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THE EFFECT OF GASTRIN ON 

THE SMALL INTESTINE

CHAPTER I  

INTRODUCTION

The i n t e s t i n a l  e p i t h e l i a l  c e l l s  r e p r e s e n t  one o f  the  most dy

namic c e l l  p o p u la t io n s  o f  the  body. T h e i r  c e l l u l a r  p r o p e r t ie s  a re  h ig h ly  

v a r ia b le  and change w i th  re s p e c t  to  t h e i r  l o c a t i o n  on the  v i l l u s  s u r fa c e ,  

the  p o s i t i o n  a lo ng  the  le n g th  o f  th e  i n t e s t i n e ,  th e  q u a n t i t y ,  fo rm ,  and 

n u t r i t i v e  va lu e  o f  in g e s te d  foo d ,  and th e  age o f  th e  a n im a l .  The c e l l u 

l a r  p r o p e r t i e s  w h ich  a re  a f f e c te d  by the se  c o n d i t io n s  in c lu d e  the  c h a r

a c t e r i s t i c s  o f  d i v i s i o n  i n  the  c r y p t s  o f  L ie b e rk u h n ,  r a t e  o f  m ig r a t io n  up 

the  v i l l i ,  l e v e l  o f  d i f f e r e n t i a t i o n ,  and th e  r a t e  o f  c e l l u l a r  e x t r u s io n  

a t  th e  v i l l u s  t i p .  C onsequen tly ,  th e  e n t i r e  c e l l  re n ew a l p rocess  i s  

u s u a l l y  a f f e c t e d  and as i s  u s u a l l y  th e  case , a l l  p r o p e r t i e s  are changed 

in  p a r a l l e l  so t h a t  synchrony o f  c e l l u l a r  e ven ts  i s  n o t  d is r u p te d .

The n a tu re  o f  the  agen t,  o r  agen ts  r e g u la t i n g  t h i s  complex 

c e l l u l a r  ren ew a l mechanism are p r e s e n t ly  b e in g  i n v e s t i g a t e d  i n  many la b o 

r a t o r i e s .  A ltho u gh  some p ro g ress  has been made i n  t h i s  a rea ,  th e  extreme 

s e n s i t i v i t y  o f  th e  i n t e s t i n a l  t r a c t  to  chang ing  l o c a l  c o n d i t io n s  i s  s t i l l  

u n e x p la in e d .  I s o la t e d  changes i n  i n t e s t i n a l  p r o p e r t i e s  have been ob

se rve d  i n  response  to  v a r io u s  type s  o f  hormone th e ra p y  ( i . e . ,  g row th

1
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hormone, t h y r o x in ,  i n s u l i n ,  g lu cag o n , c o r t i c o s t e r o i d s ) .  However, few , 

i f  any, o f  these  responses  can be e x p la in e d  t e l e o l o g i c a l l y ,  and th e  phy

s i o l o g i c a l  im p o r ta n c e  o f  these  hormones i n  the  r e g u la t i o n  o f  i n t e s t i n a l  

s t r u c t u r e  and f u n c t i o n  i s  p r e s e n t l y  u n c e r ta in .

S t ra n g e ly  m is s in g  f ro m  t h i s  lo n g  l i s t  o f  hormones, which have 

been im p l i c a te d  i n  th e  c o n t r o l  o f  i n t e s t i n a l  c e l l  re n ew a l,  i s  g a s t r i n .  

G a s t r in  i s  a hormone which i s  re le a s e d  from  the a n t r a l  r e g io n  o f  the  

stomach and most p ro b a b ly  f rom  the  s m a l l  i n t e s t i n e  as w e l l .  G a s t r in ' s  

r o l e  as a sec re tagogue  i s  now w e l l  e s ta b l is h e d ;  however, r e c e n t  e x p e r i 

ments have i n d i c a t e d  t h a t  i t  may have an e q u a l ly  im p o r ta n t  second fu n c 

t i o n .  There i s  ev id en ce  t h a t  i t  may have a p o te n t  t r o p h ic  in f lu e n c e  on 

g a s t r o - i n t e s t i n a l  t i s s u e .  I t  i s  a ls o  known t h a t  g a s t r i n  r e le a s e  i s  ex

t re m e ly  v a r ia b le  and can be in f lu e n c e d  by many o f  the  a fo re m e n t io n e d  

c o n d i t io n s  t h a t  s t im u la t e  changes i n  i n t e s t i n a l  s t r u c t u r e  and f u n c t i o n .  

For t h i s  reason we have dec ided  to  in v e s t i g a t e  th e  e f f e c t  o f  g a s t r i n  on 

i n t e s t i n a l  p r o p e r t i e s  bo th  a t  the  g ross  and c e l l u l a r  l e v e l s .

T h is  i n t r o d u c t o r y  c h a p te r  w i l l  be o u t l i n e d  as f o l l o w s ;  l )

B r i e f  H is t o r y  o f  G a s t r in  (1900 -1 9 60 ) ;  2) Normal I n t e s t i n a l  P ro p e r t ie s

i n  the  A d u l t ;  3 ) The E f f e c t s  o f  S ta r v a t io n  on I n t e s t i n a l  P r o p e r t ie s ;

4) The E f fe c t s  o f  G a s t r o i n t e s t i n a l  S u r g ic a l  P rocedures  on I n t e s t i n a l  

P r o p e r t ie s ;  5) The O ntogen ic  Development o f  I n t e s t i n a l  P r o p e r t ie s ;

6) E f f e c t  o f  Hormones ( o th e r  than  G a s t r in )  on I n t e s t i n a l  P r o p e r t ie s ;

7) G a s t r in  as a T ro p h ic  Agent; 8) P o s s ib le  R e g u la to ry  Role o f  G a s t r in  

on I n t e s t i n a l  P ro p e r ty  Changes; and 9 ) Hypotheses.

The m a jo r i t y  o f  e xpe r im en ts  t o  be d iscussed  i n  t h i s  s e c t io n

were perfo rm ed on ro d e n ts  ( e i t h e r  r a t s  o r  m ic e ) ,  and f o r  th e  sake o f
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s i m p l i c i t y ,  th e  s p e c ie s  w i l l  n o t  be s p e c i f i e d .  E xperim ents  on o th e r  

sp e c ie s  w i l l  be r e f e r r e d  to  a c c o r d in g ly .  I n  a d d i t i o n ,  we w i l l  l i m i t  the  

scope o f  t h i s  d i s s e r t a t i o n  to  th e  p r o p e r t ie s  o f  th e  p r i n c i p a l  e p i t h e l i a l  

c e l l s .

B r i e f  H is t o r y  o f  G a s t r in  (1900-1960)

The g a s t r i c  s e c re to ry  n a tu re  o f  g a s t r i n  was f i r s t  re v e a le d  by 

the  c l a s s i c a l  e x p e r im e n ts  o f  Edk ins  (1 0 ) .  In  t h i s  s tu d y ,  i t  was found 

t h a t  i n j e c t i o n s  o f  homogenates o f  p y l o r i c  re g io n s  o f  the  stomach i n t o  a 

dog s t im u la te d  a g a s t r i c  s e c re to ry  response  i n  th e  r e c i p i e n t .  Edkin hypo

th e s iz e d  t h a t  a horm ona l mechanism most p ro b a b ly  was in v o lv e d ,  s im i l a r  to  

the mechanism d is c lo s e d  by B a y l is s  and S t a r l i n g ,  who had demonstrated 

t h a t  i n j e c t i o n s  o f  duodena l mucosal homogenates s t im u la te d  a s e c re to ry  

response from  a den e rva te d  pancreas ( 4 ) .  L a t e r ,  o f  cou rse , i t  was demon

s t r a t e d  t h a t  t h i s  c ru d e  homogenate c o n ta in e d  th e  hormone, s e c r e t i n .  In  

the  same sense, E dk ins  p o s tu la te d  th e  p resence  o f  a hormone, g a s t r i n ,  i n  

the  p y l o r i c  r e g io n  o f  the  stomach. The im p o r ta n c e  o f  t h i s  p io n e e r in g  ex

p e r im e n t  was then  m in im ize d  d u r in g  th e  P a v lo v ia n  p e r io d  when th e  neuro

l o g i c a l  r e g u la t i o n  o f  the  stomach was em phasized. The e f f e c t  o f  h i s t a 

mine on g a s t r i c  s e c r e t io n  was then  re v e a le d ,  and s in c e  h is ta m in e  was 

known to  be p re s e n t  i n  the  g a s t r i c  mucosa, E d k in s '  hormonal th e o ry  seemed 

to  be dead (101 , 1 0 6 ) .  I t  was n o t  u n t i l  Kom arov 's  expe r im en t i n  the  

1930's  t h a t  th e  g a s t r i n  th e o ry  was r e v iv e d  (1 2 8 ) .  In  t h i s  e xpe r im en t,  a 

h is t a m in e - f r e e  g a s t r i c  mucosal p ro te in a c e o u s  f r a c t i o n  was i n je c t e d  i n t o  

an a n im a l and s u c c e s s f u l l y  s t im u la te d  a g a s t r i c  s e c re to r y  response. Th is  

e xp e r im e n t  was fo l lo w e d  by the  c l a s s i c a l  s tu d y  o f  Grossman, Robertson, 

and I v y  who d i s s p e l l e d  any doubt c o n c e rn in g  th e  presence o f  g a s t r i n  (4 3 ) .
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They s u c c e s s fu l l y  in d u c e d  a g a s t r i c  s e c r e to r y  response i n  a denerva ted  

t ra n s p la n te d  f u n d ic  pouch by m e c h a n ic a l ly  d is te n d in g  th e  p y l o r i c  g landu

l a r  re g io n  o f  th e  s tom ach . The f i n a l  p ro o f  o f  the  presence o f  g a s t r in  

mas made when Gregory and Tracy s y n th e s iz e d  th e  hormone and, upon i n 

j e c t i o n ,  m imicked th e  g a s t r i c  s e c re to r y  e f f e c t  o f  the endogenous agent 

(39 ) .  Since these  c l a s s i c a l  papers mere p u b l is h e d ,  numerous o th e r  

s tu d ie s  have been made e l u c id a t i n g  the  a c t io n s  and p r o p e r t ie s  o f  g a s t r i n .  

For th e  sake o f  b r e v i t y ,  me m i l l  o n ly  l i s t  some o f  the m a jo r  f i n d in g s  i n  

t h i s  a rea :

1 ) g a s t r i n  re le a s e  i s  t r i g g e r e d  by v a g a l  s t im u la t i o n  (125)

2 ) g a s t r i n  re le a s e  i s  s t im u la te d  by m echan ica l d i s t e n s io n  o f  
the  antrum (43)

3 ) o th e r  s t im u la n t s  o f  g a s t r i n  re le a s e  a re  s im p le  s t r u c t u r e d  
amino a c id s  and Ca'*"*' (41, 102)

4 ) g a s t r i n  i s  s y n th e s iz e d  and re le a s e d  i n  the  antrum  and the  
duodenum (41 , 42)

5 ) g a s t r i n ' s  a c t i v e  s i t e  f o r  g a s t r i c  s e c r e t io n  i s  fou n d  i n  the 
C - te rm in a l  t e t r a p e p t id e  (40)

6) g a s t r i n  i s  b e l ie v e d  to  a c t  d i r e c t l y  on the  p a r i e t a l  c e l l  
t o  s t im u la te  HCl s e c r e t i o n  (57)

7 ) g a s t r i n  re le a s e  i s  i n h i b i t e d  by a c id  i n  the  antrum  and duo
denum ( th e  l a t t e r  mechanism may be due to  the s t im u la t i o n  
o f  s e c r e t i n  r e le a s e )  (41, 59)

In  the  re m a in d e r  o f  t h i s  c h a p te r  me m i l l  d is cu ss  the  p r o p e r t ie s  

o f  th e  i n t e s t i n a l  e p i t h e l iu m  under normal and changing c o n d i t i o n s ;  then 

me m i l l  d is cu ss  our p re s e n t  in a de q ua te  knomledge o f  th e  mechanisms t h a t  

may be in v o lv e d  i n  th e  c o n t r o l  o f  these  p r o p e r t ie s .  The more re c e n t  

f i n d i n g s  on the  second a c t i o n  o f  g a s t r i n ,  as a G . I .  t r o p h i c  a ge n t,  m i l l  

then  be in t r c d u c e d ,  and an argument m i l l  be made im p l i c a t i n g  g a s t r i n  as 

a m a jo r  i n t e s t i n a l  r e g u la t o r y  f a c t o r .
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Normal I n t e s t i n a l  P r o p e r t ie s  i n  the  A d u l t  

B r i e f  D is c u s s io n  o f  I n t e s t i n a l  P h y s io lo g y  

The s t r u c t u r e  o f  th e  s m a l l  i n t e s t i n e  i s  d iv id e d  i n t o  t h r e e  m a jo r  

re g io n s :  th e  duodenum, the  je junum , and th e  i le u m .  The duodenum r e 

c e iv e s  foo d  fro m  th e  stomach and i s  th e  re g io n  where th e  p a n c re a t ic  j u i c e  

mixes w i th  th e  fo o d  b o lu s  and where th e  b u lk  o f  h y d r o ly s is  o f  l i p i d s ,  

p r o te in s ,  and c a rb o h y d ra te s  i s  b e l ie v e d  to  o c c u r .  The h yd ro lyze d  food  

p a r t i c l e s  a re  p r o p e l le d  i n t o  the je ju nu m  where th e  f i n a l  s tages o f  d ig e s 

t i o n  and a b s o r p t io n  o f  p r o te in s  and c a rb o h y d ra te s  o c c u r .  These d ig e s t i v e  

and a b s o r p t iv e  p ro cesse s  a re  b e l ie v e d  to  o c c u r  s e q u e n t ia l l y  on th e  brush 

b o rd e r  membrane o f  th e  i n t e s t i n a l  e p i t h e l i a l  c e l l  ( 1 6 ) .  Th is  u n iq u e  spa

t i a l  r e l a t i o n s h i p  o f  these  two p rocesses  has been r e fe r r e d  to  as demon

s t r a t i v e  o f  th e  i n t e s t i n a l  p ro p e r ty  o f  " k i n e t i c  advan tage" (1 5 ) .  I t  i s  

b e l ie v e d  t h a t  th e  i le u m  i s  a major s i t e  o f  f a t t y  a c id  and b i l e  s a l t  ab

s o r p t i o n ,  and i t  i s  here  t h a t  m ic e l le s  come i n  c o n ta c t  w i th  the  b rush  

b o rd e r  membrane and th e  c o n te n ts  a re  d is c h a rg e d  and t r a n s p o r te d  i n t o  the  

c e l l  f o r  p ro c e s s in g .  I t  sh o u ld  be emphasized t h a t  th e  th re e  m ajor 

re g io n s  o f  t h e  s m a l l  i n t e s t i n e  are n o t  as f u n c t i o n a l l y  com p a r tm en ta l ized  

as one m ig h t  s u s p e c t  from  th e  d e s c r ip t io n  g iv e n  h e re ;  d ig e s t io n  and ab

s o r p t i o n  o f  p r o t e i n ,  l i p i d s ,  and c a rb o h y d ra te s  occur a long  the  e n t i r e  

le n g th  o f  th e  s m a l l  i n t e s t i n e ,  b u t  th e  o p t im a l  a c t i v i t y  o f  these  p ro c e s 

ses o ccu rs  i n  th e  re g io n s  j u s t  s p e c i f i e d .

Genera l D is c u s s io n  

I f  one p la c e s  a c ro s s  s e c t io n  o f  a r e g io n  o f  the  s m a ll  i n t e s 

t i n e  under th e  l i g h t  m ic roscope , th e  g ross  mucosal s t r u c t u r e  can be ex

amined. The mucosa o f  th e  s m a l l  i n t e s t i n e  c o n s is ts  p r i m a r i l y  o f  two
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a re a s ; a c r y p t  r e g io n  a t  i t s  base i n  which c e l l u l a r  p r o l i f e r a t i o n  i s  be

l ie v e d  to  o c c u r ,  and f i n g e r - l i k e  v i l l u s  s t r u c t u r e s  on to  which th e  imma

tu r e ,  n o n - p r o l i f e r a t i v e  e p i t h e l i a l  c e l l s  m ig ra te  and e v e n tu a l l y  d i f f e r 

e n t ia t e  i n t o  f u n c t i o n a l  d ig e s t iv e  e p i t h e l i a l  c e l l s  (7 6 ) .  C o n se q u e n t ly ,  

bo th  the  c r y p t  and v i l l u s  a re  s tudded by e p i t h e l i a l  c e l l s  a t  d i f f e r e n t  

l e v e ls  o f  m a tu r a t io n  and f u n c t i o n a l  p o t e n t i a l .  I n  the  rem a inde r o f  t h i s  

s e c t io n  th e  d is c u s s io n  w i l l  dea l w i th  o u r  p re s e n t  knowledge o f  th e  c e l 

l u l a r  p r o p e r t ie s  o f  e p i t h e l i a l  c e l l s  lo c a te d  on the  c r y p t  and th e  v i l l u s  

and the  t r a n s i t i o n a l  changes th a t  occur as m ig r a t io n  p roceeds .

The average  h e ig h t  o f  an i n t e s t i n a l  c r y p t  i n  th e  r a t  has been 

found to  be a p p ro x im a te ly  35 c e l l s  h ig h  ( 1 3 ) .  I t  has a ls o  been demon

s t r a t e d  t h a t  c r y p t  h e ig h t  decreases l i n e a r l y  as one moves d i s t a l l y  a lo ng  

th e  s m a l l  i n t e s t i n e  ( l ) .  I t  has been shown by G a rn ie ,  e t  a l . , e m p loy ing  

ra d io a u to g ra p h y  to  m o n i to r  the  in c o r p o r a t io n  o f  H - th y m id in e  i n t o  DNA, 

t h a t  a p p ro x im a te ly  60% o f  the  c e l l s  nea r th e  base o f  th e  c r y p t  a re  a c t i v e  

i n  DNA s y n th e s is  (1 3 ) .  However, as one moves tow ards e i t h e r  the  v e ry  

base o f  th e  c r y p t  o r  i t s  to p ,  the in c id e n c e  o f  c e l l s  a c t i v e  i n  DNA syn

th e s is  m a rked ly  d e c rea se s . I t  was c a lc u la t e d  t h a t  o n ly  a p p ro x im a te ly  

30^ o f  the  t o t a l  c e l l s  l i n i n g  the  c r y p t  p a r t i c i p a t e  i n  DNA s y n th e s is .

Not s u r p r i s i n g l y ,  th e  in c id e n c e  o f  c e l l s  obse rved  in  m i t o s is  f o l l o w s  a 

s i m i l a r  d i s t r i b u t i o n  b u t  i n  t h i s  case th e  o p t im a l  re g io n  o f  a c t i v i t y  i s  

s h i f t e d  s l i g h t l y  tow ards  the  top o f  th e  c r y p t .  Th is  in d i c a t e s  t h a t  th e  

c e l l s  have m ig ra te d  between the t im e  o f  DNA s y n th e s is  (S) and m i t o s is  ( d f l )  

o f  the  c e l l  c y c le .  (A d iagram m atic  r e p r e s e n t a t io n  o f  th e  c e l l  c y c le  can 

be found i n  th e  Append ix , page 153 .)

I t  was a ls o  found  t h a t  s e v e r a l  hou rs  a f t e r  the  i n j e c t i o n  o f
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^ H - th y m id in e ,  a p p ro x im a te ly  95% o f  th e  c r y p t  c e l l s  t h a t  mere d i v i d i n g  

c a r r i e d  l a b e l  i n d i c a t i n g  t h a t  the c e l l s  u n d e rg o in g  DNA s y n th e s is  (as i n 

d ic a te d  by i n c o r p o r a t i n g  ^H - th y m id in e )  mere p re p a r in g  f o r  c e l l  d i v i s i o n .

In  o rd e r  to  u nd e rs tan d  the  c e l l u l a r  p rocesses  i n  the  c r y p t  

f u r t h e r ,  G a rn ie ,  e t  a l .  des igned a s e r ie s  o f  t h e o r e t i c a l  model systems 

w h ich  mould a cco u n t  f o r  t h e i r  e x p e r im e n ta l  f i n d i n g s  (1 3 ) .  T h e ir  s tea dy  

s t a t e  model mhich b e s t  approx im ated  t h e i r  e x p e r im e n ta l  r e s u l t s  mas based 

on th e  f o l l o w i n g  a ssum p t io n s :  1) th e  c r y p t  i s  a b l i n d  ending tube  w i th

no i n f l u x  o f  p re c u r s o r  c e l l s ,  2) a l l  c e l l s ,  w he ther p r o l i f e r a t i v e  o r  

n o n - p r o l i f e r a t i v e ,  m ig ra te  t o  the  mouth o f  th e  c r y p t  i n  columnar fa s h io n ,

3 ) p r o l i f e r a t i v e  c e l l s  a re  p re sen t i n  the  b o tto m  t h i r d  o f  the  c r y p t ,

4) th e  f re q u e n c y  o f  appearance o f  n o n - p r o l i f e r a t i v e  c e l l s  in c re a s e s  

l i n e a r l y  as th e  c e l l s  move up the  m id d le  t h i r d  o f  the  c r y p t ,  and 5) o n ly  

n o n - p r o l i f e r a t i v e  c e l l s  a re  p re sen t i n  the  to p  t h i r d  o f  the  c r y p t .  I t  i s  

the se  n o n - p r o l i f e r a t i v e  c e l l s  mhich m i l l  u l t i m a t e l y  d i f f e r e n t i a t e  i n t o  

th e  d ig e s t i v e  e p i t h e l iu m .  The model i s  a ls o  based on the  assumption t h a t  

t h e r e  are two p o s s ib le  r o u te s  which a c e l l  may ta k e  to  become "n o n -p ro -  

l i f e r a t i v e "  ( q ) :

(1 ) by s y m m e tr ic a l  d i v i s i o n

P — ►  Q + Q

(2 ) by asym m etr ic  d i v i s i o n

P  ►  Q + P

W h ile  asym m etr ic  d i v i s i o n  i s  im p o s s ib le  g e n e t i c a l l y ,  the  a u th o rs  

have argued t h a t  a n o n - p r o l i f e r a t i v e  n a tu re  can be induced  by e n v i ro n 

m e n ta l  f a c t o r s .

Le t  us now b r i e f l y  examine th e  b io c h e m ic a l  p r o p e r t ie s  o f
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p r o l i f e r a t i v e  c r y p t  e p i t h e l i a l  c e l l s .

The e p i t h e l i a l  c e l l s  lo c a te d  i n  th e  c r y p t  a re  programmed f o r  

p r o l i f e r a t i o n .  As j u s t  d e s c r ib e d ,  DNA s y n th e s is  o c c u rs  e x c lu s iv e ly  in  

the  c r y p t .  T h is  p r o p e r t y  has been dem onstra ted  b o th  by ra d io a u to g ra p h y  

and by m easur ing  DNA s y n th e s is  d i r e c t l y  by s c i n t i l l a t i o n  c o un te r  d e te r 

m in a t io n s  on s e r i a l  t r a n s v e rs e  s e c t io n s  o f  f r o z e n  i n t e s t i n a l  t is s u e  (13, 

2 1 ) .  S i m i l a r l y ,  i t  has been dem onstra ted  t h a t  RNA and p r o te in  s y n th e s is  

takes  p la c e  p r i m a r i l y  i n  the  c r y p t  r e g io n ,  a l th o u g h  s i g n i f i c a n t  a c t i v i t y  

has been d em ons tra ted  to  spread to  the  v i l l u s  base , and to  some e x te n t ,  

to  the  body o f  th e  v i l l u s  i t s e l f  (8 1 ) .  In  o rd e r  t o  pe r fo rm  these b io 

s y n th e t i c  p ro c e s s e s ,  the  immature c r y p t  e p i t h e l i a l  c e l l s  c o n ta in  h ig h ly  

a c t i v e  enzymes w h ich  c a ta ly z e  the  m anu fac tu re  o f  th e s e  c e l l u l a r  compo

n e n ts .  The enzymes lo c a te d  i n  these c e l l s  a re  to o  numerous to  be l i s t e d  

he re ,  b u t  th e  m a jo r  ones are the  p u r in e  and p y r im id in e  b io s y n th e t ic  en

zymes, RNA po lym erase , and the  m i to c h o n d r ia l  and p en tose  shun t enzymes 

which p ro v id e  the  c o fa c to r s  and h ig h  energy  compounds needed f o r  the 

b io s y n t h e t i c  r e a c t i o n s  to  proceed to  c o m p le t io n  (3 2 ,  98, 128 ).  I t  i s  

a ls o  i n t e r e s t i n g  t h a t  s i g n i f i c a n t  a c t i v i t y  o f  s e v e r a l  d ig e s t iv e  enzymes, 

n o ta b ly  a l k a l i n e  phospha tase , e s te ra s e ,  and a c id  phosphotase have been 

found i n  e p i t h e l i a l  c e l l s  j u s t  below the  mouth o f  th e  c r y p t  (2 6 ) .

The u l t r a s t r u c t u r e  o f  e p i t h e l i a l  c e l l s  i n  th e  c r y p t  has been 

s tu d ie d  e x te n s iv e ly  by s e v e r a l  i n v e s t i g a t o r s  (99 , 1 22 ) .  At the p e r i 

phery , these  im m atu re  e p i t h e l i a l  c e l l s  a re  s tudded  by s h o r t  m i c r o v i l l i ,  

which a re  r e l a t i v e l y  few in  number and o r ie n te d  i n  a haphazard manner. 

Core s t r u c t u r e s  a re  found  w i t h in  th e  c y l i n d r i c a l  m i c r o v i l l i ,  which 

are covered  by a v e ry  t h i n ,  t ra n s p a re n t  fu z z y  c o a t .  The c e l l s  are
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c u b o id a l l y  shaped and have a p re do m inan t nuc leus ( c o n s t i t u t i n g  a p p ro x i 

m a te ly  30% o f  th e  c e l l u l a r  v o lu m e ) .  The endop lasm ic  r e t i c u lu m  i s  p o o r ly  

d e f in e d  and po lysom a l c l u s t e r s  a re  f r e q u e n t l y  fo u n d .  The l a t t e r  i s  a 

common c h a r a c t e r i s t i c  o f  im m ature  c e l l s  o f  many t i s s u e s  (9 9 ) .  The g o lg i  

complex i s  p re s e n t  and i n t r i c a t e l y  formed i n  these  young c e l l s .  Con

s i s t e n t  w i th  t h i s  f i n d i n g  i s  the  f r e q u e n t  o ccu rre nce  o f  zym o g e n - l ike  

v e s ic le s  th ro u g h o u t  th e  cy to p la s m  ( f o r  i t  i s  b e l ie v e d  t h a t  zymogen 

g ra n u le s  a re  packaged i n  th e  G o lg i )  (5 6 ) .  One f a s c i n a t i n g  c h a r a c t e r i s 

t i c  o f  these c e l l s  i s  t h a t  i t  appears t h a t  they  te n d  to  re le a s e  g ia n t  

c y to p la s m ic  b le b s  ( s e v e r a l  m ic ra  i n  d ia m e te r )  i n t o  the  lumen. These 

c y to p la s m ic  re g io n s  w h ich  are s e c re te d  by an e x o c y to t ic  p rocess  may con

t a i n  r ibosom es , s e c r e t i o n  g ra n u le s ,  o r  an o c c a s io n a l  membraneous c i s 

t e r n s .

As a l lu d e d  to  p r e v io u s l y ,  th e  e p i t h e l i a l  c e l l s  a t  the  base o f  

the  c r y p t  m ig ra te  tow ards  i t s  mouth. I t  has been d e te rm ined  t h a t  the  

r a t e  o f  m ig ra t io n  in c re a s e s  as th e  c e l l  ascends, u n t i l  i t  a t t a i n s  a 

maximum v e lo c i t y  in  th e  upper t h i r d  o f  the  c r y p t  (1 3 ) .  Once a c e l l  

reaches  t h i s  p o s i t i o n ,  i t  i s  i n v a r i a b l y  n o n - p r o l i f e r a t i v e  and i s  th o u g h t  

to  be lo cke d  i n t o  th e  G.] phase o f  the  c e l l  c y c le  (1 3 ) .  I t  has been ob

served t h a t  i t  takes  a p p ro x im a te ly  12.5  hours  f o r  a c e l l  to  m ig ra te  onto  

the  v i l l u s  base (1 3 ) .  Once th e  c e l l  reaches the  v i l l u s  base, i t  b eg ins  

to  ascend up th e  v i l l u s  a t  a c o n s ta n t  r a t e .  I t  has r e c e n t l y  been demon

s t r a t e d  t h a t  these  two m ig r a to r y  p rocesses are in d e p e n d e n t  and can be 

a l t e r e d  s e p a ra te ly  und e r d i f f e r i n g  c o n d i t io n s  (5 1 ) .  V i l l u s  m ig r a t io n  

has been de te rm ined  to  ta k e  between one and two days unde r no rm a l c o n d i

t i o n s  depending on th e  r e g io n  o f  i n t e s t i n e  s tu d ie d  (one day i n  the
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duodenum and tiuo days i n  the  i l e u m ) .  As th e  mature c e l l  reaches the  

v i l l u s  apex i t  i s  e x t ru d e d  i n t o  th e  i n t e s t i n a l  lumen where i t  becomes 

p a r t  o f  th e  "succus  e n t e r i c u s "  o r  i n t e s t i n a l  s e c r e t i o n .  The r e l a t i o n 

s h ip s  between c e l l u l a r  d i v i s i o n  i n  the  c r y p t ,  m ig r a t io n  o f  the  c e l l s  up 

th e  c r y p t ,  v i l l u s  m ig r a t io n  and th e  e v e n tu a l  c e l l u l a r  desquamation i s  

p r e s e n t l y  u n c le a r .

As th e  c e l l  m ig ra te s  up th e  v i l l u s ,  i t  b e g in s  to  d i f f e r e n t i a t e  

i n t o  a m ature  d ig e s t i v e  i n t e s t i n a l  e p i t h e l i a l  c e l l  (3 3 ) .  I t s  b io s y n 

t h e t i c  p o t e n t i a l  as in d exe d  by th e  q u a n t i t y  o f  RNA, DNA, and b io s y n 

t h e t i c  enzym ic a c t i v i t y  i s  d im in is h e d  i n  th e  uppe r v i l l u s  re g io n s  (21, 

32, 1 2 8 ) .  I n  c o n t r a s t ,  i t s  d ig e s t i v e  enzyme p o t e n t i a l  in c re a s e s  marked

l y  as th e  c e l l  ascends th e  v i l l u s .  I t  has been dem onstra ted  by s e v e ra l  

d iv e rs e  te c h n iq u e s  t h a t  a l l  brush b o rde r enzymes in c re a s e  in  s tep w ise  

fa s h io n  as th e  c e l l  moves up the  v i l l u s  (20 , 98, 1 28 ) .  In c lu d e d  among 

the se  enzymes a re  la c t a s e ,  m a lta se ,  and a l k a l i n e  phosphatase, l e v e ls  o f  

w h ich  w i l l  be re p o r te d  i n  the " R e s u l t s "  s e c t i o n  o f  t h i s  d i s s e r t a t i o n .

I t  i s  p r e s e n t l y  n o t  known whether th e  in c re a s e  i n  d ig e s t i v e  enzym atic  

a c t i v i t y  i s  due to  a c t i v a t i o n  o f  p r e e x is t e n t  enzymes o r  th e  i n i t i a t i o n  

o f  t h e i r  s y n th e s is .

C oncom itan t w i t h  the  in c re a s e  i n  d ig e s t i v e  e nzym atic  a c t i v i t y  

a re th e  u l t r a s t r u c t u r a l  changes t h a t  c o rre sp o n d  w i th  th e  t r a n s i t i o n  from 

imm ature c e l l s  to  m ature  e p i t h e l i a l  c e l l s .  A m u l t i t u d e  o f  lo n g  t h i n  

m i c r o v i l l i  c o v e r  the  s u r fa c e  o f  th e  c e l l .  I t  has been c a lc u la te d  t h a t  

t h e i r  number in c re a s e s  a p p ro x im a te ly  ten  f o l d  from  th e  s p a r s e ly  covered 

c r y p t  c e l l s  (1 2 2 ) .  T h e i r  presence in c re a s e s  the  a b s o rp t iv e  d ig e s t iv e  

c e l l  s u r fa c e  w h ich  i s  exposed to  fo o d  p a r t i c l e s  i n  th e  lumen. S ince i t
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has been e s ta b l i s h e d  t h a t  many o f  th e  d i g e s t i v e  enzymes ( in c lu d in g  m a l-  

to J e ,  l a c ta s e ,  and a l k a l i n e  phosphatase) a re  lo c a te d  on the  brush b o rde r 

membrane (9 1 ) ,  i t  f o l l o w s  t h a t  th e re  would be an expec ted  in c re a s e  i n  

enzyme a c t i v i t y .

The m i c r o v i l l i  o f  th e  m ature  c e l l  c o n ta in  co re  f i la m e n ts  o f  un

known f u n c t i o n ,  a l th o u g h  r e c e n t l y  i t  has been p o s tu la te d  t h a t  th e y  may 

have a c o n t r a c t i l e  n a tu r e ,  s e rv in g  as a m i c r o v i l l u s  pumping mechanism 

( 54) .  The co re  f i l a m e n t s  r e s t  on a f i la m e n to u s  s t r u c t u r e ,  known as the  

te r m in a l  web, which ru n s  p e r p e n d ic u la r  to  them. I t  i s  t h i s  s t r u c t u r e  

t h a t  adds r i g i d i t y  t o  th e  brush b o rd e r  com plex and accounts  f o r  i t s  i n 

t a c t  i s o l a t i o n  upon f r a c t i o n a t i o n  o f  the  i n t e s t i n a l  mucosae (9 7 ) .  I t  

sh o u ld  be no ted  t h a t  th e  te r m in a l  web i s  a b se n t  i n  the  immature c r y p t  

e p i t h e l i a l  c e l l s  (1 2 2 ) .

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

a re  covered w i th  a t h i c k e r ,  le ss  f i la m e n to u s  fu z z y  c o a t  than  i s  found  in  

th e  c r y p t .  Some o th e r  u l t r a s t r u c t u r a l  c h a r a c t e r i s i t c s  o f  a mature i n 

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

c e l l  i s  i t s  co lum nar shape, i t s  in c re a s e  i n  c y to p la s m ic  mass, and i n  

t u r n ,  i t s  le s s  p re do m in a n t nuc leus  (14% o f  th e  c e l l u l a r  volume) and i t s  

more e x te n s iv e  and b e t t e r  deve loped e ndop lasm ic  r e t i c u lu m  (1 2 2 ) .

The mechanisms r e g u la t in g  th e  p ro cesses  o f  c e l l  d i v i s i o n  and 

m ig r a t io n  i n  the  c r y p t ,  v i l l u s  m ig r a t io n ,  d i f f e r e n t i a t i o n ,  and e x t r u s io n  

j u s t  d e s c r ib e d  i n  th e  above s e c t io n  a re  n o t  u n d e rs to o d .  The i n t e r 

r e l a t i o n s h ip s  and in te rde p en d en ce  o f  these  c e l l u l a r  even ts  i s  a ls o  un

c le a r  a t  th e  p re s e n t  t im e .  Each o f  these  c e l l u l a r  p rocesses  i s  h ig h ly  

v a r ia b le  and can be r e a d i l y  changed by a l t e r i n g  e n v i ro n m e n ta l  c o n d i t i o n s .
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The E f f e c t  o f  S ta r v a t io n  on I n t e s t i n a l  P r o p e r t ie s

S ta r v a t io n  i s  known to  have save rs  a t r o p h ic  e f f e c t s  on th e  i n 

t e s t i n a l  mucosa. I t  has been dem onstra ted  t h a t  b o th  v i l l u s  and c r y p t  

h e ig h t  are m arked ly  re d u ce d  by fo o d  d e p r i v a t io n .  S te in e r  and co -w o rke rs  

have dem onstra ted  t h a t  th e  marked r e d u c t io n  o f  i n t e s t i n a l  wet w e ig h t ,  

RNA, DNA, and p r o t e in  c o n te n t  i s  d i s p r o p o r t io n a l  t o  th e  lo s s  o f  body 

w e ig h t  d u r in g  th e  s t a r v a t i o n  p e r io d  (1 1 6 ) .  Th is  f i n d i n g  has r e c e n t ly  

been v e r i f i e d  by lYlclYlanus, e t  a l .  who measured d ra m a t ic  decreases i n  i n 

t e s t i n a l  DNA c o n te n t  d u r in g  s h o r t  p e r io d s  o f  s t a r v a t i o n  (8 8 ) .  As f a r  as 

i s  known, no o th e r  o rg a n  i s  as s e n s i t i v e  to  food d e p r i v a t i o n  as i s  the 

s m a l l  i n t e s t i n e .

E a r l i e r  e x p e r im e n ts  have shown t h a t  s t a r v a t i o n  r e ta r d s  th e  mi

t o t i c  a c t i v i t y  i n  th e  c r y p t  t o  a p p ro x im a te ly  h a l f  i t s  normal f requency  

(2 3 ,  5 0 ) .  lYlore r e c e n t l y .  Hopper has perfo rm ed c e l l  c y c le  ana lyses  on 

c r y p t  c e l l s  and d e m o n s tra te d  t h a t  the  c e l l  c y c le  changed v e ry  l i t t l e  

d u r in g  a p e r io d  o f  s t a r v a t i o n .  I t  was fou n d , how eve r,  t h a t  th e  phases 

o f  the  c y c le  d id  change m a rke d ly  d u r in g  t h i s  p e r io d ,  w i t h  G.] be ing  s ig 

n i f i c a n t l y  s h o r te n e d  and S b e in g  s i g n i f i c a n t l y  p ro lo n g e d  (1 0 3 ) .

The e f f e c t  o f  s t a r v a t i o n  on c e l l u l a r  m ig r a t io n  r a te  i s  p re s e n t 

l y  q u i te  c o n fu s in g .  Brown, e t  a l .  have dem ons tra ted  t h a t  s t a r v a t i o n  o f  

m ice  from one to  f o u r  days r e ta r d s  the  m ig ra t io n  r a t e  to  a p p ro x im a te ly  

h a l f  i t s  norm a l v a lu e  ( 9 ) .  T h is  w ou ld , i n  t u r n ,  d ou b le  the  v i l l u s  r e s i 

dence tim e o f  each e p i t h e l i a l  c e l l .  T h is  d e te r m in a t io n  was perfo rm ed by 

i n j e c t i n g  ^ H - th y m id in e  i n t o  two groups o f  mice ( s ta r v e d  and fe d  con

t r o l s )  s a c r i f i c i n g  th e  a n im a ls  a t  d i f f e r e n t  t im e s ,  rem oving  a j e ju n a l  

segment, p e r fo rm in g  a u to ra d io g ra p h y  on a s e c t io n  o f  i t ,  and measuring
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the  p ro g re s s io n  o f  the l a b e l  up the  v i l l u s  w i th  t im e .  However, Hopper, 

e t  a l .  have shown i n  a re c e n t  paper t h a t  th e  e f f e c t  o f  s t a r v a t i o n  on tho  

m ig ra to ry  p ro cess  i s  more complex i n  the  r a t  (and p o s s ib ly  i n  the  mouse 

as w e l l )  ( 5 1 ) .  They found  t h a t  the  m ig r a t io n  r a t e  i n  the  c r y p t  i s  s i g 

n i f i c a n t l y  reduced  d u r in g  a ten day s t a r v a t i o n  p e r io d ,  in c r e a s in g  th e  

t im e  i t  takes  a c r y p t  c e l l  to  ascend to  th e  v i l l u s  base f rom  12.5  (con

t r o l )  to  16.3  h rs  ( s t a r v e d ) .  However, once a c r y p t  c e l l  ( f rom  a s ta r v e d  

a n im a l)  reaches  th e  v i l l u s  base, i t s  r a t e  o f  m ig r a t io n  i s  m arked ly  acce

le r a t e d  so t h a t  i t  reaches the  v i l l u s  t i p  i n  a s h o r t e r  p e r io d  o f  t im e  

than  do th e  c e l l s  o f  th e  fe d  c o n t r o l .  The reason f o r  th e  d i f f e r e n t  e f 

f e c t s  o f  s t a r v a t i o n  on c r y p t  and v i l l u s  m ig r a t io n  r a t e s  a re  u n e x p la in e d  

a t p re s e n t .  There are two p o s s ib le  e x p la n a t io n s  f o r  th e  in c re a s e  i n  v i l 

lu s  m ig ra t io n  r a t e .  F i r s t ,  i t  i s  known t h a t  s t a r v a t i o n  i s  a s s o c ia te d  

w i th  a marked s h o r te n in g  o f  the v i l l u s  h e ig h t  (1 1 9 ) .  C onsequen tly ,  i f  

the  v i l l u s  m ig r a t io n  r a t e  i s  u n a l te r e d  by s t a r v a t i o n ,  one would expec t 

the  c e l l  to  re a c h  the  v i l l u s  t i p  i n  a s h o r t e r  p e r io d  o f  t im e  than  i s  the  

case i n  the  f e d  c o n t r o l .  Th is  argument b r in g s  up the  q u e s t io n  o f  th e  

p ro p e r  use o f  th e  term  " m ig r a t io n  r a t e " .  Does i t  mean c e l l  v e l o c i t y ,  or 

pe rcen tage  o f  v i l l u s  h e ig h t  covered i n  a p e r io d  o f  t im e?  The use o f  the  

term  i s  e x t re m e ly  vague in  the l i t e r a t u r e .  The second p o s s ib le  e xp lana 

t i o n  f o r  th e  " in c re a s e d  v i l l u s  m ig r a t io n  r a t e "  in v o lv e s  th e  e f f e c t s  o f  

s t a r v a t i o n  on th e  l a s t  phase o f  the  c e l l  re n ew a l system , c e l l u l a r  des

quamation a t  th e  v i l l u s  apex. Hooper and c o l le a g u e s  observed  a marked 

r e d u c t io n  in  th e  number o f  e p i t h e l i a l  c e l l s  l i n i n g  th e  v i l l u s  d u r in g  

p e r io d s  o f  s t a r v a t i o n  (4 9 ) .  They a ls o  d e te rm in e d  t h a t  th e  d im in is h e d  

v i l l u s  c e l l  number c o u ld  n o t  be a t t r i b u t e d  t o t a l l y  to  th e  reduced
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m i t o t i c  a c t i v i t y  i n  the  c r y p t ,  and conc luded  t h a t  c e l l u l a r  desquamation 

must be in c re a s e d  d u r in g  s t a r v a t i o n .  T h is  i n  t u r n  may s t im u la te  the  

v i l l u s  m ig r a t io n  r a te  so t h a t  v i l l u s  i n t e g r i t y  i s  p re s e rv e d .  In a l a t e r  

pape r,  how ever, th e y  f a i l e d  to  f i n d  a d i f f e r e n c e  i n  the  number of e x t r u 

s io n  zones on v i l l i  o f  fe d  and s ta rv e d  a n im a ls  (5 0 ) .  C onsequently , th e  

t e n t a t i v e  c o n c lu s io n  o f  h i s  p re v io u s  paper i s  p r e s e n t ly  dub ious .

The e f f e c t s  o f  s t a r v a t io n  on i n t e s t i n a l  e p i t h e l i a l  c e l l  d i f f e r 

e n t i a t i o n  i s  a ls o  q u i te  c o n fu s in g  a t  the  p re s e n t  t im e .  H is t o lo g i c a l  

s t a in s  f o r  a c i d o p h i l i c  g ra nu le s  i n  th e  cy top la sm  ( u s u a l l y  a s ign  o f  d i f 

f e r e n t i a t i o n  o f  c e l l s  from  a p r o l i f e r a t i v e  to  a s e c re to r y  n a tu re )  i n d i 

c a te  t h a t  s t a r v a t i o n  may cause an im p a irm e n t  o f  c e l l u l a r  m a tu ra t io n  ( 7 7 ) .  

T h is  o b s e rv a t io n  was then suppo rted  by th e  f i n d i n g  o f  B l a i r ,  e t  a l .  and 

Deren, e t  a l .  who found s i g n i f i c a n t  decreases i n  th e  s p e c i f i c  a c t i v i t y  

o f  the  b rush  b o rd e r  enzyme, sucrase d u r in g  a s t a r v a t i o n  p e r io d  (5, 2 2 ) .

On the  o th e r  hand. L e v in ,  e t  a l .  found no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  

s p e c i f i c  a c t i v i t y  o f  m a ltase  (a brush  b o rd e r  enzyme which has b iochem i

c a l  p r o p e r t ie s  s i m i l a r  to  suc rase , and w h ich  a c t u a l l y  may be p a r t  o f  th e  

same p r o te in  m o le c u le )  and reco rded  a s i g n i f i c a n t  in c re a s e  i n  i n t e s t i n a l  

s p e c i f i c  p e p t id a s e  a c t i v i t y  (79, 108 ).  There have r e c e n t l y  been s e v e r a l  

papers t h a t  s u p p o r t  the  th e o ry  o f  in c re a s e d  b io c h e m ic a l  d i f f e r e n t i a t i o n  

d u r in g  s t a r v a t i o n .  M cN e il ,  e t  a l .  have dem ons tra ted  s i g n i f i c a n t  i n 

creases  i n  s p e c i f i c  la c ta s e  a c t i v i t y  d u r in g  s t a r v a t i o n  (8 9 ) .  This was 

su pp o rted  by th e  expe r im en ts  o f  T r o g l ia ,  e t  a l .  who dem onstra ted  d ra m a t ic  

in c re a s e s  o f  i n t e s t i n a l  d is a c c h a r id a s e  a c t i v i t y  (su c ra se ,  m a ltase, and 

la c ta s e )  d u r in g  p e r io d s  o f  c h ro n ic  u n d e r n u t r i t i o n  (1 2 7 ) .  Inc reased  d i f 

f e r e n t i a t i o n  o f  i n t e s t i n a l  e p i t h e l i a l  c e l l s  has a ls o  been dem onstra ted by
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Kershaw, e t  a l . who showed marked in c re a s e s  i n  a c t i v e  t r a n s p o r t  o f  amino 

a c id s  and g lu c o s e ,  em p loy ing  bo th  i n  v i t r o  and i n  v iv o  te ch n iq u e s  (6 2 ) .  

Thus, i n  summary, the  e f f e c t s  o f  s t a r v a t i o n  on i n t e s t i n a l  e p i t h e l i a l  

d i f f e r e n t i a t i o n  a re  q u i t e  c o n fu s in g .

C e l l  c y c le  a n a ly s is  can a ls o  be used as s u p p o r t iv e  ev idence  

t h a t  d i f f e r e n t i a t i o n  i s  in c re a s e d  d u r in g  s t a r v a t i o n .  Hopper, employing 

the  method o f  G a rn ie ,  e t  a l . , has measured th e  m a tu ra t io n  phase o f  c r y p t  

i n t e s t i n a l  e p i t h e l i a l  c e l l s  by u s in g  the f o l l o w in g  fo rm u la  (13, 51 ) ;

(Time 50^ o f  v i l l i  a re  l a b e l l e d  a f t e r  ^ H - th y m id in e  i n j e c t i o n )  -  ( l / 2  S + 

Ü2 + m) = m a tu r a t io n  phase. They have fou n d  a s i g n i f i c a n t  le n g th e n in g  

o f  th e  m a tu r a t io n  p e r io d  d u r in g  s t a r v a t i o n .

The m o rp h o lo g ic  changes o c c u r r in g  d u r in g  s t a r v a t i o n  are q u i te  

a p p a re n t .  As m en tione d  p r e v io u s ly ,  th e re  i s  a s t r i k i n g  d im in u t io n  o f  

v i l l u s  h e ig h t ,  and th e  number o f  e p i t h e l i a l  c e l l s  l i n i n g  the  c r y p t  and 

the  v i l l u s  i s  m a rk e d ly  reduced (1 1 9 ) .  These f i n d in g s  have r e c e n t l y  been 

su p p o r te d  by a s tu d y  i n v o l v i n g  lo n g  term s t a r v a t i o n  o f  f r o g s  (1 0 0 ) .  In  

a d d i t i o n ,  these  i n v e s t i g a t o r s  re c o rd e d  a t w o - f o l d  decrease i n  the  number 

o f  v i l l i  per i n t e s t i n a l  r i n g  s e c t io n  a f t e r  a fo u r  month s t a r v a t io n  

p e r io d .

There have been no e le c t r o n  m ic ro s c o p ic  s tu d ie s  o f  th e  e f f e c t s  

o f  s t a r v a t i o n  on e p i t h e l i a l  s t r u c t u r e .  However, the  f o l l o w in g  h igh  

power l i g h t  m ic r o s c o p ic  f i n d in g s  have been made. There i s  an in c re a s e  

i n  th e  r e l a t i v e  s i z e  o f  th e  nuc leus  o f  c r y p t  e p i t h e l i a l  c e l l s  d u r in g  a 

s h o r t  p e r io d  o f  s t a r v a t i o n .  In  a d d i t i o n ,  the se  c e l l s  show a marked i n 

c rease  i n  v a c u o l i z a t i o n  ( 9 ) .  The v i l l u s  e p i t h e l i a l  c e l l s  assume a more 

c u b o id a l  c o n f i g u r a t i o n  and a lso  have an u n u s u a l ly  h ig h  number o f  vacuo les
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i n  t h e i r  c y o tp la s m  (9 , 1 0 0 ) .  The b rush  b o rd e rs  o f  th e  e p i t h e l i a l  c e l l s  

are a ls o  o n ly  f a i n t l y  v i s i b l e  d u r in g  s t a r v a t i o n  (1 1 9 ) .  Whether t h i s  i s  

due to  d im i n u i t i o n  i n  the  s iz e  and number o f  m i c r o v i l l i  o r  to  th e  ab

sence o f  s t a i n a b le  o r  dense substance w i t h in  them can o n ly  be answered

by a com prehens ive  e le c t r o n  m ic ro s c o p ic  s tu d y .

In  c o n c lu s io n ,  i t  appears t h a t  s t a r v a t i o n  has b ro a d ly  based 

e f f e c t s  on th e  c e l l  re n e w a l system o f  th e  i n t e s t i n a l  e p i th e l iu m .  C e l l  

d i v i s i o n ,  m a tu r a t io n ,  m ig ra t io n ,  and e x t r u s io n  a l l  seem to  be h ig h l y  

s e n s i t i v e  to  th e  amount o f  food in g e s te d  by th e  a n im a l .  Some o f  the 

f i n d i n g s  d is c u s s e d  above have added to  our know ledge o f  th e  o e l l  renew a l 

mechanism, i . e . ,  t h a t  c r y p t  and v i l l u s  m ig r a t io n s  are in d ep e nd e n t o f  one 

a n o th e r ,  and t h a t  v i l l u s  m ig ra t io n  i s  n o t  m e re ly  a r e s u l t  o f  the  p re s 

sure  o f  c e l l s  em erg ing  from  the c r y p t ;  o th e r  f i n d i n g s  have added a c e r 

t a i n  amount o f  c o n fu s io n  to  the p ro b le m . I t  i s  o u r  d e s i r e  i n  th e  ex

p e r im e n ta l  s e c t io n  o f  t h i s  d i s s e r t a t i o n  to  i n v e s t i g a t e  f u r t h e r  a reas 

t h a t  a re  p r e s e n t l y  unde r c o n te n t io n .  UJe w i l l  a ls o  in v e s t i g a t e  a p o s s i 

b le  e n d o c r in e  mechanism re s p o n s ib le  f o r  the  s u p e r s e n s i t i v i t y  o f  i n t e s t i 

n a l  t i s s u e  to  th e  absence o r  presence o f  fo o d  in  the  i n t e s t i n a l  lumen.

E f f e c t s  o f  GI S u rq io a l  Procedure  on I n t e s t i n a l  P ro p e r t ie s

I t  has been found  th a t  e p i t h e l i a l  c e l l  dynamics can be r a d i c a l l y  

a l t e r e d  by s u r g i c a l  p rocedures  o f  th e  sm a l l  i n t e s t i n e .  Loran , e t  a l .  

have d em o n s tra te d  t h a t  s u r g ic a l  r e s e c t io n  o f  10 cm o f  i le u m  ( a p p r o x i 

m a te ly  10^ o f  th e  le n g th  o f  i n t e s t i n e )  from r a t s  s t im u la te s  r a p id  p ro 

l i f e r a t i o n  o f  c e l l s  i n  th e  c ry p ts  (82 , 83 ) .  N o rm a lly  a p p ro x im a te ly  30% 

o f  th e  c r y p t  e p i t h e l i a l  c e l l s  a re  l a b e l l e d  w i t h i n  one hour a f t e r  i n j e c 

t i o n  o f  ^ H - th y m id in e  ( i n d ic a t i n g  a c t i v e  DMA s y n th e s is )  (13, 8 3 ) .  The
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pe rcen tage  o f  l a b e l l e d  c e l l s  i n  the  c r y p t  then  in c re a s e s  For s e v e ra l  

hours  a f t e r  the  i n j e c t i o n  and e v e n tu a l l y  p la te a u s  a t  a p p ro x im a te ly  65% 

( th e  t im e  i t  ta k e s  t o  p la te a u  i s  s h o r te s t  i n  th e  duodenum and lo n g e s t  in  

the  i l e u m ) .  The p e r io d  o f  t im e  i t  takes  to  p la te a u  has been in t e r p r e t e d  

by th e  a u th o rs  to  r e p r e s e n t  the  t r a n s i t  t im e  o f ' a n  e p i t h e l i a l  c e l l  from  

the p r o l i f e r a t i v e  zone i n  th e  c r y p t  to  the  base o f  th e  v i l l u s .  A f te r  

i l e a l  r e s e c t i o n ,  how ever, t h i s  s i t u a t i o n  changes d r a m a t i c a l l y .  One hour 

a f t e r  i n j e c t i o n  o f  ^ H - th y m id in e  a p p ro x im a te ly  65% o f  th e  c r y p t  c e l l s  a re  

la b e l l e d  i n  a l l  r e g io n s  o f  th e  i n t e s t i n e .  T h is  pe rcen tag e  remains con

s t a n t  f o r  s e v e ra l  hou rs  a f t e r  i n j e c t i o n  u n l i k e  the  in c r e a s in g  percentage 

o f  the  c o n t r o l s .  T h is  f i n d i n g  mas in t e r p r e t e d  to  i n d i c a t e  t h a t  c ry p t  

t r a n s i t  t im e  o f  e p i t h e l i a l  c e l l s  i n  these re s e c te d  i n t e s t i n e s  i s  so r a p id  

t h a t  a ccum u la t io n  o f  l a b e l l e d  c e l l s  i n  the  c r y p t  f a i l s  to  occu r and no 

a d d i t i v e  e f f e c t  i s  re c o rd e d .  These c o n c lu s io n s  mere s u p p o r te d  by the 

f i n d i n g  t h a t  th e  v i l l i  o f  th e  re s e c te d  group mere l a b e l l e d  a t  much e a r

l i e r  t im e  p e r io d s  tha n  i n  th e  c o n t r o l  p o p u la t io n .  The r e g io n a l  v a r ia t io n  

i n  m ig ra t io n  r a te  mas a ls o  a b o l is h e d  i n  these  r a t s ,  as the  i l e a l  v i l l i  

mere l a b e l l e d  a p p ro x im a te ly  a t  the  same t im e  as duodena l v i l l i .  I t  mas 

a lso  re p o r te d  t h a t  a f t e r  i l e a l  r e s e c t io n ,  l a b e l l e d  e p i t h e l i a l  c e l l s  had 

m ig ra te d  f u r t h e r  a lo n g  th e  v i l l i  a day a f t e r  i n j e c t i o n  o f  ^H - th ym id in e  

than c o n t r o l  c e l l s .  T h is  may be i n t e r p r e t e d  as an in c re a s e d  v i l l u s  m i

g r a t io n  r a t e  due to  i l e a l  a b la t i o n ,  b u t  i t  may a ls o  be a r e s u l t  o f  the  

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

move on to  the v i l l i  have been dem onstra ted  to  be r e l a t i v e l y  immature, 

hav ing  many o f  th e  c h a r a c t e r i s t i c s  o f  u n d i f f e r e n t i a t e d  c r y p t  c e l l s  (8 2 ) .

C e l l  c y c le  a n a ly s e s  mere a lso  pe r fo rm ed  on c r y p t  e p i t h e l i a l
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c e l l s  o f  th e  two g roups o f  a n im a ls .  I t  mas found  t h a t  c e l l u l a r  genera

t i o n  t im e  mas s i g n i f i c a n t l y  sh o r te n e d  by r e s e c t i o n .  Th is  mas a t t r i b u t e d  

p r i m a r i l y  to  a decrease  i n  th e  S phase.

I t  thu s  appears t h a t  i l e a l  r e s e c t i o n  somehom s t im u la te s  p ro 

l i f e r a t i v e  a c t i v i t y  i n  the  c r y p ts  and p o s s ib ly  th e  c e l l u l a r  m ig r a t io n  

r a t e  up th e  c r y p t .  The a u th o rs  h y p o th e s iz e d  t h a t  i l e a l  r e s e c t io n  some

hom t r i g g e r s  the  re le a s e  o f  an " i n t e s t i n a l  e p i t h e l i a l  gromth hormone", 

wh ich  e x e r ts  i t s  e f f e c t s  on the  c e l l  p o p u la t io n  i n  the  c r y p t .  The na

t u r e  o f  t h i s  hormone was unknown.

Almost i d e n t i c a l  changes i n  i n t e s t i n a l  e p i t h e l i a l  c e l l u l a r  dy

namics a re  found a f t e r  t o t a l  abdom inal vagotomy in  the  dog (1 1 2 ) .  I t  

has been dem ons tra ted  t h a t  vagotomy s t im u la t e s  p r o l i f e r a t i v e  a c t i v i t y  

i n  th e  c r y p t s  and speeds up the  m ig r a t io n  o f  th e  c e l l s  from  the  c r y p t  t o  

th e  v i l l u s .  The c e l l  c y c le  t im e  was a ls o  sh o r te n e d  due to  the  o p e r a t io n  

and t h i s  mas p r i m a r i l y  a t t r i b u t e d  to  a dec rea se  i n  bo th  the  S and 

phases o f  the  c e l l  c y c le  (a l th o u g h  th e  e v id e n c e  i m p l i c a t i n g  was i n 

d i r e c t  and n o t  v e ry  c o n v in c in g ) .  The m a jo r  d i f f e r e n c e s  between the  e f 

f e c t s  o f  vagotomy and i l e a l  r e s e c t io n  on th e  i n t e s t i n a l  e p i th e l iu m  mas 

th e  f a c t  t h a t  the  i l e a l  c e l l s  were u n re s p o n s iv e  to  vagotomy, and a s i g 

n i f i c a n t  s h o r te n in g  o f  th e  h e ig h t  o f  th e  c r y p t s  mas observed  a f t e r  th e  

v a g a l o p e ra t io n  (whereas c r y p t  s iz e  mas s a id  t o  remain c o n s ta n t  a f t e r  

i l e a l  r e s e c t i o n ) .  The a u th o rs  o f  t h i s  pape r mere c o g n iz a n t  o f  the  

" i l e a l  r e s e c t i o n "  s tu d y  and a lso  noted  th e  s i m i l a r i t y  o f  th e  r e s u l t s .

Altmann and Leb lond perfo rm ed  a com prehensive  s tu d y  on the  e f 

f e c t s  o f  s u r g i c a l  t r a n s p o s i t i o n  o f  i n t e s t i m a l  segments on v i l l u s  h e ig h t  

wh ich  y ie ld e d  i n t e r e s t i n g  r e s u l t s  ( l ) .  As a l lu d e d  to  b r i e f l y  b e fo re ,
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the  v i l l u s  h e ig h t  decreases as one moves f rom  th e  p ro x im a l  duodenum to  

th e  d i s t a l  i le u m .  The v i l l u s  h e ig h t ,  whe ther measured i n  m i l l im e t e r s  

o r  i n  the  number o f  e p i t h e l i a l  c e l l s  l i n i n g  a v i l l u s  w a l l ,  i s  a p p ro x i 

m a te ly  th re e  t im e s  g r e a te r  i n  th e  duodenum tha n  i n  the  i le u m .  W ith  t h i s  

i n  m ind, and w i th  e x p e c ta t io n s  o f  g a in in g  i n s i g h t  i n t o  what r e g u la te s  

t h i s  v i l l u s  s iz e  g r a d ie n t ,  these i n v e s t i g a t o r s  pe r fo rm ed  a s e r ie s  o f  ex

p e r im e n ts  w h ich  w i l l  be o u t l i n e d  below.

In  th e  f i r s t  s e r ie s ,  th e  f o l l o w in g  t r a n s p o s i t i o n  expe rim en ts  

were p e r fo rm e d :  l )  an i l e a l  segment was t r a n s p la n te d  to  the  je ju nu m ,

2) a j e j u n a l  segment was t ra n s p la n te d  to  th e  i le u m ,  and 3) a duodenal 

segment was t r a n s p la n te d  to  the  i le u m .

The f o l l o w in g  o b s e rv a t io n s  on v i l l u s  h e ig h t  were made two to  

t h r e e  months a f t e r  th e  above o p e ra t io n s :

1) the  i l e a l  segments t r a n s p la n te d  to  th e  jejunum, in c re a s e d  in  
v i l l u s  h e ig h t  u n t i l  they  e q u a l le d  th e  s iz e  o f  a normal j e 
j u n a l  v i l l u s ,

2) th e  v i l l i  o f  the  j e j u n a l  segment t r a n s p la n te d  to  the  i le u m  
decreased i n  h e ig h t  app roach ing , b u t  n o t  a t t a i n i n g ,  the  
s h o r t  i l e a l  v i l l u s  s iz e ,  and

3) th e  v i l l u s  h e ig h t  o f  the  duodenal segment t r a n s p la n te d  to  
the  i le u m  m a in ta in e d  i t s  la rg e  s iz e .  I t  had, i n  f a c t ,  a 
p o s i t i v e  t r o p h ic  in f lu e n c e  on the  i l e a l  t i s s u e  d i s t a l  to  
i t ,  ca u s in g  a s i g n i f i c a n t  in c re a s e  i n  th e  h e ig h t  o f  the  
v i l l i .

I n  th e  n e x t  s e r ie s  o f  e xpe r im en ts ,  p ro x im a l  duodena l segments 

( i n c lu d in g  th e  duodenal p a p i l l a ) ,  d i s t a l  duodena l segments, j e j u n a l  seg

ments, and i l e a l  segments were re s e c te d ,  made i n t o  b l i n d  sacs, and anas

tomosed on to  th e  c o lo n .  These sacs were o r i e n t e d  i n  such a way t h a t  i n 

t e s t i n a l  chyme would n o t  e n te r  i n t o  them. At a u to psy  s e v e ra l  months 

l a t e r ,  i t  was found t h a t  o n ly  th e  p ro x im a l duodena l segment m a in ta in e d
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i t s  norm a l v i l l u s  s t r u c t u r e .  Ev idence  o f  th e  no rm a l v i l l u s  h e ig h t  g rad 

i e n t  mas a ls o  seen a lo n g  th e  le n g th  o f  t h i s  segment. Changes i n  v i l l u s  

h e ig h t  i n  th e  o th e r  b l i n d  sacs mere seen, m ith  the  d i s t a l  duodenal and 

j e j u n a l  v i l l u s  h e ig h t  d e c re a s in g  and the  i l e a l  v i l l u s  h e ig h t  in c r e a s in g ,  

so t h a t  the  v i l l i  i n  th e s e  th r e e  b l i n d  sacs approached the  same h e ig h t .  

Another i n t e r e s t i n g  f i n d i n g  mas t h a t  the  p ro x im a l— d i s t a l  v i l l u s  h e ig h t  

g r a d ie n t  mas a b o l is h e d  i n  th e  th r e e  b l i n d  sa cs .

In  th e  l a s t  s e r ie s  o f  e x p e r im e n ts ,  v a r io u s  types  o f  s id e  to  

s id e  c o n n e c t io n s  mere e s ta b l i s h e d ,  namely, betmeen the  i le u m  on the  one 

hand and th e  p ro x im a l  duodenum, an trum , o x y n t i c  g la n d ,  o r  squamous p a r t  

o f  the  stomach on the  o th e r  hand. I t  mas found  t h a t  i l e a l  co n n e c t ion s  

m ith  bo th  the  p ro x im a l  duodenum and antrum d r a m a t i c a l l y  s t im u la te d  the 

i l e a l  v i l l i  to  in c re a s e  i n  s i z e ,  mhersas th e re  mas l i t t l e  o r  no e f f e c t  

on v i l l u s  h e ig h t  a f t e r  o x y n t i c  g land  o r  squamous c o n n e c t io n s  mere es

t a b l i s h e d .  The a u th o rs  o f  t h i s  e lo q u e n t  s tu d y  then  des igned a model 

system to  d e s c r ib e  t h e i r  r e s u l t s .  They h y p o th e s iz e d  t h a t  the duodenum 

and antrum c o n ta in  " v i l l u s  e n la r g in g  f a c t o r s "  mhich are  se c re te d  i n t o  

th e  lumen o f  the  g a s t r o i n t e s t i n a l  t r a c t  and m ix m ith  the  chyme. They 

a ls o  th e o r iz e d  t h a t  th e  i le u m  s e c re te s  a " v i l l u s  r e d u c in g "  f a c t o r  mhich 

s i m i l a r l y  i s  re le a s e d  i n t o  the  chyme i n  the  d i s t a l  end o f  the s m a l l  i n 

t e s t i n e .  I t  i s  th e  r e s u l t i n g  ba lance  betmeen these  tmo f a c t o r s  mhich 

accoun t f o r  th e  v i l l u s  g r a d ie n t  i n  h e ig h t  as one moves domn the  g u t .

The r e s u l t s  o f  the se  s u r g i c a l  p ro cedu res  ( i l e a l  r e s e c t io n ,  

vagotomy, and t r a n s p o s i t i o n  o f  i n t e s t i n a l  segments) a re  q u i te  f a s c in a 

t i n g ;  th e  c o n c lu s io n s  reached  by th e  v a r io u s  a u th o rs  are q u i te  i n t e r 

e s t i n g .  UJe m i l l  r e f e r  to  them aga in  a t  the  c lo s e  o f  t h i s  ch ap te r  and



21

d is c u s s  them a t  some depth  i n  the  "D is c u s s io n "  s e c t io n  o f  t h i s  d i s s e r 

t a t i o n ,  and, a t  t h a t  t im e ;  ire w i l l  c o n s id e r  a n o th e r  p o s s ib le  i n t e r p r e 

t a t i o n  o f  t h e i r  r e s u l t s  i n v o l v i n g  the  s u b je c t  o f  t h i s  d i s s e r t a t i o n ,  

g a s t r i n .

□ n to q e n ic  Development o f  I n t e s t i n a l  P ro p e r t ie s  

The s m a l l  i n t e s t i n e  i s  known to  undergo  a d ra m a t ic  s e r ie s  o f  

changes the  f i r s t  month o f  l i f e .  At b i r t h ,  th e  i n t e s t i n e  has w e l l -  

d e f in e d  c r y p t s  and v i l l i .  However, upon c lo s e r  in s p e c t io n ,  one f i n d s  

marked d i f f e r e n c e s  between th e  n e o n a ta l  and a d u l t  s m a l l  i n t e s t i n e .  The 

v i l l i  a re  s l i g h t l y  s h o r te r  i n  the neonate, and th e  c r y p t s  are ve ry  

s h a l lo w ,  so t h a t  th e  v i l l u s / c r y p t  r a t i o  a c t u a l l y  i s  g r e a te r  i n  the  new

born ro d e n t  ( 4 7 ) .  I t  i s  a ls o  found t h a t  th e  i n t e s t i n a l  w e ig h t /b o d y  

w e ig h t  r a t i o  and the  j e j u n a l  RI\IA/DNA r a t i o s  a re  much le s s  a f t e r  b i r t h  

than  th e y  a re  i n  the  a d u l t  (4 7 ,  120 ).  These g ro s s  changes i n  i n t e s t i n a l  

p r o p e r t ie s  le d  i n v e s t i g a t o r s  to  s tudy  the o n to g e n ic  development o f  the 

i n t e s t i n e  i n  more d e t a i l  and t h e i r  f i n d in g s  w i l l  be re p o r te d  be low .

The i n t e s t i n a l  mucosa o f  s u c k l in g  r a t s  (days 1 -1 5  a f t e r  b i r t h )  has an 

e x tre m e ly  s lo w  r a te  o f  p r o l i f e r a t i o n .  S eve ra l hou rs  a f t e r  an i n j e c t i o n  

o f  ^ H - th y m id in e  o n ly  21% o f  th e  c r y p t  c e l l s  were l a b e l l e d  in  the  1-15 

day age b r a c k e t .  T h is  i s  i n  c o n t r a s t  w i th  a p p ro x im a te ly  40% o f  the  

c r y p t  c e l l s  b e in g  l a b e l l e d  unde r the  same c o n d i t i o n s  i n  21 + day o ld  

r a t s  (4 7 ) .  C o in c id e n t  w i th  these  f i n d in g s  the  m i t o t i c  in d ex  i n  c r y p ts  

was found  to  in c re a s e  a p p ro x im a te ly  80% between day 15 and day 21.

C ry p t  h e ig h t  i s  m arked ly  a l t e r e d  between the  1 5 th  and 2 1 s t  day o f  l i f e ,  

in c r e a s in g  a p p ro x im a te ly  t h r e e - f o l d  d u r in g  t h i s  p e r io d  (4 7 ) .  The v i l 

lu s  h e ig h t  has a ls o  been shown to  in c re a s e  s l i g h t l y  d u r in g  the  t h i r d
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meek o f  l i f e ,  a pp roa ch ing  norm a l a d u l t  va lu e s  (4 7 ) .  F u r th e r ,  v i l l u s  m i

g r a t i o n  has been dem onstra ted  to  be q u i te  r e ta r d e d  the  f i r s t  few weeks 

o f  l i f e .  As d is c u s s e d  p r e v io u s ly  i n  e a r l i e r  s e c t io n s ,  i n  the  a d u l t  r o 

d e n t  i t  takes  1 .5 -2  days f o r  an e p i t h e l i a l  c e l l  to  m ig ra te  from the 

c r y p t  to  the  v i l l u s  apex. In  th e  s u c k l in g  r a t ,  however, o n ly  l / 4  to  1 /8  

o f  t h e . v i l l u s  i s  covered i n  t h i s  p e r io d  o f  t im e .  To our knowledge, no 

s tu d y  has been u nd e r take n  to  d i f f e r e n t i a t e  th e  c r y p t  m ig ra t io n  ra te  from 

th e  v i l l u s  m ig r a t io n  r a t e  d u r in g  o n to g e n ic  deve lopm ent, so f u r t h e r  i n t e r 

p r e t a t i o n  o f  the  above r e s u l t s  i s  im p o s s ib le  a t  the  p re s e n t  t im e .  The 

in v e s t i g a t o r s  s tu d y in g  these changes no ted  t h a t  an o v e rs h o o t  o f  s e v e ra l  

o f  these  i n t e s t i n a l  p r o p e r t ie s  o c c u rs  a t  the  end o f  the  t h i r d  week and 

b e g in n in g  o f  the  f o u r t h  week o f  l i f e ,  so t h a t  the  va lues  a t t a in e d  d u r in g  

t h i s  t im e  exceed th e  known a d u l t  v a lu e s .  T h is  was found i n  the  i n t e s t i 

n a l  w e ig h t /b o d y  w e ig h t  and j e j u n a l  RI\1A/DNA r a t i o ,  as w e l l  as i n  the 

g r e a t l y  a c c e le ra te d  m ig ra t io n  r a te s  o f  the  e p i t h e l i a l  c e l l s  up the v i l l i  

( 4 7 ) .

I t  i s  known t h a t  between th e  t h i r d  and f o u r t h  week o f  l i f e ,  

s u c k l in g  ro d e n ts  b eg in  to  wean. W ith  t h i s  i n  m ind, H e rb s t ,  e t  a l .  

s t u d ie d  the e f f e c t s  o f  e a r ly  weaning by gavage fe e d in g  o f  n in e  day o ld  

r a t s  ( 4 4 ) .  I t  was t h e i r  hope to  f i n d  w he ther i t  i s  the  change from a 

l i q u i d  to  s o l i d  fo o d  d i e t  which in d u c e s  the  above d eve lop m en ta l changes 

i n  i n t e s t i n a l  p r o p e r t i e s .  The r e s u l t s  dem ons tra ted  t h a t  gavage fe e d in g  

in d u c e d  a p re c o c io u s  m a tu ra t io n  o f  the  s m a l l  i n t e s t i n e ,  i n  t h a t  the 

r e l a t i v e  w e igh t o f  th e  i n t e s t i n e ,  th e  c r y p t  h e ig h t ,  and th e  m i t o t i c  i n 

dex a l l  in c re a s e d  tow ards a d u l t  v a lu e s .

The o n to g e n ic  deve lopm ent o f  enzym ic a c t i v i t y  o f  i n t e s t i n a l
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e p i th e l iu m  f o l lo w s  an i n t e r e s t i n g  p a t t e r n  i n  r o d e n ts .  A t b i r t h  th e re  i s  

a r e l a t i v e l y  h ig h  la c ta s e  a c t i v i t y  and a l k a l i n e  phospha tase  a c t i v i t y  and 

low o r  n e g l i g i b l e  s u c ra se  and m a ltase  a c t i v i t y  (64 , 1 0 5 ) .  As the  suck

l i n g  p e r io d  p roceeds i n t o  the second week, th e re  i s  e i t h e r  an in c re a s e  

o r  no change i n  i n t e s t i n a l  la c ta s e  and a l k a l i n e  phospha tase  a c t i v i t y .  

D u r ing  t h i s  p e r io d ,  sucrase  and m a ltase  remain a t  t h e i r  low n e o n a ta l  

v a lu e s .  A d r a s t i c  change in  enzyme le v e ls  i s  i n i t i a t e d  i n  the  t h i r d  

week o f  l i f e ;  bo th  la c ta s e  and a l k a l i n e  phosphatase a c t i v i t i e s  beg in  to  

decrease , whereas su c ra se  and m a lta se  a c t i v i t i e s  in c r e a s e .  These changes 

i n  enzym atic  a c t i v i t i e s  proceed i n  a d i r e c t i o n  tow a rds  a d u l t  l e v e l s .

Upon c lo s e r  in s p e c t io n ,  i t  was found t h a t  th e  o n to g e n ic  d eve lop 

ment o f  bo th  a l k a l i n e  phosphatase and la c ta s e  v a r ie s ,  depending upon 

which re g io n  o f  the  i n t e s t i n e  i s  s tu d ie d .  I t  was fo u n d  t h a t  th e  a l k a l i n e  

phosphatase a c t i v i t y  i s  h ig h e s t  i n  th e  i le u m  and low  i n  th e  duodenum in  

s u c k l in g  r a t s .  A f t e r  the  t h i r d  week o f  l i f e ,  however, th e  s i t u a t i o n  i s  

re v e rs e d  and a l k a l i n e  phosphatase a c t i v i t y  decreases as one moves down 

the  s m a l l  i n t e s t i n e  (35 , 64 ) .  N e v e r th e le s s ,  a l k a l i n e  phosphatase a c t i 

v i t y  o f  the  whole s m a l l  i n t e s t i n e  m arked ly  decreases d u r in g  t h i s  p e r io d .

A s i m i l a r  s i t u a t i o n  e x i s t s  i n  th e  case o f  la c ta s e  ( 6 6 ) .  I t  has been 

dem onstra ted  t h a t  th e  i le u m  o f  s u c k l in g  r a t s  has m axim al la c ta s e  a c t i v i t y  

i n  comparison to  o th e r  re g io n s .  The j e j u n a l  l a c ta s e  o f  these  young r a t s  

i s  a lso  found in  r e l a t i v e l y  h ig h  a c t i v i t y .  In  th e  t h i r d  week o f  l i f e ,  

i l e a l  la c ta s e  a c t i v i t y  decreases i n  a d ra m a t ic  f a s h io n ,  whereas j e j u n a l  

a c t i v i t y  decreases s l i g h t l y ,  the  r e s u l t  be ing  the  a t t a in m e n t  o f  the  

a d u l t  g r a d ie n t  o f  la c ta s e  a c t i v i t y  (d e c re a s in g  i n  a c t i v i t y  from  je junum  

to  i le u m ) .  Once a g a in ,  the  enzymic a c t i v i t y  o f  th e  who le  i n t e s t i n e  i s
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reduced in  th e  p ro c e s s .  I t  has a ls o  been noted  by K o ldo vsky ,  e t  a l .  

t h a t  i n  th e  s u c k l in g  r a t  th e re  are tmo sepa ra te  la c ta s e  enzymes, one 

hav ing  a pH optimum o f  3 .5  ( " a c i d i c "  la c ta s e )  and the  o th e r  h a v in g  a pH 

optimum o f  5 .6  ( " n e u t r a l "  l a c t a s e ) .  I t  i s  the l a t t e r  enzyme mhich i s  

found  on th e  brush b o r d e r ,  th e  fo rm e r  be ing  most p ro b a b ly  o f  ly s o s o m a l 

o r i g i n  (66, 6 7 ) .  Bo th  o f  these  enzymes are s i g n i f i c a n t l y  reduced  i n  the  

t h i r d  meek o f  l i f e .

The mechanism in v o lv e d  i n  th e  d ra m a t ic  changes i n  th e  a c t i v i t y  

o f  the d ig e s t i v e  enzymes has been s tu d ie d  i n  s e v e r a l  l a b o r a t o r i e s .  

H e rb s t ,  e t  a l .  have dem onstra ted  t h a t  gavage fe e d in g  o f  n in e  day o ld  

r a t s  s t im u la te s  the  p re c o c io u s  development o f i n t e s t i n a l  suc rase  a c t i 

v i t y  (4 7 ) .  These f i n d i n g s  mere suppo rted  by Rosensmeig and Herman's 

s tu d ie s  mhich dem ons tra ted  t h a t  both  sucrase and m a ltase  a c t i v i t i e s  can 

be induced by the  p resence  o f  in c re a s e d  q u a n t i t i e s  o f  sucrose  and mal

to se  i n  th e  d i e t  (as i n  the  case mhen a s u c k l in g  an im a l b e g in s  to  mean) 

(1 0 4 ) .

C o n s e q u e n t ly ,  the  presence o f  sucrose and m a ltose  i n  r e l a t i v e l y  

h ig h  c o n c e n t r a t io n s  i n  s o l i d  food may be the  m a jo r  s t im u la n t  f o r  th e  i n 

crease  in  a c t i v i t y  o f  t h e i r  r e s p e c t iv e  h y d ro la s e s .  Th is  t h e o r y ,  how

e v e r ,  has been q u e s t io n e d  by Rubino, e t  a l .  mho a ttem p ted  b u t  f a i l e d  to  

s t im u la te  th e  p re c o c io u s  development o f  sucrase by o r a l  a d m in i s t r a t i o n  

o f  sucrose to  s u c k l in g  r a t s  (1 0 5 ) .  I t  mas a lso  found  t h a t  s u c ra se  and 

m a ltase  a c t i v i t y  deve loped  n o rm a l ly  mhen s u c k l in g  mas p ro longed  by fe e d 

in g  th re e  meek o ld  r a t s  g o a t 's  m i lk  (3 5 ) .  C onsequently , th e  rea son  f o r  

th e  developm ent o f  suc rase  and m a ltase  i n  the t h i r d  meek i s  r a t h e r  un

c le a r .  I t  appears t h a t  i n g e s t io n  o f  s o l i d  food s t im u la te s  e a r l y
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appearance o f  these  enzymes. The q u e s t io n  o f  w hether i t  i s  due to  th e  

d i e t a r y  c o n te n t  o f  th e  d is a c c h a r id e s  i n  th e  food  has y e t  to  be s e t t l e d .

I t  a ls o  appears t h a t  norm a l deve lopm ent o f  these  enzymes can occur w i t h 

o u t  weaning. T h is  e x p e r im e n t ,  to o ,  w i l l  have to  be v e r i f i e d  i n  tbe  f u 

t u r e .

The reason f o r  the  decrease  i n  la c ta s e  a c t i v i t y  d u r in g  the  

t h i r d  week o f  l i f e  i s  a ls o  unknown. S ince  la c to s e  i s  the  m a jo r  d is a c 

c h a r id e  i n  "m o th e r 's  m i l k "  i t  was th o u g h t  t h a t  i t s  d isappearance  from 

the  d i e t  a t  the  o n se t  o f  weaning may be the  c a u s a t iv e  f a c t o r .  However, 

i t  was found t h a t  the  decrease  i n  la c ta s e  a c t i v i t y  was n o t  p reven ted  

when weaning r a t s  were g iv e n  a s p e c ia l  s o l i d  h ig h  la c to s e  d i e t  (66, 1 13 ).  

T h e re fo re ,  a t  t h i s  s tag e  i t  appears  t h a t  the  decrease i n  la c ta s e  a c t i v i t y  

i s  in d e p e nd e n t o f  the  c o m p o s i t io n  o f  th e  young r a t ' s  d i e t .

The mechanism in v o lv e d  i n  th e  deve lo p m en ta l changes o f  a l k a l i n e  

phosphatase have n o t  been s tu d ie d  i n  g re a t  d e t a i l  from the  d ie t a r y  p e r 

s p e c t iv e  (m a in ly  because i t s  p h y s i o l o g i c a l  r o le  i s  unknown). I t  has 

been shown, however, t o  undergo n o rm a l d eve lo pm en ta l a c t i v i t y  changes 

e a r l i e r  than  u s u a l i f  r a t s  a re  weaned i n  the  second week in s te a d  o f  th e  

t h i r d  ( 3 5 ) .

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

i n  the  neonate and s u c k l in g  r a t s  v a r ie s  a long  th e  le n g th  o f  the  s m a l l  

i n t e s t i n e .  The v i l l u s  e p i t h e l i a l  c e l l s  i n  the  duodenum and the  je junu m  

are r e l a t i v e l y  im m atu re , as i n d i c a t e d  by a c u b o id a l  shape, p redom inan t 

n u c le i  and p o o r ly  deve loped  m i c r o v i l l i .  The c e l l s  deve lop a mature 

u l t r a s t r u c t u r e  o n ly  a f t e r  weaning ( 1 5 ) .  In  c o n t r a s t ,  the  i l e a l  e p i 

t h e l i a l  c e l l s  a re  m a tu re ,  and have a h ig h l y  o rg a n iz e d  brush b o rd e r ,  and
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a w e l l  deve loped endop lasm ic  r e t i c u lu m  and G o lg i  complex (15, 37 ) .  I f  a 

s e c t io n  i s  taken  f o r  u l t r a s t r u c t u r e  a f t e r  m i lk  e n te r s  th e  i le u m ,  the  

e le c t r o n  m ic rog ra p h  w i l l  r e v e a l  the  presence o f  v e s i c u la r  bod ies  w i t h in  

the  c y to p la s m , a long  w i th  th e  presence o f  .,a la r g e  s u p ra n u c le a r  body.

Th is  i s  a r e p r e s e n ta t io n  o f  th e  i l e a l  t i s s u e ' s  a b i l i t y  to  absorb m i lk  

p r o te in s  by the  p rocess  o f  p in o c y t o s i s .  In  a d e t a i l e d  u l t r a s t r u c t u r a l  

s tu d y ,  Graney dem ons tra ted  t h a t  the  v e s ic le  o r i g i n a l l y  form s i n  an i n t e r  

m i c r o v i l l u s  space by the  p in c h in g  o f f  o f  the s u r ro u n d in g  s u r fa c e  mem

brane , th u s  encompassing th e  p r o t e in  m o lecu les  ( 3 7 ) .  I t  i s  b e l ie v e d  

t h a t  th e  p r o te in  la d e n  v e s i c l e  then  t r a v e l s  to  th e  s u p ra n u c le a r  body to  

un load  th e  p r o t e i n .  I t  a ls o  s h o u ld  be noted t h a t  t h e r e  a re  a la rg e  num

ber o f  ly s o s o m a l b od ie s  i n  th e  cy top lasm  and th e y  may p la y  a r o le  i n  th e  

p ro c e s s in g  o f  th e  p r o t e i n .  T h is  p in o c y t i c  p r o p e r t y  o f  th e  i l e a l  i n t e s t i 

n a l  e p i th e l iu m  o f  the  s u c k l in g  r a t  i s  tho u gh t to  be im p o r ta n t  i n  the  

main tenance o f  th e  im m un ity  o f  th e  young an im a l,  f o r  i t  i s  b e l ie v e d  t h a t  

m a te rn a l  a n t ib o d ie s  p re s e n t  i n  m a te rn a l m i lk  can pass i n t o  th e  s u c k l in g  

r a t ' s  c i r c u l a t i o n  v ia  t h i s  r o u t e .  Th is  p in o c y t i c  p r o p e r t y  i s  q u i te  

t r a n s i e n t  and i s  a b o l is h e d  upon th e  o nse t o f wean ing .

In  c o n c lu s io n  i t  appears  th a t  many o f  th e  b io c h e m ic a l  and mor

p h o lo g ic a l  p r o p e r t ie s  o f  the  i n t e s t i n a l  e p i th e l iu m  undergo a d ram a tic  

change between th e  second and t h i r d  week o f  l i f e ,  w h ich  i s  c o in c id e n t  

w i th  weaning. The a c tu a l  p h y s io lo g i c a l  agent which t r i g g e r s  these  chan

ges i s  unknown. A lthough  some answers to  these q u e s t io n s  w i l l  be p r o v i 

ded i n  th e  n e x t  s e c t i o n ,  i t  w i l l  become apparent t h a t  we a re  s t i l l  ve ry  

f a r  from  u n d e rs ta n d in g  th e  t r u e  n a tu re  o f  the r e g u la t o r y  mechanism i n 

v o lv e d .
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The E f f e c t s  o f  Hormones (O the r tha n  G a s t r in )  
on I n t e s t i n a l  P r o p e r t ie s

The in f lu e n c e  o f  hormones on i n t e s t i n a l  p r o p e r t ie s  i s  p r e s e n t ly  

be ing  s tu d ie d  i n  many l a b o r a t o r ie s  th ro u g h o u t  th e  w o r ld  (7 8 ) .  Because 

o f  th e  extrem e s e n s i t i v i t y  o f  the  i n t e s t i n a l  e p i t h e l iu m  to  chang ing con

d i t i o n s  (as o u t l i n e d  i n  th e  p reced ing  s e c t i o n s ) ,  i t  mas th o u g h t  t h a t  the  

e n d o c r in e  system may p la y  a m ajor r o l e .  In  th e  d is c u s s io n  p resen ted  be

low th e  a c t i o n  on the  i n t e s t i n e  o f  the  f o l l o w in g  hormones w i l l  be d i s 

cussed ; 1) g ro w th  hormone and t h y r o id  hormone, 2) a d re n a l c o r t i c o s 

t e r o i d s ,  and 3) i n s u l i n  and g lucagon. A lso ,  th e  e f f e c t s  o f  v i ta m in  D 

w i l l  be d is c u s s e d  i n  t h i s  s e c t io n .  The n a tu re  o f  the  a c t io n s  o f  these  

hormones on i n t e s t i n a l  p r o p e r t ie s  has t o  be i n t e r p r e t e d  c a r e f u l l y .  As 

L e v in  p o in te d  o u t  i n  h is  re v ie w  o f  the  s u b je c t ,  th e  hormones can induce  

changes i n  th e  i n t e s t i n a l  e p i th e l iu m  in  many ways, o n ly  one o f  which i s  

a p r im a ry  i n t e r a c t i o n  w i t h  an e p i t h e l i a l  c e l l  ( 7 8 ) .  The presence o r  ab

sence o f  a hormone can a f f e c t  i n t e s t i n a l  p r o p e r t ie s  i n  a v a r i e t y  o f  ways, 

n o ta b ly  by ch an g in g  the  a p p e t i t e  o f  th e  a n im a l ,  by chang ing  g a s t r o in te s 

t i n a l  m o t i l i t y  a n d /o r  s e c r e t i o n ,  by chang ing  th e  e l e c t r o l y t e  ba lance o f  

the  a n im a l ,  by s t im u la t i n g  the  re le a s e  o f  a n o th e r  hormone w h ich , i n  t u r n ,  

a c ts  on th e  i n t e s t i n e ,  o r  by p la y in g  a p e rm is s iv e  r o le  by making the  c e l l  

s u s c e p t ib le  t o  th e  a c t io n  o f  o th e r  hormones. These p o s s i b i l i t i e s  a re  

d i f f i c u l t  to  d i s c e r n  when w o rk ing  in  v i v o , and i t  i s  always necessary  to  

dem ons tra te  a s p e c i f i c  a c t i o n  i n  v i t r o , i f  th e  p r im a ry  a c t io n  o f  the  h o r

mone bn th e  c e l l  i s  to  be v e r i f i e d .

Growth Hormone and T h y ro x in  

I t  i s  known c l i n i c a l l y  th a t  h y p e r th y ro id is m  i s  a s s o c ia te d  w i th
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a marked in c re a s e  i n  i n t e s t i n a l  w e ig h t  ( 7 8 ) .  T h is  has been v e r i f i e d  i n  

th e  l a b o r a to r y  by th e  in d u c t io n  o f  e x p e r im e n ta l  h y p e r th y ro id is m  and by 

th e  c h ro n ic  i n j e c t i o n  o f  t h y r o x in  i n  r a t s  ( 7 8 ) .  The in c re a s e  i n  w e ig h t  

i s  p r i m a r i l y  due to  an in c re a s e  i n  v i l l u s  h e ig h t  and t o t a l  mucosal 

t h ic k n e s s  (1 2 6 ) .  I t  was a lso  noted  t h a t  th e  m i c r o v i l l u s  b o rd e r  i s  hy

p e r t r o p h ie d ,  and th e re  i s  an enhancement o f  b rush  b o rd e r  enzyme a c t i v i t y  

under these  c o n d i t io n s  (1 2 6 ) .  C o n s is te n t  w i t h  these  f i n d i n g s ,  th e re  i s  

a decrease i n  w e ig h t  and development o f  i n t e s t i n a l  s t r u c t u r e  and fu n c 

t i o n  i n  th e  h y p o th y r o id  an im a l ( 8 ) .  L eb lo n d , e t  a l .  dem onstra ted  t h a t  

th e  m i t o t i c  in d e x  o f  c r y p t  e p i t h e l i a l  c e l l s  i s  reduced a p p ro x im a te ly  

50% upon the  rem ova l o f  the  t h y r o i d  ( 7 4 ) .  I t  was then  d is c o v e re d  t h a t  

the  m i t o t i c  in d e x  o f  these  h y p o th y ro id  r a t s  can be in c re a s e d  to  norm a l 

va lu e s  w i th  the  a d m in i s t r a t i o n  o f  t h y r o x i n .

A s i m i l a r  ty p e  o f  a t ro p h y  o f  s m a l l  i n t e s t i n a l  s t r u c t u r e  occurs  

i n  hypophysectom ized  a n im a ls .  I t  has been dem ons tra ted  t h a t  rem ova l o f  

the  p i t u i t a r y  g la nd  causes marked decreases i n  the  h e ig h t  and d ia m e te r  

o f  v i l l i  and i n  th e  g e n e ra l w e ig h t  o f  th e  s m a l l  i n t e s t i n e  (4 6 ) .  In  the  

s tu d y  c i t e d  b e fo re ,  Leb lond , e t  a l .  dem ons tra ted  t h a t  hypophysectomy, 

l i k e  th y ro id e c to m y ,  m arked ly  reduces th e  m i t o t i c  in d e x  i n  the  c r y p t .

T h is  change was th e n  shown to  be re v e rs e d  by " re p la c e m e n t"  th e ra p y  w i th  

g row th  hormone ( 7 4 ) .  These i n v e s t i g a t o r s  then  proceeded t o  s tu d y  the  

i n t e r - r e l a t i o n s h i p s  o f  the  a c t io n s  o f  t h y r o i d  hormone and growth hormone 

on the  s m a l l  i n t e s t i n e .  In  t h i s  s tu d y ,  th e y  i n j e c t e d  th y ro id e c to m iz e d  

a n im a ls  w i th  g row th  hormone, hypophysectom ized  an im a ls  w i th  t h y r o x in ,  

and bo th  groups o f  s u r g i c a l l y  a b la te d  a n im a ls  w i th  bo th  hormones a t  the  

same t im e .  T h e ir  r e s u l t s  dem onstra ted  t h a t  the  th y ro id e c to m iz e d  an im a ls
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were h ig h l y  re s p o n s iv e  to  g row th  hormone ( w i th  the  m i t o t i c  in d e x  r e t u r n 

in g  to  n o rm a l) ,  whereas th e  hypophysectom ized a n im a ls  f a i l e d  to  respond 

to  t h y r o x in  t r e a tm e n t .  When b o th  hormones were i n j e c t e d  s im u l ta n e o u s ly  

to  bo th  p i t u i t a r y  and t h y r o i d  a b la te d  a n im a ls ,  m i t o t i c  a c t i v i t y  i n 

c reased  i n  b o th  ca ses .  S ince th y r o x in  has no e f f e c t  on i n t e s t i n a l  mi

t o t i c  a c t i v i t y  when the  p i t u i t a r y  i s  removed, the  a u th o rs  conc luded  t h a t  

t h y r o x in  was a c t in g  i n d i r e c t l y  on the i n t e s t i n a l  e p i th e l iu m  by s t im u la 

t i n g  th e  re le a s e  o f  endogenous growth hormone which  has a m ito g e n ic  e f 

f e c t  on th e  i n t e s t i n a l  e p i t h e l iu m .

The p h y s io lo g i c a l  im po rtance  o f  these  f i n d i n g s  ( th e  e f f e c t  o f  

g row th  hormone and t h y r o x in  on the  i n t e s t i n e )  i s  p r e s e n t ly  u n c e r ta in .

I t  i s  known t h a t  th y ro id e c to m y  and hypophysectomy are accompanied by a 

marked lo s s  i n  a p p e t i t e  o f  the  an im al, as w e l l  as a r e t a r d a t i o n  i n  gas

t r o i n t e s t i n a l  m o t i l i t y .  On th e  o th e r  hand, in c r e a s in g  the  le v e ls  o f  

the se  hormones has the  re v e rs e  e f f e c t  ( 7 8 ) .  S ince i n  none o f  the above 

s tu d ie s  th e  e x p e r im e n ta l  and c o n t r o l  g roups were p a i r  fe d ,  one i s  h a rd  

p ressed  t o  co nc lud e  w hether th e  changes i n  i n t e s t i n a l  p r o p e r t ie s  were 

due to  a v a r ie d  amount o f  foo d  in g e s te d  o r  a d i r e c t  horm onal a c t io n  on 

th e  i n t e s t i n a l  e p i t h e l iu m .

I f  one does make th e  assumption t h a t  g row th  hormone (whether 

s t im u la te d  by t h y r o x in  o r  by o th e r  means) does have a d i r e c t  m i to g e n ic  

e f f u c t  on th e  c r y p t  e p i t h e l i a l  c e l l s ,  th e  q u e s t io n  a r is e s  whether t h i s  

i s  r e p r e s e n ta t i v e  o f  a s p e c i f i c  e f f e c t  on the  i n t e s t i n e  or a g e n e ra l 

e f f e c t  on a l l  th e  t i s s u e s  i n  th e  body. T h is  q u e s t io n s  can be p a r t i a l l y  

answered i f  g row th  hormone o r  t h y r o x in  can be im p l i c a te d  i n  the  h ig h l y  

v a r ia b le  g row th  p r o p e r t ie s  o f  th e  i n t e s t i n e  d iscu ssed  i n  th e  above
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s e c t io n s .  In  s t a r v a t i o n ,  f o r  in s ta n c e ,  i t  i s  known t h a t  g row th  hormone 

le v e l s  r i s e  to  a h ig h  l e v e l ,  whereas b lo o d  t h y r o x in  l e v e l s  d e c l in e  (12, 

107 ).  Th is  in c re a s e  i n  g ro w th  hormone l e v e l s  seems in c o n s i s t e n t  w i th  

the  f a c t  t h a t  th e  i n t e s t i n e  undergoes a t ro p h y  d u r in g  s t a r v a t i o n ,  thus 

und e rm in ing  th e  p o s s i b i l i t y  t h a t  growth hormone p la y s  a r o l e  i n  the  sen

s i t i z a t i o n  o f  th e  i n t e s t i n e  t o  th e  absence o r  p resence  o f  fo o d .  S im i

l a r l y ,  i t  i s  known t h a t  bo th  g row th  hormone and t h y r o x i n  are found i n  

r e l a t i v e l y  h igh  c o n c e n t r a t io n s  i n  the  b lo od  a f t e r  b i r t h  and are n o t  d ra 

m a t i c a l l y  changed by weaning (1 0 7 ) .  C o n sequen t ly ,  th e  p o s s i b i l i t y  t h a t  

these  hormones p la y  an im p o r ta n t  r o le  i n  th e  m o d i f i c a t i o n  o f  i n t e s t i n a l  

c e l l  renew a l d u r in g  these  p e r io d s  must be t e n t a t i v e l y  r u le d  o u t .

A d re n a l C o r t i c o s t e r o id s  

A drena l c o r t i c o s t e r o i d s  have been found  t o  s t im u la t e  p re coc io u s  

developm ent o f  a d u l t  i n t e s t i n a l  p r o p e r t ie s  i n  new ly  born  ro d e n ts .  Th is  

a c t io n  was o r i g i n a l l y  re v e a le d  by iïloog, e t  a l .  who dem onstra ted  t h a t  a 

s in g le  i n j e c t i o n  o f  c o r t i s o n e  in d uce s  th e  p re c o c io u s  deve lopm ent o f  duo

dena l a l k a l i n e  phosphatase  i n  two week o ld  m ice (9 4 ) .  S ince  t h a t  p io 

n e e r in g  e x p e r im e n t ,  th e  deve lopm ent o f  s e v e r a l  o th e r  b rush  b o rd e r  en

zymes has been shown to  be s e n s i t i v e  to  th e  a d r e n o c o r t i c o s t e r o id s . Se

v e r a l  i n v e s t i g a t o r s  have dem ons tra ted  t h a t  h y d r o c o r t is o n e  i n j e c t i o n s  i n t o  

th re e  to  n ine  day o ld  r a t s  s t im u la t e s  th e  p re c o c io u s  deve lopm ent o f  i n 

t e s t i n a l  sucrase and m a ltase  (2 4 , 4 7 ) .  The s t im u la t o r y  a c t io n  o f  these  

hormones on th e  e a r l y  deve lopm ent o f  the  enzymes has been dem onstra ted  

i n  v i t r o  i n  o rgan  c u l t u r e  systems c o n ta in in g  s t r i p s  o f  i n t e s t i n a l  t i s s u e  

from  young an im a ls  (2 4 ,  48 , 9 3 ) .  These l a t t e r  e x p e r im e n ts  d e f i n i t i v e l y
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prove  t h a t  h y d r o c o r t is o n e  d i r e c t l y  i n t e r a c t s  w i th  i n t e s t i n a l  e p i t h e l i a l  

c e l l s .  U n t i l  r e c e n t l y ,  no e f f e c t  o f  th e  c o r t i c o s t e r o i d s  on la c ta s e  

a c t i v i t y  c o u ld  be fo u n d .  However, i n  1971 K o ldovsky ,  e t  a l .  success

f u l l y  s t im u la te d  the  p re c o c io u s  d e c l in e  o f  " a c id "  la c ta s e  i n  the i le u m  

by d a i l y  i n j e c t i o n s  o f  c o r t i s o n e  i n t o  r a t s  n in e  to  f i f t e e n  days o ld  

(5 8 ) .  T h e re fo re ,  th e  c o r t i c o s t e r o id s  seem to  have a m a jo r in f lu e n c e  on 

th e  deve lopm ent o f  most o f  the  i n t e s t i n a l  enzymes w i th  the  no tab le  ex

c e p t io n  o f  b rush  b o rd e r  ( n e u t r a l )  la c t a s e .

The a d re n a l c o r t i c o s t e r o id s  may a ls o  p la y  an im p o r ta n t  r o le  i n  

th e  changes i n  c e l l u l a r  p r o l i f e r a t i v e  a c t i v i t y  o c c u r r in g  a t  weaning. I t  

has been dem ons tra ted  t h a t  r a t s  r e c e i v in g  i n j e c t i o n s  o f  h y d ro c o r t is o n e  

b e g in n in g  on th e  t h i r d  day o f  l i f e  have s i g n i f i c a n t l y  g r e a te r  m i t o t i c  

a c t i v i t y  and c r y p t  h e ig h t  than  c o n t r o l  r a t s  when they  a re  s a c r i f i c e d  a t  

th e  end o f  th e  second week o f  l i f e  ( 4 7 ) .  M ig r a t io n  r a t e  has also been 

shown to  be a f f e c t e d  by s t e r o i d  i n j e c t i o n ,  in c r e a s in g  a p p ro x im a te ly  

f o u r - f o l d  ove r  the  c o n t r o l s .  I t  th u s  appears t h a t  tha  s t e r o id s  in duce  

c e l l s  o f  the  v i l l u s  and c r y p t  t o  d e ve lo p  p r o p e r t ie s  c h a r a c t e r i s t i c  o f 

m ature  e p i t h e l i a l  c e l l s .

The e f f e c t s  o f  s t e r o id s  on u l t r a s t r u c t u r a l  deve lopm ent have 

a ls o  been s tu d ie d  ( 1 5 ) .  I t  has been dem ons tra ted  t h a t  w i t h in  f o r t y -  

e ig h t  hours  a f t e r  an i n j e c t i o n  o f  c o r t i s o n e  i n t o  an e ig h t  day old r a t  

th e  im m ature  e p i t h e l i a l  c e l l s  l i n i n g  th e  v i l l i  a re  re p la c e d  by d i f f e r 

e n t ia t e d  c e l l s  i d e n t i c a l  to  the  v i l l u s  e p i t h e l i a l  c e l l  o f  an a d u l t .  In  

a d d i t i o n ,  th e  hormone i n h i b i t s  th e  p in o c y t i c  a c t i v i t y  o f  i l e a l  e p i th e 

l i a l  c e l l s ,  so t h a t  i n t a c t  p r o te in s  can no lo n g e r  be absorbed by t h i s  

r o u te .  Once a g a in ,  th e  hormone i n j e c t i o n  appeared to  a c c e le ra te  th e
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norm al a d u l t  deve lopm ent o f  these  p r o p e r t ie s .

C onsequen tly ,  t h e re  i s  a g re a t  d e a l o f  e v id e n c e  l i n k i n g  c o r t i 

c o s te r o id  s e c r e t io n  w i th  th e  norm al o n to g e n ic  deve lopm ent o f  i n t e s t i n a l  

s t r u c t u r e  and f u n c t i o n .  T h is  th e o ry  i s  s t re n g th e n e d  somewhat by the 

f a c t  t h a t  the  s t e r o id s  a re  i n i t i a l l y  s y n th e s iz e d  and re le a s e d  by the im

mature a d re n a l  c o r te x  betmeen the  fo u r te e n th  and t w e n t y - f i r s t  day o f  

l i f e  wh ich  i s  the  p e r io d  i n  wh ich  th e  i n t e s t i n e  b e g in s  to  deve lop  a d u l t  

p r o p e r t ie s  (24, 9 4 ) .  There a re ,  however, s e v e r a l  weaknesses i n  t h i s  

th e o r y ;  f i r s t ,  the  r a t  i n t e s t i n e  i s  o n ly  s e n s i t i v e  t o  s t e r o id  i n j e c t i o n  

between th e  t h i r d  and n in t h  day o f  l i f e .  I f  the  i n t e s t i n e  i s  i n s e n s i 

t i v e  to  s t e r o i d  t re a tm e n t  a f t e r  day n in e  and the  s t e r o i d s  are f i r s t  en

dogenous ly  re le a s e d  a t  day f o u r te e n  (w h ich  c o rre sp on d s  w i th  th e  onse t o f  

a d u l t  d e v e lo p m e n t) ,  one wonders i f  th e  s t e r o id s  r e a l l y  do p la y  a major 

r o l e  i n  th e  deve lopm ent o f  th e  i n t e s t i n e .  The second argument t h a t  can 

be used a g a in s t  th e  th e o ry  i s  based on th e  f a c t  t h a t  gavage fe e d in g  o f  

young r a t s  s t im u la te s  p re c o c io u s  deve lopm ent o f  i n t e s t i n a l  p r o p e r t ie s  

(4 7 ) ;  th e  r e l a t i o n s h ip  between t h i s  f i n d i n g  and s t im u la t i o n  o f  s t e r o i d  

s e c r e t i o n  i s  p r e s e n t ly  o b s c u re .

As a l lu d e d  to  above, the  a d u l t  s m a l l  i n t e s t i n e  i s  r e l a t i v e l y  

u n re s p o n s iv e  to  th e  a d re n a l  c o r t i c o s t e r o i d s .  T h is  c o n c lu s io n  was a r 

r i v e d  a t  by lo o k in g  th ro u g h o u t  th e  l i t e r a t u r e  and f i n d i n g  a p p ro x im a te ly  

50^ o f  th e  papers a r r i v i n g  a t  o p p o s i te  c o n c lu s io n s .  Adrena lec tom y has 

been r e p o r te d  to  reduce  m a lta s e  and a l k a l i n e  phosphatase  a c t i v i t y ,  b u t  

both  a c t i v i t i e s  r e t u r n  to  no rm a l when the  c o n d i t i o n  i s  compensated f o r  

by add ing  sodium c h lo r i d e  to  the  a n im a l 's  d r in k in g  w a te r  (21, 2 2 ) .

The a d re n a l c o r t i c o s t e r o i d  l e v e l s  i n  th e  b lo o d  do n o t  seem to
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be a f f e c t e d  d u r in g  p e r io d s  o f  s t a r v a t i o n  o r  u n d e r n u t r i t i o n  (1 2 ) .  For 

t h i s  reason  i t  i s  n o t  l i k e l y  t h a t  c o r t i c o s t e r o i d  s e c r e t i o n  (o r  la c k  o f  

s e c r e t i o n )  has a m a jo r r e g u la to r y  in f lu e n c e  on th e  i n t e s t i n a l  changes 

t h a t  oQcur d u r in g  p e r io d s  o f  food d e p r iv a t io n .

I n s u l i n  and Glucagon

S eve ra l l a b o r a t o r i e s  i n  re c e n t  years have dem ons tra ted  t h a t  

r e l a t i v e  i n t e s t i n a l  w e ig h t  ( i n t e s t i n a l  w e ig h t /b o d y  w e ig h t )  i s  m arked ly  

in c re a s e d  i n  a l lo x a n  d ia b e te s  (1 0 9 , 110 ).  The mucosa seems to  be spe- 

c i f i o a l l y  a f f e c te d  by t h i s  c o n d i t io n ,  in c r e a s in g  i n  b o th  th e  r e l a t i v e  

wet and d ry  w e ig h ts .  A no ther i n t e r e s t i n g  f i n d i n g  by th e s e  i n v e s t i g a 

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

a f t e r  th e  d ia b e t i c  c o n d i t i o n  is  in d uce d , and w i t h  t im e  th e  whole le n g th  

o f  th e  i n t e s t i n e  becomes t r o p h i c a l l y  in v o lv e d .

These f i n d in g s  a re  i n t e r e s t i n g  because the y  le a d  one to  assume 

t h a t  i n s u l i n  may be an i n h i b i t o r  o f  i n t e s t i n a l  g ro w th .  However, th e  

i n v e s t i g a t o r s  o f  t h i s  s tu d y  b roug h t up the i n t e r e s t i n g  p o i n t  t h a t  d ia 

be tes  i s  known to  be a s so c ia te d  w i th  a marked in c re a s e  i n  food  consump

t i o n .  I n  an e a r l i e r  p ap e r ,  i t  was dem onstra ted t h a t  r a t s  made hype rpha - 

g ic  by h y p o th a la m ic  le s io n s  have an in c re a s e  i n  i n t e s t i n a l  w e ig h t  s im i l a r  

to  t h a t  r e p o r te d  i n  t h i s  paper ( 7 ) .  The m ajor d i f f e r e n c e  between these 

c o n d i t i o n s  i s  the  i n a b i l i t y  of the  d ia b e t i c  an im a l to  u t i l i z e  o r  s t o r e  

the  in g e s te d  n u t r i e n t ,  hence, a lo s s  i n  body w e ig h t  (w h ic h ,  i n  t u r n ,  i n 

crease's th e  r e l a t i v e  i n t e s t i n a l  w e ig h t ) .  C o n seq u en t ly ,  one i s  u nab le  to  

d e f i n i t i v e l y  s t a te  a t  t h i s  p o in t  w he the r an i n s u l i n  d e f i c i e n c y  does have 

a s p e c i f i c  and d i r e c t  t r o p h i c  in f lu e n c e  on the  s m a l l  i n t e s t i n e .  S upport 

f o r  t h i s  p o s s i b i l i t y  was r e c e n t l y  p ro v ide d  i n  a c l i n i c a l  r e p o r t  wh ich
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d e s c r ib e d  th e  e f f e c t s  o f  a glucagonoma on the  s m a l l  i n t e s t i n e  (1 0 ) .  I t  

was shown t h a t  a b n o rm a l ly  h igh  l e v e l s  o f  g lucagon in  th e  b lood  are asso

c ia t e d  w i th  a marked in c re a s e  i n  i n t e s t i n a l  w e ig h t .  Upon c lo s e r  in s p e c 

t i o n ,  i t  was no ted  t h a t  v i l l u s  h e ig h t  was d r a m a t i c a l l y  in c re a se d  above 

no rm a l va lu e s  i n  t h i s  p a t i e n t .  These f i n d i n g s ,  t h e r e fo r e ,  le a ve  the  

p o s s i b i l i t y  open t h a t  th e  ba lance  between i n s u l i n  and g lucagon may be 

c r i t i c a l  f o r  i n t e s t i n a l  g ro w th .  In  one case, a d ia b e t i c  c o n d i t io n  ( in  

wh ich  the  e f f e c t s  o f  g lucagon are n o t  co u n te rb a la n c e d )  may induce  i n 

t e s t i n a l  e p i t h e l i a l  h y p e r t ro p h y ,  and, i n  th e  o th e r ,  a g lucagon excess 

in d u c e s  the  developm ent o f  a s i m i l a r  c o n d i t i o n .  F u r th e r  s tu d ie s  i n  

t h i s  a rea  are needed to  c l a r i f y  the  p h y s io lo g ic a l  im po rtance  o f  these  

f i n d i n g s .

The e f f e c t s  o f  a l lo x a n  d ia b e te s  on i n t e s t i n a l  enzym atic  capa

c i t y  have a ls o  been s tu d ie d  (9 5 ) .  In  p a i r - f e d  c o n t r o l  and d ia b e t i c  r a t s ,  

i t  has been dem onstra ted  t h a t  suc rase  s p e c i f i c  a c t i v i t y  i s  doubled ( in  

th e  d ia b e t i c  r a t )  both  i n  mucosal homogenate and brush b o rd e r  p re p a ra 

t i o n s .  Enzyme k i n e t i c  s tu d ie s  d is c lo s e d  t h a t  th e  d ia b e t i c  c o n d i t io n  i s  

a s s o c ia te d  w i t h  an in c re a s e  in  Umax b u t  n o t  i n  the  Km o f  su c ra se . These 

r e s u l t s  su gg e s t t h a t  d ia b e te s  s t im u la te s  an in c re a s e  i n  the  q u a n t i t y  o f  

e nzym a t ic  p r o t e in  m o lecu les  per c e l l  b u t  n o t  i n  t h e i r  b io c h e m ic a l  p ro 

p e r t i e s .  These r e s u l t s  are su pp o r ted  by the  p re v io u s  f i n d in g s  o f  Hos- 

s a in ,  e t  a l .  who dem onstra ted an in c re a s e  i n  m a ltase  a c t i v i t y  i n  d ia b e te s  

( 5 2 ) .

The e f f e c t s  o f  i n s u l i n  on i n t e s t i n a l  s t r u c t u r e  and f u n c t io n  are 

q u i t e  i n t e r e s t i n g .  Of a l l  the  hormones d iscussed  so f a r ,  i n s u l i n  and i t s  

a n ta g o n is t ,  g lucagon , a re  most s e n s i t i v e  to  the  consum ption  o f  fo o d .  I t
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i s  known t h a t  i n s u l i n  l e v e ls  r i s e  s h o r t l y  a f t e r  a meal, as the  b lo o d  

sugar l e v e l s  r i s e  (1 0 7 ) .  S i m i l a r l y ,  p e r io d s  o f  s t a r v a t i o n  decrease  i n 

s u l i n  l e v e l s  and in c re a s e  g lucagon  le v e l s  i n  the  b lood  (12, 1 0 7 ) .  From 

th e  marked i n t e s t i n a l  a t ro p h y  t h a t  occu rs  d u r in g  s t a r v a t i o n ,  i t  appears 

t h a t  the se  v a lu e s  shou ld  be go ing  i n  the  o th e r  d i r e c t i o n  i f  th e  hormones 

would have p h y s io lo g ic a l  im p o r ta n ce  a t  t h i s  t im e .  The in c re a s e d  enzyme 

l e v e l s  d u r in g  s t a r v a t i o n  (as re p o r te d  by some i n v e s t i g a t o r s ) ,  how ever, 

may be due to  th e  changes i n  i n s u l i n  and g lucagon le v e l s .

The changes i n  i n s u l i n  and g lucagon le v e ls  a t  the  o n s e t  o f  

w eaning have n o t  been s tu d ie d  y e t .  I t  would be o f  i n t e r e s t  to  see i f  

these  c o u ld  have any r o l e  i n  the  i n t e s t i n a l  development t h a t  o c c u rs  a t  

t h i s  t im e .

V i ta m in  D

V i ta m in  D r e c e n t l y  has been im p l i c a t e d  as be ing  im p o r ta n t  i n  

th e  m a in tenance  o f  i n t e s t i n a l  s t r u c t u r e  and f u n c t io n .  I t  has been 

dem ons tra ted  to  have a s i g n i f i c a n t  s t im u la t o r y  e f f e c t  on Ca'*"*’ and amino 

a c id  t r a n s p o r t  i n  the  s m a l l  i n t e s t i n e  (107, 118 ).  C o n s is ta n t  w i t h  the  

above f i n d i n g s  i s  th e  known f a c t  t h a t  v i t a m in  D d e f i c i e n t  a n im a ls  have 

a b n o r m a l i t ie s  i n  Ca'*"*’ m e tabo lism  and f r e q u e n t l y  s u f f e r  from  r i c k e t s  o r  

o s te o m a la c ia .  T h is  may be due to  th e  i n a b i l i t y  o f  th e  s m a l l  i n t e s t i n e  

to  absorb  Ca'*” *'and th e  r e s is ta n c e  o f  bone to  undergo c a l c i f i c a t i o n  i n  the 

absence o f  V i ta m in  D (1 0 7 ) .  The i n t e s t i n a l  s t r u c t u r e  i s  a ls o  v e ry  sen

s i t i v e  to  the  presence o f  v i t a m in  D. I t  has been dem onstra ted  t h a t  

v i t a m in  0 i s  a s t im u la n t  f o r  RNA s y n th e s is  i n  the  i n t e s t i n a l  e p i t h e l iu m  

(1 1 7 ) .  In  an o the r  s tu d y ,  i t  has been shown t h a t  i n  v i t a m in  0 d e p le te d  

r a t s ,  th e re  i s  a marked decrease i n  duodena l mucosal wet and d r y  w e ig h t .
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which can be c o m p le te ly  reve rsed  i n  the  f o r t y - e i g h t  hours a f t e r  v i t a m in  

D r e p le t i o n  (1 2 4 ) .

Ga s t r i n  as a T ro p h ic  Agent

The f i r s t  i n d i c a t i o n  t h a t  g a s t r i n  may have a t r o p h ic  in f lu e n c e  

on g a s t r o i n t e s t i n a l  t r a c t  t i s s u e  was found  i n  p a t i e n t s  s u f f e r i n g  from  

the  Z o l l i n g e r - E l l i s o n  syndrome (1 3 0 ) .  In  t h i s  d is e a s e ,  a g a s t r i n - p r o 

duc ing  p a n c r e a t i c  tum or form s, r e le a s in g  th e  hormone i n  h ig h  c o n c e n tra 

t i o n  i n  the  b lo o d .  Upon autopsy o f  p a t i e n t s  s u f f e r i n g  from t h i s  g a s t r i 

noma, i t  was found  t h a t  the re  was marked h y p e r p la s ia  o f  the  g a s t r i c  and 

duodena l mucosa.

These o b s e rv a t io n s  were im m e d ia te ly  f o l lo w e d  by la b o r a t o r y  ex

p e r im e n ts  i n  wh ich  h ig h  le v e ls  o f  g a s t r i n  were m a in ta in e d  i n  r a t s  by 

d i f f e r e n t  means. I n  th e  f i r s t  e x p e r im e n t ,  Crean, e t  a l .  c h r o n i c a l l y  i n 

je c te d  a group  o f  r a t s  w i th  supram axim al doses o f  p e n ta g a s t r in  and d u r in g  

th e  same t im e  i n t e r v a l ,  i n je c t e d  a c o n t r o l  g roup w i th  s a l in e  and a n o th e r  

w i th  h is ta m in e  ( 1 8 ) .  A f t e r  tw e n ty -o n e  days ,  th e  an im a ls  were s a c r i f i c e d  

and the  g a s t r i c  mucosa was removed f o r  o b s e r v a t io n .  These i n v e s t i g a t o r s  

found  s i g n i f i c a n t  in c re a s e s  i n  f u n d ic  w e ig h t ,  f u n d ic  mucosal t h i c k n e s s ,  

and the  number o f  p a r i e t a l  c e l l s  i n  the  f u n d ic  re g io n  o f  the  stomach in  

the  p e n t a g a s t r i n - i n j e c t e d  r a t s  i n  com par ison  t o  th e  o th e r  two g roup s .

The c e l l s  o f  the  antrum  and the  squamous r e g io n  o f  th e  stomach d id  n o t  

appear to  be a f f e c t e d  by the  p e n ta g a s t r in  t r e a tm e n t .  In  a d d i t i o n ,  no 

s i g n i f i c a n t  d i f f e r e n c e  i n  the  c h ie f  c e l l  p o p u la t io n  was in d uce d  by the  

t re a tm e n t .  In  an accompanying p a p e r ,  Crean, e t  a l .  a t tem p ted  to  s t im u 

l a t e  endogenous g a s t r i n  re le a s e  by p a r t i a l l y  o b s t r u c t in g  th e  p y l o r i c -
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duodena l bu lb  j u n c t i o n  ( t h i s  was accom plished  by t y in g  a l i g a t u r e  around 

th e  j u n c t i o n )  ( 1 7 ) .  T h is  concep t was based on th e  b e l i e f  th a t  the l i g a 

t u r e  wou ld  m a rke d ly  r e t a r d  g a s t r i c  em p ty ing ,  ca u s in g  food  to  accum ulate  

i n  th e  an trum , r e s u l t i n g  i n  i t s  d is te n s io n ,  w h ich  i n  t u r n  s t im u la te s  

c h r o n ic  re le a s e  o f  g a s t r i n .  T h e i r  r e s u l t s  showed a g e n e ra l  in c re a se  in  

a l l  g a s t r i c  m o rp h o lo g ic a l  p r o p e r t ie s ,  n o ta b ly ,  an in c re a s e  in  stomach 

w e ig h t ,  mucosal t h i c k n e s s  (b o th  fu n d ic  a id  a n t r a l ) ,  mucosal h e ig h t  (b o th  

f u n d ic  and a n t r a l ) ,  and i n  th e  t o t a l  number o f  p a r i e t a l  and c h ie f  c e l l s .  

Because the  g a s t r i n  rad io im m unoassay was n o t  p e r fe c te d  a t  t h i s  t im e ,  i t  

was n o t  known w h e the r the  t r o p h ic  changes were due to  h y p e rs e c re t io n  o f  

g a s t r i n  o r  a l o c a l  in f la m m a to ry  r e a c t io n  which would  be caused by the  

o b s t ru c te d  c o n d i t i o n .

These e a r l i e r  f i n d i n g s  have been s u p p o r te d  more r e c e n t ly  by 

S ta n le y ,  e t  a l . , who c h r o n i c a l l y  i n je c t e d  r a t s  w i t h  a maximal dose o f  

p e n ta g a s t r in  f o r  f o u r t e e n  days and dem onstra ted  d ra m a t ic  in c re a se s  i n  

bo th  b a s a l  and s t im u la t e d  g a s t r i c  s e c re to r y  o u tp u t  ove r a c o n t r o l  group 

o f  r a t s  (1 1 4 ) .  T h is  in c re a s e  i n  g a s t r i c  s e c r e t i o n  a f t e r  c h ro n ic  pen ta 

g a s t r i n  t re a tm e n t  was c l o s e l y  r e la t e d  to  an in c re a s e  i n  the  t o t a l  number 

o f  p a r i e t a l  c e l l s .

Ano ther p e r s p e c t iv e  i n  s tu d y in g  the  t r o p h i c  e f f e c t s  o f  g a s t r i n  

on th e  g a s t r i c  mucosa was pursued by M a r t in ,  e t  a l .  (8 5 ) .  These in v e s 

t i g a t o r s  removed th e  sou rce  o f  g a s t r i n  by p e r fo rm in g  an an trec tom y f o l 

lowed by B i l l r o t h  I  gastroduodenostom y on a group o f  r a t s .  Upon s a c r i 

f i c e  o f  the  a n im a ls  s i x  to  n in e  weeks a f t e r  the  o p e r a t io n ,  they removed 

th e  o x y n t ic  g la nd  re g io n  and made m o rp h o lo g ic a l  com par isons between them 

and those  o f  sham -ope ra ted  c o n t r o l s .  T h e i r  r e s u l t s  re v e a le d  d ra m a t ic
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a tro p h y  of the  o x y n t i c  mucosa i n  the  g a s t r in - d e p le te d  a n im a ls .  There 

mas a s i g n i f i c a n t  r e d u c t io n  o f  mucosal h e ig h t ,  t h i c k n e s s ,  and i n  the  

number o f  p a r i e t a l  anff (Th ie f c e l l s  i n  the  o x y n t ic  g la n d  a rea  o f  th e  an- 

t re c to m iz e d  a n im a ls  i n  com par ison  to  the  c o n t r o ls .

D e ta i le d  b io c h e m ic a l  s tu d ie s  on th e  e f f e c t  o f  p e n ta g a s t r in  on 

th e  g a s t r i c  and duodena l mucosae have accompanied these  m o rp h o lo g ic a l  

and p h y s io lo g ic a l  f i n d i n g s .  Dohnson, e t  a l .  have dem ons tra ted  t h a t  

p e n ta g a s t r in  s t im u la t e s  p r o te in  s y n th e s is  i n  both o x y n t ic  and duodenal 

mucosae, em ploy ing bo th  i n  v iv o  and i n  v i t r o  techn iques  ( 5 8 ) .  In  a 

more re c e n t  s tu d y .  C h a n d le r ,  e t  a l .  demonstrated t h a t  p e n ta g a s t r in  a lso  

s t im u la te s  RNA s y n th e s is  i n  bo th  the  o x y n t ic  and duodenal mucosae (1 4 ) .  

lYlayston and Barromman have been s tu d y in g  th e  e f f e c t s  o f  c h ro n ic  pen ta 

g a s t r i n  a d m in i s t r a t io n  on th e  pancreas i n  comparison to  th e  e f f e c t s  o f  

h is ta m in e  and s a l in e  ( 8 6 ) .  They have found that the  pancreas o f  the  

p e n t a g a s t r in - t r e a t e d  r a t s  we ighs s i g n i f i c a n t l y  more than t h a t  o f  the  

c o n t r o l s .  They a lso  n o te d  t h a t  th e  a c in a r  c e l l  d e n s i t y  and c o n c e n tra 

t i o n  o f  DMA mas decreased by t h i s  t re a tm e n t ,  mhereas RNA c o n c e n t r a t io n  

in c re a s e d .  I t  mas a ls o  found  t h a t  t o t a l  p a n c re a t ic  DIMA mas unchanged, 

and t h a t  t o t a l  RIMA mas in c re a s e d  i n  the  p e n ta g a s t r in  i n j e c t e d  r a t s .

These a u th o rs  conc luded  t h a t  p e n ta g a s t r in  induced a c in a r  c e l l  h y p e r t r o 

phy and th a t  th e  d i f f e r e n c e s  i n  t i s s u e  w e ig h t  was p r i m a r i l y  due to  an 

in c re a s e  in  t i s s u e  H2O. T h is  i s  an e x tre m e ly  i n t e r e s t i n g  th e o ry ,  bu t  

th e  necessary met w e ig h t - d r y  w e ig h t  comparison d e te r m in a t io n s  mere n o t  

pe r fo rm ed .

G a s t r in  has a ls o  been shown to  a f f e c t  enzym ic a c t i v i t y  o f  gas

t r o i n t e s t i n a l  t i s s u e s .  Kah lson , e t  a l .  dem onstra ted i n  th e  e a r l y  196D's
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t h a t  g a s t r i n  s t im u la te d  h i s t i d i n e  d e c a rb o x y la s e  a c t i v i t y  i n  the  stomach 

(6 1 ) .  Johnson, e t  a l .  then dem onstra ted  t h a t  a n tre c to m y  m arked ly  reduces 

h i s t i d i n e  d e c a rb o x y la s e  a c t i v i t y  and t h a t  t h i s  d e c l in e  i n  a c t i v i t y  can be 

c o m p le te ly  re v e rs e d  by i n j e c t i o n s  o f  p e n ta g a s t r in  (6 0 ) .

The p a n c r e a t ic  enzymes l i p a s e ,  am ylase, and e s te ra se  have a lso  

been shown to  be g a s t r i n  s e n s i t i v e .  lYlayston, e t  a l .  have shown reduc 

t io n s  o f  a l l  t h r e e  enzymes a f t e r  c h ro n ic  p e n ta g a s t r in  t re a tm e n t ,  w i th  

s i g n i f i c a n t  d i f f e r e n c e s  be ing  fou n d  i n  the  l a t t e r  two a c t i v i t i e s  (8 6 ) .

I t  th u s  appears t h a t  g a s t r i n  (o r  i t s  d e r i v a t i v e ,  p e n ta g a s t r in )  

has a s i g n i f i c a n t  e f f e c t  on the  s t r u c t u r e  and f u n c t i o n  o f  g a s t r o i n t e s t i 

n a l  t i s s u e s .  The e p i t h e l i a l  c e l l s  o f  the  g a s t r i c  and duodenal mucosal 

seem to  be s e n s i t i v e  to  g a s t r i n ,  r e a d i l y  in c r e a s in g  i n  c e l l u l a r  mass in  

the  presence  o f  h ig h  l e v e l s  o f  the  hormone, o r  d e g e n e ra t in g  i n  i t s  ab

sence . The a c in a r  c e l l s  o f  the  pancreas a ls o  are a f f e c t e d  by t h i s  gas

t r o i n t e s t i n a l  hormone, a l though  the  a c t io n  h e re  may be o f  a d i f f e r e n t  

n a tu re .  As d e s c r ib e d  above, g a s t r i n  i s  a ls o  known to  in f lu e n c e  the  en

zymic c a p a c i t y  o f  t i s s u e s  on th e  d ig e s t i v e  sys tem .

P o s s ib le  R e g u la to ry  Role o f  G a s t r in  
in  I n t e s t i n a l  P ro p e r ty  Changes

W ith  a l l  these  known a c t io n s  and p r o p e r t ie s  o f  g a s t r i n  i n  mind, 

we began to  e x p lo re  th e  p o s s i b i l i t y  o f  w he the r a " g a s t r i n  e f f e c t "  cou ld  

accoun t f o r  some o f  th e  v a r ia b le  i n t e s t i n a l  p r o p e r t ie s  d iscussed  a t  

le n g th  i n  th e  above s e c t io n s .  I t  i s  a ls o  known t h a t  w i t h in  m inu tes  o f  

e a t in g  a meal b lo od  g a s t r i n  le v e ls  begin  to  r i s e ,  peak ing  a t  a va lu e  

f i v e  t im e s  th e  b a s a l  l e v e l  between f o r t y - f i v e  and s i x t y  m inutes a f t e r  

the c o m p le t io n  o f  the  m eal. The g a s t r i n  c o n c e n t r a t io n  i n  the b lood  then
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beg ins  to d e c l in e ,  re a c h in g  a s ta b le  p o s t p r a n d ia l  l e v e l  between th re e  to  

fo u r  hours a f t e r  th e  meal ( 7 3 ) .  D u r ing  p e r io d s  o f  s t a r v a t i o n ,  t h i s  

marked s t im u la t io n  o f  g a s t r i n  le v e ls  wou ld  be a b s e n t .  I f  g a s t r i n  t r o -  

p h i c a l l y  a f f e c t s  th e  i n t e s t i n a l  mucosa, i t s  absence d u r in g  s t a r v a t io n  

c o u ld  be th e  cause o f  the  mucosal a t ro p h y .  The changes i n  enzyme l e v e l s  

d u r in g  s t a r v a t i o n  may a ls o  be a t t r i b u t e d  to  t h i s  g a s t r i n  d e f ic ie n c y  d u r

in g  s t a r v a t i o n .

G a s t r o i n t e s t i n a l  s u r g i c a l  p rocedures  m a rk e d ly  changes the  p ro 

p e r t i e s  o f  the  i n t e s t i n a l  e p i th e l iu m .  I l e a l  r e s e c t i o n  s t im u la te s  p ro 

l i f e r a t i v e  a c t i v i t y  i n  th e  c r y p t .  T h is  c o u ld  be a t t r i b u t e d ,  i n  p a r t ,  to  

the  rem ova l o f  s i t e s  o f  a g a s t r i n  a n ta g o n is t ,  s e c r e t i n ,  which i s  th o u g h t  

to  be lo c a te d  a lo n g  the  e n t i r e  le n g th  o f  the  s m a l l  i n t e s t i n e  (9 0 ) .  The 

a u th o rs  conc luded  t h a t  i l e a l  r e s e c t io n  somehow re le a s e d  an " i n t e s t i n a l  

e p i t h e l i a l  g row th  horm one". Could i t  a c t u a l l y  be e x p la in e d  by a c o n d i

t i o n  i n  which the  t r o p h i c  a c t io n  o f  g a s t r i n  i s  unchecked by low le v e ls  

o f  s e c r e t in ?  Vagotomy a ls o  was shown to  s t im u la t e  p r o l i f e r a t i o n  o f  i n 

t e s t i n a l  e p i t h e l i a l  c e l l s  o f  the c r y p t .  I t  i s  a ls o  known t h a t  vagotomy 

s t im u la te s  the  re le a s e  o f  h ig h  le v e ls  o f  g a s t r i n  a lo ng  w i th  super s e n s i 

t i z i n g  hormonal r e c e p to r  s i t e s  (87, 1 27 ).  C o n s e q u e n t ly ,  these r e s u l t s  

to o ,  can be e x p la in e d  as a response to  h ig h  l e v e l s  o f  th e  hormone. A l t 

man, e t  a l . ' s  e le g a n t  t r a n s p o s i t i o n  e x p e r im e n ts  re v e a le d  th a t  th e re  was 

p o s s ib ly  a " v i l l u s  e n la r g in g  f a c t o r "  lo c a te d  i n  th e  antrum  and duodenum, 

and an a n t a g o n is t i c  " v i l l u s  re d uc in g  f a c t o r "  lo c a te d  i n  the  i le u m . The 

lo c a t i o n s  o f  the  " v i l l u s  e n la rg in g  f a c t o r "  c o in c id e  p e r f e c t l y  w i th  our 

p re s e n t  knowledge o f  the  l o c a t i o n  o f  g a s t r i n  a lo n g  the  g a s t r o i n t e s t i n a l  

t r a c t ,  and the  " v i l l u s  re d u c in g  f a c t o r "  may c o r re s p o n d  to  s e c r e t in  s i t e s
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i n  th e  i l e a l  w a l l  ( a l th o u g h  t h e i r  e x p e r im e n ta l  r e s u l t s  do n o t  c o n ta in  

c o n v in c in g  e v idence  t h a t  a " v i l l u s  re d u c in g  f a c t o r "  e x i s t s  a t  a l l ) .

The p o s s ib le  r e l a t i o n s h i p  between g a s t r i n  and o n to g e n ic  deve

lopm en t o f  the  s m a l l  i n t e s t i n e  i s  q u i t e  i n t e r e s t i n g .  Recent e x p e r i 

ments by Ze lenkova , e t  a l .  r e v e a l  t h a t  g a s t r i n  a c t i v i t y  i n i t i a l l y  ap

p ea rs  d u r in g  the  t h i r d  week o f  l i f e  (1 29 ) .  T h is  co rre sp on d s  v e ry  w e l l  

w i t h  the  t im e  o f  norm al deve lopm ent o f  the i n t e s t i n e  b o th  s t r u c t u r a l l y  

and f u n c t i o n a l l y .  One wou ld  a ls o  assume t h a t  g a s t r i n  re le a s e  would be 

h i g h l y  s e n s i t i v e  to  the  change from  s u c k l in g  to  weaning (o r  l i q u i d  food 

to  s o l i d  fo o d ) ,  s in c e  th e  m a jo r s t im u la n t  f o r  g a s t r i n  re le a s e  i s  tho u g h t 

t o  be the  m echan ica l d is t e n s io n  o f  the  antrum (4 3 ) .

L a s t ly ,  the  e f f e c t s  o f  v i t a m in  D on th e  s m a l l  i n t e s t i n e  are 

q u i t e  i n t e r e s t i n g  when one c o n s id e rs  a p o s s ib le  g a s t r i n  r e l a t i o n s h i p .  

Recent expe r im en ts  i n  s e v e r a l  l a b o r a t o r i e s  have dem onstra ted  t h a t  Ca++ 

(when a d m in is te re d  in t r a v e n o u s ly )  i s  a p o te n t  s t im u la t o r  o f  g a s t r i n  re 

le a s e  ( 3 ) .  With t h i s  i n  m ind , a lo n g  w ith  the  knowledge t h a t  v i t a m in  D 

i s  needed f o r  Ca*^ t o  be t r a n s p o r t e d  i n t o  th e  body, i t  f o l l o w s  t h a t  

v i t a m in  D d e f i c i e n c y  i s  a s s o c ia te d  w i th  low  b lood  Ca++ l e v e l s  and q u i te  

p o s s ib ly  low b a s a l  g a s t r i n  l e v e l s  as w e l l .  I f  t h i s  i s  t r u e ,  many o f  the  

t r o p h i c  e f f e c t s  th o u g h t  to  be d i r e c t l y  due to  v i ta m in  0 may a c t u a l l y  be 

a t t r i b u t a b l e  to  g a s t r i n .

Hypotheses

For th e  reasons s ta te d  above, I  f e e l  t h a t  the  e f f e c t s  o f  gas

t r i n  on the i n t e s t i n a l  e p i t h e l i u m  need to  be i n v e s t i g a t e d .  A t  t h i s  

t im e ,  t h e r e fo r e ,  I  w ish  t o  s t a t e  s e v e ra l  hypo theses  t h a t  w i l l  be te s te d  

i n  th e  course o f  t h i s  d i s s e r t a t i o n  re s e a rc h .  Each o f  these  i s  based on
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th e  p rem ise  t h a t  g a s t r i n  has a t r o p h ic  i n f l u e n c e  on the i n t e s t i n a l  e p i 

t h e l i u m .  We a ls o  b e l ie v e  t h a t ,  i n  t u r n ,  th e  hormone m i l l  change the  

f u n c t i o n a l  c a p a c i t y  o f  the  i n t e s t i n e .  The e x a c t  n a tu re  o f  t h i s  l a t t e r  

a c t i o n  ca n n o t  be p r e d ic t e d  a t  th e  p re s e n t  t im e .

(1 )  The f u n c t i o n a l  and a t r o p h ic  s t r u c t u r a l  changes o f  the  s m a l l
i n t e s t i n e  d u r in g  s t a r v a t i o n  a re  i n  p a r t  due to  a g a s t r i n
d e f i c i e n c y .

(2 )  G a s t r in  p la y s  a major r o l e  i n  th e  i n t e s t i n a l  deve lopm enta l 
changes t h a t  occu r  a t  th e  onse t o f  meaning.

( 3 ) H igh and lom endogenous g a s t r i n  l e v e l s  r e s u l t  i n  t r o p h ic
and d e g e n e ra t iv e  i n t e s t i n a l  s t r u c t u r a l  changes, r e s p e c t iv e 
l y .  D iv e rs e  f u n c t i o n a l  changes a re  a ls o  e l i c i t e d  by these  
tmo c o n t r a s t i n g  c o n d i t io n s .

( 4 ) G a s t r in  has a d i r e c t  t r o p h ic  a c t i o n  on the  i n t e s t i n a l  e p i 
t h e l i u m ,  w h ich  can be d em o n s tra te d  i n  an iui v i t r o  system.

A more d e t a i l e d  d e s c r ip t io n  o f  th e  expe r im en ts  which m i l l  be em

p lo y e d  to  t e s t  these  th e o r ie s  m i l l  be p re s e n te d  i n  the  f o l lo w in g  c h a p te r .



CHAPTER I I  

METHODS AND MATERIALS

E x p e r im e n ta l Design  

In  o r d e r  to  i n v e s t i g a t e  the  p o s s ib le  r e la t i o n s h ip s  between th e  

c o n c e n t r a t io n  o f  g a s t r i n  i n  the  b lood  and th e  changes i n  i n t e s t i n a l  p ro 

p e r t i e s  o c c u r r in g  d u r in g  s t a r v a t io n  and o n to g e n ic  deve lopm ent, as w e l l  

as the  r o l e  o f  g a s t r i n  i n  the  m ain tenance o f  i n t e s t i n a l  p r o p e r t ie s  under 

normal a d u l t  c o n d i t i o n s ,  the f o l l o w in g  s e r ie s  o f  expe r im en ts  was p e r 

formed.

S tudy I  -  The E f fe c t s  o f  P e n ta g a s t r in  A d m in is t r a t io n  on the  
Changes i n  I n t e s t i n a l  P r o p e r t ie s  D u r ing  S ta rv a t io n

In  t h i s  s tu d y ,  the  e f f e c t s  o f d i f f e r e n t  p e r io d s  o f  s t a r v a t i o n

(0, 1, 3, 5 days )  on th e  r a t  s m a l l  i n t e s t i n a l  s t r u c t u r e  and f u n c t io n  were

s tu d ie d  i n  th e  presence  and absence o f  p e n ta g a s t r in  t re a tm e n t .  C o n t r o l

groups were i n j e c t e d  w i t h  e i t h e r  s a l in e  o r  h is ta m in e .

Study I I  -  The E f f e c t s  o f  G a s t r in  ( o r  I t s  P e n ta g a s t r in  D e r i v a t i v e )  
on th e  O n togen ic  Development o f  I n t e s t i n a l  P ro p e r t ie s

T h is  s tu d y  was d iv id e d  i n t o  th r e e  p a r t s :

(a )  The e f f e c t s  o f  p ro longed  s u c k l in g  p e r io d s  ( i n  comparison to  
r a t s  s u c k le d  and weaned a t  norm a l p e r io d s )  on the deve lopm ent 
o f  t h e  s t r u c t u r e  and f u n c t io n  o f  th e  s m a l l  i n t e s t i n e .

(b )  The e f f e c t s  o f  p e n ta g a s t r in  on i n t e s t i n a l  development i n  r a t s  
( i n j e c t e d  between the ages o f  15-22 days o ld )  which a re  s u c k -
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l i n g  f o r  an extended p e r io d  o f  t im e .

(c )  The e f f e c t s  o f  p e n ta g a s t r in  t r e a tm e n t  on i n t e s t i n a l  d eve lo p 
ment i n  s u c k l in g  r a t s  ( in je c t e d  between the  ages o f  9 -14 
days o l d ) .

S tudy I I I  -  The E f f e c t s  o f  H igh Endogenous L e v e ls  o f  G a s t r in  
on th e  S t r u c tu r e  and F u n c t io n  o f  th e  Small I n t e s t in e

In  t h i s  s tu d y ,  p a r t i a l  o b s t r u c t i o n  o f  the p y lo r ic -d u o d e n a l  

j u n c t i o n  was c re a te d  s u r g i c a l l y  as d e s c r ib e d  by Crean, e t  a l .  ( 1 7 ) .

T h is  i s  b e l ie v e d  to  cause p ro longed  a n t r a l  d is te n s io n  a f t e r  m ea ls , r e 

s u l t i n g  i n  h y p e r s e c r e t io n  o f  g a s t r i n .  V a r io u s  i n t e s t i n a l  p r o p e r t ie s  

such as n u c le ic  a c id  and p r o te in  c o n te n t ,  as w e l l  as enzym atic  a v t i v i t y ,  

were s tu d ie d  a p p ro x im a te ly  f i v e  weeks a f t e r  s u rg e ry .  The r e s u l t s  were 

compared to  th e  i n t e s t i n a l  p r o p e r t ie s  o f  sham -opera ted  c o n t r o ls .

Study IV -  The E f f e c t s  o f  Low Endogenous L e v e ls  o f G a s t r in  
on the  S t r u c tu r e  and F u n c t io n  o f  the  Sm all I n t e s t in e

In  t h i s  s tu d y ,  r a t s  were a n t r e c to m iz e d ; t h i s  was fo l lo w e d  by a 

B i l l r o t h  I  gas troduodenostom y as d e s c r ib e d  by Hakanson, e t  a l .  (4 4 ) .  

C o n t ro ls  were sham -opera ted  a t  the  same t im e  p e r io d .  I n t e s t i n a l  p ro pe r

t i e s  were s t u d ie d  a p p ro x im a te ly  f i v e  weeks a f t e r  s u rg e r y .  A p i l o t  mor

p h o lo g ic a l  s tu d y  was a ls o  perform ed on r a t s  which underwent an trec tom y 

fo l lo w e d  by a B i l l r o t h  I I  g a s t ro je ju n o s to m y .  Sham-operated r a t s  served 

as c o n t r o ls  i n  t h i s  e x p e r im e n t .

S tudy V -  The E f f e c t  o f  P e n ta g a s t r in  on the  U l t r a s t r u c t u r e  
and Growth P r o p e r t ie s  o f  Duodenal C e l ls  i n  C u ltu re

T h is  iuH v i t r o  s tu d y  measured the  p r o l i f e r a t i v e  p o t e n t i a l ,  c e l l

c y c le  components, and enzym atic  and m o rp h o lo g ic a l  p r o p e r t ie s  o f  duodena l

c e l l s  i n  th e  p resence  and absence o f  p e n ta g a s t r in .
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A n a ly t i c a l  Methods 

S tud ies  I - I U

The f o l l o w in g  param ete rs  o f  i n t e s t i n a l  s t r u c t u r e  were measured 

by the  methods n o ted  b e low .

1. Wet w e ig h t  o f  t i s s u e ,  on a lY le t t le r  b a la n c e .

2 . Dry w e ig h t  o f  t i s s u e ,  by a m o d i f ie d  method o f  S ched l,  e t  a l .
(110) (see A ppend ix , page 1 47 ).

3. P ro te in  by th e  method o f  Lowry, e t  a l .  (84) (see Append ix , page
1 43 ).

4. DNA by th e  method o f  G i le s ,  e t  a l .  (a  m o d i f i c a t i o n  o f  the  Bur
ton  method) (1 1 ,  34) (see Appendix 1 4 5 ) .

5. RNA by th e  method o f  F le c k ,  e t  a l .  (30 ) (see Append ix , page 146).

6. V i l l u s  and c r y p t  h e ig h ts  by the  methods d e s c r ib e d  by A ltm an,
e t  a l .  (1 ) (see  Append ix , page 1 5 0 ) .

The i n t e s t i n a l  f u n c t i o n a l  param ete rs  were measured by the

methods o f  a n a ly s is  l i s t e d  be low .

1. " N e u t r a l "  la c ta s e  a c t i v i t y  was measured by the  methods o f  D a h l-  
q v i s t ,  e t  a l .  and K o ldovsky ,  e t  a l .  (19 , 65) (see Append ix , 
page 1 4 7 ) .

2. " A c id i c "  la c t a s e  a c t i v i t y  by th e  method o f  K o ld o vsky ,  e t  a l .
(65) (see A ppend ix , page 1 4 7 ) .

3. lYlaltase a c t i v i t y  by th e  method o f  D a h lq v i s t ,  e t  a l .  (19 ) (see 
Append ix , page 1 4 7 ) .

4. A lk a l in e  phospha tase  a c t i v i t y  by th e  method o f  K le in ,  e t  a l .
(63) (see A ppend ix , page 1 49 ).

Study \l

The f o l l o w in g  f u n c t i o n a l  and s t r u c t u r a l  p r o p e r t i e s  were mea

su re d , u s in g  the  te c h n iq u e s  as i d e n t i f i e d  b e low .

1. Percen tage  o f  c e l l s  i n  the  p r o l i f e r a t i o n  p o o l  by th e  method o f 
K o l lm o rg en , e t  a l .  (70 , 71) (see A ppend ix , page 1 5 1 ) .
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2 . C e l l  d o u b l in g  t im e  by a m o d i f i c a t io n  o f  the  method d e s c r ib e d  
by K o l lm o rgen , e t  a l .  (7 0 ) (see Append ix , page 1 5 0 ) .

3 . Crude a p p ro x im a t io n  o f  g e n e ra t io n  t im e  by th e  m o d i f ie d  method 
o f  K o l lm o rg en , e t  a l .  (69 ) (see Append ix , page 1 5 3 ) .

4 .  U l t r a s t r u c t u r a l  a n a ly s is  by the  method o f  M i l l e r ,  e t  a l .  ( 9 2 ) .

I n  th e  S e c t io n  be low , I  w i l l  i n i t i a l l y  o u t l i n e  the g e n e ra l  ex

p e r im e n ta l  p rocedu re  fo l lo w e d  in  S tud ies  I - I U  ( in  v iv o  e xpe r im en ts )  and 

those  fo l lo w e d  i n  S tudy  U ( i n  v i t r o  e x p e r im e n t ) .

Genera l E x p e r im e n ta l  P rocedure  

An im a l S e le c t io n  (S tu d ie s  I - I U )

L i t t e r m a te  K in g -H o ltzm a n  in b re d  c re a m -c o lo re d  r a t s  were used in  

a l l  e x p e r im e n ts .  L i t t e r m a t e  r a t s  (bo th  male and fe m a le )  were d iv id e d  

e q u a l ly  i n t o  the  groups o f  r a t s  used in  each e x p e r im e n t .  An a t te m p t  was

a ls o  made to  d i s t r i b u t e  th e  sexes e q u a l ly  among th e  g ro up s .  The a d u l t

males and fe m a le s ,  o f  c o u rs e ,  were a lways k e p t  s e p a ra te .  T h is  e q u a l iz a 

t i o n  o f  th e  sexes i n  each group was j u s t  a p r e c a u t io n a r y  measure because 

s tu d ie s  o f  B l a i r ,  e t  a l . ,  as w e l l  as u n re p o r te d  s t u d ie s  by us , have 

d em ons tra ted  e s s e n t i a l l y  no d i f f e r e n c e s  i n  r a t  i n t e s t i n a l  s t r u c t u r a l  and 

f u n c t i o n a l  p r o p e r t ie s  due to  sex ( 5 ) .

I f  more than one l i t t e r  o f  r a t s  were needed f o r  the  s tu d y ,  a 

second o r  t h i r d  l i t t e r  f rom  th e  same s t r a i n ,  which was born w i t h i n  

s e v e r a l  days o f  the o th e r s ,  was used. The same methods o f  d i s t r i b u t i o n  

were used in  these e x p e r im e n ts .

Animal Housing and D ie t  

A l l  th e  a n im a ls  were housed in  the  a n im a l q u a r te rs  o f  th e  U n i

v e r s i t y  o f  Oklahoma H e a l th  S c iences Center f rom  a week b e fo re  the
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e x p e r im e n t  u n t i l  i t s  t e r m in a t i o n .  Due to  th e  n a tu r e  o f  the  experim en ts  

d i f f e r e n t  d ie t s  and cages were used f o r  th e  d i f f e r e n t  s tu d ie s .  These 

w i l l  be l i s t e d  be low .

S tudy I . L i t t e r m a t e s  a p p ro x im a te ly  150-200 gms were used f o r  

t h i s  s tu d y .  They were fe d  Tek lad  r a t  p e l l e t s  p r i o r  to  the  commencement 

o f  th e  e x p e r im e n t .  A n im a ls  which were i n  th e  0 day s t a r v a t i o n  group 

( fe d  g roup) were a l lo w e d  to  fee d  and d r in k  w a te r  _ad l i b i t u m . Animals 

t h a t  were s ta r v e d  f o r  v a r y in g  p e r io d s  o f  t im e  ( l , 3, 5 days) were a l 

lowed to  d r in k  w a te r  a ^  l i b . They were housed i n  i n d i v i d u a l  w ire  mesh 

cages ( l  r a t / c a g e ) .  The w i re  mesh g r a t i n g  was la r g e  enough to  a l lo w  

f e c a l  m a t e r ia l  to  f a l l  th r o u g h .  Th is  hous ing  system  se rved  to  p re ve n t  

c a n n ib a l is m  and c o p ro p h a g ia .

S tudy I l a  and I l b . Young l i t t e r m a t e  r a t s  wh ich  were i n  the 

"p ro lo n g e d  s u c k l in g "  g roups  were p laced  a lo ng  w i t h  t h e i r  mother (o r  

f o s t e r  m o the r) i n  la r g e  w i r e  mesh bottomed cages . The r a t s  ( in c lu d in g  

the  m o the r) were a l lo w e d  to  d r in k  water ^  l i b  and were g iven  no access 

to  s o l i d  fo o d .  A f t e r  a p p ro x im a te ly  tw e lve  h o u rs ,  th e  fa s te d  mother was 

removed and p la ced  i n  a cage w i th  weaning r a t s  w i t h  access to  food and 

w a te r ,  w h i le  a r e c e n t l y  fe d  f o s t e r  mother (a l a c t a t i n g  r a t  which gave 

b i r t h  to  a n o th e r  l i t t e r  a t  a p p ro x im a te ly  th e  same d a te )  was p laced  i n  

the  young r a t s '  cage f o r  th e  n e x t  tw e lve  hou r p e r io d .  T h is  r o t a t i o n  

p rocess  was c o n t in u e d  th ro u g h o u t  the  p e r io d  o f  th e  e x p e r im e n t .  I t  was 

found  to  work q u i te  s u c c e s s f u l l y  f o r  the m o the rs  r a r e l y  r e je c te d  or 

c a n n a b a l iz e d  th e  s u c k l in g  r a t s  d u r in g  t h i s  p e r io d .  In  a d d i t i o n ,  the 

young r a t s  lo oked  h e a l t h y  and ga ined  w e ig h t  d u r in g  t h i s  p e r io d  (a l th o u g h  

i t  was s i g n i f i c a n t l y  le s s  than th e  w e igh t g a in  o f  weaning r a t s ) .
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The r a t s  t h a t  were a l lo w e d  to  wean were p laced  in  p l a s t i c  cages 

w i th  t h e i r  m other and a t  an age o f  15 days were g iven  access  to  bo th  

w a ter and foo d  (b ro ke n  Tek lad  p e l l e t s  were p la c e d  on th e  bottom o f  the 

cage to  f a c i l i t a t e  the  weaning p ro c e s s ) .  T h e i r  l a c t a t i n g  mother was r o 

ta te d  to  th e  "p ro lo n g e d  s u c k l in g "  group a f t e r  tw e lv e  hours and th e  fa s 

ted  m other from  th e  above group was p laced  i n  t h e i r  cage f o r  the  nex t  

tw e lve  h o u rs .  These weaning r a t s  were a ls o  i n t e r m i t t e n t l y  s u c k l in g  and 

no m a te rn a l  r e j e c t i o n  was observed .

S tudy l i e . In  t h i s  e xp e r im e n t ,  s u c k l in g  r a t s  were p laced  in  

p l a s t i c  cages w i t h  l a c t a t i n g  m others . The mothers were a llowed food  and 

water ad l i b . E very  tw e lv e  hours  th e  mothers o f  th e  e x p e r im e n ta l  and 

c o n t r o l  g roup were exchanged, so t h a t  the  c o n d i t i o n s  o f  the two groups 

co u ld  be b e t t e r  c o n t r o l l e d .  No ev idence  o f  weaning was observed in  the  

s u c k l in g  r a t s ,  and t h e i r  eyes were s t i l l  c lo s e d  a t  the  t im e  o f  s a c r i f i c e .

S tudy I I I  and I V . In  t h i s  e x p e r im e n t ,  a d u l t  r a t s ,  we igh ing  

150-200 gms, were fa s te d  a day b e fo re  the o p e r a t io n .  A f t e r  the opera

t i o n ,  bo th  e x p e r im e n ta l  and sham -operated r a t s  were p laced  i n  i n d i v i d u a l  

w ire  mesh cages ( l  r a t / c a g e )  and were g ive n  no w a te r o r  food f o r  two 

days. D u r in g  t h i s  t im e ,  f l u i d  and n u t r i e n t  were supplemented by subcu- 

ta n e o u s ly  i n j e c t i n g  15 ml o f  s t e r i l e ,  5% d e x t ro s e  s o lu t i o n  tw ic e  a day. 

On th e  t h i r d  day th e y  were g iven  access to  w a te r  and c ly s e d  as d e s c r ib e d  

above. On the  f o u r t h  day the  an im a ls  were g iv e n  3 -4  Teklad  p e l l e t s  and 

subcutaneous fe e d in g  was te rm in a te d .  T h e i r  d i e t  was in c re a se d  s t e a d i l y  

u n t i l  th e  end o f  th e  week. A t t h i s  t im e ,  th e y  were a l lo w e d  to  fe e d  ad 

l i b . A p p ro x im a te ly  two weeks a f t e r  th e  o p e r a t io n ,  the  e x p e r im e n ta l  

( e i t h e r  o b s t r u c te d  o r  a n t re c to m iz e d )  an im als  were ear marked and p laced
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i n  la rg e  m e ta l  cages w i th  the  c o n t r o ls  f o r  th e  d u r a t io n  o f  th e  e x p e r i 

ment.

P ro c e s s in g  o f  I n t e s t i n a l  T issue  (S tu d ie s  I - I U )

The r a t s  mere weighed i n i t i a l l y  and the n  s a c r i f i c e d  by c e r v i c a l  

t r a n s e c t i o n .  A m id l i n e  i n c i s i o n  was im m e d ia te ly  made expos ing  the  en

t i r e  le n g th  o f  the  s m a l l  i n t e s t i n e .  The duodena l b u l b - p y lo r i c  and i l e a l -  

c e c a l  j u n c t i o n s  were lo c a te d  and c u t .  The s m a l l  i n t e s t i n e  was then re 

moved from  th e  a bdom ina l c a v i t y  and f lu s h e d  w i t h  a c o ld  i s o t o n i c  s a l in e  

s o lu t i o n .  The i n t e s t i n e  was then p laced  on a c o ld  t r a y  where i t  was 

trimmed o f  c o n n e c t iv e  t i s s u e  (s m a l l  t i s s u e  r i n g s  were then  removed a t  

t h i s  p o in t  i f  h i s t o l o g y  was d e s i re d )  and s l i t  l o n g i t u d i n a l l y .  The i n 

t e s t i n e  was then  washed f r e e  o f  any r e s id u a l  f e c a l  m a te r ia l  and se c re 

t i o n  by r i n s i n g  i t  i n  a s e r ie s  o f  beakers c o n ta in in g  c o ld  i s o t o n i c  s a l in e  

s o lu t i o n .  N ext, th e  t i s s u e  was then b lo t t e d  on f i l t e r  paper and weighed 

on a lY le t t le r  b a la n c e .  The i n t e s t i n e  was then  wrapped in  a la b e l l e d  

p ie ce  o f  aluminum f o i l  and q u i c k ly  f ro z e n  i n  a d ry  ic e -a c e to n e  b a th .

The f ro z e n  sample was th e n  s to re d  i n  a f r e e z e r  a t  0°C and processed 

w i t h in  the  week.

A t th e  t im e  o f  p ro c e s s in g ,  the  t i s s u e  was removed from the  

f r e e z e r ,  unwrapped, and p la c e d  in  a Waring b le n d e r .  I t  was then homo

gen ized  f o r  one m in u te  i n  d e io n iz e d  d i s t i l l e d  c o ld  w a te r (a p p ro x im a te ly  

40 ml w a te r /gm  t i s s u e ) .  A t th e  end o f  a m in u te ,  5 .0  ml o f  the  homoge- 

na te  was p ip e t t e d  i n t o  d u p l i c a te  fu n n e ls  which c o n ta in e d  p o r c e l i n  f i l 

t e r  d is c s  ( p e r f o r a t e d  w i t h  1 u d iam ete r h o le s ) .  T h is  tech n iq ue  tended 

to  remove the  l a r g e r  u n c u t  p ieces  o f  t i s s u e  and produced a u n i fo rm  and
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homogenous s u s p e n s io n .  The i n t e s t i n a l  homogenate was c o l le c t e d  i n  a s e t  

o f  c h i l l e d  t e s t  tu b e s  from  which a l i q u o t s  were removed f o r  b io c h e m ic a l  

d e te rm in a t io n .  A f lo w  shee t o f  t h i s  p rocedu re  can be seen in  F ig u re  1 .

A l iq u o t s  were removed and d i l u t e d  i n  th e  fa s h io n  o u t l i n e d  be low  

f o r  each b io c h e m ic a l  d e te rm in a t io n .

1. 0.1 ml f o r  p r o t e in  d e te rm in a t io n .

2. 0.1  ml f o r  " n e u t r a l "  la c ta s e  assay (e x c e p t  i n  Study I I  where
a 1 :4  d i l u t i o n  o f  the homogenate was i n i t i a l l y  made, from  
which a 0 .1  ml a l i q u o t  was rem oved).

3. 0.1  ml f o r  " a c i d i c "  la c ta s e  assay (same m o d i f i c a t io n s  as 
above were made i n  Study I I ) .

A 1 :4  d i l u t i o n  o f  the homogenate was made from  which the  
f o l l o w in g  a l i q u o t s  were removed.

4. 0.1 ml f o r  a l k a l i n e  phosphatase assay (a 0 .1  ml a l i q u o t  from  
a 1 :8  d i l u t i o n  was removed i n  S tudy I I ) .

5. 0 .1  ml f o r  suc rase  assay (a 0 .1  ml a l i q u o t  was removed from
the  u n d i l u t e d  homogenate i n  Study I I ) .

6. 5 .0  ml f o r  RNA-DNA e x t r a c t io n  p ro ced u re .

A 1 :30 d i l u t i o n  o f  the homogenate was made, from  which the  
f o l l o w in g  a l i q u o t  was removed.

7. 0 .1  ml f o r  m a lta se  assay (a 0 .1  ml a l i q u o t  was removed from 
th e  u n d i l u t e d  homogenate i n  Study I I ) .

I n i t i a t i o n  and Maintenance o f  Duodenal C u l tu re s  (S tudy \l)

I n  t h i s  s tu d y  a s in g le  male a d u l t  r a t  f ro m  the  K ing-H oltzm an 

s t r a i n  was used. The r a t  was fa s te d  o v e r n ig h t  and in je c t e d  w i th  a 250 

ug /kg  body w e ig h t  dose o f  p e n ta g a s t r in  ( t o  produce maximal g a s t r i c  s e c re 

t i o n )  th re e  hours  b e fo re  s a c r i f i c e .  The r a t  was k i l l e d  a t  t h i s  t im e  by 

c e r v i c a l  t r a n s e c t i o n ,  and the abdom inal c a v i t y  was opened by a  m id l in e  

i n c i s i o n  under s t e r i l e  c o n d i t io n s .  A r e g io n  o f  p ro x im a l  duodenum was
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i n t e s t i n a l  homogenate

s t r a in e d  th ro u g h  a f i l t e r  d is c

0 .2  ml2 .0  ml0 .
f o r  to  be added to  f o r  f o r

p r o te in  5 .0  m l w a te r  " n e u t r a l "  " a c i d i c "
assay to  make a f i n a l  la c ta s e  la c ta s e

1 :4  d i l u t i o n  assay assay

1
5 .0  ml

f o r  
RIMA, DNA

assays

to  be added to  
5 .8  ml water 
to  make a f i n a l  
1:30 d i l u t i o n

t
0.1 ml

f o r
m a ltase

assay

F ig u re  1 .— P rocess ing  o f  i n t e s t i n a l  t i s s u e .
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exposed, and a 2 c e n t im e te r  s e c t io n  was re s e c te d  and p la ced  i n t o  a 

s e r ie s  o f  p e t r i  d is h e s  c o n ta in in g  a s o lu t i o n  o f  Minimum E s s e n t ia l  Medi

um f o r  washing p u rp o se s .  A f t e r  i t  was p la ced  i n  the  t h i r d  p e t r i  d is h ,  

th e  f u l l  th ic k n e s s  o f  th e  t i s s u e  was c u t  i n t o  numerous 1 -2  mm 

p ie c e s .  The duodena l t i s s u e  p ie ce s  were the n  p la ced  i n  a s e t  o f  fo u r  

TgQ t is s u e  c u l t u r e  f l a s k s  c o n ta in in g  f e t a l  c a l f  t i s s u e  c u l t u r e  medium to  

w h ich  a fu n g iz o n e  was added. A f te r  th e  a d d i t io n  o f  these  p o t e n t i a l  ex

p ia n t s ,  the  f l a s k s  were gassed w i th  B% CO2 i n  a i r ,  t i g h t l y  s to p p e re d ,  

and p laced  i n  an in c u b a to r  s e t  a t  37 .5°C . A l l  these  s te p s  were p e r

form ed under r i g o r o u s l y  s t e r i l e  c o n d i t i o n s .  The c u l t u r e s  were then  l e f t  

u n d is tu rb e d  f o r  a p p ro x im a te ly  a week d u r in g  w h ich  t im e  g row th  was ob

se rve d  in  a l l  f l a s k s .  A t the  end o f  the  week two o f  th e  c u l t u r e s  were 

random ly  d e s ig n a te d  " s a l i n e  c o n t r o l s "  and th e  o th e rs  were l a b e l l e d  

" p e n ta g a s t r i n  t r e a t e d " .  A t t h i s  t im e th e  o r i g i n a l  medium was r e 

p la c e d  w i th  f e t a l  c a l f  medium (w i th o u t  f u n g iz o n e ) .  P e n ta g a s t r in  was 

th e n  added d a i l y  to  th e  a p p r o p r ia te  f l a s k s  a t  a c o n c e n t r a t io n  o f  0.5  

u g /m l  medium. An e q u a l volume o f  s a l in e  was added to  the  c o n t r o l  f l a s k s  

a t  s i m i l a r  t im e  i n t e r v a l s .

When th e  c u l t u r e s  became c o n f lu e n t  ( c e l l s  c o m p le te ly  covered 

th e  bottom o f  th e  f l a s k ) ,  s u b c u l t u r in g  was p e r fo rm e d .  T h is  was accom

p l i s h e d  by t r e a t i n g  th e  c u l t u r e s  w i th  a 0.05% t r y p s i n  s o lu t i o n  (made up 

i n  E a r le 's  ba lanced  s a l t  s o lu t i o n )  f o r  a p p ro x im a te ly  5-10 m in u te s ,  as 

d e s c r ib e d  by Evans, e t  a l .  ( 2 8 ) .  I t  i s  th o u g h t  t h a t  t r y p s in  c leaves  

th e  bonds between th e  c e l l  s u r fa c e  membrane and th e  g la s s ,  th u s  d is ru p 

t i n g  the  c e l l u l a r  a tta c h m e n t  to  the  f l a s k  and r e le a s in g  v ia b le  c e l l s  i n  

s u s p e n s io n .  T h is  t r y p t i c  suspens ion  was then  d i l u t e d  by th e  a d d i t io n  o f
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f e t a l  c a l f  medium and an in o cu lu m  mas added to  a second Tgg f l a s k  con

t a i n i n g  the  n e ce ssa ry  volume o f  medium. A p p ro x im a te ly  two hours  a f t e r  

s u b c u l tu re ,  the  t r y p s in - c o n t a in i n g  medium mas removed and re p la c e d  m ith  

f r e s h  medium. Th is  com p le ted  the  s u b c u l t u r in g  p ro c e d u re .

S a c r i f i c e  o f  C u l tu r e s  f o r  U l t r a s t r u c t u r a l  E x a m in a t io n  (S tudy U)

The duodena l c e l l s  mere gromn i n  p l a s t i c  T y g 's  f o r  m o rp h o lo g ica l 

d e te rm in a t io n s .  At th e  t im e  o f  s a c r i f i c e ,  th e  p l a s t i c  T - f l a s k s  mere 

removed fro m  the in c u b a t o r .  The c e l l s  mere r in s e d  s e v e r a l  t im e s  m ith  

i s o t o n i c  s a l i n e ,  and a t r y p s in  s o lu t i o n  (0.05%) mas added to  remove the 

c e l l s  from  th e  g la s s .  The c e l l  suspension mas then  poured  i n t o  a 40 ml 

c e n t r i f u g e  tube  and p re pa red  f o r  u l t r a s t r u c t u r e  by th e  method o f  M i l l e r ,  

e t  a l . ( 9 2 ) .

S o l u b i l i z a t i o n  and I n j e c t i o n  P rocedures  f o r  P e n ta g a s t r in ,  
H is ta m in e ,  and S a l in e  (S tu d ie s  I - U )

When i t  mas d e s i re d  to  in c re ase  the  g a s t r i n  l e v e l s  i n  the  blood 

by exogenous means, th e  p e n ta p e p t id e  d e r i v a t i v e  o f  g a s t r i n ,  p e n ta g a s t r in ,  

mas i n je c t e d  in t o  t h e  an im a l as a g a s t r i n  s u b s t i t u t e .  The s t r u c t u r e  o f 

the  p e n ta g a s t r in  m o le c u le  i s  as fo l lo w s  : - A la -T r y -M e t -A s p - P h e -NH?.

T h is  m o le cu le  c o n ta in s  the  C - te rm in a l  t e t r a p e p t id e  ( u n d e r l i n e d ) ,  which 

has been found  to  be th e  a c t i v e  s i t e  o f  th e  l a r g e r  g a s t r i n  m o lecu le  ( in  

re g a rd  to  i t s  a b i l i t y  t o  s t im u la te  g a s t r i c  s e c r e t i o n )  (4 0 ) .  I t  has ye t 

to  be d e f i n i t i v e l y  p roven  th a t  the a c t i v e  s i t e s  o f  g a s t r i n  f o r  g a s t r i c  

s e c r e to r y  and G . I .  t r o p h i c  s t im u la t io n  a re  i d e n t i c a l .  S upp or t  f o r  t h i s  

c o n te n t io n  mas p ro v id e d  by Crean, e t  a l . , mho dem on s tra ted  t h a t  pen ta 

g a s t r i n  i n j e c t i o n s  s t im u la te d  p a r i e t a l  c e l l  g ro w th  i n  the  r a t  fundus 

( 1 8 ) .  These r e s u l t s  have been supported  by S ta n le y ,  e t  a l .  (1 1 4 ) .
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Based upon these  f i n d i n g s ,  lue have made the  assum ption  th a t  the  a c t i v e  

s i t e s  f o r  the  two f u n c t i o n s  a re  one and the  same; t h e re fo re ,  we have 

used p e n ta g a s t r in  as an exogenous s u b s t i t u t e  f o r  g a s t r i n .

S o l u b i l i z a t i o n . A c e r t a in  q u a n t i t y  o f  p e n ta g a s t r in  powder 

was weighed o u t  on a l ï l e t t l e r  balance and poured i n t o  a beaker. A s m a l l  

volume o f  i s o t o n i c  s a l i n e  was then added. In  o rd e r  to  s o l u b i l i z e  the  

p e n ta g a s t r in ,  a s m a l l  volume o f  0.1 i\i (NH^)2S0^ was added, wh ich  subse

q u e n t ly  in c re a s e d  th e  pH o f  th e  s o lu t i o n .  Th is  i s  performed because 

p e n ta g a s t r in  i s  r e a d i l y  s o lu b le  under a l k a l i n e  c o n d i t i o n s .  A f te r  the  

a l k a l i n e  s o lu t i o n  was fo rm ed , 0.1N HC1 was added to  n e u t r a l i z e  the  

s o lu t i o n .  Once a pH o f  7 was a t t a in e d ,  the  necessa ry  volume o f  i s o 

t o n i c  s a l in e  was added to  make a c o n c e n t r a t io n  o f  250 ug p e n t a g a s t r in /  

m l .  Sm all volumes (1 -3  m l) o f  t h i s  s o lu t i o n  were p ip e t te d  i n t o  p l a s t i c  

v i a l s  and s to r e d  a t  0°C f o r  S tud ie s  I - I U .  For S tudy U, t h i s  250 u g /m l 

s o lu t i o n  was d i l u t e d  1 :10  and s t e r i l e  f i l t e r e d .  The f i l t r a t e  (h a v in g  

a c o n c e n t r a t io n  o f  25 u g /m l )  was p ip e t t e d  i n  s m a l l  volumes (3 .0  m l)

i n t o  s m a l l  s t e r i l e  g la s s  v i a l s  and s to r e d  a t  0°C. H is tam ine  s o lu t i o n s

were made a t  a c o n c e n t r a t io n  o f  20 mg/ml i n  s a l in e  im m ed ia te ly  b e fo re  

i n j e c t i o n .

I n j e c t i o n  P ro c e d u re . For th e  i n  v iv o  s tu d ie s  ( l - I V ) ,  the  

p e n ta g a s t r in  s o lu t i o n  was thawed and was i n je c t e d  subcu taneous ly  i n t o  

th e  r a t s  a t  a c o n c e n t r a t io n  o f  250 u g /k g  body w e ig h t  (which would i n 

duce a maximal g a s t r i c  s e c r e to r y  re s p o n s e ) .  T h is  was performed th re e  

t im e s  d a i l y  f o r  th e  le n g th  o f  the  e x p e r im e n ta l  p e r io d  (between 1-7 

d a y s ) .  An e q u iv a le n t  volume o f  c o m m e rc ia l ly  p repa red  s t e r i l e  s a l in e  was

in j e c t e d  s u b c u ta n e o u s ly  i n t o  the  c o n t r o ls  a t  s i m i l a r  t im e  i n t e r v a l s .
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H is tam ine  mas i n j e c t e d  su bcu tan e ou s ly  a t  a c o n c e n t r a t io n  o f  20 mg/kg 

body w e igh t  th re e  t im e s  a day.

For the  i n  v i t r o  s tu d y  (U), the p e n ta g a s t r in  s o lu t i o n  mas added 

d a i l y  to  th e  c u l t u r e  media a t  a 1:50 ( p e n ta g a s t r in :  medium) d i l u t i o n  

r a t i o .  The f i n a l  c o n c e n t r a t io n  o f  p e n ta g a s t r in  i n  th e  t is s u e  c u l t u r e  

f l a s k s  mas 0 .5  u g /m l  medium. A s im i la r  volume o f  s t e r i l e  i s o t o n i c  sa

l i n e  mas added d a i l y  to  the  c o n t r o l  f l a s k s .

S u r g i c a l  Procedures (S tu d ie s  I I I  and IV)

A ntrec tom y ( B i l l r o t h  l ) . This p ro ce d u re  mas perfo rm ed as de

s c r ib e d  by Oohnson, e t  a l .  and Hakanson, e t  a l .  (60, 4 4 ) .  Rats mere 

i n i t i a l l y  a n e s th e t iz e d  m ith  e th e r  which mas a d m in is te re d  th ro u g h o u t  the  

o p e ra t io n  whenever n e c e s s a ry .  A m id l in e  i n c i s i o n  was made exposing the  

stomach. The c o n n e c t iv e  t i s s u e  around th e  stomach mas c a r e f u l l y  r e 

moved and th e  m a jo r b lo o d  v e s s e ls  le a d in g  to  th e  antrum  and duodenal 

bu lb  mere l i g a t e d .  The antrum was then re s e c te d  by making a c u t  ex te n d 

in g  from the  g r e a te r  to  th e  le s s e r  c u rv a tu re ,  so t h a t  the  e n t i r e  le s s e r  

c u rv a tu re  mas removed up to  th e  l i m i t i n g  r i d g e .  A fem m i l l im e t e r s  o f  

duodenal b u lb  were a ls o  s u r g i c a l l y  re s e c te d .  G a s t r o i n t e s t i n a l  c o n t in u 

i t y  mas then  r e e s ta b l i s h e d  by anastomosing th e  duodenum to  the fu n d ic  

re g io n  o f  th e  stomach ( B i l l r o t h  l ) .

A n trec tom y ( B i l l r o t h  I I ) . The same p ro ced u re  as d esc r ib e d  

above, mas fo l lo w e d  up to  the  p o in t  o f  a na s tom os is .  A t  t h i s  t im e  the  

open end o f  the  p ro x im a l  duodenum was semn c lo s e d  and a l o n g i t u d in a l  i n 

c i s io n  mas made i n  th e  p ro x im a l  je junum . A B i l l r o t h  I I  end to  s ide  

anastomosis o f  th e  stomach and the  je junum  mas then  c o n s t ru c te d .  In  both  

an trec tom y p ro ced u re s  s im p le  la p a ro to m ie s  mere p e r fo rm ed  on c o n t r o l
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r a t s .  These m i l l  be r e f e r r e d  to  as sham o p e ra te d .

P y lo r i c  O b s t r u c t io n  as D escr ibed  by Crean, e t  a l .  ( 1 7 ) . In  

t h i s  p rocedure  th e  an im a ls  mere a n e s th e t iz e d  as d e s c r ib e d  above, and a 

m id l in e  i n c i s i o n  mas made expos ing  the  stomach. In  o rd e r  to  s ta n d a r 

d iz e  the  degree o f  o b s t r u c t io n  a boug ie  mas p la c e d  b es ide  the  duodenal 

p y l o r i c  j u n c t i o n .  A l i g a t u r e  mas then  t ig h te n e d  around the  t i s s u e  a t  

t h i s  p o in t  and th e  boug ie  mas s l ip p e d  o u t .

A c o n t r o l  group o f  r a t s  mas sham o p e ra te d  as d esc r ibe d  above.

S t a t i s t i c a l  A n a ly s is .  .

The v a s t  m a jo r i t y  o f  e x p e r im e n ta l  r e s u l t s  i n  t h i s  d i s s e r t a t i o n  

mere based upon th e  com parison  o f  e x p e r im e n ta l  and c o n t r o l  g roups . The 

s t a t i s t i c a l  d i f f e r e n c e s  betmeen the  r e s u l t s  o b ta in e d  f rom  these groups 

mere c a lc u la te d  u s in g  a S tu d e n t 's  t  t e s t  f o r  u n p a ire d  v a lu e s  (8 0 ) .  A 

re g re s s io n  c o e f f i c i e n t  d e te rm in a t io n  mas a ls o  employed i n  the a n a ly s is  

o f  the  da ta  mhere an r  v a lu e  o f  1.0  re p re s e n te d  a l i n e a r  r e la t i o n s h ip  

( 8 0 ) .  The 5% p r o b a b i l i t y  l e v e l  mas chosen as an i n d i c a t i o n  o f  s i g n i f i 

cance. The c a l c u la t i o n s  mere perfo rm ed on a c o m p u te r iz e d  O l i v e t t i  101 

c a l c u l a t o r .



CHAPTER I I I

RESULTS

Study 1. The E f f e c t  o f  P e n ta g a s t r in  A d m in is t r a t io n  on the  
Changes o f  I n t e s t i n a l  P r o p e r t ie s  d u r in g  S ta r v a t io n

The i n t e s t i n e  undergoes severe  a tro p h y  d u r in g  p e r io d s  o f  s t a r 

v a t io n  (88 , 116). T h is  w e ll-docu m en te d  f i n d i n g  was v e r i f i e d  bo th  mor

p h o lo g i c a l l y  and b io c h e m ic a l l y  i n  t h i s  s tu d y .  H i s t o l o g i c a l  s e c t io n s  o f  

m id - je ju n u m  were s tu d ie d  i n  r a t s  which were a l lo w e d  t o  feed  _ad l i b  and 

r a t s  w h ich  were fa s te d  f o r  a p e r io d  o f  th re e  days .  As can be seen i n  

Fugures 2a and 2b, th e re  i s  a marked r e d u c t io n  i n  many param eters  o f  i n 

t e s t i n a l  s t r u c t u r e  a f t e r  a s h o r t  p e r io d  o f  s t a r v a t i o n .  A h ig h ly  s i g 

n i f i c a n t  d i f f e r e n c e  i n  c r y p t  and v i l l u s  h e ig h t  between the  fe d  and 

s ta r v e d  an im a ls  (see  Table  1) was re c o rd e d .

I n t e s t i n a l  RNA was measured a t  v a r io u s  p e r io d s  o f  s t a r v a t i o n .

As shown i n  F ig u re  3 , th e  RNA c o n te n t  i s  m a rke d ly  reduced  d u r in g  s t a r v a 

t i o n ,  and i t s  decrease i s  d i s p r o p o r t io n a t e  to  th e  lo s s  i n  body w e ig h t .

A s i m i l a r  r e d u c t io n  was seen in  the  changes o f  i n t e s t i n a l  DNA c o n te n t  

d u r in g  p ro lon ged  p e r io d s  o f  food  d e p r i v a t io n  (see F ig u re  4 ) .  I n t e s t i n a l  

p r o te in  c o n te n t  and wet w e ig h t  were a ls o  s tu d ie d  and bo th  decreased i n  

r e l a t i o n s h i p  to  body w e ig h t  (see Table  2 ) .  S i g n i f i c a n t  d i f f e r e n c e s  i n  

i n t e s t i n a l  p r o te in  c o n te n t  were found between a l l  th e  v a r io u s  s tages  o f  

s t a r v a t i o n .  The i n t e s t i n a l  wet w e ig h t  was s i g n i f i c a n t l y  low e r i n  the

57
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F ig .  2 a .— J e ju n a l  s t r u c 
tu r e  i n  r a t  fe e d in g  ad l i b . 
(X 106)

F ig .  2 b .— J e ju n a l  s t r u c 
t u r e  o f  r a t  s ta r v e d  f o r  th r e e  
days. (X 106)
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TABLE 1

OEÜUNAL CRYPT AND VILLUS HEIGHT 
IN FED AND 3-DAY STARVED RATS

Group
C ry p t  H e ig h t  

(mm)B
V i l l u s  H e ig h t  

(mm)®

Fed 0.1920 0.3838
n=2 ± 0 . 0 1 2 0 1  0 .0337

S ta rved 0.1015 0.2590
n=3 ±  0 .0064 ±  0 .0053

P < 0 .0 0 5 < 0 .0 0 5

®lïlean Value 1. S .E.

where S.E . = -  y )2

y = sample 

y" = sample mean 

n = sample s iz e
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F ig .  4 . — V alues expressed  as mean 2  S.E. The p r o b a b i l i t y  
l e v e l s  re p re s e n t  th e  s t a t i s t i c a l  d i f f e r e n c e s  o f  the  n u c le ic  a c id  
c o n te n t  between th e  p re c e d in g  and succeed ing  s t a r v a t i o n  p e r io d s .
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TABLE 2

INTESTINAL PROTEIN AND WET WEIGHT 
CHANGES DURING STARVATION

Days S ta rved
mg. p ro te in ® qm. wet w t.®
100 gm. body w t . 100 gm. body w t .

0 522.26 3.614
n=10 ±32 .77 ±0.070

* *

1 385.51 3.284
n=4 ±31.69 ±0.235

* n .s .

3 294.94 2.932
n=19 ±7 .73 ±0 .125

* n .s .

5 257.46 2.709
n=10 ±7 .95 ±0.113

®lïlean Values 1 S .E .

^R epresen ts  a s i g n i f i c a n t  d i f f e r e n c e  a t  th e  0 .0 5  l e v e l  between th e  
p re ced ing  and su ccee d in g  v a lu e s .

n .s .  -  R ep resen ts  n o n s ig n i f i c a n c e  between th e  p re c e d in g  and suc
ceed ing  v a lu e s .
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1-day fa s te d  g roup i n  comparison to  th e  fe d  r a t s  ( in d ic a te d  as D-day 

s ta rv e d  in  Table 2 )  and i n  the  5-day s ta r v e d  group i n  com parison to  the  

1 -day fa s te d  g ro u p .

I t  th u s  appears  t h a t ,  d u r in g  s t a r v a t i o n ,  the  s t r u c t u r a l  con

s t i t u e n t s  o f  th e  i n t e s t i n e  are d e g e n e ra t in g  a t  a f a s t e r  r a te  than  a re  

the  o th e r  t i s s u e s  o f  th e  body.

The changes i n  the  d ig e s t i v e  c a p a c i t y  o f  th e  s m a l l  i n t e s t i n e  

were then  s tu d ie d  d u r in g  p e r io d s  o f  s t a r v a t i o n .  The a c t i v i t y  measure

ments o f  th re e  d i f f e r e n t  enzymes— la c t a s e ,  m a lta se ,  and a l k a l i n e  phos

pha tase— are  l i s t e d  i n  Table 3. Rats  fa s te d  1-day ( in s te a d  o f  fe d  r a t s )  

were used in  th e se  com parisons o f  e n zym a t ic  l e v e l s ,  because t h i s  e l i m i 

na ted  th e  p o s s i b i l i t y  o f  r e s id u a l  fo o d  c o n ta m in a t in g  the  assay s o lu 

t i o n s ,  which c o u ld  o ccu r  when u s in g  fe d  a n im a ls .  In  a d d i t i o n ,  la c ta s e  

a c t i v i t y  was d e te rm in e d  a t  pH 5 .5  o n l y ;  t h i s  was done, because i t  was 

dem onstra ted  i n  a p i l o t  s tudy  t h a t  b rush  b o rd e r  la c ta s e  a c t i v i t y  changed 

in  p a r a l l e l  f a s h io n  to  the  la c ta s e  a c t i v i t y  measured a t  pH 5 .6 ,  and t h a t  

ly s o s o m a l a c t i v i t y  made no s i g n i f i c a n t  c o n t r i b u t i o n  to  the  changes seen.

As can be seen i n  Table 3, bo th  la c ta s e  and m a ltase  s t e a d i l y  

in c re a s e d  i n  a c t i v i t y  d u r in g  s t a r v a t i o n .  Lactase  a c t i v i t y  appeared to  

be in c r e a s in g  a t  a f a s t e r  r a te  than  m a ltase  a c t i v i t y .  A re g r e s s io n  co

e f f i c i e n t  a n a ly s is  was perfo rm ed on la c ta s e  s p e c i f i c  a c t i v i t y  changes 

d u r in g  s t a r v a t i o n  and, as can be seen i n  F ig u re  5, the  in c re a s e  i n  

a c t i v i t y  w i t h  t im e  had c h a r a c t e r i s t i c s  o f  a l i n e a r  r e l a t i o n s h i p .

In  c o n t r a s t  w i t h  the d is a c c h a r id a s e  a c t i v i t i e s ,  a l k a l i n e  phos

pha tase  fo l lo w e d  a d i f f e r e n t  a c t i v i t y  p a t t e r n  d u r in g  s t a r v a t i o n .  As can 

be seen i n  Tab le  3, th e  a c t i v i t y  a t  day-1 and day-5  were n o t  s i g n i f i -
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TABLE 3

LACTASE, MALTASE, AND ALKALINE PHOSPHATASE
ACTIVITY DURING STARVATION

Lac tase M a ltase A lk a l in e

Days S ta rve d
A c t i v i t y ^ »  ^ A c t i v i t y ® Phosphatase®

gm. wet w e ig h t gm. wet w e ig h t gm. wet w e ig h t

1 0 .5376 8.893 24.820
n=4 ±0.0728 ±1 .124 ±3.29

* * n . s .

3 1.1341 15.055 30.94
n=10 ±0 .0655 ±0 .86 7 ±5 .15

* * *

5 1.6580 20.267 20.92
n=12 ±0.0851 ±0 .966 ±1 .33

*and  n . s .  have the same meanings, as d e s c r ib e d  i n Table  2.

^ A c t i v i t y  expressed as mean -  S.E. i n  uHfl d is a c c h a r id e  h y d r o ly z e d /  
m in .  a t  37°C. a t  optimum pH.

^Enzyme a n a ly s is  mas p e r fo rm ed  o n ly  a t  pH 5 .6  f o r  s t a r v a t io n  
s t u d ie s ,  s in c e  the l a c ta s e  a c t i v i t y  changes a t  t h i s  pH were demon
s t r a t e d  to  d i r e c t l y  r e f l e c t  the  changes i n  " n e u t r a l "  o r  brush b o r
de r la c ta s e  a c t i v i t y .

^ A c t i v i t y  expressed as mean -  S.E. i n  mg. o f  p h e n o lp h th a le in  r e 
le a s e d /3 0  m in . a t  37°C. a t  optimum pH.
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Lactase activity during starvation
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c a n t l y  d i f f e r e n t .

The e f f e c t s  o f  p e n ta g a s t r in  t re a tm e n t  on these  i n t e s t i n a l  chan

ges d u r in g  s t a r v a t i o n  were then  s tu d ie d .  The 3 -day  s t a r v a t i o n  p e r io d  

mas chosen as the  o p t im a l  t im e  to  i n v e s t i g a t e  t h i s  p rob lem , because the  

s ta r v e d  a n im a ls  a re  s t i l l  i n  a r e l a t i v e l y  good s t a t e  o f  h e a l t h  a t  t h i s  

t im e  ( i n  co m p a r ison  to  the  s i c k l y  c o n d i t i o n  o f  r a t s  s ta r v e d  f o r  f i v e  

d a y s ) .

I n  o rd e r  to  s tudy t h i s  p rob lem , h a l f  o f  the  s ta rv e d  an im a ls  

mere i n j e c t e d  s u b c u ta n e o u s ly  m i th  a m axim al dose o f  p e n ta g a s t r in  (250 

u g /k g  body m e ig h t )  th re e  t im e s  a day, and a c o n t r o l  group mas in j e c t e d  

m i th  an e q u a l volume o f  s a l i n e  a t  the  same t im e  p e r io d s .  At the  end o f  

th e  t h i r d  day, th e  an im a ls  mere s a c r i f i c e d  and the  i n t e s t i n a l  t i s s u e  

mas removed and p rocessed  f o r  a n a l y t i c a l  and m o rp h o lo g ic a l  d e te rm in a 

t i o n s .

C ry p t  and v i l l u s  h e ig h t  measurements mere made on the  c o n t r o l  

and t r e a tm e n t  g ro u p s .  A s l i g h t  in c re a s e  i n  v i l l u s  h e ig h t  a id  a more 

n o t ic e a b le  in c r e a s e  i n  c r y p t  h e ig h t  (10%) mas seen in  the  p e n t a g a s t r in -  

t r e a t e d  r a t s .  However, bo th  these  changes mere i n s i g n i f i c a n t .

The i n t e s t i n a l  n u c le ic  a c id  c o n te n ts  mere then d e te rm in e d ,  and 

th e  v a lu e s  o f  th e  two groups mere compared. As can be seen i n  F ig u re  6, 

th e r e  mas a s m a l l  in c re a s e  i n  bo th  RIMA and DNA c o n te n t  a f t e r  pen tagas

t r i n  t r e a tm e n t .  A s i g n i f i c a n t  d i f f e r e n c e  mas re c o rd e d  o n ly  i n  RNA a t  

t h i s  t im e ;  how ever,  i n  a n o th e r  s tu d y  (w h ich  m i l l  n o t  be re p o r te d  h e re )  a 

s i g n i f i c a n t  in c r e a s e  i n  t o t a l  i n t e s t i n a l  DMA/body m e igh t mas found a f t e r  

p e n ta g a s t r in  t r e a tm e n t  d u r in g  a 5 -day  s t a r v a t i o n  p e r io d .  I n t e s t i n a l  

p r o t e in  c o n te n t  mas a ls o  s i g n i f i c a n t l y  in c re a s e d  by p e n ta g a s t r in
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t re a tm e n t  i n  the  3 -day  s t a r v a t i o n  e x p e r im e n t .

The e f f e c t  o f  p e n ta g a s t r in  t re a tm e n t  on the changes o c c u r r in g  

i n  e n zym a t ic  a c t i v i t y  d u r in g  s t a r v a t i o n  were then  in v e s t i g a t e d .  I t  mas 

found t h a t  p e n ta g a s t r in  t r e a tm e n t  s i g n i f i c a n t l y  reduced la c ta s e  a c t i v i t y  

( a p p ro x im a te ly  30%) i n  com par ison  m ith  s a l i n e  i n j e c t e d  3 -day s ta r v e d  

c o n t r o l s .  As g r a p h ic a l l y  dem onstra ted  i n  F ig u re  7, t h i s  r e d u c t io n  i n  

a c t i v i t y  mas e v id e n t  no m a t te r  horn the  a c t i v i t y  mas exp ressed . I t  mas 

a ls o  found  i n  accompanying s tu d ie s  t h a t  th e  decrease i n  enzyme a c t i v i t y  

i n  response  to  p e n ta g a s t r in  t re a tm e n t  o c c u r re d  o n ly  a f t e r  th re e  days, 

f o r  no s i g n i f i c a n t  d i f f e r e n c e s  mere found i n  1 - and 2 -day  s t a r v a t i o n  

s t u d ie s .  T h is  change, o c c u r r in g  a f t e r  t h r e e  days, mas p e r s i s t e n t ,  f o r  a 

s i g n i f i c a n t  d i f f e r e n c e  i n  enzym atic  a c t i v i t y  mas a ls o  measured betmeen 

a 5 -day  s ta r v e d  p e n ta g a s t r in  group and a 5 -day s ta r v e d  c o n t r o l  g roup .

M a ltase  a c t i v i t y  a ls o  mas found to  be in f lu e n c e d  by hormonal 

t re a tm e n t  d u r in g  s t a r v a t i o n  (see Table 4 ) .  The s i g n i f i c a n t  d i f f e r e n c e  

i n  m a lta se  a c t i v i t y  betmeen p e n ta g a s t r in  and c o n t r o l  groups i n i t i a l l y  

appeared a f t e r  t h r e e  days o f  t re a tm e n t  and mas p re s e n t  a t  the  5 -day 

p e r io d s  as m e l l .  T h is  decrease  in  m a lta se  a c t i v i t y ,  l i k e  i t s  in c re a s e  

i n  a c t i v i t y  d u r in g  s t a r v a t i o n ,  i s  le s s  d ra m a t ic  than  the  changes i n  la c 

tase  a c t i v i t y  d u r in g  these  p e r io d s .

S l i g h t  and i n s i g n i f i c a n t  changes i n  a l k a l i n e  phosphatase mere 

measured i n  response  to  p e n ta g a s t r in  a t  th e  3 -day  s t a r v a t i o n  i n t e r v a l  

(see Tab le  4 ) .  At the  5 -d a y  s t a r v a t io n  p e r io d ,  homever, the  enzyme 

a c t i v i t y  mas n o t  s i g n i f i c a n t l y  h ig h e r  i n  th e  h o rm o n a l ly  t r e a te d  g roup . 

From t h i s  in f o r m a t io n  me conc luded  th a t  i n t e s t i n a l  a l k a l i n e  phosphatase 

mas n o t  re s p o n s iv e  to  p e n ta g a s t r in  i n j e c t i o n s  d u r in g  s t a r v a t i o n .



59

100

co
o

80

c
@)o
^ 6 0
o_

tn
o

; | 4 0

<
0)
(O

2 20 o o

Lactase activity as percent of 
control in 3 day starved rats

na|9

s l=  c 
o o 
(O O

ptO.OOS

«■14

o
•o
X
ro 

c  - 
r  o>

a  o> 
c n ?
2 o
C IO

n" II

i l=  c  
o o 
to o

p< 0.01

m"IO

>»
o

T3
X
ro c .

B F  « ' 
o  o> 
0» ^
2  o  
c  to
2 2

n"l9

I — 

=  C
o o
( 0 Ü

p< 0.005

n« 14

>»
O
■o
X

c ' a
Ï 5
to \  
o  o>
C7» =*

li
Total Activity 
gm Wat Wt.

Total Activity Total Activity
mg DNA gm Protein

F ig .  7 . — Lactase  a c t i v i t y ,  measured a t  pH 5 .6 ,  expressed 
as mean -  S .E. i n  pe r c e n t  o f  c o n t r o l  v a lu e s .



70

TABLE 4

MALTASE AND ALKALINE PHOSPHATASE ACTIVITY 
IN  3-DAY STARVED RATS IN RESPONSE 

TO PENTAGASTRIN TREATMENT

Group

Maltase A c t i v i t y ^ A lk a l in e  Phosphatase 
A c t i v i t y ®

gm. uiet w e igh t gm. wet w e ig h t

C o n tro l 100.00% 100 .00%
n=20 ±4.47% ±3.74%

P e n ta g a s t r in 86 .10% 91.18%
n=18 ±5.24% ±6.48%

P <0 .05 n .s .

^ A c t i v i t y  expressed as mean -  S.E. i n per c e n t  o f  3 -day  s ta rv e d
c o n t r o l  v a lu e s .



71

In  o rd e r  to  d e te rm ine  w he the r th e  responses to p e n ta g a s t r in  

t re a tm e n t  c o u ld  be a t t r i b u t e d  to  an enhanced g a s t r i c  s e c re to ry  a c t i v i t y  

(w h ich  r e s u l t s  f rom  p e n ta g a s t r in  i n j e c t i o n s )  o r  to  a more d i r e c t  a c t io n  

o f  th e  hormone on the  i n t e s t i n a l  e p i t h e l iu m ,  the  f o l lo w in g  expe r im en t 

was p e r fo rm e d .  Two g roups  o f  r a t s  were s ta r v e d  f o r  a 3-day p e r io d ,  one 

group r e c e iv in g  i n j e c t i o n s  o f  a dose o f  h is ta m in e  (20 mg/kg body w e ig h t )  

th re e  t im es  a day, and th e  o th e r  group b e in g  i n je c t e d  w i th  s a l in e  a t  the  

same t im e  p e r io d s .  T h is  e xpe r im en t was p e r fo rm ed , because h is ta m in e  i s  

a p o te n t  s e c re ta g o g u e , and when i n j e c t e d  a t  t h i s  dosage, i t  s im u la te s  

the  g a s t r i c  s e c r e to r y  c o n d i t io n s  p r e v a i l i n g  a f t e r  an i n j e c t i o n  o f  p en ta 

g a s t r i n .

IMo s i g n i f i c a n t  d i f f e r e n c e s  i n  i n t e s t i n a l  RIMA, DIMA, and p r o te in  

c o n te n t ,  o r  enzyme a c t i v i t y  were found  between the  two groups (h is ta m in e  

and c o n t r o l ) .  C o n seq u en t ly ,  one can conc lud e  t h a t  h is ta m in e  t re a tm e n t  

was i n e f f e c t i v e  i n  re p ro d u c in g  the  s t r u c t u r a l  a n d /o r  f u n c t i o n a l  changes 

which are seen a f t e r  p e n ta g a s t r in  a d m in i s t r a t i o n .

Some o f  the  changes found a f t e r  p e n ta g a s t r in  t re a tm e n t  may be 

a t t r i b u t a b l e  to  a change i n  c e l l u l a r  h y d r a t io n .  In  o rd e r  to  i n v e s t i g a t e  

t h i s  p o s s i b i l i t y ,  w e t - w e ig h t : d r y - w e ig h t  d e te rm in a t io n s  were pe r fo rm e d .

I t  was found  t h a t  the  i n t e s t i n e  o f  bo th  th e  3-day s ta rv e d  c o n t r o l  and 

p e n ta g a s t r in  t r e a te d  group c o n s is te d  o f  81 -82^  w a ter (no s i g n i f i c a n t  

d i f f e r e n c e  between groups be ing  fo u n d ) ,  and thus  changes i n  t i s s u e  hy

d r a t i o n  c o u ld  n o t  bs c o n s id e re d  a s e r io u s  f a c t o r  which m igh t  i n f lu e n c e  

the  r e s u l t s .
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Study 2. The E f f e c t s  o f  G a s t r in  (o r  I t s  P e n ta g a s t r in  D e r i v a t i v e )  
on th e  O n toqen ic  Development o f  I n t e s t i n a l  P ro p e r t ie s

The im m atu re  i n t e s t i n e  o f  s u c k l in g  r a t s  undergoes d ra m a t ic  chan

ges i n  p r o p e r t i e s  d u r in g  the  t h i r d  and f o u r t h  meek i n  l i f e .  As d e s c r ib e d  

i n  the  i n t r o d u c t o r y  s e c t i o n ,  many o f  th e se  deve lopm enta l changes a c t u a l l y  

o v e rs h o o t  the  n o rm a l a d u l t  va lu e s  i n  the  f i r s t  meek o f  meaning. T h is  

p h y s io lo g i c a l  phenomenon mas re c o rd e d  i n  o u r  p r e l im in a r y  o n to g e n ic  de

ve lo p m e n ta l  s t u d ie s  as can be seen i n  F ig u re  8. On day 14 o f  l i f e ,  th e  

met m e ig h t ,  DNA, RNA, and p r o te in  c o n te n ts  o f  the  small i n t e s t i n e  a re  a l l  

le s s  than  t h e i r  r e s p e c t iv e  a d u l t  v a lu e s  (m i th  the  RNA and p r o t e in  c o n te n t  

i n  the s u c k l in g  r a t s  b e in g  s i g n i f i c a n t l y  lo m e r ) .  At day 24, the  r a t s  

have been meaning f o r  o v e r  one meek, and th e re  i s  a s i g n i f i c a n t  in c re a s e  

i n  a l l  s t r u c t u r a l  pa ram e te rs  ( i n  com par ison  to  both s u c k l in g  and a d u l t  

v a lu e s ) .  These r e l a t i v e  va lu e s  then  decrease  tomards the  a d u l t  l e v e l s .

D ra m a t ic  changes a ls o  o c c u r  i n  th e  enzym atic  c a p a c i t y  o f  th e  

s m a l l  i n t e s t i n e  i n  the  f i r s t  month o f  l i f e  (m i th  both la c ta s e s ,  and 

a l k a l i n e  phospha tase  d ec rea s in g  and m a lta se  in c re a s in g  i n  a c t i v i t y ) .  As 

m entioned e a r l i e r ,  the  reason f o r  the se  f u n c t i o n a l  and s t r u c t u r a l  chan

ges i s  p r e s e n t l y  u n c le a r ,  and i n  th e  s tu d ie s  mhich f o l lo m ,  a p o s s ib le  

g a s t r i n  in f l u e n c e  m i l l  be i n v e s t i g a t e d .

Study 2a. The E f f e c t  o f  
P ro longed  S u c k l in g

The e f f e c t s  o f  a p ro lo n g e d  s u c k l in g  per iod  mere s tu d ie d ,  i n  

o rd e r  to  d e te rm in e  mhich d eve lo p m e n ta l changes are i n i t i a t e d  by th e  a c t  

o f  meaning. S u c k l in g  l i t t e r m a t e s  mere d iv id e d  in to  two g roups ; one mas 

a l lom ed to  mean and the  o th e r  mas d e p r iv e d  o f  access to  s o l i d  fo o d .
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The d i f f e r e n c e s  i n  i n t e s t i n a l  RNA and DNA c o n te n t  betmeen th e  tmo groups 

can be seen in  F ig u re  9. In  s p i t e  o f  th e  marked in c re a s e  i n  body m e igh t 

mhich o ccu rs  d u r in g  meaning, the  t o t a l  i n t e s t i n a l  RNA and DNA c o n te n t  

when expressed per u n i t  o f  body m e igh t a re  h ig h e r  i n  t h i s  g roup  than  in  

th e  " s u c k l i n g  o n ly "  r a t s .  The in c re a s e  i n  RNA c o n te n t  was h ig h l y  s i g 

n i f i c a n t ,  mhereas the  appa ren t in c re a s e  i n  DNA l e v e l s  mas n o t  s i g n i f i 

c a n t ,  The meaning group a lso  had a s m a l l  in c re a s e  i n  bo th  i n t e s t i n a l  

m e ig h t  and p r o te in  c o n te n t  r e l a t i v e  to  body m e ig h t ,  b u t  the se  changes 

d id  n o t  reach the l e v e l  o f  s ig n i f i c a n c e .

P o s s ib le  d i f f e r e n c e s  i n  the  development o f  enzym a t ic  a c t i v i t y  

mere the n  s tu d ie d .  Normal deve lopment o f  a d u l t  va lu e s  o f  a l k a l i n e  phos

pha tase  and m altase mas e v id e n t  i n  bo th  groups o f  r a t s .  A lk a l in e  phos

pha tase  a c t i v i t y  approached the  lorn a d u l t  v a lu e s ,  d e c re a s in g  to  l / 3  o f  

i t s  a c t i v i t y  a t  14 days, and th e re  mas a b s o lu te ly  no d i f f e r e n c e  d is 

c e r n ib l e  between the  g roups . The m a ltase  a c t i v i t y  had in c re a s e d  from  

low  v a lu e s  a t  14 days o f  age to  l e v e l s  s u rp a s s in g  known a d u l t  v a lu e s .  

T h is  o v e rs h o o t  has been p r e v io u s ly  r e p o r te d  i n  th e  l i t e r a t u r e  (4 6 ) .

There mas a s l i g h t l y  g re a te r  m a ltase  a c t i v i t y  i n  th e  meaning g roup , b u t  

t h i s  d i f f e r e n c e  p roved  to  be n o n s ig n i f i c a n t .

Lactase a c t i v i t y  mas then measured i n  these  2 4 -d a y -o ld  r a t s .  

Because o f  the h ig h  l e v e l s  o f  bo th  " a c i d i c "  and " n e u t r a l "  la c ta s e  a c t i 

v i t y  i n  s u c k l in g  r a t s ,  these tmo enzyme a c t i v i t i e s  mere s e p a ra te d  by the 

method o f  Ko ldovsky, e t  a l . (65) as d e s c r ib e d  i n  the  Appendix (page 

148 ) .  I t  mas found t h a t  w h i le  " a c i d i c "  la c ta s e  a c t i v i t y  d e c l in e d  n o r 

m a l ly  to  low a d u l t  va lu e s  i n  bo th  g roups , marked d i f f e r e n c e s  e x is te d  

betmeen the  groups i n  the  development o f  " n e u t r a l , "  o r  b ru sh  b o rde r
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la c ta s e  (see F ig u re  10 ) .  The meaning r a t s  dem onstra ted  the normal de

c rease  in  la c ta s e  a c t i v i t y  to  a d u l t  va lu e s  (a p p ro x im a te ly  1 5 - f o ld ) ,  

mhereas the  r a t s  d e p r iv e d  o f  s o l i d  foo d  had o n ly  a 3 - f o l d  decrease i n  

" n e u t r a l "  la c ta s e  a c t i v i t y  from  th e  h ig h  s u c k l in g  v a lu e s .  As can be 

seen, the  d i f f e r e n c e s  betmeen th e  groups mere h ig h ly  s i g n i f i c a n t .

S tudy 2b. The E f f e c t  o f  P e n ta g a s t r in  on I n t e s t i n a l
P r o p e r t ie s  o f  22 -D ay-O ld  Rats

In  t h i s  s tu d y ,  l i t t e r m a t e  r a t s  mere d iv id e d  i n t o  tmo groups on 

day 14. The t r e a tm e n t  g roup re c e iv e d  p e n ta g a s t r in  i n j e c t i o n s  (250 

u g /k g ,  3 X day) and the c o n t r o l  group mas i n je c t e d  m ith  s a l in e .  Both 

groups mere d e p r iv e d  o f  s o l i d  fo o d  and mere dependent on s u c k l in g  as the 

s o le  source  o f  n o u r is h m e n t .  On d ay -22 , the  r a t s  mere s a c r i f i c e d .

Table 5 l i s t s  th e  r e s u l t s  o b ta in e d .  S ig n i f i c a n t  in c re a s e s  mere 

found  in  the " p e n t a g a s t r i n - t r e a t e d "  group ( i n  comparison to  the  c o n t r o ls )  

i n  r e l a t i v e  i n t e s t i n a l  met m e ig h t ,  p r o t e in ,  and RNA c o n te n t ,  m h ile  an i n 

s i g n i f i c a n t  in c re a s e  in  th e  DNA/body m e ig h t r a t i o  mas re co rd ed .

Ana lyses o f  enzym a t ic  a c t i v i t y  o f  these  tmo groups o f  r a t s  are 

p resen ted  in  Tab le  5 . As e xpe c ted ,  t h e re  mas no s i g n i f i c a n t  d i f f e r e n c e  

i n  a l k a l i n e  phosphatase and m a lta se  a c t i v i t y  betmeen the  g roups . Sur

p r i s i n g l y ,  homever, both  " a c i d i c "  and " n e u t r a l "  l a c t a s e 's  mere s i g n i f i 

c a n t l y  decreased i n  response to  p e n ta g a s t r in  t re a tm e n t .

S tudy 2c. The E f f e c t  o f  P e n ta g a s t r in  on I n t e s t i n a l
P r o p e r t ie s  o f  14-D ay-O ld  Rats

In  t h i s  e x p e r im e n t ,  9 -d a y - o ld  l i t t e r m a t e  r a t s  mere d iv id e d  i n t o  

tmo g roups, one o f  mhich re c e iv e d  i n j e c t i o n s  o f  p e n ta g a s t r in  m h ile  the  

o th e r  ( c o n t r o l s )  re c e iv e d  i n j e c t i o n s  o f  s a l i n e .  The s u c k l in g  r a t s  mere
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TABLE 5

INTESTINAL STRUCTURAL PROPERTIES OF 22-DAY-OLD 
RATS IN RESPONSE TO PENTAGASTRIN TREATMENT 

(250 u g /kg ,  3 X DAY)

Group

mq. p ro te in ® qm. met lut.® mq. DNA® mq. RNA®
100 gm. 
body mt.

100 gm. 
body wt.

100 gm. 
body w t .

100 gm. 
body w t.

C o n t r o l 488 .13 4.075 20.886 42.100
n=6 ±1 2 .6 8 ±0.101 ±2 .746 ±0 .932

P e n ta g a s t r in 568.28 4.826 22.607 52.794
n=6 ±4 2 .2 4 ±0.193 ±2 .926 ±3.360

P < 0 .0 5 <0 .005 n .s . <0 .01

^lïlean Value - S .E .



79

TABLE 6

INTESTINAL ENZYMATIC ACTIVITY OF 22-DAY-OLD RATS IN 
RESPONSE TO PENTAGASTRIN (250 ug/Kg , 3 X DAY)

Group

Lac tase  
Acid ic  N e u t ra l  

A c t i v i t y ^  A c t i v i t y ^
M a ltase

A c t i v i t y ^

A lk a l in e
Phosphatase

A c t i v i t y
gm. uiet lu t. gm. met mt. gm. met mt. gm. met m t.

C o n t r o l 4.194 7 .36 4 11.657 51.052
n=6 ±0.185 ±0 .329 ±0.768 ±2 .692

P e n ta g a s t r in 2.214 4.186 13.224 46.484
n=6 ±0.436 ± 1 .23 4 ±0.528 ±3.843

P <0.005 < 0 .0 5 n .s . n . s .

^ A c t i v i t y  exp resse d  as mean ± S .E . i n  ulYI o f  d is a c c a r id e  h y d r o ly z e d /  
m in . a t  37°C. a t  optimum pH.

^ A c t i v i t y  exp ressed  as mean i  S .E. i n  mg. o f  p h e n o lp h th a le in  r e le a s e d /  
30 m in . a t  37°C. a t  optimum pH.
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s a c r i f i c e d  on th e  fo u r te e n th  day o f  l i f e .

The p e n t a g a s t r in - t r e a t e d  r a t s  showed th e  c h a r a c t e r i s t i c  p a t te r n  

o f  an a p p ro x im a te  10% in c re a s e  i n  th e  s t r u c t u r a l  param eters  r e l a t i v e  to 

the body w e ig h t .  S i g n i f i c a n t  d i f f e r e n c e s  were o n ly  found in  the t o t a l  

i n t e s t i n a l  p r o te in /1 0 0  gm body w e ig h t  r a t i o  (4 5 8 .8 7  -  20.1 and 397.39 -  

12.42 f o r  p e n ta g a s t r in  and s a l in e  i n je c t e d  r a t s ,  r e s p e c t i v e l y ) .

A l k a l i n e  phosphatase a c t i v i t y ,  " a c i d i c  l a c t a s e , "  and m a ltase  

a c t i v i t y  rem a ined  a t  t h e i r  normal s u c k l in g  l e v e l s  in  bo th  groups and ap

peared to  be i n s e n s i t i v e  to  the horm onal t r e a tm e n t .  " N e u t r a l "  la c ta s e ,  

however, d id  respond  to  p e n ta g a s t r in ,  s i g n i f i c a n t l y  d ec reas ing  tow ards 

a d u l t  v a lu e s .  T h is  can be seen g r a p h ic a l l y  i n  F ig u re  11.

Study 3. The E f f e c t s  o f  Low Endogenous G a s tr in  
L eve ls  on I n t e s t i n a l  P ro p e r t ie s

T h is  p rob lem  was s tu d ie d  on a n t re c to m iz e d  r a t s .  G a s t r o in t e s t i 

n a l  c o n t i n u i t y  was then r e e s ta b l i s h e d  by two te c h n iq u e s  ( B i l l r o t h  I  and 

8 i l l r o t h  I I ) .  Sham-operated r a t s  se rved  as c o n t r o l s .

The f i r s t  expe r im en t i n  t h i s  s tud y  was perfo rm ed on r a t s  w i th  

an a n tre c to m y  fo l lo w e d  by a gastroduodenostom y ( B i l l r o t h  l ) .  D e ju na l 

s e c t io n s  were removed f o r  h i s t o l o g i c a l  e x a m in a t io n .  No apparent d i f f e r 

ence i n  i n t e s t i n a l  a r c h i t e c t u r e  was found  between the  a n t re c to m iz e d  and 

sham -opera ted  g ro up s .  A n a ly t i c a l  s tu d ie s  i n d i c a t e d  t h a t  i n t e s t i n a l  

s t r u c t u r a l  p a ram e te rs  were somewhat reduced i n  the  a n tre c to m ize d  g roup , 

w i th  s m a l l  dec reases  be ing  reco rded  i n  i n t e s t i n a l  p r o t e in ,  RNA, and DNA 

c o n te n t  when expressed  i n  r e l a t i o n  to  body w e ig h t .  A s i g n i f i c a n t  d i f 

fe re n c e  was fo u n d  o n ly  between the  i n t e s t i n a l  RNA c o n te n t  o f  the  a n t re c 

tom ized  and th e  sham -operated r a t s  (see Tab le  7 ) .
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TABLE 7

EFFECT OF LOW AND HIGH ENDOGENOUS GASTRIN LEVELS 
ON INTESTINAL RNA AND DNA CONTENT

mq. RNA^ mq. DNA^
Group 100 gm. body w t . 100 gm. body w t.

C o n t ro l 12.593 9.348
±0.500 ±1.245

Antrec tom y 11.163 7.848
±0.165 ±0.648

P < 0 .0 2 5 n .s .

C o n t r o l 15.126 12.727
±0.436 ±0.386

D is te n s io n 15.750 14.051
±0.419 ±0.385

P n .s . <0 .025

^lïlean Value  -  S.E.
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Enzym atic  a n a lyse s  were then p e r fo rm ed , and no s i g n i f i c a n t  d i f 

fe re n c e s  i n  the  l e v e l s  o f  any o f  the  f o u r  enzymes measured c o u ld  be de

te c te d  betmeen th e  g roups .

A B i l l r o t h  I I  (g a s t ro je ju n o s to m y )  p ro ced u re  mas then  perfo rm ed 

on a group o f  r a t s  f o l l o w in g  a n t r a l  r e s e c t i o n .  Ano ther group mas sham- 

o p e ra te d .  U n f o r t u n a t e ly ,  th e re  mas a h ig h  m o r t a l i t y  r a te  among the  an

t re c to m iz e d  a n im a ls ,  so t h a t  o n ly  s e v e r a l  B i l l r o t h  I l - a n t r e c to m iz e d  r a t s  

s u rv iv e d  the one month r e c u p e r a t io n  p e r io d .  Upon s a c r i f i c e ,  ano the r 

prob lem  mas re v e a le d .  The i n t e s t i n a l  re g io n  o f  re anas tom os is  v a r ie d  

from d i s t a l  duodenum i n  some an im a ls  to  d i s t a l  je junum  in  o th e rs  and a 

s i g n i f i c a n t  amount o f  adhes ion  o f  i n t e s t i n a l  t i s s u e  to  o th e r  organs oc

c u r re d ,  so t h a t  th e  t o t a l  le n g th  o f  i n t e s t i n e  mas n o t  re co ve red  i n  a l l  

cases. For th e s e  re a s o n s ,  i t  mas dec ided  to  use these  r a t s  f o r  a p i l o t  

m o rp h o lo g ic a l  s tu d y  on th e  e f f e c t s  o f  t h i s  p ro ce d u re  on i n t e s t i n a l  s t r u c 

t u r e .  Tmo s e c t io n s  f o r  h i s t o l o g y  mere removed from  each a n im a l ,  one from  

the  p ro x im a l duodenum and one from the  d i s t a l  je ju n u m . In  t h i s  may, i t  

mas p o s s ib le  to  compare th e  e f f e c t s  o f  t h i s  s u r g i c a l  p rocedure  on a 

duodena l re g io n  (m hich mas d e p r iv e d  o f  c o n ta c t  m i th  lu m in a l  c o n te n ts )  to  

a norm a l duodena l segment mhich mas p a r t  o f  the  no rm a l g a s t r o i n t e s t i n a l  

c o n t i n u i t y ,  and a t  the  same t im e ,  to  compare the  j e j u n a l  s t r u c t u r e  o f  th e  

tmo groups o f  r a t s .

The averaged r e s u l t s  o f  th e  q u a n t i t a t i o n  o f  c r y p t  and v i l l u s  

h e ig h t  o f  the  duodenum and je junum from the  tmo groups are p resen ted  i n  

Table  8 . (Because o f  the  fern s e c t io n s  examined, no s t a t i s t i c a l  a n a ly s is  

o f  the  r e s u l t s  mas a t te m p te d . )  I t  can be seen from  th e  t a b le  t h a t  duo

dena l v i l l u s  h e ig h t  appears  to  be m a rked ly  reduced  and c r y p t  h e ig h t
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TABLE 8

VILLUS AND CRYPT HEIGHT® IN ANTRECTOIYIIZED-
BILLROTH I I  AND SHAM-OPERATED RATS

Group

Duodenum

Crypt V i l l u s  
Height H e ig h t

Oe.iunum

C ry p t  V i l l u s  
H e ig h t H e ig h t

C o n t r o l 0.1333 0.3833 0.1130 0.2655

A n tre c to m iz e d 0.1628 0 .2614 0.1322 0.3126

®Expressed i n  m i l l im e t e r s
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a p p a re n t ly  i s  e i t h e r  u n a f fe c te d  o r  in c re a se d  i n  the  a n t r e c t o m iz e d - B i l l -  

r o t h  I I  group (see F ig u re s  12a and 12b).  On th e  o th e r  hand, b o th  j e 

j u n a l  c r y p t  and v i l l u s  h e ig h ts  mere s l i g h t l y  g r e a te r  i n  the  a n t r e c to -  

m iz e d - B i l l r o t h  I I  a n im a ls  than  i n  t h e i r  sham -opera ted c o u n te r p a r t s .

O the r i n t e r e s t i n g  o b s e r v a t io n s  in c lu d e  the  marked decrease  i n  th e  v i l l u s  

h e i g h t / c r y p t  h e ig h t  r a t i o  i n  b l in d -e n d e d  duodena l lo o p s  o f  the  a n t r e c to 

mized an im a l when compared to  the  r a t i o  found i n  norm a l duodenal seg

ments. There mas no such d i f f e r e n c e  reco rded  i n  the  m orpho logy o f  j e 

j u n a l  t i s s u e .  A ls o ,  i t  appeared t h a t  the v i l l u s  h e ig h t  g r a d ie n t  along 

th e  i n t e s t i n a l  l e n g t h ,  mhich mas p re s e n t  i n  th e  sham -opera ted  r a t s ,  mas 

absen t i n  the  a n t re c to m iz e d  g roup , mhereas a c r y p t  h e ig h t  g r a d ie n t  co u ld  

be observed i n  bo th  g ro up s .

S tudy 4 .  The E f fe c t s  o f  High Endogenous G a s t r in  
L e v e ls  on I n t e s t i n a l  P r o p e r t ie s

T h is  e x p e r im e n t  mas perfo rm ed by s u r g i c a l l y  l i g a t i n g  the  py

l o r i c  re g io n  i n  a group o f  r a t s  m h i le  sham -opera ted r a t s  se rved  as con

t r o l s .  I t  mas found  t h a t  i n t e s t i n a l  s t r u c t u r a l  pa ram ete rs  mere s l i g h t l y  

in c re a s e d  by p y l o r i c  o b s t r u c t io n  ( a n t r a l  d i s t e n s io n ) .  Sm all in c re a s e s  

mere a lso  found i n  th e  r e l a t i v e  amounts o f  RNA, DNA, and met m e ight o f  

i n t e s t i n e .  As can be seen i n  Table  7, the DNA c o n te n t  mas the  o n ly  p ro 

p e r ty  t h a t  mas s i g n i f i c a n t l y  in c re a s e d  by t h i s  p ro c e d u re  mhich presumably 

caused h y p e rs e c re t io n  o f  g a s t r i n .

The r e s u l t s  o b ta in e d  m ith  the  enzym atic  s tu d ie s  dem onstra ted 

t h a t  la c ta s e  a c t i v i t y  mas s i g n i f i c a n t l y  lomer i n  th e  d is t e n s io n  group in  

comparison to  th e  c o n t r o l s  (see F ig u re  1 3 ) .  No d i f f e r e n c e s  i n  m a ltase  o r 

a l k a l i n e  phosphatase mas d e te c te d  betmeen the  tmo g roups .
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F ig .  12a .— Duodenal 
s t r u c t u r e  o f  sham -opera ted 
r a t .  (X 113)

F ig .  1 2 b .— Duodenal 
s t r u c t u r e  o f  a n tre c to m iz e d -  
B i l l r o t h  I I  o pe ra ted  r a t ,
(X 113)
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F ig .  1 3 .— E f f e c t s  o f  a n t r a l  d i s t e n s io n  on la c ta s e  a c t i 
v i t y .  A c t i v i t y  expressed as mean -  S .E . i n  ulYl o f  la c to s e  
h y d r o ly z e d /m in .  a t  37°C. a t  a pH o f  5 .6 .
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Study 5 .  The E f f e c t s  o f  P e n ta q a s t r in  
on Duodenal C u l tu r e  C e l ls

An a d u l t  r a t  duodena l c u l t u r e  l i n e  was e s ta b l is h e d  as d e s c r ib e d  

i n  the  methods s e c t i o n .  A week a f t e r  th e  o r i g i n a l  e x p la n ts  were s e t  

down, one s e t  o f  T f l a s k s  was s t a r t e d  on d a i l y  doses o f  p e n ta g a s t r in  

(0 .5  u g /m l  medium ), and th e  c o n t r o l s  were t r e a te d  w i t h  an equal volume 

o f  s a l i n e  d a i l y .  A p p ro x im a te ly  th r e e  months l a t e r ,  c e l l u l a r  g row th  k i 

n e t ic s  were s tu d ie d  on th e  m a tch ing  c u l t u r e  l i n e s .

C lone c o u n ts  were made on th e  p e n ta g a s t r in  and s a l i n e - t r e a t e d  

c u l t u r e s  to  g e t  an e s t im a te  o f  th e  c e l l u l a r  d o u b l in g  t im es  (o r  th e  p e r i 

od i t  ta k e s  f o r  th e  number o f  th e  c e l l s / c l o n e  to  d o u b le ) .  The r e s u l t s  

can be seen i n  F ig u re  14. The p e n t a g a s t r i n - t r e a t e d  c u l t u r e s  were found 

to  have a d o u b l in g  t im e  o f  19.5 h o u rs ,  whereas the  s a l i n e - t r e a t e d  duo

dena l c e l l s  d o u b le  t h e i r  number e v e ry  3 1 .5  h o u rs .  T h is  d i f f e r e n c e  was 

h ig h l y  s i g n i f i c a n t .

What was th e  cause o f  t h i s  marked in c re a s e  i n  growth r a te ?  

P e n ta g a s t r in  may be a c c e le r a t in g  th e  c e l l  c y c le  t im e ;  i t  may be in c r e a s 

in g  th e  p e rc e n ta g e  o f  p r o l i f e r a t i v e  c e l l s  i n  the  c u l t u r e ;  o r i t  may be 

a f f e c t i n g  b o th  p a ram e te rs  s im u l ta n e o u s ly .  In  o rd e r  to  in v e s t i g a t e  t h i s  

p rob lem , a d e te r m in a t io n  o f  th e  p e rc e n ta g e  o f  c e l l s  i n  the  p r o l i f e r a t i v e  

p o o l  o f  each c u l t u r e  was made. The d e t a i l e d  te c h n iq u e s  in v o lv e d  i n  t h i s  

k i n e t i c  a u to r a d io g r a p h ic  s tud y  a re  l i s t e d  i n  the  Appendix (page 1 5 1 ) .

The r e s u l t s  a re  p re s e n te d  i n  F ig u re  15. The pe rcen tage  o f  c e l l s  i n  the  

p r o l i f e r a t i v e  p o o l  i s  m arked ly  d i f f e r e n t  i n  th e  two g roups. A p p ro x i -  

m a te ly  73% o f  th e  p e n t a g a s t r in - t r e a t e d  c e l l s  in c o r p o r a te  H - th y m id in e  

i n t o  t h e i r  n u c le u s  (and hence a re  p r o l i f e r a t i v e ) ,  whereas, o n ly  36% o f
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Percentage of Duodenal Culture 
Cells in the Proliferative Pool
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th e  s a l i n e - t r e a t e d  c e l l s  are p r o l i f e r a t i v e .  The r i s e  t im e  o f  bo th  c u rve s  

i s  17 .5  h o u rs .  As d e s c r ib e d  in  th e  Appendix (page 1 5 2 ) ,  the  d u r a t io n  o f  

t h i s  phase i s  e q u iv a le n t  to  G2 + M + G^.

T y p ic a l  f i e l d s  seen in  bo th  p e n ta g a s t r in  and s a l i n e - t r e a t e d  c u l 

t u r e s  (on the  p la te a u  re g io n )  a re  p re se n te d  i n  F ig u re s  16 and 17, re s p e c 

t i v e l y .  The s i l v e r  g r a in s  lo c a te d  i n  the  c e l l u l a r  n uc leu s  r e f l e c t  th e  

p resence  o f  ^ H - th y m id in e  in  the  n u c le a r  DNA, and a re  i n d i c a t i v e  o f  a c t i v e  

DIMA s y n th e s is .  As can be seen, th e  f re q u e n c y  o f  l a b e l l e d  c e l l s  i n  the  

c o n t r o l  p o p u la t io n  i s  f a r  le s s .

U s ing  i n f o r m a t io n  o b ta in e d  from  th e  above tujo k i n e t i c  s t u d ie s ,  a 

c ru d e  a p p ro x im a t io n  o f  the  c e l l u l a r  g e n e ra t io n  t im e (G j)  and the  d u r a t io n  

o f  th e  S phase can be c a lc u la te d  (see page 153 o f  the  A pp e nd ix ) .  The ap

p ro x im a te  v a lu e s  a re  l i s t e d  i n  Tab le  9. As can be seen, th e re  i s  r o u g h ly  

a t w o - f o l d  d i f f e r e n c e  i n  c e l l  c y c le  t im e ,  and t h i s  i s  s o l e l y  a t t r i b u t a b l e  . 

t o  a much s h o r t e r  S (DNA s y n th e s is )  phase i n  th e  p e n t a g a s t r in - t r e a t e d  

duodena l c u l t u r e s .

The sh o r te n e d  d o u b l in g  t im e  o f  th e  p e n t a g a s t r in - t r e a t e d  duodena l 

c u l t u r e s ,  i n  com par ison  to  the  c o n t r o l s ,  t h e r e f o r e  appears to  be r e l a t e d  

t o  bo th  an in c re a s e  i n  the pe rcen tag e  o f  p r o l i f e r a t i v e  c e l l s  i n  th e  popu

l a t i o n ,  as w e l l  as to  a g r e a t l y  s h o r te n e d  g e n e ra t io n  t im e .

The c e l l  p o p u la t io n s  o f  th e  two duodena l c u l t u r e s  were the n  ex

amined w i t h  h ig h  and low-powered l i g h t  m ic ro s c o p y .  The p e n t a g a s t r in -  

t r e a t e d  c u l t u r e s  appeared more e p i t h e l i o i d  i n  bo th  g row th  p a t t e r n  and 

c e l l  shape. As can be seen i n  F ig u re  18, th e  c e l l s  a re  c u b o id a l  i n  

shape, and have a p ro m in en t c i r c u l a r  n u c le u s .  The c e l l s  a re  o r ie n te d  i n  

a s id e  by s id e  manner and grow i n  a s h e e t - l i k e  f a s h io n .  These f e a tu r e s
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F ig .  1 6 .— A u to ra d io g ra p h  o f  s a l i n e -  
t r a a t e d  duodenal c u l t u r e  c e l l s ,  demon
s t r a t i n g  pe rcen tage  o f  c e l l s  l a b e l l e d  
( g r a in s  i n  n u c le u s ) .  (X 590)
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F ig .  1 7 .— A u to ra d io g ra p h  o f  p e n ta -  
g a s t r i n - t r a a t e d  duodena l c u l t u r e  c e l l s ,  
d e m o n s tra t in g  p e rcen tag e  o f  c e l l s  
l a b e l l e d  (g ra in s  i n  n u c le u s ) . (X 366)
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TABLE 9

EFFECT OF PENTAGASTRIN ON CELL CYCLE 
PHASES OF DUODENAL CULTURE CELLS

Group G2 + IÏI + G^B S^ Gt ^

C o n t ro l 17.5 27 44 .5

P e n ta g a s t r in 17.5 5 2 2 .5

E x p re s s e d  i n  hours  

where

S = DNA S y n th e s is  

G-p = G en e ra t ion  Time 

Gg + lYI + G<| = G j — S
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F ig .  1 8 .— A u to ra d io g ra p h  o f  p e n ta -  
g a s t r i n - t r a a t e d  duodenal c u l t u r e  c e l l s  
( e p i t h e l i a l  c e l l s ) .  (X 720)
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are  found  p re d o m in a n t ly  i n  e p i t h e l i a l  p o p u la t io n s  ( 4 5 ) .  A lthough  an 

o c c a s io n a l  f i b r o b l a s t  i s  found  i n  th e  p e n t a g a s t r in - t r e a t e d  c u l t u r e s ,  

th e y  a re  much more f r e q u e n t l y  found i n  th e  c o n t r o l  c u l t u r e s .  These 

c e l l s  a re  e lo n g a te  and s p i n d l e - l i k e  i n  shape and have a r e l a t i v e l y  

s m a l le r  n uc leus  ( i n  com parison to  e p i t h e l i a l  c e l l s ) ,  which has an o v a l  

c o n f i g u r a t i o n .  T h e i r  g row th  p a t te r n  i s  much le s s  o rg a n iz e d  than one 

f i n d s  i n  e p i t h e l i a l  p o p u la t io n s ,  f o r  f i b r o b l a s t s  are o r ie n te d  i n  a hap

hazard  fa s h io n  i n  r e l a t i o n  to  n e ig h b o r in g  c e l l s .  E p i t h e l i a l  c l u s t e r s  

a re  a ls o  seen i n  th e  c o n t r o l  c u l t u r e s  and re p r e s e n t  a p p ro x im a te ly  50% 

o f  th e  p o p u la t io n  whereas, the  p e n t a g a s t r i n - t r e a t e d  c u l t u r e s  c o n s i s t  o f  

a p p ro x im a te ly  90% e p i t h e l i a l  c e l l s .  A t y p i c a l  f i e l d  seen i n  a c o n t r o l  

c u l t u r e  i s  shown i n  F ig u re  19.

U l t r a s t r u c t u r a l  s tu d ie s  were then  pe r fo rm ed  on the duodenal 

c u l t u r e  c e l l s .  An e le c t r o n  m ic rog raph  o f  an e p i t h e l i a l  c e l l  from  th e  

p e n t a g a s t r i n - t r e a t e d  c u l t u r e  i s  shown in  F ig u re  20. M i c r o v i l l u s - l i k e  

s t r u c t u r e s  are s p a r s e ly  d i s t r i b u t e d  a lo n g  th e  p e r ip h e ry  o f  the  c e l l .

They a re  s m a l l  and a l ig n e d  in  a d i s o r ie n t e d  f a s h io n .  A p rom inen t t r i 

la m in a r  s u r fa c e  membrane covers  these  p r o je c t i o n s ,  and a t h i n ,  t r a n s 

lu c e n t  fu z z y  c o a t  i s  seen o v e r la y in g  the  membrane. No te r m in a l  web was 

seen i n  a s s o c ia t io n  w i th  th e  m ic r o v i l l u s - t y p e  s t r u c t u r e s ;  however, s m a l l  

v e s i c u la r  s t r u c t u r e s  were f r e q u e n t l y  seen a d ja c e n t  to  the  membranous 

s u r fa c e .  A no the r c h a r a c t e r i s t i c  o f  the se  c e l l s  i s  d e p ic te d  in  F ig u re  

21. I n  t h i s  c e l l ,  a la r g e  e x t ru d in g  c y to p la s m ic  mass (s e v e ra l  m ic rons  

i n  d ia m e te r )  app e a rs .  C y top lasm ic  s t r u c t u r e s  such as a G o lg i  ne tw o rk  

and endop lasm ic  r e t i c u lu m  are f r e q u e n t l y  seen enc lose d  i n  these  c y to 

p la s m ic  b le b s .  In  g e n e ra l ,  the G o lg i  ne tw o rk  i s  w e l l  developed i n  these
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F ig .  1 9 .— A u to ra d io g ra p h  o f  s a l i n e -  
t r e a t e d  duodenal c u l t u r e  c e l l s  ( f i b r o -  
b l a s t i c - e p i t h e l i o d  a d m ix tu r e ) .  (X 235)
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F ig .  2 0 .— E le c t r o n  m ic ro g ra p h  o f  a p e n t a g a s t r i n - t r e a t e d  
duodenal c u l t u r e  c e l l .  S h o r t  m i c r o v i l l u s - t y p e  s t r u c t u r e s  (IKIU) 
and v e s ic le s  (U) can be seen l i n i n g  the  p e r ip h e r y  o f  th e  c e l l .  
(X 3 3 ,0 0 0 )
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F ig .  2 1 .— E le c t ro n  m ic ro g ra p h  o f  p e n t a g a s t r in - t r e a t e d  
duodena l c u l t u r e  c e l l ,  d e m o n s t ra t in g  c y to p la s m ic  e x t r u 
s io n s .  S e v e ra l  c y to p la s m ic  b le b s  ( b ) can be seen b e in g  
e x t ru d e d .  (X 50,000)
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c e l l s .

I f  one nouj r e f e r s  back to  th e  d is c u s s io n  o f  the  u l t r a s t r u c t u r e  

o f  im m ature  c r y p t  e p i t h e l i a l  c e l l s  ( found  on page 8) o f  the I n t r o d u c 

t i o n ) ,  th e  marked s i m i l a r i t i e s  between these two typ e s  o f  e p i t h e l i a l  

c e l l s  becomes a p p a re n t .  A l l  th e  abovs u l t r a s t r u c t u r a l  p r o p e r t ie s  a re  

common to  b o th  c e l l  ty p e s ,  and, in d e e d ,  i t  seems t h a t  the duodenal e p i 

t h e l i a l  c e l l s  grown i n  t i s s u e  c u l t u r e  may be i d e n t i c a l  to  c r y p t  e p i 

t h e l i a l  c e l l s .  I t  must be emphasized t h a t  t h i s  c e l l  type  i s  p re s e n t  i n  

bo th  th e  p e n ta g a s t r in  and c o n t r o l  c u l t u r e s ;  however, they  are found 

much more f r e q u e n t l y  i n  th e  fo rm e r .

The u l t r a s t r u c t u r e  o f  a f i b r o b l a s t ,  which re p re s e n ts  a s i g 

n i f i c a n t  p r o p o r t io n  o f  the  c o n t r o l  c u l t u r e  p o p u la t io n ,  i s  shown in  

F ig u re  22. The f u s i f o r m  shape o f  th e  c e l l  i s  i n  marked c o n t r a s t  to  the  

c u b o id a l  c o n f i g u r a t i o n  o f  an e p i t h e l i a l  c e l l .  These c e l l s  a re  cha rac 

t e r i z e d  by a p re d o m in a n t  e ndop lasm ic  r e t i c u lu m ,  w h ich  can a ls o  be seen 

i n  th e  e le c t r o n  m ic ro g ra p h .

The r a p i d l y  d i v i d i n g  p e n t a g a s t r in - t r e a t e d  c e l l s  seem to  have 

l o s t  th e  "n o rm a l"  p r o p e r t y  o f  c o n ta c t  i n h i b i t i o n  (when c e l l  d i v i s i o n  

and m ig r a t io n  i s  i n h i b i t e d  upon c o n ta c t  w i th  a n e ig h b o r in g  c e l l ) .  Th is  

i s  p a r t i c u l a r l y  e v id e n t  when, a f t e r  a c o n f lu e n t  monolayer i s  fo rm ed, 

p i l i n g  up o f  c e l l s  i n t o  a m o u n d - l ik e  s t r u c t u r e  o ccu rs  (see F ig u re  23a) . 

C o n ta c t  i n h i b i t i o n  i s  p re s e n t  i n  th e  c o n t r o l  p o p u la t io n ,  f o r  a c e l l u l a r  

m ono layer p e r s i s t s  a f t e r  c o n f lu e n c y  i s  reached (see F igu re  2 3 b ) .
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F ig . 2 2 .— E lectron  micrograph of a s a lin e -tre a te d  duodenal 
c u ltu re  c e l l .  Extensive endoplasmic re ticu lum  (ER) can be seen 
in  the cytoplasm. (X 22,000)



102

31

F ig .  2 3 a .— Pentagas- 
t r i n - t r e a t e d  c u l t u r e  a t  
c o n f lu e n c y .  (X 102)

F ig .  2 3 b .— S a l in e -  
t r e a t e d  c u l t u r e  a t  con
f lu e n c y .  (X 102)



CHAPTER IV

DISCUSSION

In  t h i s  c h a p te r ,  the  e x p e r im e n ta l  r e s u l t s  w i l l  be d is c u s s e d  

and v a r io u s  i n t e r p r e t a t i o n s  o f  t h e i r  s i g n i f i c a n c e  w i l l  be c o n s id e re d .

The r e s u l t s  w i l l  be d is c u s s e d  i n  th e  o rd e r  o f  t h e i r  p r e s e n ta t io n  i n  the  

p re c e d in g  c h a p te r ,  and an a t te m p t  w i l l  be made to  i n t e r r e l a t e  th e  f i n d 

in g s  i n  a l l  f i v e  s t u d ie s .  From th e  above in f o r m a t io n ,  h ypo theses  w i l l  

be made abou t a p o s s ib le  r o l e  o f  g a s t r i n  i n  th e  r e g u la t i o n  o f  th e  chan

geab le  i n t e s t i n a l  p r o p e r t i e s ,  w h ich  were ana lyze d  i n  d e t a i l  i n  th e  i n 

t r o d u c to r y  c h a p te r .

D is c u s s io n  o f  E x p e r im e n ta l  R e su lts  

S ta r v a t io n  S tudy 

The e f f e c t s  o f  s t a r v a t i o n  on th e  s m a l l  i n t e s t i n e . The p r e l i m i 

na ry  r e s u l t s  on the  e f f e c t s  o f  s t a r v a t i o n  on the  s t r u c t u r a l  pa ram e te rs  

o f  th e  s m a l l  i n t e s t i n e  b a s i c a l l y  v e r i f y  p re v io u s  r e p o r t s  on th e  s u b je c t  

made i n  o th e r  l a b o r a t o r i e s  (88 , 1 1 6 ) .  UJe found  t h a t  s t a r v a t i o n  i n  the  

r a t  causes marked a t r o p h y  o f  v i l l u s  and c r y p t  h e ig h t .  F u r th e r  q u a n t i t a 

t i v e  a na lyse s  re v e a le d  d is p r o p o r t io n a t e  decreases i n  i n t e s t i n a l  wet 

w e ig h t ,  RNA, DNA, and p r o t e in  c o n te n t  when co n s id e re d  i n  r e l a t i o n  to  th e  

e f f e c t s  o f  s t a r v a t i o n  on body w e ig h t  as a w ho le .

Our r e s u l t s  c o n c e rn in g  e n zym a t ic  a c t i v i t y  d u r in g  s t a r v a t i o n
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were i n  g e n e ra l  agreement w i t h  T r o g l i a ,  e t  a l .  and M cN e il ,  e t  a l .  who 

re p o r te d  enhancement o f  e n z y m a t ic  a c t i v i t y  i n  u n d e r n u t r i t i o n  and s t a r 

v a t i o n ,  r e s p e c t i v e l y  (89, 1 2 3 ) .  We found t h a t  d is a c c h a r id a s e  a c t i v i t y  

( n o ta b ly  la c ta s e )  was d r a m a t i c a l l y  in c re a s e d  d u r in g  p e r io d s  o f  s ta r v a 

t i o n  and t h a t  a l i n e a r  ty p e  r e l a t i o n s h i p  e x i s t s  between the  number o f  

days a r a t  i s  d e p r iv e d  o f  fo o d  and the  s p e c i f i c  a c t i v i t y  o f  la c ta s e .  

M a ltese  a c t i v i t y  a ls o  in c re a s e d  d u r in g  s t a r v a t i o n ,  b u t  i t  was n o t  as 

a f f e c t e d  by th e  la c k  o f  fo o d  as la c ta s e ,  as i t  in c re a s e d  i n  a c t i v i t y  

a t  a s lo w e r  r a t e .  I n  c o n t r a s t  t o  the  above enzymes, a l k a l i n e  phospha

ta s e  a c t i v i t y  was n o t  changed d u r in g  the  s t a r v a t i o n  p e r io d .  Th is  i s  

q u i t e  an i n t e r e s t i n g  f i n d i n g ,  s in c e  a l l  th r e e  enzymes a re  a s s o c ia te d  

w i t h  the  b rush  b o rd e r  membrane o f  th e  i n t e s t i n a l  e p i t h e l i a l  c e l l .

The reason  f o r  th e  in c re a s e  i n  d is a c c h a r id a s e  a c t i v i t y  d u r in g  

s t a r v a t i o n  i s  u n c le a r  a t  p r e s e n t .  One p o s s ib le  e x p la n a t io n  i s  t h a t  the  

s e r o s a l  and submucosal re g io n s  o f  th e  s m a l l  i n t e s t i n e  may undergo 

g r e a te r  a t ro p h y  d u r in g  s t a r v a t i o n  than  the mucosa, hence in c r e a s in g  the  

b rush  b o rde r  enzym a t ic  a c t i v i t y  ( a c t i v i t y / g m  wet w e ig h t ) .  S ince i t  has 

been dem onstra ted  t h a t  th e  mucosa i s  the  most s e v e r e ly  a f f e c te d  la y e r  

o f  the  s m a l l  i n t e s t i n e  d u r in g  s t a r v a t i o n ,  t h i s  i n t e r p r e t a t i o n  i s  p rob 

a b ly  n o t  c o r r e c t  (88 , 1 1 6 ) .  A no th e r more a c c e p ta b le  i n t e r p r e t a t i o n  i s  

t h a t  th e  i n t e s t i n a l  e p i t h e l i a l  c e l l s  a t t a in e d  a more m ature  s tage  o f  

d i f f e r e n t i a t i o n  d u r in g  s t a r v a t i o n .  T h is  th e o ry  i s  c o n s i s t e n t  w i th  the  

f i n d i n g s  o f  Hopper, e t  a l .  (w h ich  were d iscu sse d  i n  th e  i n t r o d u c t i o n )  

t h a t  the  m a tu ra t io n  phase o f  the  c r y p t  c e l l  i s  s i g n i f i c a n t l y  len g th en e d  

d u r in g  a s t a r v a t i o n  p e r io d  (5 1 ) .  T h is  d e te rm in a t io n  i s  based upon the  

in c re a s e d  g e n e ra t io n  t im e  and decreased  c r y p t  m ig r a t io n  r a t e  o f
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i n t e s t i n a l  e p i t h e l i a l  c e l l s  from  s ta rv e d  r a t s .  I t  i s  b e l ie v e d  th a t  the 

c e l l  i s  programmed f o r  d i f f e r e n t i a t i o n  d u r in g  t h i s  phase ( i . e . ,  the 

mRNA f o r  d is a c c h a r id a s e  p ro d u c t io n  i s  s y n th e s iz e d ) .  I t  i s  q u i te  con

c e iv a b le ,  th e n ,  t h a t  the  d u r a t io n  o f  the  m a tu r a t io n  phase i s  d i r e c t l y  

r e la t e d  to  th e  s tag e  o f  d i f f e r e n t i a t i o n  which th e  c a l l  w i l l  a t t a in .  I f  

t h i s  i s  so, i t  may accoun t f o r  the in c re a s e  i n  th e  number o f  d isa ccha 

r id a s e  m o le cu les  per c e l l  and, hence, the  g r e a te r  enzyme a c t i v i t y .  The 

d i f f e r e n c e s  i n  th e  e f f e c t s  o f  s t a r v a t i o n  on l a c t a s e ,  m a lta se ,  and a lk a 

l i n e  phosphatase a re  more d i f f i c u l t  to  e x p la in .  I t  i s  p o s s ib le  t h a t  a 

ba lan ce  e x i s t s  between two a n ta g o n is t i c  f a c t o r s ,  one s t im u la t in g  d i f 

f e r e n t i a t i o n ,  th e  o th e r  d e d i f f e r e n t i a t i o n ,  and each b rush  border enzyme 

i n h e r e n t l y  has a d i f f e r e n t  s e n s i t i v i t y  to  these  two r e g u la t o r y  agents . 

D u r ing  s t a r v a t i o n ,  one o f  the se  f a c t o r s ,  i . e . ,  th e  d e d i f f e r e n t i a t i o n  

f a c t o r  may be d e f i c i e n t ,  r e s u l t i n g  i n  a n o n -u n i fo rm  change i n  brush 

b o rd e r  enzym a t ic  a c t i v i t y .

The extrem e s e n s i t i v i t y  o f  th e  s m a l l  i n t e s t i n e ,  both  s t r u c t u r 

a l l y  and f u n c t i o n a l l y  to  fo o d  d e p r iv a t io n  i s  u n e x p la in e d .  The severe 

a t ro p h y  o f  th e  s t r u c t u r e  o f  th e  s m a l l  i n t e s t i n e  d u r in g  s t a r v a t i o n  has 

been no ted  many t im e s ,  b u t  th e  mechanism beh ind  t h i s  d ra m a t ic  change 

has never been in v e s t i g a t e d .  The assum ption  u n d e r ly in g  a l l  these r e 

p o r ts  i s  t h a t  th e  i n t e s t i n e ,  u n l i k e  o th e r  t i s s u e s  i n  the  body, i s  de

pendent on s e q u e s te r in g  i t s  n u t r i t i o n a l  s u p p ly  from  two sou rces ,  namely 

th e  b lood  and th e  lumen, and, t h e r e f o r e ,  i s  expec ted  to  be most severe

l y  a f f e c te d  d u r in g  s t a r v a t i o n .  W h ile  t h i s  th e o ry  may be t r u e ,  i t  has 

n o t  to  da te  been te s te d .  I t  was o u r  d e s i r e  to  i n v e s t i g a t e  ano ther 

p o s s ib le  mechanism to  accou n t f o r  th e  i n t e s t i n a l  changes d u r in g
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, s t a r v a t i o n .

The r e l a t i o n s h ip  between s t a r v a t i o n  and a g a s t r in  d e f i c i e n c y . 

As m entioned i n  the i n t r o d u c t i o n ,  g a s t r i n  re le a s e  i s  b e l ie v e d  t o  be 

t r ig g e r e d  i n  p a r t  by th e  presence o f  food  i n  th e  antrum, and thus  i s  

i d e a l l y  s u i t e d  t o  m o n i to r  the  presence o r  absence o f  food in  the  gas

t r o i n t e s t i n a l  t r a c t .  G a s t r in  b lood  l e v e l s  have been shouun t o  in c re a s e  

a p p ro x im a te ly  f i v e - f o l d  a f t e r  th e  i n g e s t i o n  o f  a meal. S in ce  g a s t r i n  

has been shown t o  have a t r o p h ic  i n f l u e n c e  on the  g a s t r i c  and duodena l 

mucosae, me fo rm u la te d  the  h y p o th e s is  t h a t  e f f e c t s  o f  s ta r v a t io n  on the  

s m a l l  i n t e s t i n e  are m ed ia ted  by a g a s t r i n  d e f i c i e n c y .  U)e te s te d  t h i s  

th e o ry  by i n j e c t i n g  s ta r v e d  r a t s  m i th  p e n t a g a s t r in .  I f  th e  e f f e c t s  o f  

s t a r v a t i o n  on i n t e s t i n a l  s t r u c t u r e  and f u n c t i o n  a re  indeed due to  a 

g a s t r i n  d e f i c i e n c y ,  re p lacem en t th e ra p y  o f  t h i s  hormone s h o u ld  re v e rs e  

these  changes. The p e n t a g a s t r in - t r e a t e d  s ta r v e d  r a t s  had a s i g n i f i 

c a n t l y  h ig h e r  i n t e s t i n a l  RNA, p r o t e i n ,  and p o s s ib ly  g re a te r  DNA c o n te n t  

than  the  s t a r v e d  c o n t r o l s .  In  a d d i t i o n ,  la c ta s e  and maltase a c t i v i t i e s  

mere s i g n i f i c a n t l y  lo w e r  i n  the  t r e a tm e n t  g roup , whether th e y  were ex

p ressed  p e r  wet w e ig h t ,  p r o te in ,  o r  p e r  DNA. There was no  n o t ic e a b le  

p e n ta g a s t r in  e f f e c t  on a l k a l i n e  phosphatase  a c t i v i t y .  Thus, many o f  

the  changes i n  i n t e s t i n a l  p r o p e r t ie s  a s s o c ia te d  w i t h  s t a r v a t io n  were 

p a r t i a l l y  re v e rs e d  by p e n ta g a s t r in  t re a tm e n t ,  and i t ,  t h e r e fo r e ,  can be 

conc luded  t h a t  th e  s t a r v a t io n - in d u c e d  i n t e s t i n a l  changes may be the  r e 

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

The i n h i b i t o r y  in f lu e n c e  o f  p e n ta g a s t r in  on d is a c c h a r id a s e  

a c t i v i t y  c o u ld  be due t o  many f a c t o r s .  I n  l i g h t  o f  the know ledge t h a t  

s t a r v a t i o n  in c re a s e s  th e  m a tu ra t io n  phase o f  c e l l s  e s s e n t ia l l y  by
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r e t a r d i n g  bo th  c r y p t  c e l l  g e n e ra t io n  t im e  and m ig r a t io n  r a t e ,  i t  i s  

q u i t e  p o s s ib le  t h a t  p e n ta g a s t r in  has th e  re v e rs e  e f f e c t .  In  t h i s  case, 

p e n ta g a s t r in  mould decrease  the  m a tu r a t io n  phase by s t im u la t i n g  p ro 

l i f e r a t i v e  and m ig r a to r y  a c t i v i t y  i n  the  c r y p t  and, i n  t u r n ,  reduce  

c e l l u l a r  deve lopm ent o f  those  enzymes whose s y n th e s is  i s  dependent on 

th e  le n g th  o f  th e  m a tu r a t io n  phase . I t  i s ,  t h e r e f o r e ,  p o s s ib le  t h a t  

g a s t r i n  may be th e  d e d i f f e r e n t i a t i o n  f a c t o r ,  which i s  d e f i c i e n t  d u r in g  

s t a r v a t i o n .  T h is  d e f i c i e n c y  would  s t im u la te  th e  deve lopm ent o f  th e  en

zymes which a re  p a r t i c u l a r l y  s e n s i t i v e  to  g a s t r i n .  From th e  da ta  ob

t a in e d  i n  t h i s  s tu d y  one would assume t h a t  th e  o rd e r  o f  s e n s i t i v i t y  o f  

th e  th re e  enzymes i s ;  la c ta s e  >  m a lta se  »  a l k a l i n e  phosphatase .

Our r e s u l t s  s u p p o r t  ou r p r e l im in a r y  h y p o th e s is ,  i n  t h a t  the  

s t r u c t u r a l  d e g e n e ra t iv e  changes and in c re a s e  i n  enzym atic  c a p a c i t y  o f  

t h e  s m a l l  i n t e s t i n e  o c c u r r in g  d u r in g  s t a r v a t i o n  may be a t t r i b u t e d  to  a 

g e n e ra l  s t a t e  o f  g a s t r i n  d e f i c i e n c y .  From these  f i n d i n g s ,  one a ls o  

c o u ld  conc lude  t h a t  g a s t r i n  i s  a s t im u la n t  o f  i n t e s t i n a l  g ro w th ,  bu t  

n o t  d i f f e r e n t i a t i o n ,  and, t h e r e f o r e ,  has c h a r a c t e r i s t i c s  o f  an " i n 

t e s t i n a l  t r o p h i c  ho rm one ."

O n tog en ic  Development 

W ith  these  f i n d i n g s  i n  m ind , we in v e s t i g a t e d  the  r o l e  t h a t  

g a s t r i n  may p la y  i n  th e  o n to g e n ic  deve lopm ent o f  th e  s m a l l . i n t e s t i n e .

UJe e a r l i e r  advanced th e  th e o ry  t h a t  g a s t r i n  p la y s  a m a jo r r o l e  i n  the  

deve lopm ent o f  the  i n t e s t i n e  a t  th e  onse t o f  wean ing .

As d is c u s s e d  i n  d e t a i l  e a r l i e r  and dem onstra ted  i n  o u r  r e 

s u l t s ,  th e re  i s  a d ra m a t ic  in c re a s e  i n  i n t e s t i n a l  s t r u c t u r a l  pa ram ete rs  

th e  t h i r d  week o f  l i f e .  At t h i s  t im e ,  enzym a t ic  a c t i v i t i e s  b eg in  to
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d eve lo p  tow ards  a d u l t  v a lu e s  ( a c id i c  and n e u t r a l  la c ta s e s  and a l k a l i n e  

phosphatase d e c re a s in g  in  t o t a l  a c t i v i t y  and m a lta se  in c r e a s in g  i n  

a c t i v i t y ) .  The a d re n a l  c o r t i c o s t e r o i d s  have been im p l i c a t e d  as p o s s i

b le  agen ts  i n  the  i n d u c t io n  o f  some (n o t  a l l )  o f  the  above deve lopm en ta l 

changes. These f i n d in g s  a re  s u p p o r te d  by the  f a c t  t h a t  th e  i n i t i a t i o n  

o f  th e  re le a s e  o f  the  s t e r o id s  o c c u rs  i n  the  t h i r d  week o f  l i f e .  How

e v e r ,  as d e s c r ib e d  p r e v io u s ly ,  the  p h y s io lo g i c a l  im p o r ta n c e  o f  the  

s t e r o id s  i n  t h i s  r o le  i s  p r e s e n t ly  n o t  c le a r  c u t .  One o f  the  m a jo r 

p o in t s  o f  c o n fu s io n  i s  t h a t  e a r ly  weaning can in duce  p re c o c io u s  deve lop 

ment o f  a d u l t  i n t e s t i n a l  p r o p e r t i e s ,  y e t  no known r e l a t i o n s h i p  e x is t s  

between th e  in g e s t io n  o f  s o l i d  food  and the  i n i t i a t i o n  o f  th e  re le a s e  o f  

the  s t e r o i d  hormones.

The e f f e c t s  o f  p ro lon g ed  s u c k l in g  on i n t e s t i n a l  deve lopm en t.

UJe dec ided  to  lo o k  a t  the  r e l a t i o n s h ip  between weaning and i n t e s t i n a l  

deve lopm ent f u r t h e r  by s tu d y in g  th e  e f f e c t s  o f  a p ro lo n g e d  s u c k l in g  

p e r io d .  UJe found  t h a t  th e  "p ro lo n g e d  s u c k l in g "  a n im a ls  had lo w e r  i n 

t e s t i n a l  RNA, DNA, p r o t e i n ,  and wet w e ig h t  r e l a t i v e  to  body w e ig h t ,  i n  

com parison  to  t h e i r  weaned l i t t e r m a t e s .  However, i t  s h o u ld  be m entioned 

t h a t  t h i s  p ro lon g e d  s u c k l in g  i n t o  th e  f o u r t h  week d id  n o t  p re v e n t  a s i g 

n i f i c a n t  deve lopm en ta l r i s e  i n  the se  va lu es  from  those  o f  tw o -w e ek -o ld  

a n im a ls .  P ro longed  s u c k l in g  d id  n o t  appear t o  have any e f f e c t  on the 

no rm a l deve lopm ent o f  a l k a l i n e  phosphatase a c t i v i t y ,  " a c i d i c  l a c t a s e , "  

o r  m a ltase  a c t i v i t y ,  whereas deve lopm ent o f  b ru sh  b o rd e r  la c ta s e  was 

s i g n i f i c a n t l y  r e ta r d e d .  I t ,  t h e r e f o r e ,  appeared t h a t  th e  development 

o f  c e r t a i n  i n t e s t i n a l  p r o p e r t ie s  was unimpeded by th e  d e la y  o f  weaning, 

whereas o th e rs  were v e ry  much a f f e c t e d .  A s t r i k i n g  o b s e r v a t io n  was t h a t
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th e  th re e  enzymes u n in f lu e n c e d  by the  p rocess are those  whose de ve lo p 

ment are b e l ie v e d  to  be unde r th e  c o n t r o l  o f  the  a d re n a l  c o r t e x ,  w h i le  

no e v id en ce  has been found t o  im p l i c a t e  the  s t e r o id s  i n  th e  development 

o f  b rush  b o rd e r  la c ta s e .  C o nsequen t ly ,  i t  was conc luded  t h a t ,  from the  

i n f o r m a t io n  ga ined  i n  t h i s  e xp e r im e n t  and the " e a r l y  w eaning" s tu d y ,  i t  

seems h ig h l y  l i k e l y  th a t  the  s t e r o i d s ,  a long w i th  o th e r  unknown f a c t o r s ,  

p la y  an im p o r t a n t  r o le  i n  th e  deve lopm ent o f  i n t e s t i n a l  p r o p e r t ie s .  The 

o th e r  a g e n t ( s )  a re e x tre m e ly  s e n s i t i v e  to  the  t r a n s i t i o n  from  s u c k l in g  

to  w ean ing . As d e s c r ib e d  p r e v io u s ly ,  th e re  i s  ev idence  t h a t  these i n 

t e s t i n a l  changes are n o t  due to  th e  changes i n  the  d ie t a r y  co m p o s it io n  

o f  th e  fo o d  a t  the  onse t o f  weaning and, t h e r e fo r e ,  are most p ro b a b ly  

r e la t e d  to  th e  change in  the  form  o f  the  food ( f ro m  l i q u i d  to  s o l i d )  

(1 1 3 ) .

The agen t o r  agen ts  which in d u ce  the  i n t e s t i n a l  changes a t  the  

o n s e t  o f  e a t in g  s o l i d  fo o d  a re  unknown, and g a s t r i n  seemed a l i k e l y  

c a n d id a te .  I t  was reasoned t h a t  l i q u i d  d ie t s  would cause m in im a l a n t r a l  

d i s t e n s io n ,  whereas s i g n i f i c a n t  d is t e n s io n  and, hence, g a s t r i n  re le a s e  

wou ld  be i n i t i a t e d  upon th e  in g e s t io n  o f  s o l i d  fo o d s .  T h is  assum ption 

was r e c e n t l y  suppo rted  by Z e lenkova , e t  a l .  who dem onstra ted  t h a t  gas

t r i n  a c t i v i t y  i s  n e g l i g i b l e  d u r in g  the  f i r s t  few weeks o f  l i f e ,  then  i n 

creases  d r a m a t i c a l l y  in  th e  t h i r d  week (1 2 9 ) .  UJe, t h e r e f o r e ,  p o s tu la te d  

t h a t  the d eve lo p m e n ta l changes t h a t  a re  i n i t i a t e d  a t  the  o nse t  o f  wean

in g  are m e d ia te d  th rough  th e  re le a s e  o f  g a s t r i n .

The a b i l i t y  o f  p e n ta q a s t r in  to  evoke p re c o c io u s  i n t e s t i n a l  de

v e lo p m e n ta l  changes . UJe then  proceeded to  t e s t  the  above h y p o th e s is  by 

i n j e c t i n g  p e n ta g a s t r in  i n t o  r a t s  from  th e  age o f  n in e  days u n t i l  age
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f o u r te e n  days i n  an a t te m p t  to  evoke p re c o c io u s  deve lo p m en ta l changes. 

The e f f e c t  o f  horm ona l t r e a tm e n t  on s t r u c t u r a l  pa ram e te rs  mas h ig h ly  

s u g g e s t iv e  o f  a p o s i t i v e  re sp on se , m ith  s m a l l  in c re a s e s  i n  RNA, DNA, 

and p r o t e in  c o n te n t  when exp ressed  per body w e ig h t .  The o n ly  s i g n i f i 

c a n t  in c re a s e  mas i n  the  i n t e s t i n a l  p r o t e in  c o n te n t .  " N e u t r a l  la c ta s e "  

mas the  o n ly  enzyme a f f e c te d  by the  t r e a tm e n t ,  s i g n i f i c a n t l y  decreas ing  

from  i t s  h ig h  s u c k l in g  l e v e l .

The r e s u l t s  from  t h i s  e x p e r im e n t ,  a l th o u g h  d e m o n s tra t in g  the 

o v e r a l l  t r e n d  e xpe c ted ,  mas n o t  as c le a r  c u t  as hoped f o r .  Th is  may 

have been due t o  a la c k  o f  s e n s i t i v i t y  o f  the  i n t e s t i n a l  t i s s u e  to  the 

hormone a t  the  p a r t i c u l a r  s ta g e  o f  deve lopm ent s tu d ie d .  Thus, ano the r 

d eve lo p m e n ta l p e r io d  mas chosen f o r  f u r t h e r  s tu d y  o f  th e  problem. Since 

the  i n t e s t i n e  d eve lo p s  a d u l t - l i k e  p r o p e r t ie s  d u r in g  the  t h i r d  meek o f  

l i f e ,  i t  mas th o u g h t  t h a t  t h i s  may be the  optimum p e r io d  i n  mhich to  

t e s t  the  r o l e  o f  p e n ta g a s t r in  i n  deve lopm ent. T h e re fo re ,  i n  the l a s t  

e x p e r im e n t  o f  t h i s  s tu d y ,  p e n ta g a s t r in  t r e a tm e n t  mas a d m in is te re d  be- 

tmeen days 12-22 o f  l i f e .  Both  groups mere d e p r iv e d  o f  s o l i d  food du r

in g  t h i s  p e r io d .  T h is  e l im in a t e d  (o r  reduced ) th e  p o s s i b i l i t y  o f  endo

genous g a s t r i n  b e ing  re le a s e d  in  both the  t re a tm e n t  and c o n t r o l  groups 

(assuming i t s  re le a s e  i s  s t im u la te d  by m ean ing ),  mhich mould cause 

s e r io u s  d i f f i c u l t i e s  i n  the  a n a ly s is  o f  th e  r e s u l t s .

The 2 2 -d a y -o ld  r a t s  t r e a te d  m i th  p e n ta g a s t r in  had s i g n i f i c a n t  

in c re a s e s  i n  many s t r u c t u r a l  param ete rs  ( in c lu d in g  p r o te in ,  RNA, and 

met w e ig h t )  o v e r  the  r e s p e c t iv e  c o n t r o l  v a lu e s .  S i g n i f i c a n t  decreases 

i n  bo th  la c ta s e s  mere a lso  re c o rd e d  i n  th e  t re a tm e n t  g roup , whereas no 

d i f f e r e n c e  mas found  i n  a l k a l i n e  phosphatase o r  m a ltase  a c t i v i t y  between
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the  g roups . The reason  f o r  t h i s  d is c re p a n c y  in  the  r e s u l t s  co nce rn in g  

the  response o f  " a c id i c  la c ta s e "  to  the  presence and absence o f  penta

g a s t r i n  a t  d i f f e r e n t  ages i s  n o t  a pp a re n t  a t  t h i s  t im e , and w i l l  have 

to  be in v e s t ig a te d  f u r t h e r  in  the  f u t u r e .

I t  appears t h a t  p e n ta g a s t r in  i n j e c t i o n s  d id  succeed i n  evok ing  

c e r t a i n  a d u l t  deve lo p m en ta l changes i n  th e  " im m a tu re "  s m a l l  i n t e s t i n e .  

The sm a l l  i n t e s t i n e  o f  s u c k l in g  r a t s  i s  s i g n i f i c a n t l y  d i f f e r e n t  i n  

s t r u c t u r a l  p r o p e r t ie s  and enzym atic  c a p a c i t y  from  the  a d u l t  (7 0 -d a y -o ld )  

s m a l l  i n t e s t i n e  (F ig u re  8 ) .  The p a r a l l e l i s m  in  p r o p e r t ie s  between the 

" im m a tu re "  sm a ll  i n t e s t i n e  o f  s u c k l in g  r a t s  and th e  a t ro p h ie d  sm a ll  i n 

t e s t i n e  o f  s ta rv e d  r a t s  (bo th  o f  which a re  d e p r iv e d  o f  s o l i d  fo o d )  i s  

im p re s s iv e .  The s i m i l a r i t i e s  and d i s s i m i l a r i t i e s  o f  i n t e s t i n a l  p ro pe r

t i e s  o f  these two g roups i s  p re sen ted  i n  Table 10. Both o f  the se  

groups o f  an im als  may be co ns ide re d  to  be i n  a g a s t r i n  d e f i c i e n t  s ta te  

due to  the absence o f  s t i m u l i  needed f o r  g a s t r i n  re le a s e  ( s o l i d  fo o d ) .

I t  has been dem onstra ted  th a t  hormonal s u p p le m e n ta t io n  by exogenous ad

m i n i s t r a t i o n  o f  p e n ta g a s t r in  to  bo th  groups can change many o f  these 

p r o p e r t ie s  towards no rm a l a d u l t  va lu e s  (see Tab le  11).

In  l i g h t  o f  th e  r e s u l t s  j u s t  r e p o r te d ,  i t  can be s ta te d  th a t  

p e n ta g a s t r in  has a s i g n i f i c a n t  e f f e c t  on many i n t e s t i n a l  p r o p e r t ie s ,  

chang ing  them from  t h e i r  immature s u c k l in g  l e v e l s  to  a d u l t  v a lu e s .

T h is  in fo r m a t io n  s u p p o r ts  the th e o ry  t h a t  g a s t r i n  may be a m e d ia to r  o f  

a d u l t  deve lopm en ta l changes, w h ich  are i n i t i a t e d  a t  the  o n s e t  o f  wean

in g  .

C e r ta in  i n t e s t i n a l  d eve lo p m en ta l changes, however, were in 

s e n s i t i v e  to  p e n ta g a s t r in  t re a tm e n t ,  o r f o r  t h a t  m a t te r ,  t o  th e  onset
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TABLE 10

COMPARISON OF INTESTINAL PROPERTIES 
OF SUCKLING AND STARVED RATS 

RELATIVE TO ADULT VALUES

P ro p e r ty S u c k l in g S ta rve d

presumed b lo o d  g a s t r i n  l e v e l - -

v i l l u s  h e ig h t - ,  ^  ^
a

c r y p t  h e ig h t - ,  s  ^ a

v i l l u s / c r y p t + , 2

RNA/body lu t . a

DNA/body lu t . - a

met m t . /b o d y  mt. - a

p r o te in /b o d y  mt. - a

" n e u t r a l "  l a c ta s e  a c t i v i t y /  
gm. met mt. +, ^  . + , ^

" a c i d i c "  l a c ta s e  a c t i v i t y /  
gm. met mt. 0

m a ltase  a c t i v i t y / g m .  met mt. a
- ,

a l k a l i n e  phospha tase  a c t i v i t y /  
gm. met mt. 0

+ I n d ic a te s  g r e a t e r  than a d u l t  v a lu e s .

-  I n d ic a t e s  l e s s  than  a d u l t  v a lu e s .

0 I n d ic a t e s  no a p p a re n t  d i f f e r e n c e  from a d u l t  v a lu e s .

® R epresen ts  a s i g n i f i c a n t  d i f f e r e n c e  a t  th e  0 .0 5  l e v e l .  

^ Data  o b ta in e d  from  th e  paper o f  H e rb s t ,  e t  a l .  (4 7 ) .
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TABLE 11

COMPARISON OF INTESTINAL PROPERTIES OF PENTAGASTRIN- 
TREATED SUCKLING AND STARVED RATS RELATIVE 

TO VALUES OF UNTREATED CONTROLS

P r o p e r ty
P e n ta g a s t r in -

S u c k l in g
P e n ta g a s t r in -

S ta rved

presumed b lo o d  g a s t r i n  l e v e ls + +

v i l l u s  h e ig h t 0

c r y p t  h e ig h t +

v i l l u s / c r y p t -

RNA/body iv t .

DNA/body u jt . + +

met m t . /b o d y  w t. +

p r o te in / b o d y  lut.

" n e u t r a l "  la c ta s e  a c t i v i t y /  
gm. met u it. a,

" a c i d i c "  la c ta s e  a c t i v i t y /  
. gm. met mt. 0 , - ,  ^ 0

m a lta se  a c t i v i t y / g m .  met mt. + a
- ,

a l k a l i n e  phosphatase a c t i v i t y /  
gm. wet w t . 0 0

+ I n d ic a te s  g r e a te r  than va lu e s  o f  u n t re a te d  c o n t r o ls .

-  I n d ic a te s  le s s  tha n  va lu es  o f  u n t re a te d  c o n t r o ls

0 I n d ic a t e s  no appa ren t d i f f e r e n c e  from  v a lu e s  o f  u n t re a te d  
c o n t r o l s .

® R epresen ts  a s i g n i f i c a n t  d i f f e r e n c e  a t  th e  0 .05  l e v e l .
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o f .  meaning. These in c lu d e  the  enzymes a l k a l i n e  phospha tase , m a ltase , 

and p o s s ib ly ,  a lso  " a c i d i c "  la c ta s e .  The development o f  a l l  th re e  en

zymes can be p r e c o c io u s ly  evoked by the  a d re n a l  c o r t i c o s t e r o i d s  (24,

6 8 , 94 ) .  I f  the se  th r e e  enzymes have a h ig h e r  s e n s i t i v i t y  t o  the  

s t e r o id s  tha n  th e y  do to  p e n ta g a s t r in ,  one mould e x p e c t  l i t t l e  response 

i n  a c t i v i t y  to  an in c re a s e  i n  g a s t r in  l e v e l s ,  when th e  s t e r o id s  are 

found  in  h ig h  c o n c e n t r a t io n s  i n  the b lo o d .  I t  i s  c o n c e iv a b le  then , 

t h a t  the s t e r o id s  re p re s e n t  th e  g a s t r in  a n ta g o n is t s .  I f  th e  s e n s i t i v i t y  

o f  the  brush b o rd e r  enzymes to  the s t e r o id s  f o l l o w s  th e  r e l a t i o n s h ip ,  

a l k a l i n e  phosphatase  >  m a ltase  »  la c ta s e  which i s  th e  re v e rs e  o f  t h e i r  

o rd e r  o f  s e n s i t i v i t y  to  g a s t r i n ,  then th e  enzym atic  changes reco rded  i n  

S tu d ie s  1 and 2 may be e x p la in e d .  During  s t a r v a t i o n ,  the s t e r o i d  le v e ls  

i n  the  b lood  are unchanged, w h i le  the g a s t r i n  l e v e l  i s  decreased . Th is 

would r e s u l t  i n  a h i g h l y  s i g n i f i c a n t  change i n  l a c ta s e  a c t i v i t y ,  a 

s m a l le r  change in  m a lta s e  a c t i v i t y ,  and e s s e n t i a l l y  no change i n  a lk a 

l i n e  phosphatase a c t i v i t y ,  P e n ta g a s t r in  i n j e c t e d  i n t o  s ta r v e d  r a t s  

wou ld  then tend  to  r e t u r n  these  a c t i v i t i e s  back to  th e  norm a l le v e ls  

found  in  fe d  r a t s .  P ro longed  s u c k l in g  a n im a ls  wou ld  have a low  g a s t r in  

l e v e l  and norm a l s t e r o i d  l e v e l s .  One, t h e r e f o r e ,  w ou ld  e x p e c t  changes 

i n  both brush  b o rd e r  la c ta s e  and maltase a c t i v i t i e s ,  w i t h  no change in  

a l k a l i n e  phospha tase  a c t i v i t y  i n  comparison to  v a lu e s  from  t h e i r  weaned 

l i t t e r m a t e s .  The b ru sh  b o rd e r  la c ta s e  and a l k a l i n e  phospha tase  acted 

a c c o rd in g  to  these  e x p e c ta t io n s .  However, in  t h i s  ca se , m a lta s e  a c t i 

v i t y  i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  between th e  two g roups . Th is  may 

be due to  the  c h a r a c t e r i s t i c  m a ltase  o v e rs h o o t  t h a t  occu rs  a t  t h i s  t im e 

(m ost p ro b a b ly  due to  th e  i n i t i a t i o n  o f  s t e r o i d  r e le a s e ) ,  w h ich  would
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overwhelm any e f f e c t  due to  d i f f e r e n c e s  i n  b lood  g a s t r i n  l e v e l s .  In  

th e  l a s t  e x p e r im e n t ,  p e n ta g a s t r in  i n j e c t i o n s  i n t o  2 2 -d a y -o ld  s u c k l in g  

r a t s  s t im u la te d  a c t i v i t y  changes i n  b rush  b o rd e r  la c ta s e ,  b u t  n o t  mal

tase  o r  a l k a l i n e  phospha tase . Both the  t r e a tm e n t  and c o n t r o l  r a t s  

would have no rm a l s t e r o i d  c o n c e n t r a t io n s  i n  the  b lo o d ;  c o n se q u e n t ly ,  

due to  th e  o v e rs h o o t  phenomenon, no d i f f e r e n c e  i n  m a ltase  o r  a l k a l i n e  

phosphatase  a c t i v i t y  wou ld  be expec ted  between the  two g roups .

Another o b s e rv a t io n  made d u r in g  t h i s  s tudy  was t h a t  marked i n 

c reases  i n  i n t e s t i n a l  s t r u c t u r a l  pa ram ete rs  o cc u r re d  i n  the  t h i r d  week 

o f  l i f e ,  re g a r d le s s  o f  whether weaning to o k  p la ce  o r  no t  (a l th o u g h  

h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  e x is t e d  between the  p ro lon g ed  s u c k l in g  

and weaning g ro u p s ) .  These r e s u l t s  would  ten d  to  i n d i c a t e  t h a t  ano the r 

agen t e x i s t s  wh ich  t r o p h i c a l l y  a f f e c t s  th e  sm a l l  i n t e s t i n e  i n  th e  t h i r d  

week o f  l i f e ,  a long  w i t h  g a s t r i n .  The re le a s e  o f  t h i s  agent would n o t  

be as dependent on th e  onse t o f  weaning, as i s  g a s t r i n .  Growth hormone 

would be a l i k e l y  c a n d id a te  f o r  be ing  t h i s  a ge n t.  Leb lond and C a r r ie r s  

have d em ons tra ted  t h a t  g row th  hormone a c ts  as a m itogen  on the  i n t e s t i 

n a l  e p i th e l iu m  (7 4 ) .  I t  i s  a lso  known t h a t  the  c o r t i c o s t e r o id s  are " p e r 

m is s iv e  a g e n ts "  f o r  th e  a c t io n  o f  g row th  hormone on t a r g e t  c e l l s  (1 0 7 ) .  

For t h i s  re a son , i t  i s  q u i te  c o n c e iv a b le  t h a t  the  i n t e s t i n a l  e p i th e l iu m  

i s  r e c e p t iv e  to  the  t r o p h i c  a c t io n  o f  g row th  hormone upon th e  i n i t i a 

t i o n  o f  e n d o c r in e  s e c r e t io n s  from  th e  a d re n a l  c o r te x  the t h i r d  week o f  

l i f e .  C o n seq u en t ly ,  b o th  growth hormone ( i n  the  presence o f  s t e r o id s )  

and g a s t r i n  would  p la y  a r o le  i n  th e  s t r u c t u r a l  deve lopment o f  the  s m a l l  

i n t e s t i n e ,  and g a s t r i n  and the a d re n a l  c o r t i c o s t e r o i d s  would in f lu e n c e  

the  deve lopm ent o f  a d u l t  enzym atic  a c t i v i t y .
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The E f f e c t s  o f  High and Lorn Endogenous G a s t r in  
L e v e ls  on I n t e s t i n a l  P r o p e r t ie s

In  the  i n t r o d u c t i o n  me s ta te d  the  h y p o th e s is  t h a t  h igh  and low 

le v e l s  o f  endogenous g a s t r i n  mould evoke h y p e r p la s t i c  and a t r o p h ic  chan

ges in  i n t e s t i n a l  s t r u c t u r e ,  r e s p e c t i v e l y .  UJe a ls o  p r e d ic te d  d iv e rs e  

f u n c t i o n a l  changes i n  th e se  tmo c o n d i t io n s .  T h is  p rob lem  mas s tu d ie d  by 

p e r fo rm in g  a n tre c to m y  and p y l o r i c  o b s t r u c t io n  s u r g i c a l  p ro ce d u re s .

R esec tion  o f  th e  antrum fo l lo m e d  by a B i l l r o t h  I  g a s tro d u o -  

denostomy had v e ry  l i t t l e  e f f e c t  on the s t r u c t u r a l  and f u n c t i o n a l  para

m eters  o f  the s m a l l  i n t e s t i n e .  Th is  mas a v e ry  d is a p p o in t in g  r e s u l t ,  

s in c e  removal o f  the  s i t e  o f  the  hormonal s e c r e t i o n ,  fo l lo m e d  by changes 

i n  the  p r o p e r t ie s  o f  th e  t a r g e t  c e l l s  i s  one c r i t e r i o n  used to  prove 

an in f lu e n c e  (1 0 7 ) .  A p o s s ib le  e x p la n a t io n  f o r  t h i s  la c k  o f  response 

i s  t h a t  a s i g n i f i c a n t  amount o f  g a s t r i n  may be re le a s e d  from i n t e s t i n a l  

s i t e s ,  mhich o b v io u s ly  m i l l  n o t  be a f f e c te d  by a b la t i o n  o f  the  antrum. 

Ind e ed , i t  i s  a ls o  c o n c e iv a b le  t h a t  g a s t r i n  s e c re te d  by a n t r a l  c e l l s  i s  

n o r m a l ly  i n e f f e c t i v e  i n  a c t i n g  on the  i n t e s t i n a l  e p i t h e l iu m  and t h a t  i t  

i s  e x c lu s iv e ly  th e  g a s t r i n  re le a s e d  from duodena l e n d o c r in e  c e l l s  mhich 

a f f e c t  the  i n t e s t i n a l  mucosa.

UJe mere encouraged by a re c e n t  com m un ica t ion ,  mhich re p o r te d  

t h a t  b lo o d  g a s t r i n  l e v e l s  i n  dogs are s i g n i f i c a n t l y  lo w e red  by a B i l l 

r o t h  I I  (g a s t ro je ju n o s to m y )  re anas tom os is ,  i n  c o n t r a s t  t o  a B i l l r o t h  I 

p rocedu re  f o l l o w in g  a n tre c to m y  (1 1 5 ) .  These i n v e s t i g a t o r s  hypo the s ize d  

t h a t  t h e i r  r e s u l t s  i n d i c a t e d  t h a t  food  e n te r in g  th e  duodenum (mhich 

mould cause d is t e n s io n  o f  th e  duodenal m a l ls )  may be a c r i t i c a l  f a c to r  

i n  g a s t r i n  re le a s e  f ro m  th e se  duodenal s i t e s ,  as i t  i s  i n  the  antrum. 

Based on these r e s u l t s ,  me perfo rm ed  a B i l l r o t h  I I  p ro ced u re  on a group
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o f  r a t s  i n  o rd e r  to  o p t im iz e  o u r  chances o f  s i g n f i c a n t l y  i n h i b i t i n g  

g a s t r i n  r e le a s e .  Fo r t e c h n i c a l  reasons, me had to  r e s t r i c t  t h i s  ex

p e r im e n t  to  a p i l o t  m o rp h o lo g ic a l  s tu d y .  W hile  a marked decrease in  

duodena l v i l l u s  h e ig h t  o c c u r re d ,  duodenal c r y p t  h e ig h t  mas e i t h e r  un

a f f e c te d  o r  a c t u a l l y  in c re a s e d  by the  a n t r e c t o m y - B l l l r o t h  I I  proce

d u re .  J e ju n a l  s t r u c t u r e  appeared u n a f fe c te d  by t h i s  p rocedu re .

An i n t e r p r e t a t i o n  o f  these f i n d in g s  i n  r e l a t i o n  to  g a s t r in  

l e v e l s  i s  p rem ature  a t  t h i s  p o i n t  f o r  s e v e r a l  re a s o n s :  f i r s t ,  the  re 

s u l t s  mere based on v e ry  fern o b s e rv a t io n s ,  and s e c o n d ly ,  th e  changes 

seen may n o t  be s o le l y  a t t r i b u t e d  to  a s t a t e  o f  g a s t r i n  d e p le t io n ,  b u t  

may a lso  be the  r e s u l t  o f  th e  d e p r iv a t io n  o f  the  e p i th e l iu m  o f  the  duo

d e n a l b l i n d  loop  to  lu m in a l  n u t r i t i o n .  Homever, i f  one does a t te m p t to  

r e l a t e  th e  changes i n  i n t e s t i n a l  s t r u c t u r e  t o  a g a s t r i n  d e f ic i e n c y ,  tmo 

c o n c lu s io n s  can be re a c h e d :  g a s t r i n  ( l )  i s  needed f o r  th e  maintenance

o f  no rm a l,  lo n g ,  f i n g e r - l i k e  duodena l v i l l i  and (2) i s  e s s e n t i a l l y  r e 

s p o n s ib le  f o r  the  v i l l u s  h e ig h t  g ra d ie n t  mhich o c c u rs  as one moves from 

th e  duodenum to  the  i le u m .  A no the r i n t e r e s t i n g  p o i n t  i s  t h a t  the  

presence o r  absence o f  g a s t r i n  does no t appear to  a f f e c t  c r y p t  h e ig h t  

(and , in d e e d ,  a g a s t r i n  la c k  may even in c re a s e  th e  h e ig h t  o f  the  c r y p t ) .  

T h is  r e s u l t  mas s u r p r i s i n g ,  mhen one c o n s id e rs  th e  s h a l lo w  c ry p ts  

fou n d  in  i n t e s t i n e s  o f  s ta r v e d  and suck led  r a t s  (mhich a re  b e l ie v e d  to  

have a lorn b lood  g a s t r i n  c o n c e n t r a t i o n ) , and t h i s  f i n d i n g  m i l l  have to  

be pursued in  more e x te n s iv e  s tu d ie s  b e fo re  f u r t h e r  d is c u s s io n  on t h i s  

s u b je c t  m i l l  be a t te m p te d .

I n  the  n e x t  s e r ie s  o f  expe r im en ts , an a t te m p t  mas made to  i n 

c rease  endogenous g a s t r i n  l e v e l s ,  by s u r g i c a l l y  l i g a t i n g  the  p y lo r i c
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r e g io n  i n  r a t s .  T h is  i s  b e l ie v e d  to  m arked ly  reduce  g a s t r i c  em pty ing , 

c a u s in g  foo d  to  a ccum u la te  i n  the  p y lo ru s ,  r e s u l t i n g  i n  d is te n s io n  o f  

i t s  w a l ls  and c h ro n ic  r e le a s e  o f  g a s t r i n .  S u g g e s t iv e  in c re a s e s  in  i n 

t e s t i n a l  s t r u c t u r a l  p a ra m e te rs  o ccu r re d  i n  th e  " d i s t e n s i o n "  r a t s ;  how

e v e r ,  few s i g n i f i c a n t  d i f f e r e n c e s  were re c o rd e d .  The " d i s t e n s io n "  

g roup  had a s i g n i f i c a n t l y  lo w e r  la c ta s e  a c t i v i t y  than  the  sham -operated 

r a t s ,  whereas l i t t l e  d i f f e r e n c e  was found in  th e  o th e r  enzym atic  l e v e ls  

between the  d is t e n s io n  and c o n t r o l  r a t s .

These r e s u l t s ,  a l th o u g h  n o t  d ra m a t ic ,  a re  g e n e r a l l y  i n  agree

ment w i th  the  t re n d  seen i n  o th e r  e x p e r im e n ts ,  n o ta b l y ,  t h a t  g a s t r in

s t im u la te s  th e  fo r m a t io n  o f  s t r u c t u r a l  p r o p e r t i e s  o f  the  i n t e s t i n a l  

e p i t h e l iu m ,  as i t  i n h i b i t s  the  development o f  c e r t a i n  b rush  bo rde r en

zymes .

The E f f e c t  o f  P e n ta g a s t r in  on Duodenal 
C e l l s  i n  T issue  C u l tu re

I f  one makes th e  assum ption  t h a t  g a s t r i n ,  o r  p e n ta g a s t r in ,  has 

a d i r e c t  e f f e c t  on th e  i n t e s t i n a l  e p i th e l iu m ,  th e re  are many reasons

why the  e f f e c t  c o u ld  be m in im iz e d  when s tu d ie d  i n  an i n  v iv o  system.

For one, the  endogenous o r  exogenous hormone may be r e a d i l y  m e ta b o l iz e d  

by v a r io u s  t i s s u e s  o f  th e  body. Indeed, i t  has been dem onstra ted  t h a t  

g a s t r i n ' s  h a l f  l i f e  i n  the  body i s  on ly  abou t te n  m inu tes  and t h a t  i t s  

p e n ta g a s t r in  d e r i v a t i v e  may be m e ta b o l iz e d  many t im e s  more r a p i d l y  (55, 

1 2 1 ) .  Ano ther p o s s i b i l i t y  to  co n s id e r  when s tu d y in g  an e nd o c r in e  

a c t io n  i n  v i v o  i s  t h a t  th e  a n ta g o n is t  hormones ( i . e . ,  s e c r e t i n )  would 

be re le a s e d  and may e s s e n t i a l l y  n u l l i f y  any g a s t r i n  e f f e c t .  O ther h o r 

mones ( i . e . ,  the  a d re n a l  c o r t i c o s t e r o i d s )  may a ls o  be a c t i n g  on the
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e p i th e l iu m ,  i n i t i a t i n g  o th e r  changes i n  i n t e s t i n a l  p r o p e r t i e s .  A l l  

the se  f a c t o r s  would te n d  to  m in im ize  and c lo u d  the  changes seen a f t e r  

g a s t r i n  le v e l s  are a l t e r e d  i n  th e  b lood . For t h i s  re ason , we dec ided 

to  s tu d y  the  e f f e c t s  o f  p e n ta g a s t r in  on th e  i n t e s t i n a l  e p i th e l iu m  in  

an i n  v i t r o  system , nam ely , t i s s u e  c u l t u r e .  A t i s s u e  c u l t u r e  system 

p ro v id e s  the  i n v e s t i g a t o r  w i th  a g re a t  d e a l  more c o n t r o l  o ve r  the  ex

p e r im e n ta l  c o n d i t i o n s .  I f  one does see a response to  hormonal t r e a t 

ment, the p o s s i b i l i t y  o f  a secondary or i n d i r e c t  a c t i o n  o f  the  hormone 

on th e  t a r g e t  c e l l s  can v i r t u a l l y  be d is m is s e d .

T h is  i n  v i t r o  s tu d y  was unde rtaken  to  t e s t  the  h y p o th e s is  

t h a t  p e n ta g a s t r in  d i r e c t l y  s t im u la te s  duodena l e p i t h e l i a l  c e l l  g row th . 

I n  t h i s  s tu d y ,  f l a s k s  c o n ta in in g  duodenal c u l t u r e  c e l l s  were a r b i t r a r 

i l y  d iv id e d  i n t o  two g roups a s h o r t  t im e a f t e r  th e  o r i g i n a l  e x p la n ts  

were s e t  down. One g roup  o f  f la s k s  re c e iv e d  d a i l y  i n j e c t i o n s  o f  p a n ta -  

g a s t r i n ;  the  o th e r  f l a s k s  served  as c o n t r o ls  and re c e iv e d  d a i l y  i n j e c 

t i o n s  o f  s a l i n e .  T h is  p ro c e d u re ,  a long w i t h  the  necessa ry  s u b c u l t u r -  

i n g ,  was then  pe r fo rm ed  f o r  a th ree -m on th  p e r io d .  At the  end o f  t h i s  

p e r io d ,  c e l l u l a r  g row th  k i n e t i c s  and u l t r a s t r u c t u r e  were ana lyzed  i n  

th e  two p o p u la t io n s .  The d o u b l in g  t im e  o f  the  c e l l s  was m arked ly  

s h o r t e r  i n  th e  p e n ta g a s t r in - t r e a t e d  c u l t u r e  as compared w i t h  the con

t r o l s .  I n  o rd e r  to  g a in  b e t t e r  i n s ig h t  i n t o  th e  reason  f o r  t h i s ,  the  

c e l l u l a r  p r o l i f e r a t i v e  p o t e n t i a l  was ana lyzed  by a k i n e t i c  a u to ra d io 

g ra p h ic  s tu d y .  Th is  s tu d y  dem onstra ted t h a t  a p p ro x im a te ly  73% o f  the  

p e n t a g a s t r in - t r e a t e d  c u l t u r e  c e l l s  were p r o l i f e r a t i v e  i n  n a tu re ,  

whereas o n ly  36% o f  th e  c o n t r o ls  were a c t i v e l y  s y n th e s iz in g  DMA. A 

c rude  c e l l  c y c le  a n a ly s is  was then  p e r fo rm ed , and i t  was de te rm ined
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t h a t  the  g e n e ra t io n  t im e  o f  th e  p e n t a g a s t r in - t r e a t e d  c e l l s  mas much 

s h o r te r  than t h a t  c a lc u la t e d  f o r  the c o n t r o l  p o p u la t io n  and t h a t  t h i s  

in c re a s e  in  c e l l  c y c le  t im e  mas s o le ly  a t t r i b u t a b l e  to  an a c c e le ra te d  

S phase.

A no the r f i n d i n g  o f  i n t e r e s t  mas t h a t  th e  "n o rm a l"  c e l l u l a r  

p r o p e r ty  o f  c o n ta c t  i n h i b i t i o n  appeared to  be l o s t  i n  c e l l s  t r e a te d  

m ith  p e n ta g a s t r in ,  f o r  th e  c e l l s  r e a d i l y  p i l e d  up on top  o f  one a n o th e r  

mhen c o n f lu e n c y  mas re ached . T h is  d id  n o t  o c c u r  i n  the  c o n t r o l  p o p u la 

t i o n .

The c e l l - t y p e s  i n  bo th  the  t re a tm e n t  and c o n t r o l  c u l t u r e s  mere 

then  c h a r a c te r iz e d .  I t  mas conc luded  t h a t  e p i t h e l i a l  c e l l s  c o n s t i t u t e d  

a g re a te r  p e rce n ta g e  o f  th e  c e l l u l a r  p o p u la t io n  in  th e  p e n ta g a s t r in -  

t r e a te d  c u l t u r e  ( ^ 9 0 % ) ,  m h i le  the  c o n t r o l  f l a s k s  c o n ta in e d  an e p i 

t h e l i o i d - f i b r o b l a s t i c  a d m ix tu re  50% e p i t h e l i a l  c e l l s ) . The u l t r a -  

s t r u c t u r e  o f  th e  e p i t h e l i a l  c e l l s  mas then  ana lyzed  and i t  mas found  to  

have many o f  th e  c h a r a c t e r i s t i c s  o f  an im m ature  ( u n d i f f e r e n t i a t e d )  e p i 

t h e l i a l  c e l l ,  mhich mould n o rm a l ly  be a s s o c ia te d  m ith  the  c r y p t .

A l l  these  r e s u l t s  seem to  i n d i c a t e  t h a t  p e n ta g a s t r in  evokes

d ra m a t ic  changes i n  the  p r o p e r t ie s  o f  duodena l c e l l s  gromn in  t i s s u e

c u l t u r e .  Hormonal t r e a tm e n t  seems to  s e le c t  f o r  e p i t h e l i a l  c e l l s  i n

th e  c u l t u r e  p o p u la t i o n .  These c e l l s  have many o f  the  p r o p e r t ie s  o f  un

d i f f e r e n t i a t e d  c e l l s ,  and in d e e d ,  l i k e  c r y p t  c e l l s ,  may be programmed 

f o r  p r o l i f e r a t i o n .  C o n s is te n t  m ith  t h i s  o o n c lu s io n  i s  the  h igh  p ro 

l i f e r a t i v e  p o t e n t i a l  and r a p id  g e n e ra t io n  t im e  o f  th e  p e n ta g a s t r in -  

t r e a te d  c e l l s .  In  c o n t r a s t  the  lomer p r o l i f e r a t i v e  p o t e n t i a l  and 

lo n g e r  g e n e ra t io n  t im e  o f  the  c o n t r o l  p o p u la t io n  re p re s e n ts  an average
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o f  the  va lues  o f  th e  e p i t h e l i a l - f i b r o b l a s t  c o n s t i t u e n t s .  The averaged 

p r o l i f e r a t i v e  p o t e n t i a l  i s  much le s s  and the  g e n e ra t io n  t im e much lo n g e r  

i n  the  c o n t r o l  c e l l  l i n e  than  i n  c e l l s  t r e a te d  w i th  p e n ta g a s t r in .  Con

s e q u e n t ly ,  p e n ta g a s t r in  appears to  have a d i r e c t  t r o p h i c  i n f lu e n c e  on 

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

p r o l i f e r a t i n g  c e l l  t y p e .  I t  i s  w e l l  documented i n  the  l i t e r a t u r e  t h a t  

m a l ig n a n t  t r a n s fo r m a t io n  r e a d i l y  occurs when a t a r g e t  c e l l  i s  exposed 

to  a t r o p h ic  f a c t o r  i n  h ig h  c o n c e n t r a t io n s  f o r  lo n g  p e r io d s  o f  t im e  

(1 0 7 ) .  The a p pa ren t l o s s  o f  c o n ta c t  i n h i b i t i o n  i n  the  p e n t a g a s t r in -  

t r e a te d  c u l t u r e s ,  t h e r e f o r e ,  may be r e p r e s e n ta t iv e  o f  t h i s  type  o f  phe

nomenon and indeed may be a d d i t i o n a l  p ro o f  t h a t  p e n ta g a s t r in  t r o p h i c a l l y  

a f f e c t s  the  i n t e s t i n a l  e p i t h e l iu m .

One would su s p e c t  f rom  the  r e s u l t s  o f  t h i s  d i s s e r t a t i o n  work 

t h a t  the  s i t e  o f  a c t i o n  o f  g a s t r i n  in  v iv o  would be a t  the  re g io n  o f  

p r o l i f e r a t i o n  o f  i n t e s t i n a l  e p i t h e l i a l  c e l l s ,  the  c r y p t s  o f  L ie b e rk u h n .  

G a s t r in  would a c t  on these  c e l l s  by s t im u la t in g  t h e i r  p r o l i f e r a t i v e  

a c t i v i t y .  From th e  t i s s u e  c u l t u r e  s tu d ie s  i t  appears t h a t  g a s t r i n  can 

s t im u la te  o r  i n i t i a t e  DNA s y n th e s is  (S phase) i n  th e  u n d i f f e r e n t i a t e d  

c e l l s  in  the  c r y p t .  In c r e a s in g  g a s t r in  l e v e l s  i n  th e  b lo o d ,  e i t h e r  en

dogenously o r e x o g e n o u s ly ,  may e f f e c t i v e l y  move th e  boundary s e p a ra t in g  

p r o l i f e r a t i v e  (P) from  n o n p r o l i f e r a t i v e  c e l l s  ( q) f u r t h e r  tow ards the  

mouth o f  the  c r y p t .  T h is  would  a c c e le ra te  the  movement o f  u n d i f f e r e n t i 

a ted  c e l l s  on to  th e  v i l l i .  Employing Hopper, e t  a l . 's  method f o r  the  

c a l c u la t i o n  o f  the  d u r a t io n  o f  the  m a tu ra t io n  phase, one would f i n d  a 

marked s h o r te n in g  o f  t h i s  p e r io d .  This may be the  e x p la n a t io n  f o r  the  

decrease i n  d is a c c h a r id a s e  development a f t e r  i n j e c t i o n  o f  the  hormone.
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The r e s u l t  o f  in c r e a s in g  g a s t r i n  le v e ls  may, t h e r e f o r e ,  be an in c re a s e d  

number o f  u n d i f f e r e n t i a t e d  c e l l s  i n  th e  i n t e s t i n e ,  r e s u l t i n g  in  an i n 

crease  i n  DNA, RNA, p r o t e i n ,  and met w e ig h t  and a decrease  i n  the  a c t i 

v i t y  o f c e r t a i n  enzymes. A decrease i n  g a s t r i n  l e v e l s  mould cause an 

in c re a s e d  g e n e ra t io n  t im e  and a na rrow er and more b a s a l l y - lo c a t e d  

p r o l i f e r a t i v e - n o n p r o l i f e r a t i v e  boundary . T h is  mould e f f e c t i v e l y  i n 

crease  the  m a tu r a t io n  phase o f  the  c e l l ,  r e s u l t i n g  i n  in c re a s e d  d i s 

accha r idase  a c t i v i t y .

I n t e r p r e t a t i o n  and S p e c u la t io n

G a s t r i n ' s  Role in  th e  M a in tenance  o f  
Normal I n t e s t i n a l  P r o p e r t ie s

I t  i s  f a i r l y  w e l l  documented t h a t  g a s t r i n  i s  re le a s e d  from en

d o c r in e  c e l l s  i n  the  duodenum. U l t r a s t r u c t u r a l  s t u d ie s  have re ve a le d  

t h a t  e n d o c r in e - l i k e  c e l l s  are lo c a te d  a t  the  b a s a l o n e - t h i r d  o f  the  

c r y p t .  These c e l l s ,  mhich c o n s t i t u t e  le s s  than  1% o f  the  c r y p t  c e l l  

p o p u la t io n ,  a re  known as a r g e n t a f f i n  c e l l s .  I t  i s  c o n c e iv a b le  t h a t  the  

g a s t r i n  m o le c u le  i s  r e le a s e d  from  these  c e l l s .  I t  co u ld  then  be t r a n s 

p o r te d  t o  n e ig h b o r in g  c r y p t  e p i t h e l i a l  c e l l s  by s im p le  d i f f u s i o n  o r v ia  

the  m ic r o c i r c u la t o r y  system a t  the  c r y p t ,  th e  c r y p t i c  c a p i l l a r y  p le x u s .  

I t  i s  l i k e l y  t h a t  b o th  ro u te s  o f  t r a n s p o r t  a re  u t i l i z e d  i n  th e  duo

denum, f o r  th e  g r e a t e s t  amount o f  p r o l i f e r a t i v e  a c t i v i t y  o f  th e  i n t e s 

t i n e  occurs i n  the  c r y p t s  o f  th e  duodenum. The p r o l i f e r a t i v e  a c t i v i t y  

i n  the  more d i s t a l  i n t e s t i n a l  s i t e s ,  th e  je junum  and i le u m  (mhich do 

n o t  have g a s t r i n  r e le a s in g  s i t e s ) ,  mould be s o l e l y  dependent on duodenal 

g a s t r i n  re a c h in g  them v i a  the  b lood  s u p p ly .  I t  has been shomn t h a t  th e  

c r y p t i c  c a p i l l a r y  p le x u s  in te r c o n n e c ts  a d ja c e n t  v i l l i ,  so t h a t  g a s t r i n
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c o u ld  c o n c e iv a b ly  be t r a n s p o r te d  a long  th e  le n g th  o f  the  i n t e s t i n e  in  

t h i s  fa s h io n  (1 1 1 ) .  I f  t h i s  mould o c c u r ,  one mould expe c t  a d i l u t i o n  

o f  the  hormone and i t s  e f f e c t  as i t  moves from  a p ro x im a l  to  d i s t a l  

d i r e c t i o n  domn th e  s m a l l  i n t e s t i n e .  Such a g ra d ie n t  o f  c r y p t  p r o l i f 

e r a t i v e  a c t i v i t y  does o ccu r  from  p ro x im a l  to  d i s t a l  s m a l l  i n t e s t i n e  

( 8 3 ) .  T h is  g a s t r i n  d i l u t i o n  e f f e c t  may a ls o  account f o r  the g r a d a t io n  

o f  c r y p t  and v i l l u s  h e ig h t  mhich o c c u rs  domn the le n g th  o f  th e  s m a l l  i n 

t e s t i n e  ( l ) .  I  mould l i k e  to  emphasize t h a t  t h i s  l a t t e r  argument i s  

p u r e ly  s p e c u la t i v e ,  and a " g a s t r i n  d i l u t i o n  e f f e c t "  may be one f a c t o r  o u t  

o f  many mhich c o n t r i b u t e s  to  th e  d i f f e r e n c e s  i n  s t r u c t u r e  a lo n g  the  

le n g th  o f  the  s m a l l  i n t e s t i n e .  Indeed , i t  i s  q u i te  p o s s ib le  t h a t  g a s t r i n  

re le a s e d  from  duodena l s i t e s  i n t o  the  m ic r o c i r c u la t o r y  system m i l l  be so 

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

a c t i v i t y  i n  the  mid and d i s t a l  s m a l l  i n t e s t i n e .  O the r  f a c t o r s  mhich may 

p rove  to  be im p o r ta n t  i n  ca u s in g  t h i s  i n t e s t i n a l  s t r u c t u r a l  t r a n s i t i o n  

a re  the chang ing  form  and c o m p o s i t io n  o f  th e  food b o lu s  and th e  v a r ie d  

sp e c ie s  and number o f  b a c t e r i a  i n  the  d i f f e r e n t  re g io n s  o f  th e  g u t .

When th e  p ro p e r  c o n c e n t r a t io n  o f  g a s t r in  reaches  th e  t a r g e t  

c e l l ,  mhether i t  mould be in s ta n ta n e o u s ly ,  i n  the case o f  the  duodena l 

c r y p t  o r  a f t e r  a f i n i t e  p s r io d  o f  t im e  i n  the  i l e a l  c r y p t ,  DNA s y n th e s is  

mould be m arked ly  a c c e le r a te d .  Only th e  c e l l s  lo c a te d  i n  a s h a r p ly  

d e l in e a te d  re g io n  i n  th e  b a s a l  o n e - t h i r d  o f  the  c r y p t  a re  a c t i v e  i n  DNA 

s y n th e s is ,  and, t h e r e f o r e ,  a c c o rd in g  to  o u r  th e o ry ,  a re  s u s c e p t ib le  to  

the  hormone. T h is  may be due to  the  a v a i l a b i l i t y  o f  g a s t r i n  r e c e p to r  

s i t e s  i n  these  c e l l s  o n l y ,  o r  i t  may be due to  the s p e c i f i c  geom etry  o f



124

the  m ic r o c i r c u la t o r y  system . I t  has been shown by G arn ie , e t  a l .  t h a t  

between 60-70% o f  the  c e l l s  i n  t h i s  re g io n  a c t i v e l y  in c o r p o r a te  ^ H - th y -  

m id in e ,  i . e . ,  a re  p r o l i f e r a t i v e  (1 3 ) .  T h is  f i g u r e  agrees v e ry  w e l l  

w i th  o u r  73% p r o l i f e r a t i v e  poo l v a lu e  o f  th e  p e n ta g a s t r in - t r e a t e d  duo

dena l c u l t u r e  c e l l s .

When th e  c r y p t  e p i t h e l i a l  c e l l s  move across  the  boundary , p ro 

l i f e r a t i v e  a c t i v i t y  ceases, and d i f f e r e n t i a t i o n  o c c u rs .  One p o s s ib le  

e x p la n a t io n  f o r  t h i s  i s  t h a t  a ba lance  e x i s t s  b i tw een  g a s t r i n  and a 

m a tu r a t io n  age n t (w h ich  cou ld  be a s t e r o i d  o r ,  p o s s ib ly ,  s e c r e t i n )  and 

t h a t  th e  c e l l s  i n  t h i s  re g io n  o f  the  c r y p t  a re  more re c e p t iv e  to  the 

m a tu r a t io n  a g e n t .  Ano ther e q u a l ly  p la u s ib le  th e o ry  i s  t h a t  th e  immature 

e p i t h e l i a l  c e l l s  w i l l  sp o n ta n ta n e o u s ly  undergo  d i f f e r e n t i a t i o n  un less  

g a s t r i n  i s  p r e s e n t .  I n  the  upper r e g io n s  o f  the  c r y p t  g a s t r i n  i s  no t  

found  i n  s u f f i c i e n t  c o n c e n t r a t io n  to  b lo c k  t h i s  p ro c e s s .  A f t e r  the 

c e l l s  le a v e  the  c r y p t ,  the  g a s t r i n  i n f l u e n c e  i s  c o m p le te ly  l o s t  and 

o th e r  agen ts  ( i . e . ,  s t e r o id s  o r  s e c r e t i n )  w i l l  r e g u la te  the  p r o p e r t ie s  

o f  th e  d i f f e r e n t i a t i n g  e p i t h e l i a l  c e l l .

I m p l i c a t i o n  o f  G a s t r in  i n  th e  Changes i n  
I n t e s t i n a l  P r o p e r t ie s  Seen a f t e r  

S u r g ic a l  P rocedu res

The th r e e  s u r g i c a l  s tu d ie s  r e f e r r e d  to  i n  the  i n t r o d u c t i o n  a l l  

e l i c i t e d  changes i n  i n t e s t i n a l  g ro w th .  In  re v ie w in g  the  p rocedu res  i n 

v o lv e d ,  i t  i s  p o s s ib le  t h a t  the  changes may a l l  be a t t r i b u t e d  to  a l t e r e d  

g a s t r i n  r e le a s e .

I l e a l  r e s e c t i o n  was dem ons tra ted  to  s t im u la te  c r y p t  p r o l i f e r a 

t i v e  a c t i v i t y  and the  m ig ra t io n  o f  l a b e l l e d  ( ^ H - th y m id in e )  c r y p t  c e l l s  

o n to  th e  v i l l i  ( 8 3 ) .  G enera t ion  t im e  was a ls o  speeded up w i th  marked
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s h o r te n in g  of th e  S and p o s s ib l y  phase. The a u th o rs  co nc lud e d  th a t  

"an i n t e s t i n a l  e p i t h e l i a l  g row th  hormone" o f  unknown o r i g i n  i s  re le a s e d  

upon i l e a l  r e s e c t io n .  An e q u a l ly  p la u s ib le  a l t e r n a t i v e  i s  t h a t  s i t e s  

o f  s y n th e s is  o f  a g a s t r i n  a n ta g o n is t ,  p o s s ib ly  s e c r e t i n ,  i s  removed 

d u r in g  the  o p e ra t io n .  There  i s  ev idence  t h a t  s e c r e t i n  may be re le a s e d  

a long  the  e n t i r e  le n g th  o f  the  s m a l l  i n t e s t i n e  (101 ) .  I t  i s  p o s s ib le  

t h a t  the  main r o u te  o f  t r a n s p o r t  o f  s e c r e t in  i s  v ia  th e  m ic r o c i r c u la t o r y  

v e s s e ls .  I f  p r o l i f e r a t i v e  a c t i v i t y  a lo ng  the h e ig h t  o f  the  c r y p t  i s  de

pendent upon th e  ba lance  between the  a c t io n s  o f  g a s t r i n  and s e c r e t i n  

(where the  b a s a l ly  lo c a te d  c e l l s  have a h ig h e r  a f f i n i t y  f o r  g a s t r i n ,  and 

the  c e l l s  a t  th e  mouth o f  th e  c r y p t  have a h ig h e r  a f f i n i t y  f o r  s e c re 

t i n ) ,  the  removal o f  m a jo r  s e c r e t i n - r e l e a s in g  s i t e s  may move the  p r o l i f -  

e r a t i v e - n o n - p r o l i f e r a t i v e  boundary  towards the  mouth o f  the  c r y p t .  Th is  

would e f f e c t i v e l y  accoun t f o r  th e  g r e a te r  p r o l i f e r a t i v e  a c t i v i t y  and ac

c e le r a te d  c ry p t  m ig r a t io n  r a t e  which o ccu rs  a f t e r  i l e a l  r e s e c t i o n .  The 

s h o r te r  S p e r iod  may a lso  be due to  an in c re a s e d  g a s t r i n  i n f lu e n c e  on 

the  c r y p t  c e l l s .

Altman and L e b lo n d 's  i n t e r p r e t a t i o n  o f  the  t r a n s p o s i t i o n  e xp e r-  

ment was th a t  a " v i l l u s  e n la r g in g  f a c t o r "  i s  re le a s e d  by the  p ro x im a l  

duodenum and an trum , and a " v i l l u s  re d u c in g  f a c t o r "  i s  r e le a s e d  i n  the  

i le u m  ( l ) .  They reasoned t h a t  these  unknown f a c t o r s  are re le a s e d  i n  the 

chyme and ac t on th e  e p i t h e l i a l  c e l l s  from the lu m in a l  s id e .  T h e i r  r e 

s u l t s  may be e x p la in e d  by an h y p o th e s is ,  t h a t  th e  " v i l l u s  e n la r g in g  fa c 

t o r "  i s  a c tu a l l y  g a s t r i n .  T h is  p o s s i b i l i t y  i s  s t re n g th e n e d  when one con

s id e r s  the  l o c a t i o n  o f  g a s t r i n  r e le a s in g  s i t e s  i n  th e  G . I .  t r a c t  ( th e  

antrum and the duodenum). T h is  a l t e r n a t i v e  e x p la n a t io n  i s  a ls o



126

suppo rted  by our r e s u l t s  co nce rn in g  th e  a c t io n s  o f  the  hormone. A 

transposed  i l e a l  segment i n  th e  duodenum would be in te r c o n n e c te d  w ith  

th e  s u r ro u n d in g  g a s t r in - p r o d u c in g  duodenal t i s s u e  v i a  new ly  formed 

m ic r o c i r c u la t o r y  v e s s e ls .  T h is  t i s s u e  would then  r e c e iv e  g a s t r i n  in  

h ig h e r  c o n c e n t r a t io n s  than a re  u s u a l ly  found  i n  th e  i le u m ,  and conse

q u e n t ly ,  c r y p t  and v i l l u s  s i z e  would be e n la rg e d .  A s i m i l a r  s i t u a t i o n  

would o ccu r  when duodena l t i s s u e  i s  t r a n s p la n te d  to  the  i le u m ,  f o r  the 

s u r ro u n d in g  i l e a l  t i s s u e  wou ld  be t r o p h i c a l l y  a f f e c t e d  by be ing  exposed 

to  the  h ig h e r  c o n c e n t r a t io n  o f  g a s t r i n .  In  as much as the  v i l l u s  h e ig h t  

o f  a j e j u n a l  segment i n  the  i le u m  decreased, t h i s  may n o t  in v o lv e  the 

presence o f  a " v i l l u s  re d u c in g  f a c t o r "  a t  a l l ,  b u t  may be due to  the 

u n u s u a l ly  low g a s t r i n  c o n c e n t r a t io n  i n  th e  i l e a l  s u r ro u n d in g s .  I f  a 

" v i l l u s  d ec rea s in g  f a c t o r "  does e x i s t ,  i t  i s  q u i t e  p o s s ib le  t h a t  i t  may 

be i d e n t i c a l  w i th  s e c r e t i n .

I n  the  l a s t  s u r g i c a l  procedure d is c u s s e d ,  i t  was found  t h a t  

t o t a l  abdom inal vagotomy e f f e c t i v e l y  s t im u la te d  p r o l i f e r a t i v e  a c t i v i t y  

i n  the  c r y p t  (1 1 2 ) .  G e n e ra t ion  t im e o f  c r y p t  e p i t h e l i a l  c e l l s  was 

m arked ly  sh o r te n ed  by v a g a l d e n e ru a t io n ,  as were th e  S and G.j phases o f  

th e  c e l l  c y c le .  The a u th o rs  c i t e d  th e  i l e a l  r e s e c t i o n  e x p e r im e n t  and 

h y p o th e s iz e d  th a t  an " i n t e s t i n a l  e p i t h e l i a l  g row th  hormone" was r e 

leased  by t h i s  p ro c e d u re .  Recent e xpe r im en ts  i n  th e  dog ( th e  same 

sp e c ie s  be ing  s tu d ie d  i n  the  above e x p e r im e n t)  have dem onstra ted  th a t  a 

s l i g h t l y  lo w e r  amount o f  g a s t r i n  i s  re le a s e d  a f t e r  t r u n c a l  vagotomy, 

b u t  t h a t  th e  p a r i e t a l  c e l l s  become h y p e r s e n s i t i v e  to  the  hormone, re 

s u l t i n g  i n  a d ra m a t ic  in c re a s e  in  g a s t r i c  s e c r e t i o n  i n  the  presence  o f  

g a s t r i n  (1 2 7 ) .  I f  the  c r y p t  e p i t h e l i a l  c e l l s  undergo  a s im i l a r
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"d e n e rv a t io n  phenomenon," i t  i s  q u i te  p o s s ib le  t h a t  the  in c re a s e  i n  

c r y p t  p r o l i f e r a t i v e  a c t i v i t y  i s  a s s o c ia te d  w i th  a h y p e r s e n s i t i v i t y  to  

the hormone. The in c re a s e  i n  p r o l i f e r a t i v e  a c t i v i t y  and decrease i n  

g e n e ra t io n  t im e  (due to  a shor tened  S phase) are  e n t i r e l y  c o n s is te n t  

w i th  our r e s u l t s  and i s  h ig h l y  s u g g e s t iv e  t h a t  these  changes are  media

ted  by g a s t r i n .

From th e  above r e l a t i o n s h ip s ,  i t  appears t h a t  the  " v i l l u s  en

la r g in g  f a c t o r , "  th e  " i n t e s t i n a l  e p i t h e l i a l  g row th  horm one," and g a s t r i n  

may a l l  be i d e n t i c a l .

In  summary, we f e e l  t h a t  the  h ypo th e se s  advanced e a r l i e r  have 

been su p p o r te d  by o u r  e x p e r im e n ta l  r e s u l t s .  In  l i g h t  o f  ou r da ta  and 

the  re p o r te d  f i n d i n g s  i n  th e  l i t e r a t u r e ,  we con tend  t h a t  g a s t r i n  p la y s  a 

m ajor r o l e  i n  th e  m a in tenance  o f  norm al a d u l t  i n t e s t i n a l  s t r u c t u r a l  and 

f u n c t i o n a l  p r o p e r t i e s .  G a s t r in  may, in d e e d ,  be th e  " i n t e s t i n a l  e p i 

t h e l i a l  g row th  h o rm o ne ."  UJe a lso  f e e l  t h a t  th e  v a r i a b i l i t y  o f  these  i n 

t e s t i n a l  p r o p e r t i e s  i n  response  to  ch a n g in g  c o n d i t i o n s  in  th e  l o c a l  en

v iro n m e n t  ( i . e . ,  the  p resence  o r  absence o f  food  i n  the  lumen) i s  in  

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



CHAPTER \I 

SUMMARY AND CONCLUSIONS

At th e  s t a r t  o f  t h i s  d i s s e r t a t i o n  re s e a rc h ,  i t  mas decided t o  

in v e s t i g a t e  th e  r o l e  t h a t  g a s t r i n  may p la y  i n  th e  r e g u la t i o n  o f  i n t e s t i 

n a l  p r o p e r t i e s .  The p r o p e r t ie s  o f  i n t e s t i n a l  e p i t h e l i a l  c e l l s  a re  q u i te  

v a r ia b le  and q u i c k l y  respond to  changes i n  th e  l o c a l  e n v iro n m e n t .  Gas

t r i n  mas th o u g h t  to  be an i d e a l  c a n d id a te  f o r  m e d ia t in g  many o f  these 

changes, s in c e  i t s  r e le a s e  i s  dependent on th e  presence o f  s t i m u l i  lo

ca ted  i n  the  g a s t r o i n t e s t i n a l  lumen. Ev idence  from  o th e r  la b o r a to r ie s  

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

t i s s u e s  and has the  a b i l i t y  t o  s i g n i f i c a n t l y  i n f l u e n c e  t h e i r  enzymatic 

a c t i v i t y  p r o f i l e s .  U/e, t h e r e f o r e ,  th e o r iz e d  t h a t  a m a jo r  second a c t io n  

o f  g a s t r i n  ( i n  a d d i t i o n  to  b e ing  a g a s t r i c  s e c re ta g o g u e )  i s  the  f in e  

r e g u la t i o n  o f  i n t e s t i n a l  s t r u c t u r a l  and f u n c t i o n a l  p r o p e r t ie s  to  meet 

the  re q u ire m e n ts  d ic t a t e d  by the  l o c a l  e n v i ro n m e n t .

The s m a l l  i n t e s t i n e  undergoes d ra m a t ic  changes i n  p ro p e r t ie s  

d u r in g  s t a r v a t i o n .  Our r e s u l t s  dem onstra ted  t h a t  seve re  degenera tion  

o f  mucosal a r c h i t e c t u r e ,  as w e l l  as enhancement o f  d is a c c h a r id a s e  a c t i 

v i t y ,  o ccu r  w i t h  s t a r v a t i o n .  Food i s  th o u g h t  to  be the  main s t im u la n t  

f o r  g a s t r i n  re le a s e  (due to  m echan ica l d is t e n s io n  o f  the  a n tru m ) .  I t  

was reasoned t h a t  d u r in g  s t a r v a t i o n  th e re  wou ld  bo an absence o f  stim

u l i  f o r  g a s t r i n  re le a s e  and a subsequent decrease  i n  b lo od  g a s t r i n

128
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l e v e l s .  UJe, t h e r e f o r e ,  h y p o th e s iz e d  th a t  th e  i n t e s t i n a l  s t r u c t u r a l  and 

f u n c t i o n a l  changes o c c u r r in g  d u r in g  s t a r v a t i o n  c o u ld  i n  p a r t  be due to 

a g a s t r i n  d e f i c i e n c y .  In  o rd e r  to  t e s t  t h i s  t h e o r y ,  me in je c t e d  r a t s  

d u r in g  a s t a r v a t i o n  p e r io d  w i t h  p e n ta g a s t r in .  I f  the  th e o ry  i s  c o r 

r e c t ,  hormonal s u p p le m e n ta t io n  shou ld  p a r t i a l l y  re v e rs e  the  i n t e s t i n a l  

changes which o c c u r  d u r in g  s t a r v a t i o n .  Our r e s u l t s  su pp o r ted  the above 

h y p o th e s is ,  because bo th  s t r u c t u r a l  and enzym a t ic  a c t i v i t y  le v e ls  o f  the 

s ta rv e d  i n t e s t i n e  changed tow ards va lues  a s s o c ia te d  w i th  the fed  s ta te  

upon i n j e c t i o n  o f  p e n t a g a s t r in .  I t  shou ld  be no ted  t h a t  hormonal t r e a t 

ment s t im u la te d  o n ly  p a r t i a l  r e v e r s a l  o f  the  e f f e c t s  o f  s t a r v a t i o n ,  but 

o p t im a l  c o n d i t io n s  o f  o b ta in in g  a h o rm o n e - ta rg e t  c e l l  i n t e r a c t i o n  may 

n o t  have been met i n  the  i n  v iv o  system.

Marked i n t e s t i n a l  deve lopm en ta l changes take  p la c e  the  t h i r d  

week o f  l i f e .  These changes are c lo s e l y  a s s o c ia te d  w i th  the t r a n s i t i o n  

from  s u c k l in g  to  w ean ing . UJe dem onstra ted  t h a t  p r o lo n g a t io n  o f  the 

s u c k l in g  p e r io d  r e s u l t s  i n  a s i g n i f i c a n t  r e t a r d a t i o n  i n  th e  development 

o f  some i n t e s t i n a l  p r o p e r t i e s .  I t  was noted t h a t  the s u c k l in g  and 

s ta rv e d  r a t  i n t e s t i n e  are v e ry  s i m i l a r  in  many s t r u c t u r a l  and f u n c t io n a l  

p r o p e r t ie s .  U s ing  th e  same re a so n in g  as exp ressed  in  th e  p rev ious  s tu d y ,  

we conc luded t h a t  v e ry  l i t t l e  g a s t r i n  would be re le a s e d  when the  young 

an im a l i s  on a l i q u i d  d i e t  o f  m i lk  ( s u c k l in g )  and t h a t  d ra m a t ic  changes 

i n  g a s t r i n  l e v e l s  w ou ld  most p ro b a b ly  occu r a t  th e  o n se t  o f  e a t in g  s o l i d  

food  (w e a n in g ) .  UJe t h e r e f o r e  h ypo th e s ize d  t h a t  the  i n i t i a t i o n  o f  g a s t r in  

re le a s e  a t  the  o n s e t  o f  weaning p la y s  a m a jo r r o l e  i n  th e  s t im u la t io n  o f  

a d u l t  d eve lo p m en ta l changes o f  the  s m a l l  i n t e s t i n e .  T h is  th e o ry  was 

then  suppo rted  when i t  was dem onstra ted  th a t  a d m in i s t r a t i o n  o f  pen tagas-
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t r i n  to  s u c k l in g  r a t s  s t im u la te d  changes i n  i n t e s t i n a l  s t r u c t u r a l  and 

f u n c t i o n a l  p r o p e r t ie s  to w a rd s  normal a d u l t  v a lu e s .  A model was then 

des igned to  d e s c r ib e  the  p o s s ib le  e ndocr ine  i n t e r a c t i o n s  necessary  f o r  

normal i n t e s t i n a l  de ve lo p m en t.  UJe concluded t h a t  b o th  g row th  hormone 

( i n  the  presence  o f  s t e r o i d s )  and g a s t r in  may p la y  m a jo r  r o le s  i n  the  

development o f  a d u l t  i n t e s t i n a l  s t r u c t u r e ,  w h i le  the  i n t e r p l a y  o f  gas

t r i n  and the  a d re n a l  c o r t i c o s t e r o id s  in f lu e n c e  th e  development o f  a d u l t  

i n t e s t i n a l  enzym atic  l e v e l s .

An a t te m p t was then  made to s tu d y  th e  e f f e c t s  o f  in c re a s e d  and 

decreased endogenous g a s t r i n  le v e ls  on i n t e s t i n a l  p r o p e r t i e s .  T h is  was 

accom plished  by p e r fo rm in g  p y l o r i c  o b s t r u c t io n  and a n tre c to m y  s u r g i c a l  

p ro ced u re s ,  r e s p e c t i v e l y . The r e s u l t  o f  the se  e x p e r im e n ts  were o n ly  

s u g g e s t iv e  o f  the  t r e n d  e x p e c te d .

I f  g a s t r i n ' s  e f f e c t  on the  i n t e s t i n a l  e p i t h e l iu m  was to  be 

d e f i n i t i v e l y  p ro ven ,  an i n  v i t r o  a c t io n  o f  th e  hormone on the  t a r g e t  

c e l l  would  have to  be shown. A duodenal c u l t u r e  l i n e  was e s ta b l is h e d  

f o r  t h i s  express  p u rpo se . I t  was our h y p o th e s is  a t  th e  onse t o f  the 

expe r im en t t h a t  the  p r o l i f e r a t i v e  a c t i v i t y  o f  th e  duodena l c e l l s  would 

be s t im u la te d  by th e  hormone. Th is  p r e d i c t i o n  was c o n f i rm e d  by the  

d e m o n s tra t io n  t h a t  th e  p e n t a g a s t r in - t r e a t e d  c e l l s  had a s i g n i f i c a n t l y  

s h o r te r  d o u b l in g  t im e  tha n  th e  s a l in e  c o n t r o ls .  K in e t i c  a u to ra d io 

g ra p h ic  s tu d ie s  d em ons tra ted  t h a t  th e re  was a p p ro x im a te ly  a tw o - fo ld  

in c re a s e  i n  the  p e rcen tag e  o f  p r o l i f e r a t i v e  c e l l s  i n  th e  c u l t u r e s  

t re a te d  w i th  p e n ta g a s t r in .  Crude a pp ro x im a t io n  o f  g e n e ra t io n  t im e  (G j)  

re v e a le d  t h a t  G j i s  m a rke d ly  reduced i n  p e n t a g a s t r i n - t r e a t e d  c u l t u r e s  

i n  com parison to  th e  c o n t r o l s ;  t h i s  was s o le l y  a t t r i b u t e d  to  a
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shor tened  S phase (DMA s y n th e s is ) .  The p e n t a g a s t r in - t r e a t e d  c u l t u r e s  

were p r i m a r i l y  e p i t h e l o i d  i n  n a tu re ,  whereas the  c o n t r o l s  c o n s is te d  o f  

an e p i t h e l i a l - f i b r o b l a s t i c  a d m ix tu re .  U l t r a s t r u c t u r a l l y ,  the  e p i th e 

l i a l  c e l l s  appear v e ry  s i m i l a r  to  u n d i f f e r e n t i a t e d  c r y p t  c e l l s .

From th e  e x p e r im e n ts  perform ed, we co nc lude  t h a t  g a s t r i n  does 

p la y  an im p o r ta n t  r o l e  i n  th e  r e g u la t io n  o f  bo th  i n t e s t i n a l  s t r u c t u r a l  

and f u n c t i o n a l  p r o p e r t i e s ,  n o ta b ly ,  n u c le ic  a c id  and p r o te in  c o n te n t ,  

wet w e ig h t ,  p o s s ib ly  v i l l u s  and c r y p t  h e ig h t ,  and d is a c c h a r id a s e  a c t i 

v i t y .  A cco rd ing  to  ou r t h e o ry  the  major s i t e  o f  a c t i o n  i s  on the im

mature c r y p t  e p i t h e l i a l  c e l l s ,  where g a s t r i n  a c ts  to  a c c e le ra te  DNA 

s y n th e s is .  I f  a g a s t r i n  d e f ic ie n c y  o ccurs , p r o l i f e r a t i v e  a c t i v i t y  i n  

th e  c r y p ts  i s  reduced  and a g re a te r  than normal p e rcen ta g e  o f  c e l l s  

undergo m a tu r a t io n  ( r e s u l t i n g  i n  a h ig h e r  d is a c c h a r id a s e  a c t i v i t y ) ;  in  

the  case o f  an excess o f  g a s t r i n  (o r  h y p e r s e n t i v i t y  o f  the  t a r g e t  c e l l s  

to  the  horm one), p r o l i f e r a t i o n  i n  the  c r y p ts  i s  in c re a s e d  and the c e l l s  

undergo a sh o r te n e d  m a tu r a t io n  process ( r e s u l t i n g  i n  a decreased d is 

accha r id a se  a c t i v i t y ) .

In  c o n c lu s io n ,  s e v e r a l  s tu d ie s  were c i t e d  w h ic h ,  th rough  s u r g i 

c a l  m a n ip u la t io n ,  changed the  growth r a te  o f  the i n t e s t i n a l  e p i th e l iu m .  

The a u th o rs  o f  these  s e p a ra te  s tu d ie s  h yp o th e s iz e d  th e  presence o f  an 

unknown grow th  f a c t o r  w h ich  the y  la b e l le d  as e i t h e r  an " i n t e s t i n a l  e p i 

t h e l i a l  g row th  hormone" o r  a " v i l l u s  e n la rg in g  f a c t o r . "  I t  i s  our con

t e n t io n  t h a t  th e  a c t io n s  and p ro p e r t ie s  o f  t h i s  g row th  f a c t o r  are con

s i s t e n t  w i th  tho se  o f  g a s t r i n .
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D e ta i le d  D e s c r ip t io n  o f  Methods 

Lowry P r o te in  D e te rm in a t io n  (84)

W orking S o lu t i o n s ;

1) Reagent Aj c o n s i s t s  o f  2^ l\la2C02 p lu s  0.02% KNa t a r t r a t e  made up i n  
0.1N NaOH. T h is  s o lu t i o n  i s  s to r e d  a t  4°C.

2) Reagent A n  c o n s is t s  o f  0.5% CUSO4 s o lu t i o n  made up i n  d e io n iz e d
d i s t i l l e d  w a te r .  T h is  s o lu t i o n  i s  s to r e d  a t  4°C.

3 ) Reagent A i s  made up o f  th e  f o l l o w in g  r a t i o s  o f  th e  above two s o lu 
t i o n s :

Aj : A j j  ; : 50 : 1

Due to  i t s  u n s ta b le  n a tu r e ,  i t  i s  made im m e d ia te ly  b e fo re  use.

4 ) Reagent B i s  made by m ix in g  200 ml o f  F -C io c a l te a u  pheno l re a g e n t
w i th  220 ml o f  d e io n iz e d  d i s t i l l e d  w a te r .  I t  i s  s to re d  a t  room
tem pe ra tu re  i n  a brown b o t t l e ,  because o f  i t s  l i g h t  s e n s i t i v i t y .

5 ) A p r o te in  s ta n d a rd  s to ck  s o l u t i o n  i s  made up to  a c o n c e n t r a t io n  o f
5 .0  mg o f  c r y s t a l l i n e  serum a lb u m in /m l .  The s o lu t i o n  a ls o  c o n ta in s
1 .8  mg o f  b en zo ic  a c id /m l  as a p r e s e r v a t i v e .  Th is  s to c k  s o lu t i o n
i s  s to re d  a t  4°C. At the  t im e  o f  assay ,  an a l i q u o t  i s  removed and
a 1 :10 d i l u t i o n  i s  made, making a f i n a l  c o n c e n t r a t io n  o f  0 .5  mg/m l. 
A p r o te in  s ta n d a rd  i s  made by add ing  0 .0 0 ,  0 .0 5 ,  0 .1 ,  0 .2 ,  and 0 .4  
ml o f  th e  above s o lu t i o n  t o  a s e r ie s  o f  t e s t  tu b e s .

5) 0.1N NaOH

Working P ro c e d u re :

1) 0 .1  ml o f  0 .1N NaOH i s  added to  0.1  ml o f  homogenate, o r  p r o te in  
s ta n d a rd ,  i n  a t e s t  tu b e .  T h is  m ix tu re  i s  a l lo w e d  to  s ta n d  f o r  
one hour o r  lo n g e r .

2 ) A t th e  end o f  t h i s  p e r io d ,  w a te r  i s  added to  make a t o t a l  volume o f
2 .0  m l. Once t h i s  i s  co m p le te d , 5 .0  m l o f  Reagent A i s  added.
T h is  s o lu t i o n  i s  v o r te x e d  and a l lo w e d  to  s tan d  e x a c t l y  20 m in u te s .

3 ) At t h i s  t im e ,  0 .5  ml o f  Reagent B i s  added. The t e s t  tube  i s  i n v e r 
ted  and a l lo w e d  t o  s tand  f o r  e x a c t l y  45 m in u te s ,  a t  wh ich  t im e  i t s
O.D. i s  rea d  a t  a w ave leng th  o f  660 mu.

4) The s tan d a rd  cu rve  i s  p l o t t e d  on lo g - lo g  graph pape r,  and the  p ro 
t e i n  va lu es  o f  the  sample a re  read  o f f  the  g raph .
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T h e o r e t ic a l B a s is  o f  th e  T e ch n iq u e :

I t  i s  known t h a t  under a l k a l i n e  c o n d i t i o n s ,  phosphom olybd ic
and p h o s p h o tu n g s t ic  a c id s  (b o th  c o n ta in e d  i n  F o l i n ' s  Reagent) a re  read
i l y  reduced , y i e l d i n g  a b l u i s h  c o lo r .  T issu e  p r o te in s  c o n ta in  a h ig h  
c o n c e n t r a t io n  o f  a ro m a t ic  amino a c id s  which r e a d i l y  reduce these  a c id ic  
compounds in  F o l i n ' s  Reagent. The Lowry p r o t e i n  d e te rm in a t io n  i s  based 
on the  above b io c h e m ic a l  p r o p e r t i e s .  I t  was found  t h a t  an in c re a s e d  
a ccu ra cy  o f  th e  t e s t  can be a ch ie ve d  i f  CuSO^ and NaCOg are used i n  the  
r e a c t i o n  m ix tu r e ,  f o r  th e y  in c re a s e  the  c o lo r  i n t e n s i t y  and s t a b i l i t y ,  
r e s p e c t i v e l y .  The CuSO^ i n t e r a c t s  a t  the  s i t e  o f  p e p t id e  bonds.

RNA-DNA E x t r a c t i o n  P rocedure  as M o d if ie d  
from  S chm id t-Thannhause r (31)

W ork ing  S o l u t i o n s ;

1 ) 0.4IM PEA, s to r e d  a t  room te m p e ra tu re .

2) 0.2IM PCA, s to r e d  a t  room te m p e ra tu re .

3) 10^ PCA, s to r e d  a t  room te m p e ra tu re .

4) 0.30(1 KOH, s to r e d  a t  room te m p e ra tu re .

W ork ing  P ro c e d u re ;

1) 5 .0  m l of; 0.4N PCA i s  added to  5 .0  ml o f  d i l u t e d  homogenate i n  a
15 ml g la s s  c o n ic a l  c e n t r i f u g e  tu b e  and l e f t  i n  i c e  f o r  10 m in u te s .  
A f t e r  t h i s  p e r io d ,  th e  c e n t r i f u g e  tubes  a re  p laced  i n  a r e f r i g e r a t e d  
sw in g in g  b u c k e t  c e n t r i f u g e  and spun a t  600 g f o r  10 m in u te s .  The 
c e n t r i f u g e  tu b e s  are  removed a f t e r  t h i s  p e r io d ,  and the s u p e rn a ta n t  
i s  poured o f f .

2) The p e l l e t  i s  the n  resuspended  i n  5 .0  m l o f  0 .2N  PCA and c e n t r i f u g e d
as d e s c r ib e d  above. T h is  wash ing  p ro ced u re  i s  re pea ted  two more
t im e s .

3) 4 .0  ml o f  0.3IYI KOH i s  the n  added to  th e  p e l l e t ,  and the m ix tu re  i s
in c u b a te d  i n  a sh a k ing  w a te r  b a th  a t  37°C f o r  one hou r.

4) At th e  end o f  t h i s  p e r io d ,  2 .0  ml o f  c o ld  10^ PCA i s  added to  the
su sp e n s io n ,  ana the  tub es  a re  p la ced  i n  i c e  f o r  10 m in u te s .  The 
tubes  are then  c e n t r i f u g e d  as d e s c r ib e d  p r e v io u s ly .

5) Upon rem ova l o f  the  tubes from  th e  c e n t r i f u g e ,  the  s u p e rn a ta n t  i s  
poured  i n t o  15 ml t e s t  tu b e s .
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6) The p e l l e t  i s  then  resuspended i n  4 .0  ml o f  0 .2N PCA and c e n t r i fu g e d
once a g a in .  The s u p e rn a ta n t  i s  poured i n t o  th e  same 15 ml t e s t  tube
( r e s u l t i n g  i n  a t o t a l  volume o f  10 m l ) .  T h is  sample i s  then used
f o r  RIMA d e te r m in a t io n .

7) The p e l l e t  i s  the n  resuspended  i n  4 .0  ml o f  10^ PCA and placed i n  a
b o i l i n g  w a te r  b a th  (95°C) f o r  10 m in u te s .

8) The samples a re  then  c e n t r i f u g e d ,  as d e s c r ib e d  above.

9) 2 .0  ml o f  the  s u p e rn a ta n t  i s  then  removed and p ip e t t e d  in to  a c le a n
t e s t  tube  f o r  DNA d e te r m in a t io n .

T h e o r e t i c a l  B as is  o f  the  T e c h n iq u e ;

The e x t r a c t i o n  p ro ced u re  i s  based on the  b io c h e m ic a l  p ro p e r t ie s  
o f  RNA and DNA ( 9 5 ) .  The i n i t i a l  p r e c i p i t a t i o n  and subsequent washings 
i n  0.2N PCA i s  based on th e  p r o p e r t y  t h a t  RNA and DNA bo th  rea c t  w i th  
the  a c id ,  fo rm in g  an i n s o lu b le  s a l t ,  wh ich  can be i s o la t e d  e a s i ly  by low 
speed c e n t r i f u g a t i o n .  T h is  i n i t i a l  washing p rocedu re  has been shown to  
s u c c e s s f u l l y  remove f r e e  n u c le o t id e s ,  su g a rs ,  and in o r g a n ic  phosphates 
w h ich  would  i n t e r f e r e  w i th  th e  q u a n t i t a t i o n  o f  RNA and DNA (95). The 
RNA s a l t  i s  then s p e c i f i c a l l y  s o l u b i l i z e d  i n  th e  KOH in c u b a t io n  p roce 
d u re .  T h is  i s  based on th e  f a c t  t h a t  the  r ib o s e  m o ie ty  o f  RNA c o n ta in s  
two h y d ro x y l  groups (one be ing  p a r t  o f  the  p h o s p h o d ie s te r  bonds wh ich  
l i n k  th e  a d ja c e n t  s u g a rs ) .  In  the  presence o f  a l k a l i ,  th e  phosphod ies te r 
bond i s  b roken , and RNA i s  h y d ro ly z e d  i n t o  i t s  component bases and 
s u g a rs .  T h is  i s  n o t  the  case w i t h  the  d e o x y r ib o s e  m o ie ty  o f  DNA, wh ich  
has o n ly  one h y d r o x y l  g ro up . C o n seq u en t ly ,  upon th e  a d d i t i o n  of PCA to  
th e  in c u b a t io n  m ix tu re  and the  subsequent c e n t r i f i g a t i o n ,  the  RNA i s  r e 
le a sed  i n t o  th e  s u p e rn a ta n t ,  whereas th e  DNA s a l t  i s  p r e c ip i t a t e d .  Th is  
RNA and DNA s e p a ra t io n  i s  im p o r t a n t ,  because DNA w i l l  s i g n i f i c a n t l y  i n 
t e r f e r e  w i th  the  subsequent s p e c t ro p h o to m e t r ic  a n a ly s is  o f  RNA. The DNA 
p r e c i p i t a n t  i s  r e a d i l y  s o l u b i l i z e d  by in c u b a t in g  i t  w i t h  h o t  (96°C) PCA. 
T h is  i s  due to  th e  f a c t  t h a t  th e  s u g a r - p u r in e  bonds a re  broken ( w i th  
o n ly  few s c is s io n s  o f  the  p h o s p h o d ie s te r  backbone) under these c o n d i
t i o n s ,  fo rm in g  a p u r in i c  a c id s  ( 3 8 ) .  T h is  s o lu t i o n  i s  then  a llowed to  
c o o l  and then  i s  c e n t r i f u g e d ,  as d e s c r ib e d  p r e v io u s l y .  The p e l l e t  wh ich  
fo rm s  i s  p r i m a r i l y  p r o t e i n .  T h is  f i n a l  s e p a ra t io n  o f  p r o te in  is  neces
s a ry  f o r  an a c c u ra te  d e te r m in a t io n  o f  t i s s u e  DNA c o n te n t .

M o d i f ie d  DNA D e te rm in a t io n  (11 , 34)

W orking S o lu t io n s ;

1) s o lu t i o n  o f  d ip h e n y la m in e  made up i n  g l a c i a l  a c e t i c  ac id  (made up 
f r e s h  im m e d ia te ly  b e fo re  p e r fo rm in g  the  a s s a y ) .

2) 1 .5  mg/ml a c e ta ld e h y d e ,  s to r e d  a t  4°C.
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3) DNA s ta n d a rd  o f  200 ug ONA/ml, s to re d  a t  4°C.

4 )  12.5% PCA, s to r e d  a t  room tem pe ra tu re .

W ork ing  P ro c e d u re ;

1) Add 0 .0 0 ,  0 .0 5 ,  0 .1 0 ,  0 .2 0 ,  0 .3 0 ,  and 0 .40 ml o f  ONA s ta n d a rd  to  a 
s e r ie s  o f  t e s t  tu b e s , add mater to  each to  g iv e  a volume o f  0 .4  m l 
i n  each tu b e .  Add 1 .5  ml 12.5% PCA to  each. B o i l  the DNA s ta n d a rd  
tubes  f o r  10 m in u te s ,  as perfo rm ed on the  samples.

2) Add 2 .0  ml o f  d ip h e n y la m in e  s o lu t i o n  to  a l l  th e  tubes (b o th  samples 
and s ta n d a r d s ) .  T h is  s h o u ld  be fo l lo w e d  by p i p e t t i n g  i n  0.1 ml o f  
a ce ta ld eh yd e  s o l u t i o n .  The tubes are then  p laced  i n  an in c u b a to r  
a t  30°C f o r  a p e r io d  o f  18-24 hou rs .  A f t e r  t h i s  t im e ,  th e y  are r e 
moved and the  0 . 0 . 's  a re  re a d  a t  wave leng ths  o f  595 and 700 mu.
The 0 .0 .  a t  700 mu sh ou ld  then  be s u b t ra c te d  from  the re a d in g  a t  
595 mu.

3) The s ta n d a rd  cu rve  i s  drawn o n . l i n e a r  graph pap e r,  and the  ONA 
va lu e s  o f  th e  samples a re  read  o f f  the  c u rve .

T h e o r e t i c a l  B as is  o f  th e  T echn ique ;

T h is  te c h n iq u e  i s  based on the  f a c t  t h a t  d ipheny lam ine  s p e c i 
f i c a l l y  r e a c ts  w i t h  the  d e o xy r ib o se  sugars re le a s e d  from  th e  p u r in e  
bases . T h is  r e a c t i o n  i s  c a ta ly z e d  by s m a l l  q u a n t i t i e s  o f a c e ta ld e h y d e .  
The b lu e  c o lo r  appears s h o r t l y  a f t e r  the  in c u b a t io n  i s  i n i t i a t e d  and 
becomes s t a b le  a f t e r  18 h o u rs .  P ro te in  has been shown to s l i g h t l y  i n 
t e r f e r e  w i th  the  s p e c t ro p h o to m e t r ic  re a d in g .  Because i t s  c o n t r i b u t i o n  
to  th e  O.D. i s  a p p ro x im a te ly  th e  same a t  w ave leng ths  o f  595 and 700 mu 
(whereas th e  b lu e  c o lo r  p roduced by the  d ip he n y lam in e -de o xysu g a r  re a c 
t i o n  does n o t  absorb  l i g h t  a t  700 mu), the  doub le  w ave leng th  measure
ment i s  employed (3 4 ) .

RNA D e te rm in a t io n  o f  F le ck  and Berg (30)

W ork ing  P ro c e d u re ;

1) The absorbency o f  the  RNA s o lu t i o n  i s  measured by re a d in g  th e  O.D. 
a t  260 and 232 mu. The f o l l o w in g  fo rm u la  i s  employed i n  the  de
t e r m in a t io n  o f  the  q u a n t i t y  o f  RNA:

~ = 3 .40  (O .D .260 -  1 .44  ( 0 . 0 .233

2 ) T h is  d i f f e r e n c e  i s  then  m u l t i p l i e d  by 10 .2  to  g iv e  the t o t a l  ug 
RNA/ml o f  th e  sample.
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T h e o re t ic a l B a s is  o f  th e  Techn ique;

T h is  te c h n iq u e  i s  based on the  f a c t  t h a t  RNA absorbs m ax im a lly  
and m in im a l ly  a t  w a ve le n g th s  of 260 and 232 mu, r e s p e c t i v e l y ,  i n  the 
u l t r a v i o l e t  spec trum . In  c o n t ra s t ,  c o n ta m in a t in g  p e p t id e s  have a 
g r e a te r  O.D. a t  232 mu th a n  a t 260 mu. C o n sequ en t ly ,  the  RNA D .D .26q /
p r o t e in  0 .0 .2 6 0  r a t i o  y i e l d s  a maximal v a lu e ,  and the  RNA O .D .222/
p r o t e in  O.D. 232 r a t i o  y i e l d s  a m in im a l v a lu e .  T h e re fo re ,  i t  was found
t h a t  by t a k in g  th e  d i f f e r e n c e  between the  O .D . 's  a t  th e  two w ave leng ths ,  
one can b e s t  c o r r e c t  f o r  in t e r fe r e n c e  by p e p t id e  c o n ta m in a n ts .  The co
e f f i c i e n t s  ( 3 .4  and 1 . 4 4 ) were de te rm ined  by c o n s id e r in g  th e  c o n t r i b u 
t i o n  and changes o f  th e  e x t i n c t i o n  c o e f f i c i e n t s  o f  RNA and p r o te in s  a t  
th e  two w ave leng ths  ( 3 0 ) .

D ry  W eigh t D e te rm in a t io n  as M o d i f ie d  
from  Sched l, e t  a l .  (110)

In  t h i s  d e te rm in a t io n ,  the  i n t e s t i n e  i s  removed from  the  body, 
s l i t  open, and washed as d esc r ibed  p r e v io u s ly .  I t  i s  th e n  p la ced  in  a 
t a r e d  g la s s  s c i n t i l l a t i o n  v i a l  and weighed. The s c i n t i l l a t i o n  v i a l  i s  
p la c e d  i n  a d e s s ic a to r  b o t t l e ,  w h ich  i s  su b s e q u e n t ly  e vacu a te d .  The 
d e s s i c a to r  i s  th e n  p la c e d  i n  an oven s e t  a t  65°C. The v i a l  i s  removed 
a t  d i f f e r e n t  t im e  p e r io d s  and weighed. When th e re  i s  no f u r t h e r  de
c rease  i n  w e ig h t  w i t h  t im e ,  i t  i s  assumed t h a t  th e  t i s s u e  i s  c o m p le te ly  
d e h y d ra te d ,  and a f i n a l  d ry  we ight measurement can be re c o rd e d .  The 
w e ig h t  o f  t i s s u e  w a te r  i s  the d i f f e r e n c e  between the  wet w e ig h t  and 
d ry  w e ig h t .

D is a cch a r id a se  Assay by D a h lq v is t  (19)

W ork ing  S o lu t i o n s ;

1 ) T r i s  G lucose Oxidase Reagent (TGO), s to r e d  a t  4°C. 100 ml o f  t h i s  
re a g e n t  has th e  f o l l o w i n g  c o m p o s i t io n ;

a . 97 .0  ml o f  O.BIŸI T r i s  at a pH o f  7 .0

b . 0 .5  ml o f  ty p e  1 h o rs e ra d is h  p e ro x id a s e  s o lu t i o n  ( l  mg/ml)

c .  0 .5  ml o f  0 - D ia n is id in e  suspens ion  (10 mg/ml 95% e th a n o l )

d . 1.0  ml T r i t o n  X-100 s o lu t i o n  (0 .2 5  gm T r i t o n  X-10G/m l o f  95%
e th a n o l

e . 1 .0  ml o f  g lu c o s e  ox idase  re a g e n t  (C -5816, M i le s  C o.)

2 ) Glucose S tandard  (200 ug/m l) . Benzoic a c id  a t  a c o n c e n t r a t io n  o f
2 .5  mg/ml i s  used as a p re s e r v a t iv e .  The s ta n d a rd  i s  s to r e d  a t  
4°C. A t th e  t im e  o f  th e  assay, 0 .0 0 ,  0 .0 2 5 ,  0 .0 5 ,  0 .1 0 ,  and 0 .20 
ml o f  the  s ta n d a rd  i s  p ip e t te d  i n t o  a s e r ie s  o f  t e s t  tu b e s ,  and 
each tube  i s  made up to  a volume o f  0 .2  ml w i th  w a te r .
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3) Lactose s u b s t r a te  s o l u t i o n ,  pH 3 .5 ,  s to re d  a t  4°C. T h is  s o lu t i o n
i s  made up t o  a c o n c e n t r a t io n  o f  0.056m i n  a 0.1IÏ1 sodium a c e ta te
b u f f e r  s o l u t i o n .  A drop o f  to lu e n e  i s  used as a p r e s e r v a t iv e .

4) Lactose s u b s t r a te  s o l u t i o n ,  pH 5 .6 ,  s to re d  a t  4°C. T h is  s o lu t i o n
i s  made up to  a c o n c e n t r a t io n  o f  0.056IY1 i n  a 0.1IYI m a leate  b u f f e r .
A drop o f  to lu e n e  i s  added as a p r e s e r v a t iv e .

5) M a ltose  s u b s t r a te  s o l u t i o n ,  pH 5 .0 ,  s to re d  a t  4°C. T h is  s o lu t i o n  i s  
made up to  a c o n c e n t r a t io n  o f  0.056IY1 in  0.1M m aleate b u f f e r .  A drop 
o f  to lu e n e  i s  added as à p r e s e r v a t iv e .

Working P ro c e d u re ;

1) 0 .1  ml o f  s u b s t r a te  s o lu t i o n  i s  added to  0 .1  ml o f  homogenate (o r  
d i l u t e d  homogenate) and i s  in c u b a te d  a t  37°C i n  a sh ak ing  w a te r ba th  
f o r  one h o u r .  A s u b s t r a te  b la n k  i s  made, which c o n ta in s  0.1 ml sub
s t r a t e  and 0 .1  ml w a te r .

2) A t the  end o f  t h i s  p e r io d ,  the  tubes  are p la c e d  i n  i c e ,  and 3 .0  ml 
o f  TGO re a g e n t  i s  im m e d ia te ly  added to  th e  sample and s tanda rd  
tu b e s .

3) A l l  the  t e s t  tubes  a re  then  p la ced  i n t o  a sh a k in g  w a te r  ba th  a t  37°C 
f o r  one h o u r .

4) A t the  end o f  t h i s  p e r io d ,  th e  O.D. o f  th e  o ra n g e -c o lo re d  samples
and s ta n d a rd s  are read  a g a in s t  a s u b s t ra te  b la n k  a t  a w ave leng th  o f
420 mu. (An enzyme b la n k ,  c o n s i s t i n g  o f  0 .1  ml o f  homogenate p lu s  
0.1  ml o f  w a te r  was o n ly  used when the  enzyme a c t i v i t y  o f  r e c e n t l y  
fe d  an im a ls  was b e ing  d e te rm in e d . )

5) The s tan d a rd  g lu co se  c u rv e  i s  then  drawn on l i n e a r  graph pape r,  and 
the  g lucose  c o n c e n t r a t io n s  o f  th e  samples a re  read o f f  the  g raph .

6) The enzymic a c t i v i t y  o f  th e  d is a c c h a r id a s e s  a re  de te rm ined  as 
f o l l o w s :

ulYloles o f  d is a c c h a r id e  h y d ro ly z e d  ug g lucose  re le a s e d  _ 1 hour 
hou r "  hour 60 m in .

V ulYloles o f  d is a c c h a r id e
n (180 ug o f  d is a c c h a r id e )

where n = 1 f o r  la c t o s e  end n = 2 f o r  m a lto se  (depend ing  upon th e  
number o f  g lu co se  m o le c u le s  i n  one m o le cu le  o f  the  d is a c c h a r id e ) .

7) C a lc u la t io n  o f  b rush  b o rd e r  ( " n e u t r a l " )  la c ta s e  i s  de te rm ined  by the 
f o l l o w in g  fo r m u la  (1 2 1 ) :

brush bo rde r a c t i v i t y  = la c ta s e  a c t i v i t y ,  pH 5 .6  -  0 .4  ( la c ta s e  a c t i 
v i t y ,  pH 3 .5 )
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T h e o re t ic a l B a s is  o f  th e  T e chn iq u e ;

These enzymes a re  known to  h y d ro ly z e  th e  d is a c c h a r id e s ,  c le a v 
in g  the  bond between th e  two m onosaccharide  components and, th u s ,  r e 
le a s in g  f r e e  g lu c o s e .  The v a ry in g  s u b s t r a te  pH’ s co rre sp on d  w i th  the  
pH o p t im a  o f  th e  th r e e  enzymes be ing  s tu d ie s  (67 , 1 0 5 ) .  K o ldovsky , 
e t  a l .  have dem ons tra ted  t h a t ,  due to  the  b road  pH a c t i v i t y  range o f  
’’ a c id i c  l a c t a s e , ”  i t  s t i l l  has 40^ o f  i t s  m aximal a c t i v i t y  a t  a pH o f
5 ,6  (6 5 ) .  In  c o n t r a s t ,  " n e u t r a l  l a c t a s e "  has a n a r ro w  pH optimum curve  
and has n e g l i g i b l e  a c t i v i t y  a t  pH 3 .5 .  For t h i s  re a so n ,  th e  above form 
u la  (#7 o f  w o rk in g  p ro c e d u re )  i s  used i n  the  c a l c u l a t i o n  o f  " n e u t r a l  
la c ta s e "  a c t i v i t y .  At the  end o f  the  in c u b a t io n  p e r io d ,  th e  TGO i s  
added. I n  a d d i t i o n  to  r e a c t i n g  w i th  th e  f r e e  g lu c o s e ,  as d esc r ibe d  be
lo w ,  the  Ü.5IY1 T r i s  e f f e c t i v e l y  s to p s  th e  d is a c c h a r id a s e  r e a c t io n  (1 9 ) .  
The g lu cose  o x id ase  a c t i v i t y  i s  based on th e  f o l l o w i n g  r e a c t i o n s ;

. g lu c o s e  o x id ase  , , - u ng lu cose  __  ^  g lu c o n ic  a c id  and H2O2

H2O2 + reduced  chromogen ( O - D ia n is id in e )  p s r o x i d a s ^  HnO + o x id iz e d
chromogen

I t  i s  the  o x id iz e d  chromogen which g iv e s  th e  s o l u t i o n  i t s  orange c o lo r .

A l k a l i n e  Phosphatase Assay Using th e  Phosphatabs- 
A lk a l i n e  Method o f  K le in ,  e t  a l .  (63 )

Working S o l u t i o n s :

1 ) A lk a l i n e  phospha tase  s u b s t r a te ,  pH 9 .9 ,  made f r e s h ,  c o n s is t in g  o f  
one Phosphatab t a b l e t  ( W a r n e r - C h i l l c o t )  ( c o n ta in in g  0 .3  mg sodium 
p h e n o lp h th a le in  phospha te) per 0 .6  ml o f  w a te r .

2 ) 10 mIYl NaOH, s to r e d  a t  4°C.

3 ) 0 .50  lYl NaOH, s to r e d  a t  4°C.

4 )  P h e n o lp h th a le in  s ta n d a rd ,  made up a t  a c o n c e n t r a t io n  o f  20 u g /m l .
At th e  t im e  o f  th e  assay , s e r i a l l y  p i p e t t e  volumes o f  0 .5 ,  1 .0 ,  2 .0 ,  
and 3 .0  ml o f  s ta n d a rd  i n t o  t e s t  tu b e s ,  add 0 .1  m l o f  0.50IY1 NaOH 
and d i l u t e  w i th  w a te r  t o  a volume o f  5 .7  m l.

Working P ro c e d u re :

1 )  0 .6  m l o f  th e  s u b s t r a te  i s  added t o  0.1 m l o f  th e  d i l u t e d  homogenate, 
and th e  t e s t  tub es  a re  p laced  i n  a sh a k in g  w a te r  ba th  a t  37°C f o r  30 
m in u te s .

2 ) At t h i s  t im e ,  th e  t e s t  tubes  a re  removed, and 5 .0  ml o f  10.0 mIYI NaOH 
i s  added.
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3) 1 .0  ml o f  t h i s  p u r p le - c o lo r e d  s o lu t i o n  i s  then  removed and p ip e t t e d  
i n t o  a t e s t  tube c o n ta in in g  2 .0  ml o f  m ater (making a 1 :3  d i l u t i o n ) .

4 ) The O.D. o f  t h i s  f i n a l  s o l u t i o n  i s  im m e d ia te ly  read  a t  a wavelength 
o f  560 mu a g a in s t  a m ater b la n k .

5) The a l k a l i n e  phosphatase a c t i v i t y  i s  expressed as the  ug o f  p h e n o l
p h th a le in  re le a s e d /3 0  m in u tes  a t  37°C.

T h e o r e t i c a l  B as is  o f  th e  T e chn iq u e :

T h is  assay i s  based on th e  f o l l o m in g  r e a c t io n  sequence: pheno l
p h th a le in  phosphate a l k a l i n e  p h o s p h a te s ^  p h a n n lp h th a la in  + phosphate 
The NaOH s o lu t i o n  i s  added to  te r m in a te  the  r e a c t i o n .  I t  i s  the q u in o -  
n o id  s t r u c t u r e  o f  the  p h e n o lp h th a le in  i n  a l k a l i n e  c o n d i t i o n s  th a t  has the  
p u r p l i s h  hue t h a t  i s  measured c o l o r i m e t r i c a l l y  (5 3 ) .

Measurement o f  V i l l u s  and C ry p t  H e ig h t  by 
the  Method o f  A ltm ann, e t  a l .  ( l )

I n t e s t i n a l  r i n g  s e c t io n s  a re  c u t  from  the  i n t a o t  i n t e s t i n e ,  
u s in g  a sharp  s c a lp e l .  The i n t e s t i n a l  r i n g s  a re  im m e d ia te ly  p laced i n  a 
c o ld  10% f o r m a l i n  s o l u t i o n .  The f i x e d  t i s s u e  i s  then embedded in  p a ra f 
f i n .  L o n g i t u d in a l  s e c t io n s  (5u t h i c k )  a re  then  c u t ,  u s in g  a hand—d r iv e n  
m ic ro tom e . These s e c t io n s  a re  p la ced  on s l i d e s  and s ta in e d  mith PA- 
S c h i f f  h e m a to x y l in .

V i l l u s  and c r y p t  h e ig h t  a re  measured i n  p o r t i o n s  o f  s e c t io n s  
t h a t  c o n ta in  a lm os t e x c lu s i v e l y  v i l l i  and c r y p t s  c u t  a long  t h e i r  l e n g t h .  
The v i l l i  t h a t  are  coun ted  s h o u ld  have a f i n g e r - l i k e  appearance, and 
th e re  s h o u ld  be a s in g le  la y e r  o f  e p i t h e l i a l  c e l l s  l i n i n g  th e  v i l l i .  I f  
a l l  these  c o n d i t io n s  are met, i t  i n d ic a t e s  t h a t  the  v i l l i  and c ry p ts  
have been c u t  p e r p e n d ic u la r l y  ( i n  c o n t r a s t  to  t a n g e n t ia l  o r  o b l iq u e  
s e c t i o n in g )  and t h a t  th e y  are s u i t a b le  f o r  q u a n t i t a t i o n .  The v i l l u s  
h e ig h t  i s  measured by an o c c u la r  s c a le  and i s  expressed i n  m i l l im e t e r s .

T issue  C u l tu re  Gromth E xpe r im en t as M o d i f ie d  
from  K o l lm o rg en , e t  a l .  (70)

W orking S o l u t i o n s :

1) F e ta l  c a l f  medium, c o n s i s t i n g  o f  the  f o l lo m in g  in g r e d ie n t s :

a. 80% Minimum E s s e n t ia l  Medium m ith  g lu ta m in e  and n o n -e s s e n t ia l  
amino a c id s  (E a g le )  (25)

b . 10^ NCTC-135

c .  10% f e t a l  c a l f  serum
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d. 1 mlYl sodium p y ru va te

e. 100 U /m l p e n i c i l l i n

f .  Fung izone  (2 .5  u g /m l)  (G ib c o ) .  T h is  was used o n ly  when the  
o r i g i n a l  e x p la n t  was s e t  down.

2) P e n ta g a s t r in  (25 u g /m l ) .

3) I s o t o n i c  s a l i n e .

W ork ing  P ro c e d u re ;

A t s u b c u l t u r e ,  an e x tre m e ly  d i l u t e  ino cu lum  o f  c e l l s  from pen ta 
g a s t r i n  and c o n t r o l  s to c k  c u l t u r e s  i s  i n j e c t e d  i n t o  two s e ts  o f  T gg 's  f o r  
each g roup . A f t e r  two h o u rs ,  the  t r y p s in - c o n t a i n i n g  medium i s  removed 
and i s  r e p la c e d  by f r e s h  medium. At t h i s  p o in t ,  r e p r e s e n ta t iv e  f i e l d s  
( c o n ta in in g  a t  l e a s t  te n  even ly  d is p e rs e d  s in g le  c e l l s )  a re  s e le c te d  i n  
each f l a s k .  The in c re a s e  in  the  number o f  c e l l s / c l o n e  i s  then  measured 
w i t h  t im e  i n  th e  c o n t r o l  and p e n ta g a s t r in  c u l t u r e s .  T h is  r e la t i o n s h ip  
i s  the n  drawn on a s e m ilo g  g ra ph . I f  th e  c u l t u r e s  are g row ing  i n  an ex
p o n e n t ia l  f a s h io n ,  a s t r a i g h t  l i n e  shou ld  connect the  p o in t s .  The t im e 
i t  ta k e s  f o r  th e  average c lone  p o p u la t io n  to  doub le  i s  r e f e r r e d  to  as 
th e  d o u b l in g  t im e .

T is s u e  C u l tu re  P r o l i f e r a t i v e  P oo l D e te rm in a t io n  
as M o d i f ie d  from  K o l lm o rg en , e t  a l .  (70)

W ork ing  S o l u t i o n s ;

3F e ta l  c a l f  medium, c o n ta in in g  0 .1  uC i o f  H - th y m id in e /m l .  

P e n ta g a s t r in  (25 u g /m l ) .

I s o t o n i c  s a l i n e .

F i x a t i v e  (3  p a r t s  m ethanol and 1 p a r t  g l a c i a l  a c e t i c  a c id ) .  

Kodak N u c le a r  T rack  Emulsion (N TB-2), made up 1:1 w i th  w a te r .  

Giemsa s t a i n  (1 p a r t  Giemsa to  1 p a r t  phosphate b u f f e r ) .

Kodak D-19 D e v e lo p e r .

Kodak S top  Bath M ix tu re .

Kodak P h o to g ra p h ic  F ix e r .
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W orking P ro c e d u re ;

A d i l u t e  c e l l u l a r  suspension o f  b o th  p e n ta g a s t r in  and c o n t r o l  
s to c k  c u l t u r e s  (as d e s c r ib e d  above) i s  in n o c u la te d  i n t o  a s e r ie s  o f  
L e ig h to n  tu b e s  c o n ta in in g  c o u e rs l ip s .  Upon rem ova l o f  the  t r y p s in - c o n 
t a i n i n g  medium, i t  i s  re p la c e d  w ith  f e t a l  c a l f  medium c o n ta in in g  H- 
th y m id in e  a t  a c o n c e n t r a t io n  o f  0,1 u C i /m l .  The medium i s  s u bse q ue n tly  
changed d a i l y .  The c u l t u r e s  a re  then s e r i a l l y  s a c r i f i c e d  a t  d i f f e r e n t  
t im e  p e r io d s  ( f ro m  2-40 h o u rs ) .  At th e  t im e  o f  s a c r i f i c e ,  the medium 
i s  d is c a rd e d ,  and f i x a t i v e  i s  added t o  the  L e ig h to n  tubes  and i s  l e f t  
i n  th e  tubes f o r  a p p ro x im a te ly  15 m inu tes . The c o v e r s l ip s  are then  r e 
moved and mounted on s l i d e s .  A f te r  th e  s a c r i f i c e  o f  the  c e l l s  o f  the  
l a s t  s e t  o f  L e ig h to n  tu b e s ,  a u to ra d iog ra p hy  i s  p e r fo rm e d .  Th is i s  ac
com p lished  i n i t i a l l y  i n  a dark room by  d ip p in g  each s l i d e  i n t o  d i l u t e d  
NTB-2, h a v in g  them a i r  d ry  i n  a v e r t i c a l  p o s i t i o n ,  and p la c in g  the  
e m u ls io n -c o v e re d  s l i d e s  i n  a b la c k  p la s t i c  s l i d e  box. The s l i d e  box i s  
then se a le d  w i t h  tape  and s to re d  at 4°C f o r  4 days. At the  end o f  t h i s  
t im e ,  th e  s l i d e s  are deve loped and f i x e d ,  j u s t  as p r i n t s  are made from  
p h o to g ra p h ic  n e g a t i v e s .  The s l id e s  a re  the n  removed from  the dark  and 
s ta in e d  w i th  Giemsa. Upon v ie w in g  these  c e l l s  u nde r l i g h t  m ic roscopy ,  
l a b e l l e d  n u c l e i  ( c o n ta in in g  s i l v e r  g r a in s )  a re  e a s i l y  v i s i b l e  and can 
be d i s t in g u is h e d  from  u n la b e l le d  c e l l s .  The p e rcen tag e  o f  l a b e l l e d  
c e l l s  i n  a f i e l d  o f  1000 c e l l s  i s  then d e te rm in e d .  I t  can be seen t h a t  
the  p e rcen tag e  o f  l a b e l l e d  c e l l s  in c reases  w i t h  t im e  and le v e ls  o f f  a t  
a c e r t a i n  p e r io d  when th e  percentage o f  l a b e l l e d  c e l l s  remains c o n s ta n t  
( th e  p la te a u  r e g io n  o f  th e  c u r v e ) . The t im e  i t  ta ke s  f o r  the  cu rve  to  
p la te a u  i s  c o n s id e re d  to  be re p re s e n ta t iv e  o f  th e  d u r a t io n  o f  th e  G2 +
1Ï1 + G-] p e r io d .

T h e o r e t ic a l  B a s is  o f  th e  Techn ique ;

The S phase (DNA s y n th e s is ) ,  by d e f i n i t i o n ,  i s  the  p e r io d  d u r 
in g  wh ich  th e  n u c le u s  w i l l  in c o rp o ra te  ^ H - th y m id in e .  Those c e l l s  t h a t  
are n o t  a c t i v e  i n  DNA s y n th e s is ,  and hence a re  n o t  p r o l i f e r a t i v e ,  do n o t  
in c o r p o r a te  th e  th y m id in e  molecu les i n t o  t h e i r  n u c le a r  c h ro m a t in .  In  
o rd e r  to  m o n i to r  the  f re q u e n c y  and k i n e t i c s  o f  t h i s  p rocess  i n  d i f f e r e n t  
c e l l  p o p u la t i o n s ,  a u to ra d io g ra p h y  is  p e r fo rm e d .  A u to ra d io g ra p h y  i s  a 
p rocess  i n  w h ich  a l i g h t - s e n s i t i v e ,  f i n e l y - g r a i n e d  em u ls ion  i s  l a i d  over 
a sample w h ich  i s  a c t i v e l y  e m i t t in g  r a d io a c t i v e  p a r t i c l e s .  The r a d io 
a c t i v e  e lem en t o f  c h o ic e  i s  H. This i s  because H e m its  low energy 
p a r t i c l e s ,  w h ich  have an e x tre m e ly  h igh  i o n i z a t i o n  p o t e n t i a l .  The 
p a r t i c l e s  re le a s e d  from  have a r e l a t i v e l y  s t r a i g h t  pa th  ( u n l i k e  the  
s c a t t e r  o f  o th e r  r a d io a c t i v e  p a r t i c l e s ) ,  and hence io n iz e  substances 
d i r e c t l y  o v e r  them. C o n sequen t ly ,  i s  i d e a l  f o r  a u to ra d io g ra p h y ,  f o r  
i t  d e l in e a te s  th e  l o c a t i o n  o f  i t s  in c o r p o r a t io n  i n  the  c e l l  on the  o v e r 
la y in g  e m u ls io n .  The e” 's  re le ase d  by the  e m is s io n  se rve  to  reduce  the  
s i l v e r  io n s  o f  th e  e m u ls io n  i n  the  f o l l o w in g  way, fo rm in g  m e t a l l i c  s i l 
v e r :  Ag'*' + b“  ^  Ag. Upon deve lop ing  th e  e m u ls io n ,  an in c re a s e d
number o f  m e t a l l i c  s i l v e r  p a r t i c l e s  a re  fo rm ed  i n  th e  v i c i n i t y  o f  the  
reduced  s i l v e r  g r a in s  t h a t  are produced by e m is s io n ,  so t h a t  n u c le i  
c o n ta in in g  in c o r p o r a te d  th y m id in e  are e a s i l y  v i s u a l i z e d  under l i g h t
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m ic rosco p y .

The t im e  i t  ta ke s  f o r  th e  cu rve  to  p la te a u  i s  c o n s id e re d  to  be 
e q u a l to  the  G2 + M + G-j phase, because i t  i s  r e p r e s e n t a t i v e  o f  the 
p e r io d  i t  takes  th e  p r o l i f e r a t i v e  c e l l s  which j u s t  com p le ted  DIMA syn
t h e s is  (when the  H - th y m id in e  was i n i t i a l l y  added) to  proceed c o m p le te ly  
around th e  c e l l  c y c le  and t o  e n te r  DNA s y n th e s is  once a g a in ,  as g ra p h i 
c a l l y  shown b e low :

G2

S

DNA
S y n th e s is

Crude A pp ro x im a t io n  o f  G e n e ra t io n  Time (69 )

T h is  can be pe r fo rm ed  u s in g  the  in f o r m a t i o n  f ro m  th e  r e s u l t s  
o b ta in e d  from  th e  above two d e te rm in a t io n s .

G iven: d o u b l in g  t im e  = X hours

% o f  c e l l s  i n  th e  p r o l i f e r a t i v e  p o o l  =

% o f  n o n p r o l i f e r a t i v e  c e l l s  = (1D0-Y)%

The te c h n iq u e  be low  i s  th e n  employed.

No, o f  c e l l s  i n  each No. o f  c e l l s  i n  No. o f  c e l l s  i n
group i n  p o p u la t io n  each group i n  each group i n
o f  100, a t  0 t im e  2nd g e n e ra t io n _____ 3rd  g e n e ra t io n ______

P r o l i f e r -  Y 2Y [ Y  x  10-2(100  + Y ) ]2  = L
a t i v e

N o n p r o l i f -  100 -  Y 100 -  Y 4 Y - [Y  x 10-2(100  + Y ) ]  2
e r a t i v B  + [100  -  Y = Ml]

T o ta l  100 100 + Y
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S ince  Y pe rcen tag e  o f  th e  t o t a l  p o p u la t io n  w i l l  be p r o l i f e r a t i v e ,  i n  
o rd e r  to  c a lc u la t e  th e  number o f  p r o l i f e r a t i v e  c e l l s  p re s e n t  i n  the  t h i r d  
g e n e r a t io n ,  the  f o l l o w i n g  c a l c u la t i o n  s h ou ld  be p e r fo rm e d ;

[Y  X 1 0 "^ (1 0 0  + Y ) ]2

T h is  number i s  d e s ig n a te d  " L " .  
t i v e  p o o l  i s  re p re s e n te d  as

The number o f  c e l l s  i n  th e  n o n p r o l i f e r a -

4Y -  [Y  X 10” 2 (100  +, Y ) ]2  + [10 0  -  Y ]

T h is  term  i s  d e s ig n a te d  "lYl", Now, one can s t a t e  t h a t  th e  t im e  i t  ta k e s  
f o r  Y number o f  c e l l s  t o  grow to  L number o f  c e l l s  i s  e q u a l to  the  d u ra 
t i o n  o f  two d o u b l in g  t im e s ,  o r  2X h o u rs .  I f  th e s e  two p o in t s  (Y and L, 
a t  t im es  0 and 2X) a re  th e n  p lo t t e d  on s e m ilo g  g raph p ape r,  the d o u b l in g  
t im e  f o r  th e  p r o l i f e r a t i v e  c e l l s  can be a s c e r ta in e d .  The d o u b l in g  t im e  
o f  p r o l i f e r a t i v e  c e l l s  i s  synonymous w i th  th e  g e n e ra t io n  t im e ,  o r  c e l l  
c y c le  t im e  (G y).

I f  Gy i s  d e te rm in e d ,  and G2 + M + Ĝ  i s  known f ro m  the p r o l i f e r 
a t i v e  p o o l  g raph , S can be d e te rm ine d  by d e d u c t io n :  
= S.

G j  — (G o + lYI + G^)

P re p a ra t io n  o f  Duodenal C u l tu re  C e l ls  f o r  U l t r a s t r u c t u r e  
as D e s c r ib e d  by M i l l e r ,  e t  a l .  (92)

The c e l l  s u s p e n s io n  o b ta in e d  by t r y p t i c  d ig e s t io n  i s  f i x e d  i n  
c o ld  i s o t o n i c  2% g lu ta r a ld e h y d e  i n  0.08% c a c o d y la te  b u f f e r  f o r  15 m in 
u te s ,  as d e s c r ib e d  by Gordon, e t  a l .  ( 3 6 ) .  The c e l l s  a re  then  spun 
down, f r e s h  f i x a t i v e  i s  added, and th e  m ix tu re  i s  a l lo w e d  to  s tand  f o r  
s e v e r a l  h o u rs .  The g lu ta ra ld e h y d e  s o lu t i o n  i s  th e n  removed, and the  
c e l l s  a re  p o s t - f i x e d  w i t h  osmium t e t r o x i d e .  They a re  th e n  dehydra ted  
and embedded i n  lY laraglas. T h in  s e c t io n s  a re  th e n  c u t  w i t h  a diamond 
k n i f e  u l t r a m ic r o to m e .  The s e c t io n s  are s ta in e d  w i t h  u r a n y l  a c e ta te  and 
le a d  c i t r a t e .  The s e c t i o n s  a re  then  examined w i t h  an RCA e le c t r o n  
m ic ro sco p e .


