S c iu r u s  n i g e r ) .

I n t r a l o b u l a r  s t r i a t e d  d u c t s  b ran c h  i n t o  t e r m i n a l  t u b u l e s  

l i n e d  by c e l l s  w i t h  f i n e  b l u e  c y to p l a s m i c  g r a n u l e s  and p rom i­

n e n t  b a s a l  s t r i a t i o n s ;  l a r g e  round  c e n t r a l  n u c l e i  s t a i n  

v a r i o u s l y  from y e l lo w  th r o u g h  r e d .

A c in a r  c e l l s  of s u b m a x i l l a r y  g l a n d s  from f i v e  males  and 

t h r e e  f e m a le s  show ex trem e v a r i a b i l i t y  i n  s i z e ,  c o n c e n t r a t i o n ,  

and s t a i n i n g  p r o p e r t i e s  of  c y to p la s m ic  g r a n u l e s .  There  i s  a  

s t r o n g  h i n t  t h a t  two c e l l  t y p e s  a r e  p r e s e n t .  One ty p e  d i s ­

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

g r a n u l e s  which s t a i n  l i g h t  b l u e ;  c y to p l a s m i c  v a c u o l e s  a r e  

numerous and n u c le u s  i s  s p h e r o i d .  The o t h e r  l e s s  f r e q u e n t l y  

o bse rv ed  c e l l  has  a  heavy  c o n c e n t r a t i o n  of  l a r g e  c o a r s e  

g r a n u l e s ,  t h e  c e l l  shape  i s  d i s t o r t e d  and t h e  n u c l e u s  i s  ob­

s c u re d  ( P I .  I l l ,  F i g s .  4 and 5 ) .  Some of  t h e s e  l a t t e r  c e l l s  

c o n t a i n  d a rk  r e d  g r a n u l e s ,  s t i l l  o t h e r s  have g r a n u l e s  which 

s t a i n  d a rk  b l u e .  However,  i n  v iew of t h e  o b s e r v a t i o n  t h a t  

b o th  t y p e s  of  c e l l s  a p p e a r  to  be  p r e s e n t  i n  t h e  same a c i n u s .
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i t  Is  p o s s i b l e  o n ly  one k ind  of a c i n a r  c e l l  i n  v a r i o u s  p h a se s  

o f  s e c r e t i o n  i s  b e in g  d e s c r i b e d .  D i f f e r e n c e s  i n  c o lo r  of 

t e r m i n a l  t u b u l e  n u c l e i  su p p o r t  t h i s  e x p l a n a t i o n ,

Sub-Order;  Sc iuromorpha  - - -  Fam ily  Geomyidae 

P o c k e t  gopher  ( Geomys b u r s a r i u s ) .

S u b m a x i l l a ry  g l a n d s  from a male p o c k e t  gopher  c o n t a i n  no 

t e r m i n a l  t u b u l e s  such a s  a r e  d e s c r i b e d  f o r  t h e  mouse (P I .  IV, 

F i g .  6 ) .  I n t r a l o b u l a r  d u c t s  t e r m i n a t e  a s  s h o r t  i n t e r c a l a t e d  

d u c t s .  O c c a s i o n a l  mucous c e l l s  occur  among se r o u s  a c i n i .

Sub-Order:  Sciuromorpha ----  Family  H eterom yidae

P o c k e t  mouse (P e r o g n a th u s  f l a v e n s c e n s ) .

Glands from t h r e e  males were a v a i l a b l e  f o r  s t u d y .  The 

s u b m a x i l l a r y  g l a n d s  of th e  p oc k e t  mouse c l o s e l y  r e s e m b le  t h e  

p r o t o t y p e  g la n d  of  t h e  l a b o r a t o r y  mouse. With  t h e  e x c e p t i o n  

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

d u c t s ,  r a t h e r  t h a n  t e r m i n a l  t u b u l e s ,  t i s s u e s  from t h e s e  two 

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

Sub-O rder ;  Sciuromorpha ------ Family  C a s t o r i d a e

Beaver  ( C a s to r  c a n a d e n s i s ) .

S u b m a x i l l a r y  t i s s u e  from a male b eav e r  c o n t a i n s  t h r e e  

t y p e s  of a c i n i ;  ( l )  s e r o u s ,  (2) mucous, and (3) mixed or 

s e r o u s  dem ilune  c e l l s  ( P l .  V, F ig .  8 ) .  The g r e a t  expanse  

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

a r e  c h a r a c t e r i z e d  by t h e i r  r e l a t i v e  sm al l  s i z e ,  i n t e n s e  

s t a i n i n g  q u a l i t i e s ,  rounded  s u b c e n t r a l  n u c l e i ,  and a lm os t
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-o b sc u re  lum ina  formed by t h e s e  c e l l s .  Mucous c e l l s  a r e  

r e a d i l y  d i s t i n g u i s h e d  from s e r o u s  c e l l s  by t h e i r  l a r g e r  s i z e ,  

chromophobic  c y to p la sm ,  and f l a t t e n e d  b a s a l  n u c l e i .  The 

r e l a t i v e l y  few mixed or s e r o u s  demilune c e l l s  a r e  seen  f o r  

t h e  f i r s t  t ime i n  t h i s  su rvey  of r o d e n t  s u b m a x i l l a r y  t i s s u e .  

These  a r e  l a r g e  mucous c e l l s  which a p p ea r  t o  be "capped" by 

c r e s c e n t - s h a p e d  s e r o u s  c e l l s .

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

o f  u n u s u a l l y  sm all  c e l l s .  T he i r  l a r g e  ro un d  n u c l e i  a r e  sub- 

c e n t r a l l y  l o c a t e d  and a r e  e n c i r c l e d  by a heavy  c o n c e n t r a t i o n  

o f  d a rk  b l u e  g r a n u l e s .  Towards the  apex of t h e  c e l l ,  c y t o ­

p lasm  i s  d e v o id  of g r a n u l e s .

No fem a le  s u b m a x i l l a r y  t i s s u e  was a v a i l a b l e  f o r  s tu d y .

Sub-Order;  Myomorpha ----  Fam ily  C r i c e t i d a e

B rush  mouse (Peromyscus boylU) .

S u b m a x i l l a ry  g l a n d s  from t h r e e  f i e l d  spec im ens ,  one male 

and two f e m a le s  ( c o l l e c t e d  on th e  same day i n  A p r i l )  were ob­

t a i n e d  f o r  s tu d y  of  c e l l u l a r  d e t a i l s .  M ic ro sc o p ic  e x a m in a t io n  

o f  t i s s u e  from th e  male and one fem ale  r e v e a l s  t h e s e  g l a n d s  t o  

be  q u i t e  s i m i l a r  t o  one a n o th e r  as  w e l l  a s  to  t h e  model g l a n d  

o f  t h e  l a b o r a t o r y  mouse. I n t e r c a l a t e d  d u c t s  a r e  p r e s e n t .  

T e rm in a l  t u b u l e s ,  a s  t h o s e  d e s c r i b e d  i n  t h e  p r o t o t y p e  a re  

n o t  o b s e r v e d .

T i s s u e  from t h e  o th e r  fem ale  h a s  a d u c t  system s i m i l a r  

t o  t h e  one j u s t  d e s c r i b e d  f o r  b ru sh  m ice .  However, i n  ad­

d i t i o n  t o  s e ro u s  a c i n i  t h e r e  appear  c l u s t e r s  of c e l l s  w i t h
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c o a r s e ,  d a rk  r e d  c y to p la s m ic  g r a n u l e s  i n  such c o n c e n t r a t i o n  

a s  t o  o b sc u re  n u c l e i ,  and o b l i t e r a t e  c e l l  b o u n d a r i e s  i n  some 

i n s t a n c e s .  These c e l l s  a r e  f r e q u e n t l y  c lo s e  t o  t h e  narrow 

i n t e r c a l a t e d  d u c t s  which appear  to  connec t  w i th  t h e  e q u a l l y  

narrow  lumen of t h e  u n u s u a l  a c i n u s  ( P l .  VI,  P i g .  1 0 ) .  

G rassh op p er  mouse ( Onychomys l e u c o g a s t e r ) .

The c e l l s  o f  s e ro u s  a c i n i  s t a i n  i n t e n s e l y  b l u e ;  a r e  f r e ­

q u e n t l y  v a c u o l a t e d .  No s t r u c t u r a l  d i f f e r e n c e s  a r e  observed  

be tw een  t h e  two sex es  ( P l .  V I I ,  F i g s .  11 and 1 2 ) .

However, a s  the  d u c t  sys tem t e r m i n a t e s ,  s e x -d im o rp h ic  

t e r m i n a l  t u b u l e s  a r e  i n  e v id e n c e .  A l though  th e  dimorphism 

i s  d i s t i n c t ,  i t  i s  n o t  n e a r l y  so  d r a m a t i c  a s  t h a t  obse rved  

i n  l a b o r a t o r y  mice.

The c e l l s  of  t h e  p e r i p h e r a l  t e r m i n a l  t u b u l e  i n  th e  male 

g l a n d  have  a cy top lasm  f i l l e d  w i t h  l a r g e  c o a r s e  r e d - o r a n g e  

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

a r e  r a r e l y  v i s i b l e .  C e n t r a l  t e r m i n a l  t u b u l e s  d i f f e r  from 

t h o s e  i n  t h e  p e r i p h e r y  by h a v ing  c e l l s  w i th  few l a r g e  r e d -  

o rang e  g r a n u l e s ;  numerous sm all  b lu e  g r a n u l e s ,  l a r g e  round 

s u b c e n t r a l  n u c l e i ,  and b a s a l  s t r i a t i o n s .

I n  t h e  f e m a le ,  c e l l s  of  t e r m i n a l  t u b u l e s  i n  t h e  p e r i p h e r y  

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

o ran g e  g r a n u l e s  th a n  do s i m i l a r  c e l l s  i n  a  more c e n t r a l  

p o s i t i o n .  However, t h i s  g r a n u l a t i o n  i s  never  so g r e a t  a s  

t o  c o m p le t e ly  o b l i t e r a t e  b a s a l  n u c l e i  which a r e  su r ro un d ed  

by c h ro m o p h i l i c  m a t e r i a l .  B asa l  s t r i a t i o n s  a r e  a p p a r e n t  i n
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so2 ,e c e l l s .  The apex of t h e  c e l l  c o n t a i n s  c h roaophoo ic  c y t o ­

plasm w i t h  s t r a n d s  of dark, b l u e  m a t e r i a l  s c a t t e r e d  t h e r e i n .

In  t h e  c e n t r a l  r e g i o n ,  th e  t e r m i n a l  t u b u l e  c e l l s  c o n t a i n  

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

U n l ik e  t h e  s u b m a x i l l a r y  g l a n d s  of l a b o r a t o r y  m ice ,  i n t e r ­

c a l a t e d  d u c t s  a r e  r e a d i l y  a p p a r e n t  i n  specimens from b o th  

s e x e s .

These o b s e r v a t i o n s  a r e  based  on h i s t o l o g i c  s t u d i e s  of 

t i s s u e s  from t h r e e  males  and two f e m a le s  of t h i s  s p e c i e s .  

C o t ton  r a t  ( Sigmodon h i s p i d u s ) .

S u b m a x i l l a ry  g l a n d s  from f i v e  male and f i v e  fem a le  c o t t o n  

r a t s  were a v a i l a b l e  f o r  t h i s  su rv e y .

I n t r a l o b u l a r  d u c t s  end a s  t e r m in a l ,  t u b u l e s  w i th  l a r g e  

round  c e n t r a l  or s u b c e n t r a l  n u c l e i  and v e r y  f i n e  r e d - o r a n g e  

c y to p la s m ic  g r a n u l e s .  G r a n u l a t i o n  i s  sometimes h e a v i e r  i n  

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

i n  male th an  i n  f em a le  sp ec im en s .  However, th e  d i f f e r e n c e s  . 

a r e  much too  s u b t l e  to  e n a b le  one t o  c o n s id e r  t h e  c o t t o n  r a t  

as hav ing  s e x -d im o rp h ic  s u b m a x i l l a r y  g l a n d s  ( P l .  V I I I ,  F i g s .

15 and 1 4 ) .  P ro m in en t  i n t e r c a l a t e d  d u c t s  a r e  p r e s e n t  among th e  

a c i n i .

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

c h ro m o p h i l i c  m a t e r i a l s .  S t a i n i n g  p r o p e r t i e s  of ro u n d ,  b a s a l  

n u c l e i  a r e  a l s o  v a r i a b l e .  These d i f f e r e n c e s  a r e  b e l i e v e d  t o  

be due t o  v a r i o u s  s t a g e s  of  s e c r e t i o n  r a t h e r  t h a n  t o  th e  

p r e s e n c e  of more th a n  one ty p e  of  a c i n a r  c e l l s .
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Pack r a t  ( Neotoma  f l o r i d a n a ) .

Se rous  a c i n a r  c e l l s  of  s u b m a x i l l a r y  g l a n d s  from f i v e  

males  and f o u r  f e m a le s  r e s e m b le  th o se  of t h e  mouse p r o t o ­

ty p e .  Pack r a t  males and fe m a le s  v a r y ,  however ,  In  t h a t  

t h e  a c i n a r  c e l l s  of t h e  m ales  a r e  somewhat l a r g e r .

I n  t h e  c e l l s  of t e r m i n a l  t u b u l e s ,  u n u s u a l l y  l a r g e  

g r a n u l e s  app ea r  i n  t h e  cy to p la sm  of  t h e  t a l l  columnar c e l l s  

b e tw een  t h e  p rominent  rounded  b a s a l  n u c l e i  and a p i c e s  ( P l .  

IX, F i g s .  15 and 16). G ra n u le s  a r e  more numerous i n  t h e  

male s u b m a x i l l a r y  th an  i n  t h e  fem a le  g l a n d .  A l th o u g h  a 

p e r i p h e r a l - c e n t r a l  d i f f e r e n c e  I n  g r a n u l a t i o n  i s  o b s e rv e d ,  

i t  i s  no t  n e a r l y  so d i s t i n c t  a s  t h a t  d e s c r i b e d  f o r  t h e  

l a b o r a t o r y  mouse.

A no th e r  f e a t u r e  w h ich  d i f f e r e n t i a t e s  t h i s  t i s s u e  from 

l a b o r a t o r y  mouse t i s s u e  i s  t h e  i r r e g u l a r  s t a i n i n g  o f  th e  

t e r m i n a l  t u b u l e  g r a n u l e s .  W ith in  t h e  same s e c t i o n ,  i n  

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

d a r k  b l u e  c y to p la s m ic  g r a n u l e s  which seem t o  be i d e n t :  cal  

i n  p o s i t i o n  and s t r u c t u r e  to  t h e  r e d - o r a n g e  g r a n u l e s .  A 

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

When s u b m a x i l l a r y  t i s s u e s  from male and fem a le  pack r a t s  

a r e  s u b j e c t e d  to  a h i s t o c h e m l c a l  s t a i n  (PAS) a l l  t e r m i n a l  

t u b u l e  g r a n u l e s  s t a i n  b r i g h t  m agenta .  I n d i c a t i n g  th e  p r e s e n c e  

of n e u t r a l  p o l y s a c c h a r i d e s .  G ran u le s  In  t h e  t e r m i n a l  t u b u l e s  

of t h e  mouse s u b m a x i l l a r y  a r e  f r e e  from c o l o r .

I n  o r d e r  t o  I n v e s t i g a t e  t h e  h y p o t h e s i s  t h a t  an I n c r e a s e
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i n  g r a n u l a t i o n  i s  accompanied by an i n c r e a s e  i n  t e r m i n a l  

t u b u l e  d iam e te r  ( a s  i s  t r u e  i n  th e  l a b o r a t o r y  mouse subm axi l ­

l a r y  g l a n d ) , c r o s s - s e c t i o n a l  d i a m e t e r s  of t e n  t e r m in a l  

t u b u l e s  from each of two m ales  and two fem a le s  were m easured ,  

w i th  t h e  f o l l o w i n g  r e s u l t s :  m ales  had a  mean t u b u le  d ia m e te r

of  4i0.71ji w i th  a  s t a n d a r d  d e v i a t i o n  of  5 .2 4 ^ ;  f e m a le s  had a 

mean t u b u l e  d ia m e te r  of  23.33ji  w i t h  a  s t a n d a r d  d e v i a t i o n  of 

2 . 1 ' ^ .  These p r e l i m i n a r y  o b s e r v a t i o n s  su g g e s t  t h a t ,  i n d e e d ,  

th e  sex d im o rp h ic  f e a t u r e  of g r e a t e r  t u b u le  g r a n u l a t i o n  i n  

t h e  male i s  accompanied by g r e a t e r  t e r m i n a l  t u b u l e  d i a m e t e r .  

M uskrat  ( O nda t ra  z i b e t h i c a ) .

S u b m a x i l l a ry  t i s s u e  from t h i s  s p e c i e s  was l i m i t e d  to  

samples  from two m ales .

A c in i  a r e  r e l a t i v e l y  few i n  number. The g lan d  i s  com­

posed  m o s t ly  of t o r t o u s  t e r m i n a l  t u b u l e s ,  w hich  a r e  lo n g e r  

th a n  t h o s e  of t h e  mouse. C e l l s  a r e  f i l l e d  w i t h  c o a r s e  r e d -  

o range  g r a n u l e s  and b a s a l  n u c l e i  a r e  f r e q u e n t l y  o b l i t e r a t e d .  

P e r i p h e r a l - c e n t r a l  t u b u le  c e l l  d i f f e r e n c e  i s  a p p a r e n t  ( P l .

X, F i g .  1 7 ) .

Sub-Order:  H y s t r i c o m o r p h a  Fam ily  Cavidae

Cuinea  p ig  ( Cavia  p o r c e l l u s ) .

The one f e a t u r e  which d i f f e r e n t i a t e s  g u i n e a  p ig  sub­

m a x i l l a r y  g l a n d s  from a l l  o t h e r  s u b m a x i l l a r y  g l a n d s  i n c l u d e d  

i n  t h i s  s tu d y  i s  th e  p r e s e n c e  of numerous f a t  c e l l s  which 

l i e  between l o b u l e s  and among t h e  a c i n i .  T h i s  i n t e r c e l l u l a r  

d e p o s i t i o n  of a d ip o s e  t i s s u e  was seen  i n  g l a n d s  from n in e
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m ales  and seven f e m a le s  of  t h i s  s p e c i e s  ( P l .  X I ,  F i g .  1 8 ) .

The duc t  system of th e  g u in e a  p ig  su b m a x i l l a r y  g lan d  ap­

p a r e n t l y  l a c k s  t e r m i n a l  t u b u l e s .  I n t e r c a l a t e d  d u c t s  a r e  

p rom inen t  and p l e n t i f u l .  I n t r a l o b u l a r  d u c t s  t e n d  t o  appear  

i n  c l u s t e r s  r a t h e r  th an  b e in g  randomly d i s t r i b u t e d  among t h e  

a c i n i .

Serous a c i n a r  c e l l s  d i f f e r  from th o s e  of th e  l a b o r a t o r y  

mouse by th e  p r e s e n c e  of c h ro m o p h i l i c  m a t e r i a l  a round  th e  

n u c l e i .  Among t h e s e  s e ro u s  c e l l s  i n  th e  fem ale  g la n d  t h e r e  

a r e  o c c a s i o n a l  mixed a c i n i  w i t h  mucous c e l l s  capped by 

s e r o u s  d e m i lu n e s ,  which ,  i t  should  be n o te d ,  a r e  n o t  obse rved  

i n  male s u b m a x i l l a r y  g l a n d s .

The p r e s e n c e  of mixed a c i n i  i n  female  t i s s u e  was con­

f i rm e d  by t h e  PAS h i s t o c h e m i c a l  t e c h n iq u e  which i s  s p e c i f i c  

f o r  mucous c e l l s .  S u b l i n g u a l  t i s s u e ,  w i th  i t s  mucus-pro­

d uc ing  a c i n i ,  was used f o r  comparison  i n  t h i s  s tu d y .  No 

mucous c e l l s  were  d i s c e r n i b l e  w i th  PAS s t a i n  i n  t h e  male 

s u b m a x i l l a r y  g l a n d .

D i s c u s s io n

With g l a n d s  of t h e  s a l i v a r y  complex of t h e  l a b o r a t o r y  

mouse as  p r o t o t y p e s ,  m ic r o s c o p ic  s t r u c t u r e s  of s a l i v a r y  t i s s u e  

from tw e lve  s p e c i e s  of r o d e n t s  were compared h i s t o l o g i c a l l y .

S u b l in g u a l  and p a r o t i d  g la n d s  in c lu d e d  i n  t h i s  su rv ey  

were s t r i k i n g l y  s i m i l a r  to  t h o s e  o f  the  mouse, w i th  the  ex­

c e p t i o n  of t h o s e  of th e  g u in e a  p i g s .  In  a l l  g u in e a  p ig  

s a l i v a r y  g lan d s  examined, i n f i l t r a t i o n  of a d ip o s e  t i s s u e  was
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e v i d e n t .  These f a t  c e l l s  were g e n e r o u s l y  d i s t r i b u t e d  be tw een  

l o b u l e s  and among a c i n i .  A l though t h i s  f e a t u r e  i s  commonly 

s e e n  i n  human s a l i v a r y  t i s s u e  ( D iF io r e ,  1953) ,  i t  h a s  no t  

b e en  r e p o r t e d  p r e v i o u s l y  f o r  any l a b o r a t o r y  or f i e l d  r o d e n t .  

The p o s s i b i l i t y  does  e x i s t  t h a t  t h i s  u n u s u a l  d e p o s i t i o n  of 

f a t  i s  s p e c i e s  s p e c i f i c .  However, u n t i l  f u r t h e r  e x a m in a t io n  

of  s a l i v a r y  g l a n d s  o f  g u in e a  p i g s  from o t h e r  c o l o n i e s  i s  made, 

no such  i n t e r p r e t a t i o n  of  t h i s  f i n d i n g  i s  p e r m i s s i b l e .

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

s t u d i e d  v a r y  somewhat i n  d eg ree  of r a m i f i c a t i o n ,  b u t ,  

s t r u c t u r a l l y  t h e y  a p p e a r  to  be e s s e n t i a l l y  the  same i n  a l l  

i n s t a n c e s .  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  changes i n t o  s im p le  

columnar  e p i t h e l i u m  a s  t h e  main duc t  b r a n c h e s  i n t o  i n t e r ­

l o b u l a r  d u c t s ,  w h ich ,  i n  t u r n ,  d i v i d e  t o  form s m a l l e r  i n t r a ­

l o b u l a r  d u c t s .  I t  i s  a t  t h i s  p o i n t  where t h e  duc t  sys tem 

t e r m i n a t e s  and s e c r e t o r y  components of some g la n d s  b e g in  

t h a t  d i f f e r e n c e s ,  i f  any ,  a p p e a r .  S p e c ie s  d i f f e r e n c e s  i n  

s u b m a x i l l a r y  t i s s u e  of r o d e n t s  ha s  been shown by t h i s  i n ­

v e s t i g a t i o n  t o  be t h e  r u l e  r a t h e r  th a n  th e  e x c e p t i o n .

A cinar  C e l l s

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

mouse a r e  formed by p y ram id a l  c e l l s  w i t h  opaque b a s a l  n u c l e i ,  

and a cy top lasm  which i s  v a c u o l a t e d  and sometimes c o n t a i n s  

f i n e ,  b lue  g r a n u l e s .  These c e l l s  a r e  e s s e n t i a l l y  th e  same 

th r o u g h o u t  t h e  g l a n d ,  and have seen  s i m i l a r l y  d e s c r i b e d  by 

e a r l i e r  w o rk e rs  ( S to r m o n t ,  1932).  However, such u n i f o r m i t y
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i s  by no means r e p r e s e n t a t i v e  of  r o d e n t s  i n  g e n e r a l .

A c inar  e le m e n ts  of  s u b m a x i l l a r y  g l a n d s  from th e  g r a s s h o p ­

p e r  mouse and pack  r a t  most c l o s e l y  r e s e m b le  l a b o r a t o r y  mouse 

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

a p p e a ra n c e  t o  t h o s e  of  th e  l a b o r a t o r y  mouse, but, a r e  c o n s p i c u ­

o u s l y  fewer  i n  number.

The s i m p l e s t  k i n d  of  v a r i a t i o n  from th e  model i s  ob­

se r v e d  i n  th e  g r a n u l a r  m a t e r i a l  of t h e  a c i n a r  c e l l s  of t h e  

woodchuck, p o c k e t  mouse, and c o t t o n  r a t .  These  g r a n u l e s  

r a n g e  i n  c o n c e n t r a t i o n  from l i g h t  t o  h e a v y ,  b u t ,  i t  sh ou ld  

be  n o t e d ,  a r e  a lw ays  some shade  of b l u e .  I n  a d d i t i o n  t o  d i f ­

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

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

and c o t t o n  r a t ,  b u t  no t  i n  t h e  p oc k e t  mouse.

A c inar  c e l l s  o f  th e  f o x  s q u i r r e l  a l s o  p o s s e s s  v a r i o u s  

amounts of  g r a n u l a t i o n ,  b u t  t h e s e  g r a n u l e s  may be e i t h e r  b l u e  

or  r e d ;  b o t h  t y p e s  may be  p r e s e n t  w i t h i n  t h e  same a c i n u s .  A 

s i m i l a r  s h i f t  i n  g r a n u l a r  q u a l i t y  and q u a n t i t y  i s  found i n  

t h e  a c i n a r  c e l l s  o f  th e  b r u s h  mouse. I n  t h i s  i n s t a n c e ,  how­

e v e r ,  on ly  one k i n d  of  g r a n u l a t i o n  i s  found  i n  t h e  c e l l s  com­

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

Although  t h e s e  d i f f e r e n c e s  which a r e  n o te d  above might  

w e l l  be a t t r i b u t a b l e  to  d i f f e r e n c e s  i n  s e c r e t o r y  p h a se s  a t  

t h e  t im e  th e  a n im a l s  were s a c r i f i c e d ,  t h e  p o s s i b i l i t y  e x i s t s  

t h a t  t h e s e  d i f f e r e n c e s  m ight  r e p r e s e n t  some ty pe  o f  t r a n ­

s i t i o n a l  s t a g e  be tw een  t h e  one-  and t w o - c e l l  ty p e  a c i n u s .
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Two s p e c i e s  have b e en  found t o  p o s s e s s  two t y p e s  of  a -  

c i n i .  The p o c k e t  gopher  h a s  mucous a c i n i  randomly s i t u a t e d  

among t h e  p red o m in an t  s e r o u s  a c i n i .  The fem ale  g u i n e a  p ig  

h a s  r e l a t i v e l y  few mixed a c i n i  or s e r o u s  demilune  c e l l s  a -  

mong t h e  a c i n i  which a r e  c h i e f l y  s e r o u s  i n  n a t u r e .

Of t h e  s p e c i e s  su rv ey ed  su b m a x i l l a ry  g l a n d  r e a c h e s  i t s  

peak  o f  c o m p le x i ty  i n  a c i n a r  development  i n  t h e  b e a v e r  where 

t h r e e  d i s t i n c t  t y p e s  of  a c i n i  a re  o b se rv e d .  Throughout  t h e  

f i e l d  of s e r o u s  a c i n i ,  o c c a s i o n a l  g roups  of mucous c e l l s ,  

and some v e ry  d i s t i n c t  mixed a c i n i  w i t h  s e ro u s  dem i lunes  

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

may d i f f e r  somewhat, t h e s e  t h r e e  t y p e s  of  a c i n i  a r e  p r e s e n t  

i n  t h e  s u b m a x i l l a r y  g l a n d  o f  man (Di F i o r e ,  1958) .

I n t e r c a l a t e d  Ducts

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

t h e  l a b o r a t o r y  mouse by e a r l i e r  w ork e rs  (S to rm o n t ,  1932) show 

i n t e r c a l a t e d  d u c t s  among t h e  a c i n i ,  t h ro u g h  which s e c r e t i o n s  

f rom t h e  a c i n i  a r e  presumed t o  pass  i n t o  t h e  t e r m i n a l  p o r t i o n s  

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

s m a l l e r  i n  d i a m e t e r  t h a n  t h e  serous  a c i n i  ; c e l l s  a r e  c u b o id a l  

w i th  a  rou nd ed  c e n t r a l  n u c l e i .  A l though  t i s s u e  from a t  l e a s t  

f i f t y  a n im a l s  have  been  c a r e f u l l y  s c r u n t i n i z e d , t h i s  a u th o r  

h as  b e en  u n a b le  to  c o n f i rm  t h e  p re s e n c e  of t h e s e  d u c t s  i n  

t h e  s u b m a x i l l a r y  g la n d  of  mice from our l a b o r a t o r y .  However, 

t h e i r  p r e s e n c e  h a s  b e en  n o te d  in s e v e r a l  of t h e  o t h e r  r o d e n t s  

i n c l u d e d  i n  t h i s  s t u d y .
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I n t e r c a l a t e d  d u c t s  have  been found  t o  occu r  among t h e  

a c i n i  of  t h e  woodchuck,  p o ck e t  g op h e r ,  p ocke t  mouse, b r u s h  

mouse, g r a s s h o p p e r  mouse, c o t t o n  r a t ,  and g u in e a  p i g .  The 

s i g n i f i c a n c e  of  t h e  absen c e  or p r e s e n c e  of t h e s e  d u c t s  i s  

unknown. Whether or  no t  c e l l s  of i n t e r c a l a t e d  d u c t s  t r a n s ­

form i n t o  mucous c e l l s ,  a s  was p o s t u l a t e d  by e a r l i e r  a u t h o r s  

(S to rm o n t ,  1932) ,  h a s  n o t  been f i r m l y  e s t a b l i s h e d .

I n t r a l o b u l a r  Duc ts

I t  i s  r e c a l l e d  t h a t  i n  l a b o r a t o r y  mice t h e  i n t r a l o b u l a r  

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

The c e l l s  of t h e s e  t u b u l e s  c o n t a i n  v a r y i n g  amounts of c o a r s e ,  

g r a n u l a t i o n  depend ing  upon th e  p o s i t i o n  of t h e  t u b u l e s .

Those  i n  t h e  p e r i p h e r y  a r e  f r e q u e n t l y  packed w i th  g r a n u l e s ,  

w h i l e  t h o s e  occupying  a  more c e n t r a l  p o s i t i o n  a r e  r a t h e r  

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

T erm ina l  t u b u l e s  a r e  n o t  common t o  a l l  r o d e n t s .  Of th e  

tw e lv e  s p e c i e s  c o n s i d e r e d  i n  t h i s  su rv e y ,  on ly  f o u r  s p e c i e s  — 

g r a s s h o p p e r  mouse, c o t t o n  r a t ,  pack r a t ,  and m uskra t  — have 

been  found to  have t y p i c a l  t e r m i n a l  t u b u l e s  w i t h  c e l l s  con­

t a i n i n g  c o a r s e  r e d - o r a n g e  g r a n u l e s  and e x h i b i t i n g  some d e g re e  

of p e r i p h e r a l - c e n t r a l  d i f f e r e n t i a t i o n  i n  t h e  c o n c e n t r a t i o n  

of g r a n u l e s .  A t y p i c a l  t e r m i n a l  t u b u l e s ,  w i th  c e l l s  p o s s e s s i n g  

f i n e  b lu e  g r a n u l e s  and no p e r i p h e r a l - c e n t r a l  d i f f e r e n t i a t i o n  

a r e  p r e s e n t  i n  th e  fox  s q u i r r e l  and b e a v e r .

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

i n  t e r m i n a l  t u b u l e s  i s  c o a f i n e d  to  s p e c i e s  r e p r e s e n t i n g  two
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f a m i l i e s ,  Muridae and C r i c e t i d a e  i n  s u b - o r d e r  Kyomorpha.

Sex-dimorphism i n  S u b m a x i l l a ry  Glands 

I n  v iew of t h e  e x t r a o r d i n a r y  s e x -d im o rp h ic  c h a r a c t e r s  of 

t h e  mouse s u b m a x i l l a r y  g l a n d ,  a s e a r c h  f o r  somewhat s i m i l a r  

sex d i f f e r e n c e s  was made f o r  each  s p e c i e s  f o r  which s u f f i c i e n t  

t i s s u e s  were a v a i l a b l e ,  i n  o rd e r  to  d e te r m in e  t h e  e x t e n t  of 

such a  phenomenon w i t h i n  t h e  Order  R o d e n t i a .  The f e a t u r e s  

which d i f f e r  between male and fem a le  t i s s u e s  a r e  c o n f in e d  to  

c e l l s  which l i n e  t e r m i n a l  segments  of i n t r a l o b u l a r  d u c t s ,  and 

such  d i f f e r e n c e s  a r e  e x p re s s e d  i n  g r a n u l e  q u a n t i t y ,  n u c l e a r  

p o s i t i o n ,  b a s a l  s t r i a t i o n s ,  and t u b u l e  d i a m e t e r .

Male and fem a le  s u b m a x i l l a r y  t i s s u e  was a v a i l a b l e  from 

s i x  s p e c i e s  of  r o d e n t s  ( e x c l u d i n g  th e  l a b o r a t o r y  mouse);  fox  

s q u i r r e l  ( S c iu r u s  n i g e r ) ,  b ru s h  mouse ( Peromysous b o y l i i ) ,  

w e s t e r n  g r a s s h o p p e r  mouse ( Onychomys l e u c o g a s t e r ) ,  c o t t o n  r a t  

( Sigmodon h l s p i d u s ) , pack r a t  ( Neotoma f l o r i d a n a ) , and g u in e a  

p i g  ( C av ia  p o r c e l l u s ) .  T e rm in a l  t u b u l e  sex dimorphism was 

n o te d  i n  t h e  w e s t e r n  g r a s s h o p p e r  mouse and i n  t h e  pack r a t .

The g r a s s h o p p e r  mouse and pack r a t  b e lo n g  t o  th e  same 

s u b - o r d e r  as  t h e  l a b o r a t o r y  mouse, i . e . ,  Myomorpha. As i s  

t r u e  f o r  t h e  s u b m a x i l l a r y  g land  of t h e  mouse, c e l l s  which 

l i n e  t h e  t e r m i n a l  t u b u l e s  o f  t h e  male g land  a re  t a l l e r  and 

have a  much h e a v i e r  c o n c e n t r a t i o n  o f  c o a r s e  g r a n u l a t i o n  t h e n  

do t h e  c o r r e s p o n d in g  c e l l s  w i t h i n  t h e  fem a le  g l a n d .

A l th o u gh  no confi rm ed  r e p o r t  of  sex dimorphism i n  sub­

m a x i l l a r y  g lan d  a c i n i  i s  found i n  t h e  l i t e r a t u r e ,  i t  was
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p o s t u l a t e d  t h a t  i f  such  d id  e x i s t ,  i t  would be o bse rv ed  i n  th e  

s i z e  of  a c i n a r  c e l l ,  p o s i t i o n  o f  n u c l e u s ,  or  am ount , s i z e ,  

a n d /o r  k i n d  o f  c y to p l a s m i c  g r a n u l e s .

S u b m a x i l l a r y  t i s s u e  from fem ale  g u in e a  p ig  has  been found 

t o  d i f f e r  f rom  t h a t  of t h e  m a le -b y  t h e  p r e s e n c e  o f  o c c a s i o n a l  

mixed a c i n i  among p red o m in an t  s e r o u s  a c i n i .  These mixed a c i n i  

a r e  composed o f  b o t h  s e r o u s  and mucous c e l l s .  The s e r o u s  

c e l l s  form c r e s c e n t - s h a p e d  m as se s ,  or  d e m i lu n e s ,  a t t a c h e d  

a lo n g  t h e  p e r i p h e r y  of  t h e  g ro u p  o f  mucous c e l l s .

A no the r  o b s e r v a t i o n  o f  sex -d im orph ism  i n  s u b m a x i l l a r y  

g la n d  a c i n i  o c c u r s  i n  c o n j u n c t i o n  w i th  t e r m i n a l  t u b u l e  d i ­

morphism n o te d  i n  th e  pack  r a t .  The s e r o u s  a c i n a r  c e l l s  of 

t h e  g l a n d  o f  t h e  male pack  r a t  a r e  n o t a b l y  l a r g e r  th a n  th o s e  

p r e s e n t  i n  f e m a le s  of t h e  same s p e c i e s .

For each  i n s t a n c e  of sex dimorphism which  has  J u s t  b e e n  

c i t e d ,  i t  sh o u ld  be n o te d  t h a t  a l t h o u g h  t h e  d i f f e r e n c e s  a r e  

d i s t i n c t ,  and most i n t e r e s t i n g ,  t h e y  a r e  ne v e r  so d r a m a t i c  a s  

t h e  d im o rp h ic  c h a r a c t e r s  p r e s e n t  i n  l a b o r a t o r y  m ice.



CHAPTER I I I  

ENZYMATIC STUDIES

M a t e r i a l s  and Methods

T h is  phase  of r e s e a r c h  was r e s t r i c t e d  t o  a d u l t  a n im a ls  

r e a r e d  i n  our own l a b o r a t o r y  and u t i l i z e d  t h i r t y  g u in e a  p i g s ,  

tw e n ty  Sprague-Dawley r a t s ,  and one hundred  f i f t y  m ic e ,  colony- 

i n b r e d  f o r  f o u r t e e n  y e a r s .

Guinea  p i g s  were d i v i d e d  i n t o  f o u r  g roups  of  f i v e  each: 

normal f e m a l e s ,  p reg n a n t  f e m a le s ,  l a c t a t i n g  f e m a le s ,  and 

norm al  m a le s .  Two g roup ,  on ly  of  l a b o r a t o r y  r a t s  were  ana­

ly z e d ;  normal  males and fe m a le s .  Each g roup  c o n s i s t e d  of 

t e n  a n i m a l s .  L a b o r a to r y  mice were d iv id e d  i n t o  t e n  g roups  

of f i f t e e n  each: normal  male and fem a le  c o n t r o l s ,  normal

males  and fem a le s  i n j e c t e d  w i th  t e s t o s t e r o n e  p r o p i o n a t e ,  

g o n a ce c tcm ize d  males and f e m a le s ,  gonadec tom ized  m ales  and 

f e m a le s  t r e a t e d  w i th  t e s t o s t e r o n e  p r o p i o n a t e  or w i th  

e s t r a d i o l .

Gonadectomies and i n j e c t i o n s  of gonada l  hormones were 

used  a s  t o o l s  to  d e te r m in e  t h e  e f f e c t  of t h e  sex e n d o c r in e  

o rg an s  i n  mice on t h e  a c t i v i t y  of t h e  enzymes s t u d i e d .  Cas­

t r a t i o n  was fo l lo w e d  by a  t h i r t y - d a y  p o s t - o p e r a t i v e  p e r i o d  

b e f o r e  a n im a l s  were s a c r i f i c e d  or b e f o r e  i n j e c t i o n s  were

25
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begun. Mice r e c e i v i n g  g o n a d a l  hormones were i n j e c t e d  d a i l y  

f o r  t e n  days p r i o r  t o  a u to p s y  w i th  0 .2  mg. t e s t o s t e r o n e  

p r o p i o n a t e  i n  0 .1  cc .  sesame o i l ,  or  20 R. U. e s t r a d i o l  

benzoate^ i n  0 .1  c c .  sesame o i l .  A l l  i n j e c t i o n s  were ad-  

mini s t e r e d  s u b c u t a n e o u s l y .

From each group of a n im a l s ,  t h e  s u b m a x i l l a r i e s  and pa­

r o t i d s ,  i n  t o t o . were t h e  g l a n d s  s e l e c t e d  from th e  s a l i v a r y  

complex f o r  g l y c o s i d a s e  a n a l y s e s .  The r e l a t i v e l y  m inute  

amount of s u b l i n g u a l  t i s s u e  a v a i l a b l e  made such  s t u d i e s  on 

t h i s  g land  i m p r a c t i c a l  a t  t h i s  t im e .  The low er  h a l f  of t h e  

p a n c r e a s  and th e  u pp e r  p o r t i o n  of t h e  small  i n t e s t i n g  (duo­

denum and jejunem) were s u b j e c t e d  t o  a n a l y s i s ,  hoping  t h a t  

t h e  v a r y i n g  l e v e l s  of enzymes found i n  s a l i v a r y  t i s s u e  might  

be b e t t e r  u n d e rs to o d  i f  t h e s e  p a r t s  of  the d i g e s t i v e  system 

were a l s o  c o n s i d e r e d .  Guinea  p i g ,  l i v e r ,  s k e l e t a l  m usc le ,  

and k id n ey  were used  as c o n t r o l  t i s s u e s .

At th e  t ime of a u t o p s y ,  a n im a ls  were c h lo ro fo rm ed  and 

e x c i s e d  t i s s u e s  were im m e d ia te ly  weighed on a  t r i p l e - b e a m  

b a l a n c e ,  p l a c e d  i n  d i s t i l l e d  w a te r  (lOx d i l u t i o n  wet w t . / v o l j ,  

and homogenized i n  a c h i l l e d  Waring b l e n d e r .  The homogenate 

v;as t h e n  t r a n s f e r r e d  to  a b e a k e r  and,  a f t e r  t h e  a d d i t i o n  of  a 

few d rops  o f  ch lo ro fo rm  to subdue b a c t e r i a l  a c t i o n ,  was a l ­

lowed to  rem ain  a t  room t e m p e r a t u r e  f o r  tw e lve  to  e ig h t e e n  

h our s .

L a c t a s e ,  m a l t a s e  , and s u c r a s e  a c t i v i t i e s  were de te rm in ed

by a  m o d i f i c a t i o n  of a  t e c h n i q u e  d e sc r ib e d  by H e i l sk o v  (1951)
^20 R. U. = C.6Ô mg. e s t r a d i o l  benzoa te
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f o r  i d e n t i f i c a t i o n  of l a c t a s e  i n  r a b b i t  f e t u s  i n t e s t i n e .  

S u b s t r a t e  and homogenate c o n c e n t r a t i o n s ,  optimum t e m p e r a t u r e ,  

i n c u b a t i o n  t im e ,  and pH, a s  ■well a s  p r o p e r  b u f f e r ,  and ho- 

h o g e n a te  a g in g ,  were e s t a b l i s h e d  f o r  each  enzyme i n  g u in e a  

p i g  t i s s u e .  These  c o n d i t i o n s  were  s u b s e q u e n t ly  h e l d  c o n s t a n t  

f o r  a l l  t i s s u e s  o f  a l l  s p e c i e s  s t u d i e d .  For each homogenate  

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

t u b e s  were u s e d .

E x p e r im e n ta l  Tubes 

A f t e r  a 0 . 5  ml. a l i q u o t  of  homogenate  ( s u b m a x i l l a r y ,  pa­

r o t i d ,  p a n c r e a s ,  or i n t e s t i n e )  was p i p e t t e d  i n t o  each  t e s t  ■ 

t u b e ,  two m is .  of  s u b s t r a t e  were added ( l a c t o s e ,  m a l t o s e ,  or  

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

Each tube  was g e n t l y  i n v e r t e d  t o  a s s u r e  p ro p e r  m ix in g  of 

homogenate  and s u b s t r a t e  b e f o r e  b e in g  p l a c e d  i n t o  a 57°C. 

c o n s t a n t  t e m p e r a t u r e  w a te r  b a t h  f o r  t h i r t y  m in u te s .  Im­

m e d i a t e l y  f o l l o w i n g  i n c u b a t i o n ,  t h e  t u b e s  were pu t  i n t o  a 

b e a k e r  of b o i l i n g  water  fo r  t h r e e  m in u te s  to  s to p  e n zy m a t ic  

a c t i o n .  When th e  c o n t e n t s  o f  t h e  tube  had coo le d  t o  room 

t e m p e r a t u r e ,  1 ml. of  a b s o l u t e  m ethy l  a l c o h o l  was added f o r  

t h e  p r e c i p i t a t i o n  of g ly co g e n ,  to  l e s s e n  t u r b i d i t y  o f  m ix tu r e ,  

Tubes were t h o r o u g h ly  shaken  f o r  two m in u te s .  T h is  s t e p  was 

f o l lo w e d  by t h e  a d d i t i o n  of  a p p r o x i m a t e ly  0 .5  g . o f  a c t i v a t e d  

c h a r c o a l  to  each  tu b e  t o  a d so rb  suspended p a r t i c l e s  i n  an 

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

Tubes were a g a i n  v i g o r o u s l y  shaken  f o r  a  tw o-m inu te  p e r i o d ,
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and c o n t e n t s  im m e d ia te ly  f i l t e r e d  t h ro u g h  Whatman No, 5 f i l t e r  

p a p e r  f o r  removal  of c h a rc o a l  and o t h e r  p a r t i c u l a t e  m a t t e r  

known t o  i n t e r f e r e  w i th  l i g h t  t r a n s m i s s i o n .  A 1 .0  ml. a l i -  

quo t  o f  each  f i l t r a t e  was th e n  t e s t e d  f o r  th e  p r e s e n c e  of 

g l u c o s e  by use  of th e  G l u c o s t a t ^  method d e s c r i b e d  l a t e r .

C o n t r o l  Tubes

C o n t r o l  tu b e s  were t r e a t e d  i n  t h e  same manner as  were 

t h e  e x p e r i m e n t a l  t u b e s ,  excep t  th e y  were p l a c e d  i n  b o i l i n g  

w a te r  b e f o r e  r a t h e r  than  a f t e r  i n c u b a t i o n .

C o l o r im e t r i c  D e t e r m in a t io n  
of  Glucose

To d e te r m in e  t h e  amount o f  g l u c o s e  p r e s e n t  pe r  ml. of 

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

was u s e d .  Tne a d v an tag e  of  a r e a g e n t  such  as  t h i s  i s  i t s  

s e n s i t i v i t y  to  t h e  p re s e n c e  of t r u e  g l u c o s e .  G l u c o s t a t  i s  

a  c o u p le d  enzyme sys tem based  on s p e c i f i c  enzym at ic  o x i d a t i o n  

o f  g l u c o s e  by g l u c o s e  ox idase ;

Glucose Oxidase  , .. _G lucose  ---------------------------------- >  G lucon ic  Acid 4 H2 O2

Hydrogen p e r o x i d e ,  i n  th e  p r e s e n c e  of  p e r o x i d a s e ,  r e a c t s  with  

a  chrom ogenic  a c c e p t o r ,  o r t h o d i a n i s i d i n e :

_ . 0- d l a n i s i d i n e  _
42^2 p e r o x i d a s e  Color

^Trademark .  W orth ing ton  B io ch e m ic a l  C o r p . ,  N . J .
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At tn e  end of a g iv en  p e r i o d  of  t im e ( i n  t h i s  c a se ,  f i f t e e n  

m in u te s  gave th e  b e s t  r e s u l t s )  th e  c o lo r  formed i s  pro­

p o r t i o n a l  to  th e  amount o f  g lu c o s e  o x i d i z  d.  The e n t i r e  r e ­

a c t i o n  i s  ru n  a t  room t e m p e r a t u r e  a lo n g  v i t h  a s t a n d a r d  

g lu c o s e  s o l u t i o n  and a r e a g e n t  b l a n k .

The p ro ce d u re  deve lo p ed  f o r  t h e  u s e  of G lu c o s ta t  was as  

f o l l o w s :  i n t o  a  s e r i e s  o f  K l e t t  t u b e s ,  2 . 5  mis.  of d i s t i l l e d

w a te r  were p i p e t t e d ,  fo l lo w e d  by th e  a d d i t i o n  of 1 ml. a l i ­

q u o t s  of  th e  r e s p e c t i v e  f i l t r a t e s .  F i f t e e n  m inutes  a f t e r  2 .5  

m is .  of s u b s t r a t  e - r e a g e n t  were i n t r o d u c e d  i n t o  each t u b e ,  t h e  

r e a c t i o n  was s to p ped  and c o lo r  was s t a b i l i z e d  by t h e  a d d i t i o n  

of  one drop  of 4N HCl. A f t e r  f i v e  m in u te s  th e  t u b e s  were rea d  

i n  a  K le t t -Sum m erson  c o l o r i m e t e r ,  i n  t h e  r e g i o n  of  400 m^ 

( f i l t e r  # 4 2 0 ) .  The i n s t r u m e n t  was z e ro e d  w i th  a r e a g e n t  

b l a n k  c o n t a i n i n g  3 .5  mis .  of  w a te r  and 2 . 5  mis . of  G l u c o s t a t .

With each g ro u p  o f  t e s t s  a n d /o r  each  new b a tc h  of r e a g e n t  

a s t a n d a r d  c o n t a i n i n g  0 .1 0  mg. of  g l u c o s e  was i n c l u d e d ,  s i n c e  

t h e  aiiOunt of g lu c o s e  o b t a i n e d  from each  d e t e r m i n a t i o n  was 

used  a s  an index of  enzyme a c t i v i t y .

I n f l u e n c e  of  F ree  KCl on G ly c o s id a s e  

I n  o rd e r  to  c o r r e l a t e  enzyme a c t i v i t y  w i th  s h i f t s  i n  pH 

which occur  a t  v a r i o u s  s i t e s  a lo n g  t h e  upper  p o r t i o n  of t h e  

d i g e s t i v e  t r a c t ,  t h e  i n f l u e n c e  of  f r e e  a c i d  on l a c t a s e ,  mal­

t a s e ,  and s u c r a s e  p r e s e n t  i n  fem a le  g u in e a  p ig  s u b m a x i l l a r y ,  

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

The f o l l o w i n g  s t r e n g t h s  o f  f r e e  HCl were u sed :  0 . 2 ^ ,  0 . 1 0 ,
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0 . 0 5 ^ ,  0 . 0 2 5 ^ ,  and 0 .006^ t o  a c h ie v e  i n  e v e n t u a l  d i l u t i o n s  

t o t a l  a c i d i t i e s  of 0 .12# ,  0 .0 6 # ,  0 .0 3 # ,  0 .0 1 5 # ,  0 .0 0 7 # ,  and 

0 .0 0 3 # .  A s e r i e s  of s ix  tu b e s  vas  p r e p a r e d  f o r  each s u b s t r a t e -  

hor .ogenate  com bina t ion  s t u d i e d .  I n t o  each  tube  was p l a c e d  

2 m is .  of t h e  r e s p e c t i v e  d i l u t i o n s  of  HCl, 1 ml. s u b s t r a t e  

and 0 .5  ml. homogenate . Tubes were t h o r o u g h ly  shaken  a f t e r  

t h e  s e p a r a t e  a d d i t i o n s  of s u b s t r a t e  and homogenate ,  t h e n  

p l a c e d  i n t o  a  w a t e r - b a t h  a t  37°C. f o r  t h i r t y  m in u te s .

The g e n e r a l  i d e a  fo r  t h i s  exper im en t  on s e r i a l  d i l u t i o n s  

of f r e e  a c i d  was o b ta in ed  from Mellanby and Woolley (1915) , 

where a  somewhat s i m i l a r  ex pe r im e n t  was o u t l i n e d  to  demon­

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

j u i c e  i n  t h e  p re s e n c e  of f r e e  a c i d .

R e s u l t s

The f o l lo w in g  s u b s t r a t e  and homogenate c o n c e n t r a t i o n s ,  

optimum t e m p e r a t u r e ,  i n c u b a t i o n  t im e ,  and pH, a s  w e l l  a s  

p ro p e r  b u f f e r ,  and homogenate a g i n g ,  were e s t a b l i s h e d  as  

d e s c r i b e d  a bove ,  f o r  female  g u in ea  p i g  t i s s u e s ;

S u b s t r a t e

c o n c e n t r a t i o n
pH
b u f f e r  (C.2M)

Homogenate

c o n c e n t r a t i o n  
(wet w t / v o l )  

ag ing  a t  room T°

I n c u b a t i o n  t ime (min) 
I n c u b a t i o n  temp (°C)

L a c t a s e

1#
4 . 8

N a - a c e t a te

lOO mg/ml

none

30
37

M a l ta se

1#
6 . 8

N a-phospha te

100 mg/ml

12-18 h r  s

30
37

S u c rase

1#
6 .3

N a-phospha te

100 mg/ml

12-18  h r  s

30
37
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I n  an a t t e m p t  to  e s t a b l i s h  w he th e r  t h e  t i s s u e s  of t h e  

d i g e s t i v e  sys tem i n c l u d e d  i n  t h i s  i n v e s t i g a t i o n  a c t u a l l y  

p rod u ce  th e  enzymes under  c o n s i d e r a t i o n ,  o r  w he th e r  s i m i l a r  

en zy m at ic  a c t i v i t i e s  a r e  found  i n  a l l  o rg an s  a s  a r e s u l t  of 

t h e i r  p r e s e n c e  i n  b lood  and t i s s u e  f l u i d s ,  specim ens o f  l i v e r ,  

s k e l e t a l  muscle  and k id ney  were a s s a y e d .  These d a t a  a r e  sum­

m ar ize d  as  f o l l o w s :

Micrograms of Glucose  p e r  100 M i l l i g r a m s  of  T is su e  

T i s s u e  L a c t a s e  M a l ta s e  Sucrase

Liver (11217-128.3)

^ " ' ^ ^ s c i e  (Z .^ ^ S .O )  (9 ^ 7 ^ 1 6 .5 )

2 0 . 0  3 1 3 .5  0 .0
( 1 9 . 0 - 2 3 . 6 )  ( 2 9 1 .4 - 3 2 4 .1 )

Guinea F ig s

T a b le s  1 and 2 ,  and F i g u r e  1, p r e s e n t  micrograms of  

g l u c o s e  o b t a i n e d  from l a c t o s e ,  m a l t o s e ,  and s u c r o s e  by a c t i o n  

o f  th e  r e s p e c t i v e  h y d r o l y t i c  enzymes p r e s e n t  i n  s u b m a x i l l a r y ,  

p a r o t i d ,  p a n c r e a t i c ,  and i n t e s t i n a l  t i s s u e .

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

T h is  same o b s e r v a t i o n  i s  l i k e w i s e  t r u e  f o r  s u c r a s e ,  w i th  th e  

e x c e p t i o n  o f  i n t e s t i n a l  t i s s u e .  I n t e s t i n a l  s u c r a s e  a c t i v i t y  

i n  f e m a le s  i s  c o n s i d e r a b l y  lower  t h a n  t h a t  found i n  m ales .  

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

p e r i  od.

An obvious  sex d i f f e r e n c e  i s  n o te d  i n  t h e  o ro d u c t io n  of



TABLE 1

MICROGRAMS OF GLUCOSE PER 100 MILLIGRAMS OF WET TISSUE

Category Submaxil la ry  Gland P a r o t i d  Gland
L* M S L M S

Normal Females 4.3 
( 3 .0 - 6 .4  )

1 . 8  
( 0 . 8- 3 . 2  )

1 . 1  
( 0 . 6—1 .4 )

3 .1  
( 0 .2 - 5 .2 )

35 .0
(3 2 .0 - 5 0 .4 )

0 . 8  
( 0 . 0 - 1 .3:

P regnant
Females

6.2  
( 4 . 5 - 8 . 8  )

37.7
( 3 2 .5 - 4 3 .2 )

0.8
( 0 . 0 - 2 . 0 )

3 .2  
( 2 . 5 - 4 . 0 )

23 .1
( 1 5 .5 - 3 1 .5 )

1 .9  
( 0 .0 - 3 .5 :

L a c t a t i n g
Females

3 .6  
( 3 .0 - 4 .3  )

30.7
(2 6 .1 - 3 5 .3 )

5.5 
(4 .7 -6 .3 )

1.3 
( 0 . 0 - 2 . 6 )

18.1
(14 .0-22.2)

5.9 
(2 .5 -9 .3:

Normal Males
9 .1  

( 6 .6 - 1 1 . 0 )
75 .8

(5 2 .7 - 9 2 .4 )
3.9  

( 1 . 9 - 8 , 8 )
3 .9  

( 3 . 0 - 5 . 6 )
33.9

(2 9 .0 - 3 9 .8 )
1.7 

(0 .0-3 .4]

*Enzymatic A c t i v i t y ;  L z Lac tase ;  M z M al tase ;  S = Sucrase



TABLE 2

MICROGHAMS OF GLUCOSE PER 100  MILLIGRAMS OF WET TISSUE

Category Pancreas I n t e s t i n e
L* M S L M S

Normal Females
2 . 1  

( 0 . 8-3  .2 )
5.6 

( 3 . 4 - 8 .0  )
1 .3  

( 0 . 0 - 2 . 8 )
26 .0

( 1 5 .2 - 3 2 .5 )
295.2

(233 .0 -365 .3 )
147.1

(128.6-178.9)

Pregnant
Females

4 .0  
( 0 . 0 - 8 . 8 )

14 .0  
( 7 . 0 - 2 0 . 8 )

0 .7  
( 0 . 0- 1 .4 )

13.2 
( 4 .0 - 3 0 .6 )

297.7
(2 59 .0 -321 .2 )

133.7
(114 .5-158 .3)

L a c ta t in g
Females

1.7  
( 0 . 4 - 3 . 0 )

23.1
(1 8 .6 - 2 7 .6 )

1 . 2  
( 0 . 0 - 2 .4)

8 . 0  
( 5 .3 -1 0 .7 )

530,3
(5 19 .0 -541 .6 )

521 .2
(512 .7 -529 .6 )

Normal Males
6 . 2

( 5 . 6 - 7 . ? )
2 1 . 1

(1 0 .9 - 2 8 .5 )
0.7  

( 0 . 0 - 2 . 1 )
1 3 . 0

(1 1 .9 - 1 4 .4 )
600.1

(543 .8 -655 .3 )
349.3

(222 .7-453 .3)

*Enzymatic A c t i v i t y :  L = L a c ta s e j  M = Ma] t a s e ;  S = Sucrase

OJw
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m a l to s e  i n  t h e  s u b m a x i l l a r y  g l a n d ;  the  l e v e l  of  a c t i v i t y  i n  

t h e  male f a r  e x ce ed s  t h a t  fo&nd i n  the  fem a le .  A s i m i l a r ,  

bu t  not  n e a r l y  so s t r i k i n g ,  d i f f e r e n c e  i s  seen  i n  r e s u l t s  

o b t a i n e d  from a s s a y  o f  i n t e s t i n a l  t i s s u e .

L a b o r a t o r y  Rat

As shown i n  T a b le s  3 and 4 ,  F ig u re  2 ,  t h e  l e v e l  of 

l a c t a s e  a c t i v i t y  was low i n  a l l  i n s t a n c e s .  S u c rase  p ro ­

d u c t i o n  i n  the  accessory d i g e s t i v e  g lands  was a l s o  of  l i t t l e  

s i g n i f i c a n c e ,  bu t  a  f a i r  amount o f  a c t i v i t y  was d e m o n s t r a te d  

i n  t h e  u p p e r  i n t e s t i n e  of bo th  sexes .

Female r a t s  p roduce  l e s s  m a l ta se  i n  th e  s u b m a x i l l a r i e s , 

more i n  t h e  p a r o t i d s  and p a n c r e a s ,  and l e s s  i n  th e  i n t e s t i n e  

t h a n  do m ales .

L a b o r a to r y  Mice

L a c t a s e .

Data  p r e s e n t e d  i n  T a b le s  5 and 6, and F ig u r e  3 a ,  show 

l a c t a s e  a c t i v i t y  t o  be r a t h e r  low in  a l l  f em a le  t i s s u e s  excep t  

t h e  i n t e s t i n e .  I n j e c t i o n s  of  male hormone i n t o  i n t a c t  f e m a le s  

b ro u g h t  a b ou t  a t  l e a s t  a  t w o - f o l d  i n c r e a s e  i n  s u b m a x i l l a r y ,  

p a r o t i d ,  and  p a n c r e a t i c  a c t i v i t y ,  while  i n t e s t i n a l  l a c t a s e  was 

d e c r e a s e d  w e l l  below normal  l e v e l .

Ovariectomy a lo n e  had no i n f l u e n c e  on l a c t a s e  l e v e l ;  

when fo l lo w e d  by i n j e c t i o n s  of e s t r a d i o l  a  s l i g h t  r i s e  i n  sub­

m a x i l l a r y ,  p a r o t i d ,  and p a n c r e a t i c  a c t i v i t y  o c c u r r e d ,  and 

i n t e s t i n a l  l a c t a s e  r o s e  w e l l  above normal l e v e l .  I n j e c t i o n s



TABLE 3

MICROGRAMS OF GLUCOSE PER 100 MILLIGRAMS OF WET TISSUE

Category Submaxillary  Gland P a r o t i d  Gland
L* M S L M S

Normal Females 11.3
(1 0 .4 - 1 2 .1 )

8 . 8  
( 6 .2 -1 1 .4 )

9.3 
( 8 .2 - 1 0 .4 )

7 .4  
( 5 . 0 - 9 . 9 )

58.7
(4 9 .1 - 7 3 .3 )

1 . 6  
( 0 .2 - 2 . 6 )

Normal Males
1 9 . 6

(1 3 .5 - 2 5 .8 )
35 .4

(3 4 .8 - 3 5 .9 )
2 . 2  

( 0 .0 - 4 .3  )
4 .6  

( 4 . 6 —4.7  )
39.3

( 3 2 .9 - 4 5 .6 )
0 . 0  

( 0 . 0 - 0 . 0 )

C/J
Oi

* Enzymatic A c t i v i t y :  L= L ac ta se ;  M z M al tase ;  S -  Sucrase



TABLE 4

MICROGRAMS OF GLUCOSE PER 100 MILLIGRAMS OF WET TISSUE

Category Pancreas I n t e s t i n e
L* M S L M S

Normal Females 4 .9 55.9 4.2 19.7 4 1 1 .6 99.0
( 3 . 9 - 5 . 9 ) (4 4 .1 - 6 7 .7 ) ( 3 . 9 - 4 . 6 ) (1 7 .3 - 2 2 .1 ) (367 .6-4555 .5) ( 79 .3 -119 .8 :

Normal Males 4 .1 12.7 0.3 1 2 . 6 498.9 1 0 1 . 0
( 3 . 6 - 5 . 3 ) ( 9 .8 - 1 5 .6 ) ( 0 . 0 - 0 .5) (1 1 .4 - 1 3 .9 ) (479 .5 -528 .3 ) ( 98 .0 -104 .0)

^Enzymatic A c t i v i t y :  L = L ac ta se ;  M -  M al tase ;  S -  Sucrase
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I
TABLE 5

MICROGRAMS OF GLUCOSE PER 100 MILLIGRAMS OF WET TISSUE

Category Submaxil la ry  Gland P a r o t i d  Gland
L̂ f M S L M S

formal Females 6 .9  
( 5 . 2 - 8 . 6  )

43 .8  
( 3 1 .7 -5 5 .8  )

2 . 8  
( 1 . 5 - 4 . 1 )

6.3 
( 5 . 1 - 7 . 6 )

5 1 . 0
( 4 1 .2 - 6 1 . 8 )

1.3 
( 0 . 0 - 2 . 6 )

Females -  t . p . 17.2
(1 4 .6 - 2 2 .2 )

101.1 
( 9 3 .5 -110 .7 )

5.4 
( 4 . 3 - 8 . 2 )

14.6 
( 8 . 8 - 1 9 . 0 )

40 .8
( 2 9 .1 - 5 5 .0 )

2 .3  
( 0 . 2 - 4 . 0 )

Ovariectomized
Females

7 .6  
( 5 .2 -10 .0 )

66.2 
( 54 .8 -71 .2  )

3 .5  
( 1 .2 - 4 . 8 )

7 .1  
( 6 . 1 - 8 .3 )

45 .4
( 2 8 .0 - 5 9 .6 )

5.6 
( 3 . 1 - 8 . 0 )

Ovarie atomized 
Females -  e . b .

13.4
( 1 0 .0 - 1 7 .1 )

75.5 
( 6 1 . 0 - 8 3 . 8  )

0 . 6  
( 0 . 0 - 1 . 2

13.9 
( 9 .9 - 1 5 .6 )

4 8 . 2
(3 7 .8 - 5 5 .7 )

0 . 6  
( 0 . 4 - 0 . 8 )

Ovariectomized 
Females -  t . p .

9.5 
( 5 .4 -13 .0 )

101.4 
( 87 .1 -111 .1 )

3 .2
( l .C L ^ .3 )

8 .9  
( 6 . 5- 1 2 . 1 )

28.9
( 2 1 .8 - 3 3 .1 )

3.2 
( 2 . 1 - 4 . 4 )

W
CO

*Enzymatic A c t i v i t y ;  L = Lac tase ;  M z M al tase ;  S = Sucrase



TABLE 6

MICROGHAMS OF GLUCOSE PER 100  MILLIGRAMS OF WET TISSUE

Category Pancreas I n t e s t i n e
L<- M S L M S

Normal Females 8 .0  
( 7 . 5 - 8 .6  )

37.2 
( 3 6 .8 - 3 8 .5  )

0 .0  
( 0 . 0 - 0 . 0 )

105.8  
( 91 .1 -120 .6 )

575.2
( 498 . 8- 651 . 5 )

240 .0
( 2 0 9 . 7 - 2 7 0 . 3 )

Females -  L.n. 16.7
( 1 3 .0 - 1 8 .1 )

90.5
(81 .2 -100 .0 )

3 .1  
( 0 . 5 - 5 . 4 )

66.2 
( 49 .9 -7 3 .1  )

5 0 7 .1
( 4 6 1 . 6- 5 3 3 . 3 )

236.3
( 2 2 4 . 8- 2 5 0 . 0 )

Ovariectomized 
Female s

9 .1  
( 4 .6 -1 2 .4 )

40.4 
(29 .0^51.6  )

3.3  
( 2 . 5 - 4 . 7 )

102.5  
( 9 3 .6 -117 .5 )

432.8
( 390 .7- 450 . 6 )

256 .0
( 250 . 9- 271 .2 )

Ovariectomized 
Females -  e . b .

13.4 
( 8 .1 -1 5 .3 )

70.9 
( 6 3 .3 - 7 9 .0  )

0.0 
( 0 . 0 - 0 . 0 )

1 6 5 .6
(140 .8 -180 .4 )

399.7
(380 .0 -413 .1 )

2 8 4 . 6
( 2 5 0 . 4 - 3 0 1 . 0 )

Ovariectomized
Females — t.p. 7 .9  

( 6 . 9 ^ ^ 3  )
64.7  

( 6 1 . 2 - 6 8 . 9  )
3 .2  

( 1 . 7 - 5 . 0 )
86.3

( 8 0 . 4 - 8 9 . 7  )
463.9(451.7-480.0) 239.5

( 2 3 0 . 6 - 2 7 0 . 1 )

o

#Enzymalic A c t i v i t y :  L = L ac ta se ;  M = Maltase;  S = Sucrase
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of t e s t o s t e r o n e  t o  c a s t r a t e  f ema le s  b r ou gh t  about  s i m i l a r  

s h i f t s  i n  a c t i v i t y  a s  t h os e  r e c o r d e d  f o r  t h e  group r e c e i v i n g  

e s t r a d i o l  a f t e r  o v a r i e c t o m y ,  w i t h  one e x c e p t i o n :  t h e  male

hormone caused  a d e c r e a s e  i n  i n t e s t i n a l  l a c t a s e  a c t i v i t y .

A d m i n i s t r a t i o n  of t e s t o s t e r o n e  p r o p i o n a t e  t o  i n t a c t  males  

had p r a c t i c a l l y  no e f f e c t  on s u b m a x i l l a r y ,  p a r o t i d ,  and 

p a n c r e a t i c  t i s s u e  ( T ab l e s  ~ and S, F ig .  5 b ) ,  and b rough t  abou t  

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

jonadectomy i n  males  had i t s  g r e a t e s t  e f f e c t  on i n t e s t i ­

n a l  l a c t a s e  a c t i v i t y  which was r educed  t o  a  c o n s i d e r a b l y  

l ower  l e v e l  t han  no rma l .  The l e v e l  of t h i s  enzyme rema ined  

unchanged i n  o t h e r  t i s s u e s .  I n j e c t i o n s  of  e s t r a d i o l  ben­

z o a t e  i n  t o  c a s t r a t e d  males r e s u l t e d  i n  t h e  s u b m a x i l l a r y ,  

p a r o t i c ,  and pa nc re a s  r e a c h i n g  peak p r o d u c t i o n  of l a c t a s e  i n  

male  mice ,  accompanied by a ve ry  s i g n i f i c a n t  r e d u c t i o n  i n  

i n t e s t i n a l  l a c t a s e .  When c a s t r a t e d  a n i m a l s  were g iven  

i n j e c t i o n s  of t e s t o s t e r o n e  p r o p i o n a t e ,  p a r o t i d  ana i n t e s t i n a l  

a c t i v i t y  d ipped  t o  t h e  l owes t  l e v e l s  o b t a i n e d  fo r  any of t h e  

t  en g ro up s  of mice .

The g r e a t e s t  o v e r a l l  i n c r e a s e  In l a c t a s e  a c t i v i t y  was 

found  I n  o v a r i e c t o m i z e d  mice which r e c e i v e d  i n j e c t i o n s  of  

e s t r a d i o l  b e nz oa t e ;  t h e  l e a s e  amount of  l a c t a s e  a c t i v i t y  was 

o b se r ve d  i n  t i s s u e s  from c a s t r a t e d  males  i n j e c t e d  wi th  t e s ­

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

M a l t a s e .

S ub m ax i l l a ry  t i s s u e  from each e x p e r i m e n t a l  group of f ema le



TABLE 7

MICl(OGIù\MS OF GLUCOSE PER 100  MILLIGRAMS OF WET TISSUE

Category Submaxil la ry  Gland P a r o t i d  Gland
L* M S L M S

formal Males 14.4
(1 3 .6 - 1 5 .3 )

52.8
( 3 2 .6 - 7 2 .9 )

2 .8  
( 2 . 7 - 2 . 9 )

7 .6  
( 6 . 6 - 8 . 6  )

48 .6
( 4 5 .2 - 5 1 .9 )

2 .1  
( 0 . 0 - 4 . 3 )

i a i e s  -  t . p . 13.4
(1 3 .0 - 1 7 .1 )

0 .0  
( 0 . 0 - 0 . 0  )

0 .0  
( 0 . 0 - 0 . 0 )

6.3 
( 4 .9 - 1 0 .0 )

18.1
( 1 4 .0 - 2 5 .4 )

0 .0  
( 0 . 0 - 0 . 0 )

C as t ra te d
^ a les

14.1
( l j . 7 - 1 6 . 8 )

61.5
(5 1 .3 - 7 1 .4 )

2 .6
( 0 . 3 - 4 . 9 )

5.2 
( 3 . 0 - 6 . 9  )

36 .0
( 3 0 .0 - 4 1 .6 )

1 .0  
( 0 . 0 - 2 . 0 )

C as t ra te d  
' ia ies  -  e . b .

17.9
(1 4 .8 - 2 0 .2 )

71 .6
(5 9 .2 - 7 9 .9 )

0 . 0  
( 0 . 0 - 0 . 0 )

16.5
( 1 3 .9 - 1 8 .9 )

54.0
( 4 8 .9 - 5 1 .0 )

0 . 0  
( 0 . 0 - 0 . 0 )

C as t r a te d  
' ia ies  -  t . p .

14 .0
(1 1 .1 - 1 7 .2 )

24.3
(1 7 .9 - 2 9 .2 )

2 .7  
( 1 . 1 - 4 . 3 )

2.2 
( 2 .2 - 2 .3  )

2 3 . 8
( 1 9 .4 - 2 7 .8 )

4 .9  
( 2 . 5 - 6 . 9 )

«Enzymatic A c t i v i t y :  L -  Lac tase ;  M = Mal tase;  S = Sucrase



TABLE 8

MICROGRAMS OF GLUCOSE PER 100  MILLIGRAMS OF WET TISSUE

Category Pancreas I n t e s t i n e
L* M S L M S

Normal Males 9.2  
( 7 . 4 - 1 0 .9 )

56.2
(3 8 .1 - 7 4 .4 )

0 .8  
( 0 . 0 - 1 . 6 )

103.5 
( 9 5 .0 -112 .0 )

507.5
(470 .3 -524 .8 )

281.8
(259 .1 -288 .5 )

%ales -  t . p . 8.7  
( 6 .9 -1 0 .1 )

18.1
(1 4 .1 - 2 5 .9 )

0 .0  
( 0 . 0 - 0 . 0 )

115.1
(112 .9 -129 .7 )

557.2
(518 .1 -581 .1 )

183.4
(156 .4 -202 .7 )

C a s t r a t e d
Males

8.3  
( 5 .5 -1 0 .1 )

49 .0
( 2 9 .7 - 6 5 .0 )

1 .0  
( 0 . 6 - 1 . 4 )

49.0  
( 31 .7 -70 .3  )

409.5
(400 .0 -415 .2 )

146.4
(108 .2-167 .4)

C a s t r a te d  
Males -  e . b .

12.8 
( 8 .0 - 1 5 .5 )

75 .9
(6 9 .9 - 7 9 .6 )

0 .0  
( 0 . 0 - 0 . 0 )

81.7 
( 70 .3 -8 9 .9  )

506.2
(472 .8 -520 .1 )

285.2
(262 .1 -310 .9 )

C a s t r a te d  
Males -  t . p .

11.9 
( 8 .1 -1 2 .8 )

38.3
(2 1 .0 - 4 7 .9 )

3 .8  
( 0 . 9 —4 .4 )

45.4  
( 36 .0 -51 .2  )

475.2
(466 .6 -485 .0 )

131.2
(109 .3 -150 .5 )

*Enzymatic A c t i v i t y ;  L -  L ac tase ;  M = Maltase;  S = Sucrase
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inice had h i g h e r  c a l r a s e  l e v e l  t h an  t h a t  found i n  c o n t r o l  t ' s -  

sue ( T ab l e s  5 and 5,  F i g .  3 a ) .

The p a r o t i d  r emained e s s e n t i a l l y  u n a f f e c t e d  by i n j e c t i o n s  

of  gona da l  hormones an d /o r  o va r i e c t om y ,  except  v;hen spaying  

was accompanied by i n j e c t i o n s  of  t e s t o s t e r o n e  p r o p i o n a t e .  I n  

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

P a n c r e a t i c  t i s s u e  seemed t o  r e s pon d  i n  a p o s i t i v e  manner 

i n  i t s  p r o d u c t i o n  of m a l t a s e  t o :  (1) o va r i e c to m y  p l u s  ad­

m i n i s t r a t i o n  of go na da l  hormones ,  and (2)  i n j e c t i o n s  of  t e s ­

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

I n t e s t i n a l  m a l t a s e  a c t i v i t y  i n  a l l  e x p e r i m e n t a l  groups  

f e l l  w e l l  below t h a t  of t h e  c o n t r o l  a n i m a l s .

The most  s t r i k i n g  f e a t u r e  ab o u t  t h e  male mouse (T ab l e s  

7 and 8, F i g .  3b) and i t s  m a l t a s e  p r o d u c t i o n  i s  t h a t  i n ­

j e c t i o n s  of  t e s t o s t e r o n e  p r o p i o n a t e  i n t o  i n t a c t  a n im a l s  c aused  

s u b m a x i i l a r y  m a l t a s e  t o  f a l l  t o  z e r o ,  markedly  lowered  p a r o t i d  

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

t e s t i n a l  m a l t a s e  a c t i " i t y .  C a s t r a t i o n  r ed uc ed  m a l t a s e  i n  a l l  

t i s s u e s  e x ce p t  t h e  s u b m a x i i l a r y  g l a n d .  On t h e  o t he r  hand,  

when c a s t r a t e d  a n im a l s  r e c e i v e d  f ema le  sex hormone i n j e c t i o n s ,  

t h e r e  was an  i n c r e a s e  i n  t h e  l e v e l s  of m a l t a s e  a c t i v i t y  i n  

s u b m a x i i l a r y ,  p a r o t i d ,  and p a n c r e a t i c  t i s s u e ;  no change was ob­

se r v e d  i n  t h e  i n t e s t i n e .  When such a n im a l s  were g iv en  t e s ­

t o s t e r o n e ,  a r e v e r s e  s i t u a t i o n  o c c u r r e d ;  a  s i g n i f i c a n t  f a l l  i n  

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

M a l t a s e  a c t i v i t y  i n  any g iven  e x p e r i m e n t a l  group i s
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h i g h e s t  i n  I n t a c t  f ema le s  r e c e i v i n g  t e s t o s t e r o n e .  C a s t r a t i o n  

i n  mal es  r ed uc ed  o v e r a l l  m a l t a s e  a c t i v i t y  t o  i t s  l o w e s t  l e v e l ;  

r e p l a c e m e n t  t h e r a p y  d i d  no t  r e v e r s e  t h i s  c o n d i t i o n  to  c o n t r o l  

l e v e l .

S u c r a s e .

A c o n s i s t e n t l y  low l e v e l  of  s u c r a s e  a c t i v i t y  was obse rved  

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

g r ou p s  of  f ema le  mice (T ab l e s  5 and 6 ,  F ig .  5 a ) .  However,  

gonadec tomy a l o n e  or gonadectomy p l u s  e s t r a d i o l  b e n z o a t e  d i d  

s t i m u l a t e  I n t e s t i n a l  s u c r a s e  somewhat.

Suc rase  a c t i v i t y  i s  a b s e n t  or s l i g h t  i n  s u b m a x i i l a r y ,  

p a r o t i d ,  and p a n c r e a t i c  t i s s u e  from normal  males ( T a b l e s  7 and 

8 ,  F i g .  3b ) .

Probl ems of low l e v e l s  of  a c t i v i t y  and i n a c c u r a c y  of 

c o l o r i m e t r i c  d e t e r m i n a t i o n s  a t  e i t h e r  end of  t h e  a bs o r ba n c e  

or  t r a n s m i t t a n c e  s c a l e s ,  make i t  d i f f i c u l t  t o  r e c o g n i z e  any 

i n f l u e n c e  e x e r t e d  by e x p e r i m e n t a l  t e c h n i q u e s  on t i s s u e  g l yco -  

s i d a s e  a c t i v i t y .

' A h i g h  l e v e l  of I n t e s t i n a l  s u c r a s e  a c t i v i t y  i s  r e c o r d e d  

f o r  t he  c o n t r o l  group  and f o r  c a s t r a t e d  males  i n j e c t e d  w i t h  

e s t r a d i o l  b e n z o a t e ,  When exogenous t e s t o s t e r o n e  i s  i n j e c t e d  

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

normal .  Suc ra se  a c t i v i t y  i n  i n t e s t i n a l  t i s s u e  f a l l s  even 

lower  when males a r e  c a s t r a t e d ,  and r e a c h e s  i t s  l owes t  ebb 

when c a s t r a t i o n  i s  f o l l o w e d  by a d m i n i s t r a t i o n  of t e s t o s t e r o n e  

p r o p i o n a t e .
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I n f l u e n c e  of Fr ee  HCl on G l y c o s l d a s e s

As i s  shown i n  Table  9,  on ly  a t  r e l a t i v e l y  h i g h  concen­

t r a t i o n s  of f r e e  HCl i s  t h e r e  an i n c r e a s e  i n  t he  h y d r o l y s i s  of 

l a c t o s e  by fema le  g u in ea  p i g  p a n c r e a s  and i n t e s t i n e .  S a l i v a r y  

l a c t a s e  i s  d e s t r o y e d  a t  HCl c o n c e n t r a t i o n s  g r e a t e r  t han  0 . 0 3 # .

The a c t i o n  of homogenates  on ma l t o se  i s  g r e a t l y  enhanced 

i n  t h e  p r e s enc e  of f r e e  a c i d .  The deg ree  of h y d r o l y s i s  v a r i e s  

w i t h  t h e  amount of  HCl w i t h i n  t h e  sys tem.  The g r e a t e r  t h e

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

mal  p o i n t  of 0 . 0 15 #  i s  r e a c h e d .

Low l e v e l s  of s u c r a s e  a c t i v i t y  r e c o r d e d  f o r  c o n t r o l  t ubes  

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

r e d u c e d  t o  z ero  when f r e e  HCl i s  c o n t a i n e d  i n  t he  m i x t u r e .  

I n t e s t i n a l  su c r a se  l e v e l  i s  i n c r e a s e d  20# or more when exposed 

t o  f r e e  HCl, b u t  t h i s  l e v e l  r ema ins  f a i r l y  c o n s t a n t  r e g a r d l e s s  

of  q u a n t i t y  of  a c i d  i n v o lv e d .

D i s c u s s i o n

Optimum pH r a n g e s  f o r  animal  g l y c o s i d a s e s  i n c l u d e d  i n  

t h e s e  s t u d i e s  a r e  : l a c t a s e = 4 . 5 - 5 .2;  m a l t a s e = 5 . 8 - 7 . 4 ;  and

s u c r a s e = 5 . 5 - 7 . 5 .  Ma l t a s e  and s u c r a s e  v a l u e s  c o r r e sp o n d  

c l o s e l y  wi th  t h o s e  r e p o r t e d  f o r  hog i n t e s t i n g  by Hawk a t  a l .  

( 19 54 ) .  However,  under  t he  c o n d i t i o n s  of  my e x p e r i m e n t s ,  

t h e  pH optimum f o r  r o d e n t  l a c t a s e  i s  somewhat lower t han  t h a t  

r e p o r t e d  fo r  o t h e r  mammals. Acco rd ing  t o  Hawk, hog i n t e s t i n a l  

l a c t a s e  ha s  i t s  optimum a c t i v i t y  a t  pH 5 . 4 - 6 . 0 ,  and t h i s  r ange  

was l i k e w i s e  found  t o  be b e s t  f o r  dog i n t e s t i n a l  l a c t a s e



TABLE 9

INFLUENCE OF HCl ON GLYCOSIDASE ACTIVITY IN FEMALE GUINEA PIG TISSUE

S u b s t r a t e Homogenate
T o ta l  A c i d i t i e s

0.12% 0.06% 0.03% 0.015% 0.007% 0.003% 0.00%

Submaxii la ry 0.0* 0 .0 2 .2 1 .8 1.3 1.3 2 .0

P a r o t i d 0 .0 0 .0 1.3 0 .4 1 .8 0 .9 1.5
Lactose

Pancreas 3 . 0 1.2 1 .8 0 .6 1.2 2 .4 1 .0

I n t e s t i n e 20.4 19.2 16 .8 15.6 1 3 . 2 15.6 14.3

Submaxii la ry 4 .0 6.5 6.5 20.5 18.0 12.5 1 .1

P a r o t i d 1 .0 8 .0 5.5 8 .0 10.5 11.0 19 .0
Maltose

Pancreas 0 .0 7 .5 14.5 16 .0 16.0 12.5 2 .9

I n t e s t i n e 264.7 5 2 0 . 0 502.0 736.5 639.0 701.0 154.0

Submaxi ila ry 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 1 .0

p a r o t id 0 . 0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .8
Sucrose

pancreas 0 . 0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .9

I n t e s t i n e 98.4 97.2 99.6 104 « 4 97.2 90 .0 71.3

CO

*Values r e p r e s e n t  micro/-"rams of  t ' lucosc
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(Cajcry,  1955) ,  Ca l f  i n t e s t i n a l  l a c t a s e  i s  r e p o r t e d  o p t i m a l l y  

a c t i v e  a t  pH ab ou t  5 . 5  ( H e i l s k o v ,  1951) .

I n  o rd e r  t o  o b t a i n  t he  g r e a t e s t  amount of  m a l t a s e  and 

s u c r a s e  a c t i v i t y ,  t h e  homogenates  r e q u i r e d  an  e x t r a t i o n  or 

" a . i n g "  p e r i o d  from tv;e lve t o  t w e n t y - f o u r  hou r s  a t  room temper­

a t u r e ;  l a c t a s e  a c t i v i t y  was h i g h e s t  when a  f r e s h  s u s p e n s io n  of 

t i s s u e  was used f o r  a n a l y s i s .  M i c r o sc op i c  e x am ina t i o n  of  ho­

mogenate  r e v e a l e d  numerous i n t a c t  c e l l s  imm ed ia t e l y  f o l l o w i n g  

uhe p r o c e s s  of b l e n d i n g .  I t  seems p o s s i b l e ,  t h e r e f o r e ,  t h a t  

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

c e l l  membranes.  A s i m i l a r  r e l a t i o n s h i p  ha s  been r e p o r t e d  f o r  

hog i n t e s t i n a l  mucosa by Hawk and h i s  c o l l a b o r a t o r s  ( 1954) ,  

accompanied  by t h e  r emark  t h a t  a l t h o u g h  l a c t a s e  i s  no t  u s u a l l y  

f ound  t o  be p r e s e n t  i n  i n t e s t i n a l  c o n t e n t s ,  i t  i s  d e t e c t a b l e  

i n  f r e s h  su s p e n s io n s  of  ground t i s s u e s  an d ,  t h e r e f o r e ,  i s  a s ­

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

o r  i n t r a c e l l u l a r l y .  H e i l s k c v  ( 19 52 ) ,  on t h e  o t h e r  hand,  found 

l a c t a s e  i n  i n t e s t i n a l  c o n t e n t s  of c a l v e s  and r a b b i t s  of t h e  

same o r d e r  of magni t ude  as  t h e  a c t i v i t y  pe r  gram mucous 

membrane.

M a l t a s e  and s u c r a s e  d i s p l a y e d  l i t t l e  or no a c t i v i t y  i n  any 

of  t h e  r o d e n t  t i s s u e s  a s s a y e d ,  d u r i n g  t h e  f i r s t  two hour s  of 

e x t r a c t i o n .  They a t t a i n e d  t h e i r  h i g h e s t  l e v e l s  a t  a p p ro x i ­

m a t e l y  twe lve  ho u r s  and r e t a i n e d  t h i s  a c t i v i t y  f o r  a t  l e a s t  

a n o t h e r  twe lve  h o u r s .  Upon m i c r o s c o p i c  e xa m in a t i o n  of  t h e  

homogenate  a t  t h e  t w e l v e - h o u r  p e r i o d  a  few i n t a c t  c e l l s  were
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v i s i b l e .  At t h e  end of t w e n t y - f o u r  h o u r s ,  a l l  c e l l s  had been 

d i s r u p t e d .

• Such o b s e r v a t i o n s  sugges t  t h e  p o s s i b i l i t y  t h a t  t h e s e  

enzymes a r e  p r e s e n t  i n  p r e c u r s o r  form and a r e  a c t i v a t e d  only 

a f t e r  e x t r e m e l y  mi ld  h y d r o l y s i s ,  f o l l o w i n g  r e l e a s e  from th e  

c e l l  membrane or i n t r a c e l l u l a r  c o n s t i t u e n t s  where t hey  may or 

may no t  be t i g h t l y  bound.  _

a l t h o u g h  a s i m i l a r l y  long e x t r a t i o n  p e r i o d  h a s  been r e ­

p o r t e d  f o r  hog i n t e s t i n a l  m a l t a s e  and s u c r a s e ,  no e x p l a n a t i o n  

f o r  t h i s  t ime f a c t o r  ha s  been o f f e r e d  (Hawk a l . ,  1954) ,

As i s  a p p a r e n t  from t h e  r e s u l t s ,  g r e a t  v a r i a t i o n s  were 

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

l owing  t h e  e s t a b l i s h m e n t  o f  s u b s t r a t e  c o n c e n t r a t i o n ,  t i s s u e  

d i l u t i o n ,  i n c u b a t i o n  t i m e ,  and i n c u b a t i o n  t e m p e ra t u r e  ne ce s ­

s a r y  f o r  s a l i v a r y  l a c t a s e  a c t i v i t y ,  s h o r t  s t u d i e s  were de­

s i g n e d  t o  d e t e rm in e  t h e  e f f e c t  of  t h e s e  c o n d i t i o n s  upon pan­

c r e a t i c  and i n t e s t i n a l  l a c t a s e ,  and m a l t a s e  and s u c r a s e  a c ­

t i v i t y  i n  c o r r e s p o n d i n g  t i s s u e s ,  t o  pe rmi t  compa r i sons .  Data 

o b t a i n e d  were no t  s u f f i c i e n t l y  d i f f e r e n t  t o  w a r r an t  m o d i f i c ­

a t i o n  of  t h e  methof e s t a b l i s h e d  f o r  l a c t a s e  a n a l y s i s .

C o n t ro l  T i s s u e s  

L i v e r ,  s k e l e t a l  musc l e ,  and k id n ey  of female  gu i nea  p ig s  

were u s ed  a s  c o n t r o l  t i s s u e s  i n  t h i s  s t udy .  A c t i v i t y  l e v e l s  

o b t a i n e d  sugg es t  t h a t  l a c t a s e  might  be found i n  a l l  o rgans  of 

t h e  g u i n e a  p ig  a s  a r e s u l t  of i t s  p r e s e n c e  i n  blood and t i s s u e  

f l u i d .  High m a l t a s e  a c t i v i t y  i n  t h e  k i dney  i s  p e r p l e x i n g ,  and
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c e r t a i n l y  d e s e r v e s  f u r t h e r  i n v e s t i g a t i o n .  However,  i t s  

ab sence  i n  l i v e r  and s k e l e t a l  nu sc l e  seems t o  r u l e  out  t h e  

p o s s i b i l i t y  t h a t  l a r g e  amounts  of t h i s  enzyme a r e  m a i n t a i ne d  

i n  i he  blood and t i s s u e  f l u i d s .  A s i m i l a r  i n t e r p r e t a t i o n  of 

t h e  d a t a  might  be a p p l i e d  t o  s u c r a s e  a c t i v i t y ;  i t s  absence  

i n  l i v e r  and k i d n ey  i s  c o m f o r t i n g .

L a c t a s e
On t h e  b a s i s  of  d e t e r m i n a t i o n s  of  l a c t a s e  a c t i v i t y  i n  

t i s s u e s  ; rom the- upper  d i g e s t i v e  t r a c t  of  g u i n ea  p i g s  and 

r a t s ,  i t  was p o s s i b l e  t o  e s t a b l i s h  t h a t  t h e s e  r o d e n t s  pos se s s  

i n s i g n i f i c a n t  amounts  of t h i s  enzyme. L a c t a s e  l e v e l  in  a l l  

mouse t i s s u e ,  o t h e r  t han  t h e  i n t e s t i n e ,  i s  l i k e w i s e  p r ob ab ly  

t oo  low t o  be of g r e a t  i m p o r t a nc e  t o  t h e  a n i m a l s  i n  p r e p a r i n g  

food f o r  a b s o r p t i o n .

Mouse i n t e s t i n a l  l a c t a s e  i s  p r e s e n t  i n  r e l a t i v e l y  l a r g e  

amounts ,  and a l t h o u g h  t h e r e  a p p e a r s  t o  be no d i f f e r e n c e  be ­

tween c o n t r o l  male and f em a le  t i s s u e s ,  t h e  a c t i v i t y  of l a c t a s e  

seems t o  be q u i t e  dependen t  upon gona da l  hormone t i t e r .  The 

50^ d e c l i n e  i n  l a c t a s e  a c t i v i t y  f o l l o w i n g  gonadectomy In  males  

was no t  obse rved  i n  f e m a l e s .  I n j e c t i o n s  of  t e s t o s t e r o n e  

p r o p i o n a t e  i n t o  bo th  c a s t r a t e d  males  and f ema le s  b rough t  abou t  

a f a l l  i n  a c t i v i t y .  C on v e r se l y ,  t h e  a d m i n i s t r a t i o n  of e s t r a ­

d i o l  be n zo a t e  enhanced l a c t a s e  h y d r o l y t i c  powers .

I n f l u e n c e s  of sex hormones on g l y c o s i d a s e  a c t i v i t y  have 

been r e p o r t e d  p r e v i o u s l y .  Raynaud and R e b e y r o t t e  (1949) r e ­

p o r t e d  s a l i v a  from male mice t o  be more p o t e n t  i n  i t s  a b i l i t y
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t o  d i g e s t  s t a r c h  t han s a l i v a  from female  mice;  c a s t r a t i o n  of 

males  i n h i b i t e d  t h i s  p r o p e r t y .  Ha rvey ’ s s t u d i e s  (1957b) of 

t i s s u e  homogenates  of  mouse s u b m a x i i l a ry  and p a r o t i d  g l a n d s ,  

and p a n c r e a s ,  l i k e w i s e  showed male c a s t r a t i o n  t o  r ed uc e  a l l  

amylase  a c t i v i t y .  C a s t r a t i o n  of  f em a le s  b rou gh t  abou t  s i m i l a r  

r e s u l t s  i n  t h e  p a r o t i d  g l a n d ,  bu t  t h e  s u b m a x i i l a r y  g land  and 

p a n c r e a s  showed no s i g n i f i c a n t  change.  When gonadec tomized  

an im a l s  r e c e i v e d  i n j e c t i o n s  of  e i t h e r  sex hormone,  a a y l o l y t i c  

a c t i v i t y  i n  a l l  t i s s u e s  r o s e  t o  normal  or above normal  l e v e l s ,  

ex cep t  i n  t h e  female  p a r o t i d  g l and  where a c t i v i t y  d e c l i n e d  

upon t h e  a d m i n i s t r a t i o n  o f  t e s t o s t e r o n e  p r o p i o n a t e .

I n  g e n e r a l ,  mouse i n t e s t i n a l  l a c t a s e  a c t i v i t y  f o l l o w ed  a 

p a t t e r n  s i m i l a r  t o  a m y l o l y t i c  a c t i v i t y  d e s c r i b e d  by Harvey,  

w i t h  t h e  f o l l o w i n g  e x c e p t i o n s :  (1) no sex dimorphism i s  ap­

p a r e n t  i n  c o n t r o l  a n i m a l s ,  and (2) a d m i n i s t r a t i o n  of  t e s ­

t o s t e r o n e  t o  c a s t r a t e d  males  and f ema le s  i n h i b i t s ,  r a t h e r  t han  

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

Ma l ta se
Ana ly se s  of gu inea  p ig  s u b m a x i i l a r y  g l a n d ,  p a n c r e a s ,  and 

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

c a t e  t h e  e x i s t e n c e  of  a  sex dimorphism i n  t he  chemica l  n a t u r e  

of t h e s e  t i s s u e s .  Male t i s s u e s  were many t imes  more p o t e n t  

t h a n  were t h o s e  from f e m a l e s .  Measurement  of p a r o t i d  g l and  

a c t i v i t y ,  however ,  r e v e a l e d  no s i g n i f i c a n t  sex d i f f e r e n c e .

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

i n  t h e  s u b m a x i i l a r y  g l an d  and p a n c r e a s ,  t o  d e c r e a s e  s y n t h e s i s
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I n  t h e  p a r o t i d  g l a n d ,  and t o  be w i t h o u t  e f f e c t  on i n t e s t i n a l  

mucosa.  L a c t a t i o n  l i / . e w i s e  r ed uc ed  m a l t a s e  a c t i v i t y  i n  t h e  

p a r o t i d ,  b u t  r e s u l t e d  i n  p ro du c i ng  markedly  h i g h  l e v e l s  o f  

m a l t a s e  a c t i v i t y  i n  t h e  o t h e r  t i s s u e s ,  t h e  magn i tud es  of which 

c l o s e l y  app rox im a te  t h o s e  found  i n  male t i s s u e .

These l a t t e r  o b s e r v a t i o n s  su gg es t  an i n t e r p l a y  between 

(a)  t h e  h i g h  t i t e r  of  t h e  hypophysea l  hormone,  p r o l a c t i n ,  

p r e s e n t  i n  l a c t a t i n g  f e m a l e s ,  (b) a  low e s t r o g e n  l e v e l ,  which 

i s  m a i n t a i n e d  d u r i n g  p e r i o d s  of l a c t a t i o n ,  and c) ma l t a s e  

s y n t h e s i s .  S t u d i e s  on p i g eo ns  by R i d d l e  ( 1936,  1940) and 

sub se qu e n t  work by o t h e r  members of h i s  g rou p ,  have shown two 

sy s t e m ic  a c t i o n s  of  p r o l a c t i n  which might  s e r v e  t o  s t r e n g t h e n  

t h e  s u s p i c i o n  t h a t  such  i n t e r r e l a t i o n s h i p  i s  p o s s i b l e :  (1)

p r o l a c t i n  diminishes t h e  o u t p u t  of g o n a d o t r o p i n  from the  p i ­

t u i t a r y  g l and  and i n  t h i s  i n d i r e c t  manner p roduces  a t r op h y  of  

t h e  gonads ,  and (2)  growth of  t h e  i n t e s t i n a l  t r a c t  and I t s  

appended s t r u c t u r e s  i s  promoted.  I t  seems f e a s i b l e  t h a t  t he  

s h i f t s  i n  f ema le  g u i n e a  p ig  m a l t a s e  a c t i v i t y  l e v e l s  observed 

d u r i n g  p r egnancy  and t h e  l a c t a t i o n  p e r i o d  might  be a s c r i b e d  t o  

changes  i n  e s t r o g e n  l e v e l s .  I f  such be t r u e ,  t han  one cou ld  

assume e s t r o g e n  d e f i c i t  t o  be c ap a b l e  of  i n h i b i t i n g  ma l t a s e  

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

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

The h i g h  m a l t a s e  l e v e l s  r e c o r d e d  f o r  normal  male gu inea  

p i g s  ( T ab l e s  1 and 2 ,  F ig .  1) compared w i t h  low a c t i v i t y  i n  

f ema le  s u b m a x i i l a r y ,  p a n c r e a t i c ,  and i n t e s t i n a l  t i s s u e  f u r t h e r
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s u b s t a n t i a t e s  such an  a s su m p t io n .  Va lues  ob t a i ned  upon 

a n a l y s i s  of p a r o t i d  g l a n d s  from c o n t r o l  a n i m a l s ,  however ,  

would t end  t o  d i s c r e d i t  t h i s  h y p o t h e s i s .

I n  t h e  male s u b m a x i i l a r y  g l a n d  of  t h e  l a b o r a t o r y  r a t  

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

i n  t h e  f e m a le .  Such f i n d i n g s  su g g e s t  a p h y s i o l o g i c a l  p a r a l l e l  

of  r e p o r t s  of sex dimorphism i n  t h e  m i c r o s c o p i c  s t r u c t u r e  of 

t h i s  g l a n d .  I n t e s t i n a l  l a c t a s e  a c t i v i t y  f o l l o w s  t h i s  same 

t r e n d  of  b e in g  h i g h e r  i n  mal es  t han i n  f e m a l e s .  However,  

p a n c r e a t i c  t i s s u e ,  and to a l e s s e r  e x t e n t ,  p a r o t i d  g l a n d s ,  

have  a  h i g h e r  l e v e l  of m a l t a s e  a c t i v i t y  i n  f ema le  specimens 

t h a n  i n  t h o s e  o b t a i n e d  from ma le s .

S ince  t h e  l i t e r a t u r e  c o n t a i n s  no ev idence  r e g a r d i n g  t he  

p r e s e n c e  of  s t r u c t u r a l  dimorphism i n  r a t  p a r o t i d  g l a n d ,  pan­

c r e a s ,  or i n t e s t i n e ,  and i n  v iew of  t h e  l i m i t a t i o n s  of  t h i s  

s t u d y ,  t h e r e  i s  no r e a d i l y  a v a i l a b l e  e x p l a n a t i o n  f o r  t h e s e  

o b s e r v a t i o n s .

Ma l t a s e  a c t i v i t y  i n  mouse t i s s u e  showed no s p e c t a c u l a r  

d i f f e r e n c e  i n  d a t a  o b t a i n e d  from c o n t r o l  a n i m a l s  of both  

s e x e s ,  a l t h o u g h  i n t e s t i n a l  m a l t a s e  l e v e l  i n  f ema le s  was some­

what  h i g h e r  t h an  i :  ma l e s .

Female mice p roved  t o  be  u n u s u a l l y  c o n s i s t e n t  i n  t h e i r

r e s p o n s e  t o  gonadectomy a l o n e ,  and gonadectomy f o l l o ’-’ed by 

a d m i n i s t r a t i o n  of e s t r a d i o l  be n z o a t e  and t e s t o s t e r o n e

p r o p i o n a t e .  I n  e ach  g roup ,  t h e r e  was a p a r a l l e l  r i s e  i n  sub­

m a x i i l a r y  and p a n c r e a t i c  m a l t a s e  a c t i v i t y  t o  w e l l  above normal
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v a l u e s ,  a s  p a r o t i d  and i n t e s t i n a l  m a l t a s e  a c t i v i t y  f e l l  s i g ­

n i f i c a n t l y .

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

b a l a n c e  i n  m a l t a s e  l e v e l s  c o r r e s p o n d s ,  i n  some I n s t a n c e s  t o  

H a r v e y ' s  f i n d i n g s  (1957b) i n  he r  s t udy  of a m y l o l y t i c  a c t i v i t y  

i n  mouse s u b m a x i i l a r y ,  p a r o t i d ,  and p a n c r e a t i c  t i s s u e .  Pa­

r o t i d  amylase  l e v e l  d e c r e a s e d  upon gonadectomy,  w h i l e  sub-  

m a x i l l a r y  and p a n c r e a t i c  a c t i v i t y  remained unchanged.  Again,  

•when c a s t r a t e d  f e m a l e s  r e c e i v e d  t e s t o s t e r o n e ,  su b m a x i i l a r y  

and p a n c r e a s  amylase  l e v e l s  r o s e  t o  above normal  l e v e l s ,  and 

p a r o t i d  l e v e l  d e c r e a s e d .

When male mice were s u b j e c t e d  t o  e x c e s s i v e  amounts of  

t e s t o s t e r o n e ,  by i n j e c t i o n  of  t h e  gonada l  hormone i n t o  i n t a c t  

m ice ,  s u b m a x i i l a r y  m a l t a s e  a c t i v i t y  was c om pl e t e ly  o b l i t e r ­

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

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

3-onadectomy r e s u l t e d  i n  a d e c l i n e  i n  a c t i v i t y  i n  a l l  t i s ­

sue s  e x ce p t  su b m a x i i l a r y  g l an d ,  i n  which t he  a b i l i t y  :o  hydro 

l y z e  m a l t o s e  was enhanced .  I n j e c t i o n s  of e s t r a d i o l  c enzoa t e  

i n t o  c a s t r a t e s  had no e f f e c t  cn I n t e s t i n a l  m a l t a s e  a c t i v i t y  

but  i n c r e a s e s  i n  a c t i v i t y  were found  i n  t h e  t h r e e  a c c e s s o r y  

g l a n d s .  Exogenous t e s t o s t e r o n e  r educed  a l l  m a l t a s e  a c t i v i t y  

l e v e l s  .

These  r e s u l t s  i n d i c a t e  t h a t  male gonadal  hormone t end s  t o  

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

on a m y l o l y t i c  a c t i v i t y  (Harvey,  1957b) ,  wh i l e  f ema le  hormone
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i n c r e a s e d  t he  c a p a c i t y  of  male t i s s u e s  t o  p roduce  m a l t a s e ,  a s  

i t  d i d  f o r  amy la se .

Sucrase
Suc rase  p r o d u c t i o n  by t h e  s u b m a x i i l a r y ,  gland' , ’ p a r o t i d  

g l a n d ,  and p a n c r e a s ,  was p r a c t i c a l l y  n e g l i g i b l e  when one con­

s i d e r s  t he  amount of t h i s  enzyme p r e s e n t  i n  t h e  upper  p o r t i o n  

of  t h e  smal l  i n t e s t i n e  from t h e  l a b o r a t o r y  r o d e n t s  i n c l u d e d  i n  

t h i s  s t u d y .

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

t i s s u e  s u g g e s t s  an  i n f l u e n c e  of  g o n a d a l  hormones on t h e  

a c t i v i t y  of  t h i s  enzyme i n  g u i n e a  p i g s  and mice ,  but  not  i n  

r a t s .

I n  view of  t h e  s l i g h t  d e c l i n e  i n  i n t e s t i n a l  s u c r a s e  

a c t i v i t y  i n  p r e g n a n t  g u i n e a  p i g s ,  and t h e  f a c t  t h a t  a c t i v i t y  

i n  s i m i l a r  t i s s u e  from l a c t a t i n g  f e m a le s  was t h r e e  t im es  

h i g h e r  t h an  t h a t  de m on s t r a t e d  f o r  c o n t r o l  f e m a l e s ,  one cou ld  

s p e c u l a t e  t h a t  t h e  s y n t h e s i s  of  t h i s  enzyme might  be a f f e c t e d  

by t h e  p r e s e n c e  or  ab sence  of f em a le  hormone.  E s t r o g e n  l e v e l s  

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

r i t i o n ,  a t  which t ime l a c t a t i o n  n o r m a l ly  b e i i n s  ( T u r n e r ,  195^.  

The f l u c t u a t i o n s  seen  i n  t he  r e s u l t s  f o r  no rma l ,  p r e g n a n t ,  and 

l a c t a t i n g  f em a le s  and t h e  d i f f e r e n c e  between males  and f em a le ^  

make i t  appea r  f a i r l y  p r o b a b l e  t h a t  t he  e f f e c t  of e s t r o g e n  on 

t h e  p r e s en c e  or a c t i v i t y  of s u c r a s e  i n  t h e  sma l l  i n t e s t i n e  of 

t h e  gu in ea  p ig  i s  i n h i b i t o r y  i n  n a t u r e .

The l e v e l  of  i n t e s t i n a l  a c t i v i t y  d e t e rm in ed  i n  male mice
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i s  h i g h e r  t h a n  t h a t  r e c o v e r e d  from female i n t e s t i n e .  De­

c r e a s e s  i n  s u c r a s e  a c t i v i t y  f o l l o w i n g  c a s t r a t i o n  i n  males  

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

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

Harvey (1957b) f o r  s u b m a x i i l a r y ,  p a r o t i d ,  and p a n c r e a t i c  t i s ­

sue s .  Al though  amylase  l e v e l s  i n  t h e se  t h r e e  g l an ds  e q u a l l e d  

or s u r p a s s e d  c o n t r o l  l e v e l s  when c a s t r a t i o n  was f o l l o w ed  by 

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

r ema ined  below normal  l e v e l s  under  such c o n d i t i o n s .

Gonadectomy i n  f e m a l e s  was fo l l ow ed  by a  confounding  i n ­

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

even h i g h e r  upon i n j e c t i o n s  of female  gona da l  hormone,  wh i l e  

a d m i n i s t r a t i o n  of  t e s t o s t e r o n e  was w i th ou t  a f f e c t .  I n  view of 

t h e s e  f i n d i n g s ,  t h e  a u t h o r  d ou b t s  whether  t h e  sex hormone 

l e v e l ,  a s  such ,  d e t e r m i n e s  t o  any marked d e g re e  t he  a b i l i t y  

of f ema le  i n t e s t i n a l  t i s s u e  t o  hyd ro lyze  s u c r o s e .

I n f l u e n c e  of F r ee  HCl on G l y c o s i d a s e s

Mel lanby and Wool ley (1915)  hold  t h a t  dog p a n c r e a t i c  

j u i c e  pe r  se  c o n t a i n s  on ly  one c a r b oh y d r a t e  enzyme, namely,  

amy lase ,  and t h a t  i t  i s  t h e  p r e s e n c e  o f  f r e e  a c i d  which 

e n a b l e s  t h i s  s e c r e t i o n  t o  h y d r o l y z e  ma l to se  t o  d e x t r o s e .

They r e p o r t  t h a t  p a n c r e a t i c  j u i c e  a lo ne  ha s  no a c t i o n  on 

m a l t o s e  and show t h a t  t h e  d e g re e  of  h y d r o l y s i s  of m a l t o se  by 

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

c r e a s e s  w i t h  t h e  amount  of  a c i d  added t o  t h e  s o l u t i o n .  Ad­

d i t i o n  of  HCl on ly  t o  m a l t o s e  produced no h y d r o l y s i s .  They
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f u r t h e r  s t a t e  t h a t  p a n c r e a t i c  j u i c e  a l o n e ,  or  i n  t h e  p r e s enc e  

of  n e u t r a l  s a l t s  (NaCl or C a C lg ) , a c i d s ,  or a l k a l i e s ,  ha s  no 

a c t i o n  on l a c t o s e  or s u c r o s e .

Al though  t i s s u e  honogena t e s  r a t h e r  than  s e c r e t i o n s  were 

u sed  i n  ny e x p e r i m e n t s ,  i t  i s  b e l i e v e d  s e f e  t o  assume t h a t  t he  

l a b o r a t o r y  r o d e n t ,  u n l i k e  M e l l a n b y ’ s dog,  does  have p a n c r e a t i c  

t i s s u e  which  p r o d u c e s ,  and presumably  s e c r e t e s  a  f a i r  amount 

of  m a l t a s e  a s  w e l l  a s  some l a c t a s e  and s u c r a s e .

The e x pe r i m e n t s  r e p o r t e d  h e r e  which d e a l  w i t h  the.  i n f l u ­

ence  of f r e e  HCl on t he  t h r e e  g l y c o s i d a s e s ,  c on f i r m  t h e  ob­

s e r v a t i o n s  of Mel lanby and Woolley t o  some e x t e n t .  The a -  

b i l i t y  o f  f ema le  g u i n e a  pig  homogenates  to  h y d r o l y z e  l a c t o s e  

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

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

e x c e p t  t h e  i n t e s t i n e  where a c t i v i t y  d i s p l a y s  a s l i g h t  i n ­

c r e a s e  above c o n t r o l  v a l u e s  bu t  t h i s  i n c r e a s e  r em a in s  s t a b l e  

a t  a l l  c o n c e n t r a t i o n s .  The most d r a m a t i c  r e s u l t s  were ob­

t a i n e d  when m a l t o s e  was t he  s u b s t r a t e  under  c o n s i d e r a t i o n .

Hot on l y  was p a n c r e a t i c  m a l t a s e  a c t i v i t y  i n c r e a s e d ,  bu t  t he  

s u b m a x i i l a r y  a s  w e l l  a s  t he  i n t e s t i n a l  homogenates  d i s p l a y e d  

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

a b i l i t y  t o  h y d r o l y z e  m a l t o s e .  P a r o t i d  m a l t a s e ,  on t h e  o t h e r  

ha n d ,  s u f f e r e d  a p p r o x i m a t e l y  50^ i n a c t i v a t i o n  a t  concen­

t r a t i o n s  of  f r e e  a c i d  g r e a t e r  t h a n  0 .0 07 ^ .

In  Hawk, Oser  and Summerson (1954) t h e r e  i s  ment i on  t h a t  

s a l i v a r y  amylase  i s  d e s t r o y e d  when f r e e  a c i d  c o n c e n t r a t i o n s  

a r e  above  0 .0005# .



CHAPTER IV 

SUMMARY AND CONCLUSIONS

H i s t o l o g i c  S t u d i e s  

1, With t h e  s a l i v a r y  g l ands  of t h e  l a b o r a t o r y  .nouse as 

p r o t o t y p e s  or  n o d e l s ,  t h i s  su rvey  of  t h e  mic r o sc op i c  

s t r u c t u r e s  of  s a l i v a r y  g lands  of  twe lve  s p e c i e s  of  r o d e n t s  

r e v e a l e d  a h i g h  deg ree  of  v a r i a t i o n  I n  su b m a x i i l a r y  gland 

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

e n t i a t i n g  f e a t u r e  per  s p e c i e s .  These d i f f e r e n c e s  were 

m a n i f e s t e d  by (a)  p r e sen ce  of  I n t e r c a l a t e d  d uc t s  or t e r m i n a l  

t u b u l e s  a s  t h e  duc t  system t e r m i n a t e s ,  (b) v a r i a t i o n  I n  s i z e  

and I n  k in d  of  a c i n i  — one g l and  may be composed of  a  s i n g l e  

c e l l  t y p e ,  some may have two t y p e s  o f  a c i n a r  c e l l s ,  and s t i l l  

o t h e r s  have t h r e e .  I n d i c a t i n g  a  change I n  f u n c t i o n .  I n f l u e n c e d  

p e rh a p s  by h a b i t s  and h a b i t a t s .

2 .  P a r o t i d  and s u b l i n g u a l  t i s s u e ,  however ,  when a v a i l a b l e ,  

showed a s t r o n g  g e n e r a l  r e s emb lance  I n  t h e  h i s t o l o g y  of  t he  

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

3.  Sex-d lmorphl c  c h a r a c t e r s  have  been r ec o g n i ze d  I n  t h e  sub- 

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

a t o r y  mice .  Termina l  t u b u l e  d i a m e t e r  and g r a n u l a t i o n  In  t h e  

c e l l s  s u r r ou nd in g  t he  t e r m i n a l  t u b u l e s  a r e  t he  dimorphic

60
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f e a t u r e s  no t ed  I n  t h e  g r a s s h o p p e r  nouse ( Onychomys l euco-  

o a s t e r )  and pack r a t  (Neotona f l o r l d a n a ) . Both c o n s t i t u e n t s  

a r e  l a r g e r  I n  t he  n a l e  t han  I n  t h e  f em a le  g l an ds .  Thus,  t he  

same d imorph i c  p a t t e r n  i s  p r e s e n t  i n  t he  su b m a x i i l a r y  g l an d s  

of  t h e s e  f i e l d  r o d e n t s ,  a s  i s  found i n  t h e i r  l a b o r a t o r y  

r e l a t i v e s ,  but  t h e  d i s t i n c t i o n  i s  not  n e a r l y  so s t r i k i n g .

The l a b o r a t o r y  gu inea  p ig  ( Cavia  p o r c e l l u s ) i s  t he  t h i r d  

s p e c i e s  i n  which  a  sex d i f f e r e n c e  was n o t e d .  The d imorphi c  

c h a r a c t e r  i n  t h i s  i n s t a n c e  i s  t h e  p r e s e n c e  of  s e ro us  demi lune  

c e l l s  which a r e  s c a t t e r e d  l i g h t l y  among s e r o u s  or serozymo- 

g e n i c  a c i n a r  c e l l s  i n  t h e  f em a le  but  a r e  no t  obse rved  i n  t he  

m a l e .

Enzymat ic  S t u d i e s

1. A c o l o r i m e t r i c  method f o r  e s t i m a t i o n ■of l a c t a s e ,  m a l t a s e ,  

and s u c r a s e  a c t i v i t y  of  an ima l  t i s s u e s  i s  d e s c r i b e d .

2. Optimum pH r a n g e s  f o r  an ima l  g l v c o s i d a s e s  i n c l u d e d  i n  

t h e s e  s t u d i e s  a r e :  l a c t a s e = 4 . 5 - 5 . 2 ;  m a l t a s e = 5 . 3 - 7 . 5 ;  and 

s u c r a s e = 5 . 5 - 7 . 5 .  Female g u i n e a  p ig  s u b m a x i i l a r y  and p a r o t i d  

g l a n d s ,  p a n c r e a s ,  and i n t e s t i n e  were u t i l i z e d  i n  t h e s e  ce-  

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

5,  L i v e r ,  s k e l e t a l  musc l e ,  and k idney  from f emale  gu inea  

p i g s  were u sed  as  c o n t r o l  t i s s u e s .  L a c t a s e  a c t i v i t y  was 

found  i n  a l l  c o n t r o l  homogena tes ;  m a l t a s e  a c t i v i t y  was p r e s e n t  

i n  k id ney ;  s u c r a s e  a c t i v i t y  was no t ed  i n  s k e l e t a l  musc le .

4,  L a c t a s e ,  m a l t a s e ,  and s u c r a s e  were p r e s e n t  t o  a l e s s e r  

or g r e a t e r  degree  i n  s u b m a x i i l a r y ,  p a r o t i d ,  p a n c r e a t i c ,  and
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i n t e s t i n a l  t i s s u e .  L ab o ra to ry  gu in ea  p i g s ,  r a t s ,  and mice 

were t h e  an imal  employed i n  t h i s  s t u d y ,  and t h e  g r e a t e s t  amount 

of  a c t i v i t y  d e t e r m i ne d  for each enzyme was found  i n  i n t e s t i n a l  

t i s s u e  f rom each g roup .

5 .  L a c t a s e  a c t i v i t y  l ev e l  was n e g l i g i b l e  i n  a l l  t i s s u e s  o t h e r  

t h a n  mouse i n t e s t i n e  where i t  a p pe a r s  q u i t e  dependent  upon 

s h i f t s  i n  gona da l  hormone t i t e r .  Gonadectomy i n  males  r e ­

s u l t e d  i n  a  50^ d e c l i n e  in l a c t a s e  a c t i v i t y ,  bu t  such p ro ­

c e d u r e  was w i th ou t  e f f e c t  i n  f e m a le s .  T e s t o s t e r o n e  r ed u c ed  

i n t e s t i n a l  a c t i v i t y  i n  c a s t r a t e d  males  and f e m a l e s ;  e s t r a d i o l  

enhanced  l a c t a s e  a c t i v i t y .

6 .  Male g u i nea  p i g  t i s s u e s  proved  t o  be many t ime s  more p o t e n t  

i n  t h e i r  a b i l i t y  t o  hyd ro lyze  ma l to se  t han  f ema le  t i s s u e s .  

A n a l y s i s  of  t i s s u e s  from p r e g n a n t  and l a c t a t i n g  f e m a le s  su g g e s t  

a p o s s i b l e  i n t e r p l a y  between h i g h  p r o t a c t i n  t i t e r ,  low e s t r o g e n  

l e v e l ,  and m a l t a s e  s y n t h e s i s .  E s t r o g e n s  a r e  b e l i e v e d  to  be 

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

g l a n d ,  p a n c r e a s ,  and i n t e s t i n e .

7 .  A p h y s i o l o g i c a l  p a r a l l e l  t o  s t r u c t u r a l  sex dimorphism i n  

t h e  l a b o r a t o r y  r a t  sub m a x i i l a r y  g l and  was su gg e s t e d  by t h e  

h i g h  l e v e l  of m a l t a s e  a c t i v i t y  i n  t he  male g l an d  a s  opposed t o  

t h e  low l e v e l  r e c o r d e d  for  t he  f ema le  r a t .

8.  R e s u l t s  of  ova r ie c tomy  a l o n e  was s i m i l a r  to t h e  r e s u l t s  of 

o v a r i e c t o m y  f o l l o w e d  by i n j e c t i o n s  of  e s t r o g e n s  or  androgens  i n  

m ice .  I n  each g rou p  of  f ema le s  a  r i s e  i n  s u c m a x i l l a r y  and pan­

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

9.  Gonadectomy i n  male mice produced  a s l i g h t  d e c r e a s e  i n  

m a l t a s e  a c t i v i t y  of a l l  t i s s u e s  w i t h  t he  e x ce p t i o n  of t he  

s u b m a x i i l a r y  g l a n d ,  i n  which a c t i v i t y  was found t o  r i s e .  I n ­

j e c t i o n s  of female  hormone r e s u l t e d  i n  an  i n c r e a s e  i n  a l l  

m a l t a s e  a c t i v i t y  o t h e r  t han  t h a t  of t h e  i n t e s t i n e  which r e ­

mained unchanged;  exogenous male hormone had an o v e r a l l  i n ­

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

10.  Only i n t e s t i n a l  t i s s u e  i s  c ap ab l e  of  h y d r o l y z i n g  any 

s i g n i f i c a n t  amount of s u c ro s e .

11.  A p h y s i o l o g i c a l  sex dimorphism was uncovered  i n  t h e  upper  

i n t e s t i n e  of  t he  g u i n ea  p i g  when t h i s  t i s s u e  was exposed t o  a 

s u c r o s e  s u b s t r a t e .  I n t e s t i n a l  s u c r a s e  a c t i v i t y  was g r e a t e r  i n  

normal  mal es  t han  i n  normal  f em a le s .

12.  L a c t a t i n g  g u in ea  p i g  i n t e s t i n a l  t i s s u e  was p r a c t i c a l l y  a s  

e f f i c a c i o u s  i n  h y d r o l y z i n g  s u c r a s e  a s  was t he  c o n t r o l  male

t i  s s ue .

13.  S ince  e s t r o g e n s  a r e  r e p o r t e d l y  a t  low l e v e l s  d u r i n g  

p e r i o d s  of l a c t a t i o n ,  i t  f o l l o w s  from (11) and (12) t h a t  

h y d r o l y s i s  of suc ro se  by g u i v e a  p i g  i n t e s t i n a l  t i s s u e  may be 

s u p p r e s s e d  by t h e  p r e s en c e  of t he  f ema le  sex hormone.

14.  Approx imate ly  equal  amounts of s u c r a s e  a c t i v i t y  were 

d e t e r m i n e d  i n  t he  i n t e s t i n e s  of  male and female r a t s ;  male 

m ice ,  however ,  ha s  a h i g h e r  i n t e s t i n a l  s u c r a s e  l e v e l  than  

d i d  t h e  f em a le s .

15.  R e s u l t s  o b t a i n e d  from expe r i men t s  i n v o l v i n g  gonadec tomies
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and r e p l a c e m e n t  t h e r a p y  s t i f l e  any a t t e m p t  t o  c o r r e l a t e  an 

i n c r e a s e  i n  h y d r o l y s i s  of suc ro se  wi th  t h e  p r e s en c e  of  male 

a n d ro ge ns .  E s t r a d i o l  ben zoa t e  i n j e c t i o n s  i n t o  gonadec tomized  

males  and f em a le s  e l i c i t e d  h i g h e s t  s u c r a s e  a c t i v i t y  i n  b o t h  

s e x e s .

16.  The a d d i t i o n  of HCl t o  homogenates of female  g u i ne a  p ig  

s u b m a x i i l a r y  g l a n d s ,  p a n c r e a s ,  and i n t e s t i n e  g r e a t l y  i n c r e a s e d  

t h e  a b i l i t y  of  t h e s e  t i s s u e s  to  hyd ro lyze  ma l tose  t o  g l u c o s e .  

The r e l a t i v e  q u a n t i t i e s  of the  monosacchar ide  formed was a 

f u n c t i o n  of t h e  hydrogen i o n  c o n c e n t r a t i o n  w i t h i n  t h e  r e ­

a c t i n g  medium. The g r e a t e r  t he  c o n c e n t r a t i o n  of a c i d  the  

g r e a t e r  was t h e  q u a n t i t y  of g lu cos e  formed.  The op t ima l  

q u a n t i t y  of h y d r o c h l o r i c  a c i ^  under  the  c o n d i t i o n s  of  t h e s e  

e x p e r i m e n t s ,  was t he  same f o r  a l l  t h r e e  t i s s u e s ,  namely 0.015^,  

Leve l s  of  l a c t a s e  and su c r a se  a c t i v i t y  remained 

r e l a t i v e l y  u n a l t e r e d  by t h e  a d d i t i o n  of HCl.
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PLATE I

SU5MAXILLARY 3LAND OF LABORATORY MOUSE ( M ^  . t . u s c u I u s )

F ig .  1. Male. Number and s i z e  o f  t e r m i n a l  t u b u l e s ,  i n  

r e l a t i o n  to  a c i n i ,  i s  n o t a b l e .  Nucle i  o f  t u b u l e  c e l l s  a r e  

o b l i t e r a t e d  by c o n c e n t r a t i o n  of  l a r g e ,  c o a r s e  g r a n u l e s ,  x 470

F ig .  2 .  Female .  P e r i p h e r a l  t e r m i n a l  t u b u l e s ,  a^ r i g h t  

c e n t e r ,  sncv; c o a r s e  g r a n u l a t i o n  and t u b u l e  d iam e te r  to  be 

l e s s  t h a n  t h a t  of t h e  male ( P I .  1, F ig .  1 ) .  P r e v a l e n c e  o f  

a c i n a :  t i s s u e  sh o u ld  be n o te d ,  x 470.



PLATE 1
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PLATE I I

SU3MAXILLARY GLAND OF WOODCHUCK (Marnaota raonax)

F ig .  3 .  Maie .  C e l l s  su r ro u n d in g  p rom in en t  t u b u l e s  

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

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

c e l l s  w i th  chromophobic m a t e r i a l  s u r ro u n d in g  n u c l e i , p ro ­

d u c in g  a "ha lo"  e f f e c t .  P y ram id a l  a c i n a r  c e l l s  have  l a r g e  

o va l  dense  n u c l e i ,  and f i n e  c y to p la s m ic  g r a n u l e s ,  x 676.



P L A T E  II
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PLATE I I I

SU3MAXILLARY GLAND OF FOX SQUIRREL ( S c iu r u s  n l g e r )

F i g ,  4. Male. Large c e n t r a l  n u c l e i  and b a s a l  s t r i a t i o n s  

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

S e rous  a c i n i  a r e  numerous, x 470.

F i g .  0 . Female.  This  p h o to m ic ro g ra p h  shows more c l e a r l y  

t h a n  F i g .  4 ,  d e s c r i b e d  above,  t h e  v a r i o u s  s t a i n i n g  p r o p e r t i e s  

o f  c y to p l a s m i c  g r a n u l e s  i n  a c i n a r  c e l l s ,  which a r e  seen  as  

d a r k  and l i g h t  a r e a s  in  t h e  lower p a r t  of th e  f i e l d .  No sex 

d i f f e r e n c e  i s  n o ted  i n  t h i s  s p e c i e s ,  x 470.
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PLATE IV

SU3MAXILLARY &LAND OF POCKET GOPHER ( Geomys b u r s a r l u s )

F ig .  6. Male.  T ubu les  of  t h e  t e r m i n a l  segment of  i n t r a ­

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

Serous  a c i n a r  c e l l s  a r e  predom inant  t h r o u g h o u t  t h e  g l a n d ,  bu t  

o c c a s i o n a l  mucous c e l l s  (no t  shown h e re )  a r e  a l s o  p r e s e n t .

X 676.

SUBMAXILLARY GLAND OF POCKET MOUSE (P e ro g n a th u s  f l a v e s c e n s )

F i g .  7 .  Male.  Columnar c e l l s  su r r o u n d in g  t e r m i n a l  end 

of  i n t r a l o b u l a r  d u c t  have b a s a l  s t r i a t i o n s ,  s u b - c e n t r a l  

n u c l e i ,  and p a le  cy top lasm  i n  a r e a  be tw een  n u c le u s  and apex .  

Chromophobic s e c r e t o r y  m a t e r i a l  i s  seen  w i t h i n  l a r g e  lumen.  

Dark and l i g h t  a r e a s  i n  a c i n i  s u r ro u n d in g  d u c t  a r e  due t o  

v a r i a t i o n  i n  s t a i n i n g  p r o p e r t i e s  of s e r o u s  a c i n a r  c e l l s .

X 676.
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PLATE V

SU3MAXILLARY GLAND OF BEAVER ( C a s to r  c a n a d e n s i s )

F ig .  8. Male.  Two of  th e  t h r e e  t y p e s  of a c i n a r  c e l l  

p r e s e n t  i n  t h i s  g lan d  a r e  c l e a r l y  seen .  The e x t r e m e ly  

l a r g e  p a l e  mucous c e l l ,  capped by s e ro u s  dem ilune  c e l l s  

( o n l y  p a r t  of  which a r e  seen  a t  t h e  b o t tom ,  J u s t  l e f t  of 

t h e  c e n t e r )  i s  e v i d e n t .  The r e m a in d e r  of t h e  f i e l d  i s  oc­

cu p ied  by s e ro u s  a c i n a r  c e l l s  which  a r e  p redo m in an t  th ro u g h ­

out  t h e  g l a n d ,  x 676.



7/

PLATE V



72

PLATE VI

SU3I4AXILLARY OLAND OF BRUSH MOUSE ( Peromyscus bo y 111 )

F i g .  9. Male.  I n t r a l o b u l a r  s t r i a t e d  d u c t s  of s n a i l  d i ­

a m e te r  c o n t a i n  no c o a r s e  g r a n u l a t i o n .  I n t e r c a l a r y  d uc t  of 

low c u b o i d a l  c e l l s  i s  seen  l e a d i n g  i n t o  th e  c e n t r a l  t u b u l e  

f rom t h e  l e f t .  Remainder of  p h o to g ra p h  i s  o c c u p ied  by se rous  

a c i n a r  c e l l s ,  x 676.

F i g .  10. Female.  D i f f e r e n c e  i n  t h e  s t a i n i n g  p r o p e r t i e s  

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

c a t e d .  P r e s e n c e  of o b v ious  s m a l l  lum ina  ( n o t  c l e a r l y  v i s i b l e  

h e r e )  w i t h i n  g roups  of t h e s e  c e l l s  which s t a i n  i n  b i z a r r e  

f a s h i o n  s u g g e s t s  an  u n u s u a l  a c in o u s  t u b u l e ,  x 676.
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PLATE VII

SU3MAXILLARY GLAND OF GRASSHOPPER MOUSE 

( Onychomys l e u c o g a s t e r )

F ig .  11.  Male.  Opaque a c i n i  a r e  d i s t i n c t  w i th  p rom inen t  

round  b a s a l  n u c l e i .  V a r i a t i o n  i n  a c i n a r  c e l l  s t a i n i n g  p r o p e r ­

t i e s  i s  i n d i c a t e d .  Tubule  in  upper  p a r t  of f i e l d ,  a t  l e f t  

c e n t e r ,  d i s p l a y s  l a r g e  d i a m e t e r ,  c o a r s e  g r a n u l a t i o n ,  x 676.

F i g .  12.  Female .  I n  the  lower p a r t  of  t h e  f i e l d ,  r i g h t  

c e n t e r ,  a r e  two p e r i p h e r a l  t e r m i n a l  t u b u l e s .  Small t u b u l e  

s i z e ,  c e l l  g r a n u l a t i o n ,  and l a r g e  round  n u c l e i  a r e  a p p a r e n t .  

Serous  a c i n a r  c e l l s  show c l o s e  r e sem b lan c e  t o  t h o s e  of th e  

male of t h i s  s p e c i e s ,  a l t h o u g h  t h e s e  c e l l s  do ap pea r  to  be 

sm a l l e r  i n  t h e  f e m a le ,  x 676.



p l a t e  VI



74

PLATE V II I

SU3MAXILLA?.Y GLAND OF COTTON RAT ( Slgmodon h i s p l d u s )

F i g .  13. Male.  Small  g r a n u l e s  i n  c e l l s  of t e r m in a l  

t u o u l e s  a r e  o b v io u s .  The t u b u l e  i n  t h e  upper  p a r t  of the  

f i e l d  shows t h a t  i n  c r o s s - s e c t i o n  t h e  t u b u l e  c e l l  nuc leus  

i s  c e n t r a l  and b a s a l  s t r i a t i o n s  a r e  v i s i b l e .  Serous a c i n i  

a r e  a l s o  s e e n ,  x 676

F i g .  14. Female .  Two t u b u l e s  i n  t h i s  f i e l d  show 

g r a n u l a t i o n  to  be l e s s  t h a n  i n  male c o t t o n  r a t .  Acinar  

c e l l s  w i th  p rom inen t  b a s a l  opaque n u c l e i  a r e  a p p a r e n t .

X S76.
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PLATE IX

SU5XAXILLARY GLAND OF PACK RAT (Neo to ^ a  f l o r i d a n a )

F ig .  15. Male.  I n  s p i t e  o f  p rom inen t  g r a n u l a t i o n  

p r e s e n t  w i t h i n  t h e  l a r g e  t u b u le  c e l l s ,  n u c l e i  and b a s a l  

s t r i a t i o n s  a r e  i n  e v id e n c e .  Well d e f in e d  a c i n a r  c e l l s  

occupy th e  r em a ind e r  of the  f i e l d ,  x 470,

F i g .  16. Female .  Tubule  d iam ete r  i s  s m a l l ,  g r a n u ­

l a t i o n  w i t h i n  t u b u l e  c e l l  i s  s c a r c e ,  and a c i n a r  c e l l s ,  

which a p p ea r  s m a l l e r  th a n  th o se  of the  male ( P I .  IX,

F i g .  1 5 ) ,  a r e  n e i t h e r  w e l l  d e f i n e d  nor c o n s t a n t  in  

t h e i r  s t a i n i n g  p r o p e r t i e s ,  x 470.
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PLATE X

5U3KAXILLARY GLAND OF MUSKRAT ( O n d a t ra  z i b e t i n l c a )

F i g .  17. Male.  Gland i s  composed c h i e f l y  of lo n g ,  convo­

l u t e d  t e r m i n a l  t u b u l e s ,  t h e  c e l l s  of which  a r e  f i l l e d  w i t h  

l a r g e ,  c o a r s e  g r a n u l e s .  A c in a r  c e l l s  a r e  s e r o u s  w i t h  o v a l  

b a s a l  n u c l e i  and f i n e  c y to p l a s m i c  g r a n u l e s ,  x 676.
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PLATE XI

SU3MAXILLARY GLAND OF GUINEA PIG ( Cavla  p o r c e l l u s )

F i g .  13. Male.  I n  t h e  lower r i g h t  hand p o r t i o n  of 

t h i s  f i e l d  i s  an a r e a  which was occup ied  by f a t  c e l l s .  Un­

f o r t u n a t e l y  th e  n u c l e i  of t h e s e  v a c u o l a t e d  c e l l s  do no t  

show w e l l  i n  t h i s  s e c t i o n .  Tubule  c e l l s  -are c o n s p i c u o u s ly  

f r e e  from c o a r s e  g r a n u l a t i o n .  T y p ic a l  s e ro u s  c e l l s  a r e  

sm a l l  and w e l l - g r a n u l a t e d ,  x 470

F i g .  19. Female. Grouping of  i n t r a l o b u l a r  d u c t s  i s  

r e p r e s e n t e d  i n  t h e  r i g h t  s i d e  of t h e  f i e l d .  Serous a c i n a r  

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

Mucous c e l l s ,  which  have so f a r  been  found s c a t t e r e d  only  

i n  normal  fem a le  t i s s u e ,  do not  a p p ea r  i n  t h i s  s e c t i o n .

X 470.
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