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1974.—AU levais of digestive enzymes did not change in constant 
proportion in the rat pancréas before weaning , and différent stim
uli were probably responsible for their émergence . T h e high levels 
of amylase and chymotryps inogen observed during the late fetal 
period were foUowed by a marked dépression in the newborn 
period. Prompt administrat ion of hydrocortisone prevented the 
drop of thèse hydrolases and e n h a n c e d the low activity of tryp
sinogens in 1 to 23dayold pups. Thi s observat ion together with 
the reported decreasing activity of the pituitaryadrenal axis dur
ing the first neonatal weeks suggests that g lucocort icoid sécrétion 
is a stimulus effective in evoking a séries of pancreat ic hydrolases. 
O n the other hand, the émergence of lipase was slow, responding 
poorly to hydrocortisone and to nutrit ional controls only after 25 
days. LThyroxine, g lucagon, or dibutyryl cycl ic A M P was unable 
to increase the spécifie activities of ail hydrolases tested. Nutri 
tional controls were prédominant in regulat ing levels of hydrolases 
in adult rats. T h e t ime course of variat ion in spécifie activities of 
amylase and lipase on highcorn oil and highstarch diets was 
unaffected by 7 days of g lucagon administration. Adrena lec tomy 
tended to decrease and hydrocortisone treatment tended to in
crease the level of pancreat ic amylase in rats submitted to the same 
dietary manipulat ions. T h e accumula t ion of amylase required the 
présence not only of starch but also of protein in the diet. 
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T H E B I O C H E M I C A L D I F F E R E N T I A T I O N of t h e l lvcr in f c l a t i o n -
sh ip to t h e d e v e l o p m e n t of m e t a b o l i c f u n c t i o n s h a s b e e n well 
d o c u m e n t e d a n d o u t l i n e d in d é t a i l in a r é c e n t rev iew (5 ) ; 
h o w e v e r , t h e r e h a v e b e e n re l a t ive ly f ew o b s e r v a t i o n s a b o u t 
t h e l a te e n z y m i c d i fTeren t ia t ion in t h e e x o c r i n e p a n c r é a s (11, 
14, 18, 25) . VVe h a v e o b s e r v e d t h a t a  a m y l a s e a n d c h y m o 
t r y p s i n o g e n , t h e best r e p r e s e n t e d h y d r o l a s e s a t b i r t h , a r e 
m a r k e d l y d e p l e t e d in t h e r a t p a n c r é a s w i t h i n 2-A d a y s pos t 
p a r t u m (13) a n d t h a t t h e level of e a c h h y d r o l a s e is in
f l u e n c e d b y d i e t a r y m a n i p u l a t i o n s a f t e r w e a n i n g (2, 13). 
T h e p u r p o s e of t h e p r é s e n t r e p o r t w a s to d i fTerent ia te be
t w e e n h o r m o n e s a n d n u t r i t i o n a l s t imu l i in t h e r é g u l a t i o n of 
h y d r o l a s e s in t h e r a t p a n c r é a s b e f o r e a n d a f t e r w e a n i n g . A 
p o r t i o n of this s t u d y has b e e n p r e s e n t e d in a b s t r a c t f o r m (3) . 

M A T E R I A L S A N D M E T H O D S 

Ail a n i m a i s w e r e h o u s e d in a i r  c o n d i t i o n e d q u a r t e r s , 
l i gh ted f r o m 7 A.M. to 7 p.M. A l b i n o r a t s w e r e f ed a d l i b i t u m 
o n c o m m e r c i a l pel le ts ( U A R , V i l l e m o i s s o n  s u r  O r g e , 
F r a n c e ) . T h i s s t a n d a r d c h o w c o n t a i n e d (in % , w : w) : c a r b o 
h y d r a t e s 5 0 % ; p r o t e i n s 2 1 % ; l ip ids 5 % . W h e n i n d i c a t e d , 
t w o semisyn the t i c d ie t s w e r e a lso u t i l i zed . T h e h i g h  c a r b o 
h y d r a t e d i e t w a s as fol lows (in % , w : w ) : s t a r c h 66 .6 % ; c o w 
case in ( N B C , C l e v e l a n d , O h i o ) 1 8 . 0 % ; DL  me th io n in e 
0 .3 % ; c o r n oil 4 .0 % ; cho l i ne 0 .1 7c; sa i t m i x t u r e U S P X I V 
4 . 0 %o; v i t a m i n s d i e t fo r t i f i ca t ion m i x t u r e ( N B C ) 2 . 0 % ; cel 
lulose ( A l p h a c e l , N B C ) 5 %. T h e h i g h  f a t d i e t was r i c h in 
u n s a t u r a t e d f a t t y ac ids a n d v e r y e f fec t ive in i n d u c i n g l ipase 
in a d u l t r a t s (2). T h i s d ie t cons is ted of t h e f o U o w i n g : c o r n 
oil 50%); casein 3 8 . 3 % ; DL me th ion ine 0 . 8 % ; c a r b o h y d r a t e 
0 % ; c h o l i n e 0 .3 % ; sai t m i x t u r e 4 . 0 % ; v i t a m i n s u p p l é m e n t s 
2 .0%. ; cel lulose 5 . 0 % . 

I n fe ta l e x p e r i m e n t s , 200 to 250g p r e g n a n t r a t s w e r e 
used , 4 ± 1 d a y s o r 1 d a y b e f o r e t e r m . E s t i m a t i o n of f e t a l 
âges w a s based o n t i m e ma t ings . L a p a r o t o m y w a s p e r f o r m e d 
u n d e r e t h e r anes thes ia . U t é r i n e h o r n s w e r e p a r t i a l l y e x p o s e d 
a n d t h e fe tuses w e r e i n j e c t e d i n t r a p e r i t o n e a l l y t h r o u g h t h e 
u t é r i n e wa l l . A l t e r n a t e fetuses r ece ived 10 /il of p r o p e r sol
v e n t (cont ro ls ) o r \Q fi\ of so lven t c o n t a i n i n g e i t h e r h y d r o 
co r t i sone (250 Mg) o r L  thyrox ine (2 ixg). T h e a b d o m e n w a s 
s u t u r e d a n d the fe tuses w e r e r e m o v e d for assays 24 h r l a t e r . 

I n o t h e r e x p e r i m e n t s , b i r t h d a t e s w e r e r e c o r d e d a f t e r 
tw ice da i l y inspect ions . R a t s w e r e w e a n e d a t 21 d a y s pos t 
p a r t u m . S ince 12dayo ld p u p s b e g i n to n i b b l e a t sol id 
cubes , t h e food o f f e r ed to t h e m o t h e r s w a s c h a n g e d on t h e 
13th d a y f r o m c h o w to t h e h i g h  f a t o r t h e h i g h  c a r b o h y d r a t e 
s e m i s y n t h e t i c d ie ts . P u p s e a t i n g a m i x e d d i e t of mi lk a n d 
a d u l t 50 %) c o r n oil d i e t w e r e t h e r e f o r e m a i n t a l n e d on a h i g h 
fa t h i g h  p r o t e i n d i e t , w h e r e a s those on t h e o t h e r m i x e d d i e t 
h a d the o p p o r t u n i t y to ea t l a rge a m o u n t s of s t a r c h . N e w b o r n 
a n d i n f a n t r a t s w e r e r a n d o m l y se lec ted f r o m t h e l i t t e rs a t 
d i f f é r e n t s tages of the i r p o s t n a t a l g r o w t h a n d w e r e t r e a t e d 
w i t h h o r m o n e s , c y c l o h e x i m i d e , a n d O ^  d i b u t y r y l cycl ic 
a d e n o s i n e 3 ' , 5 '  m o n o p h o s p h a t e as i n d i c a t e d in t h e a p p r o 
p r i a t e figures a n d T a b l e 1. 

F o r e x p e r i m e n t s on a d u l t r a t s , m a i e a n i m a i s w e i g h i n g 
1 8 0  2 3 0 g a n d p rev ious ly m a i n t a i n e d on t h e s t a n d a r d c h o w 
w e r e used . I n a first séries of e x p e r i m e n t s , t h e y w e r e fed a d 
l i b i t u m o n t h e h i g h  c o r n oil c a r b o h y d r a t e  f r e e d i e t fo r 8 
days . F o o d was t h e n w i t h h e l d fo r 17 h r a f t e r w h i c h t h e a n i 
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m a i s w e r e s w i t c h e d to t h e 67 % s t a r c h d i e t f o r a n o t h e r w e e k . 

B a t c h e s of six r a t s w e r e kil led on days 1, 2, 5, 8, 9, 10, 13, 

a n d 16. 

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

r a t s , r a t s r ece iv ing g l u c a g o n i n t r a p e r i t o n e a l l y (0.1 m g / 1 0 0 g 

b o d y wt , twice da i l y a t 9 A.M. a n d 5 p.M.), a d r e n a l e c t o m i z e d 

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

i n t r a p e r i t o n e a l i n j e c t i o n a t a da i l y dose of 5 m g / 1 0 0 g b o d y 

w t . H o r m o n a l t r e a t m e n t s n e v e r e x c e e d e d 7 c o n s é c u t i v e d a y s 

a n d cove red t h e p e r i o d c o r r e s p o n d i n g to t h e last d i e t a d -

m i n i s t e r e d b e f o r e sacr i f ice . R a t s s u b m i t t e d to b i l a t é r a l 

a d r e n a l e c t o m y 5 - 1 0 d a y s b e f o r e t h e d i e t a r y m a n i p u l a t i o n s 

w e r e m a i n t a i n e d d u r i n g this p o s t o p e r a t i v e p e r i o d on s t a n d -

a r d c h o w a d l i b i t u m . T h e y rece ived 0 . 9 % N a C l as d r i n k i n g 

w a t e r u p to t h e t i m e of sacr i f ice . 

I n a last e x p e r i m e n t , t h e rô le e x e r t e d b y p r o t e i n in a h i g h -

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

a n i m a i s fed a d l i b i t u m for 5 d a y s on t h e 50 % c o r n oil d i e t . 

T h è s e ra t s w e r e fas ted 24 h , t h e n fo rce fed 4 t imes d u r i n g t h e 

n e x t 2 d a y s w i t h s t a r c h (2.6 g / 1 0 0 g b o d y w t ) e i t h e r e n -

r i c h e d w i t h o r w i t h o u t case in (0.52 g c a s e i n / 1 0 0 g b o d y w t ) . 

B a t c h e s of six r a t s w e r e kil led a t v a r i o u s t i m e in te rva i s . 

Fe tuses a n d n e w b o r n r a t s w e r e ki l led b y p l a c i n g o n ice. 

I n f a n t a n d a d u l t r a t s w e r e ki l led b y ce rv i ca l f r a c t u r e . T h e 

p a n c r é a s w a s qu ick ly r e m o v e d a n d s to red in t h e D e e p f r e e z e 

b e f o r e assays. T h i s s t o r a g e w a s w i t h o u t e f f ec t on e n z y m e 

act ivi t ies . P a n c r e a s e s f r o m t h r e e a n i m a i s w e r e p o o l e d w h e n 

p r o v i d e d b y p u p s u n d e r 8 d a y s of âge . 

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

ac t iv i t ies a n d p ro t e in s h a v e b e e n d e s c r i b e d p r e v i o u s l y (2, 

13). T h e s ing le - t ime p o i n t s a c c h a r o g e n i c assay fo r a - a m y l a s e 

(23) a n d t h e c o n s t a n t p H - t i t r a t i o n m e t h o d s fo r l ipase , c h y -

m o t r y p s i n , a n d t ryps ins (22) w e r e a u t o m a t e d . E n z y m e 

ac t iv i t ies w e r e expressed in uni t s , i .e. , in m i c r o m o l e s of 

p r o d u c t s l i b e r a t e d p e r m i n u t e a t 25 C , a n d r e l a t e d to 1 m g 

of p r o t e i n in t h e p a n c r é a s . Spécif ie ac t iv i t ies w e r e c o n s i d e r e d 

as a p r o p e r m o d e of c o m p a r i n g t h e t issue c o n t e n t of o n e 

h y d r o l a s e r e l a t ive to a n o t h e r d u r i n g thèse d e v e l o p m e n t a l 

s tud ies on t h e p a n c r é a s . 

H y d r o c o r t i s o n e a c é t a t e (Rousse l , Par i s , F r a n c e ) a n d 

g l u c a g o n (pu r i f i ed , N o v o L a b o r a t o r i e s , C o p e n h a g e n , D e n -

m a r k ) w e r e g e n e r o u s gifts. C y c l o h e x i m i d e , L - t hy rox ine 

( s o d i u m sai t ) , a n d 7V^^,0^-dibutyryl cycl ic a d e n o s i n e 3 ' , 5 ' -

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

St . Lou is , M o . 
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FiG. 1. Comparison of developmental formation of hydrolases in 

rat pancréas. Broken Unes ( o O) refer to rats g i \ e n intraperi-

toneal injections of hydrocortisone daily (5 mg/'lOO g body wt) and 

assayed 24 h after last injection. .After 14 days postpartum, dams were 

changed from standard chow to a high-fat ( # � ) or high-starch 

(A A) diet. Each point is a mean of 6 values ± SE. With pups 

under 8 days of âge, each value was obtained on a pool of 3 pancreases. 

B = birth. W = weaning. \ = 180- to 230-g maie adults. . \n 

asterisk indicates a value significantly différent {P < 0.05) from that 

observed without hydrocortisone treatment. 

R E S U L T S 

Hormonal controls of pancreatic hydrolases in Jetai and neonatal 

stages of development. T h e dec rea se in t o t a l p r o t e i n s o b s e r v e d 

a f t e r b i r t h w a s fo l lowed b y a s l ight g r a d u a i u p t u r n a f t e r 

w e a n i n g (Fig . 1). 

O u r n e w d e v e l o p m e n t a l cu rves of spécif ie ac t iv i t ies as a 

f u n c t i o n of â g e e x t e n d those a l r e a d y p u b l i s h e d b y o u r l a b o -

r a t o r y (13). T h e p r é s e n t d a t a (Fig. 1) i n d i c a t e t h a t a m y l a s e 

a n d c h y m o t r y p s i n o g e n w e r e p r é sen t in h i g h c o n c e n t r a t i o n 

d u r i n g t h e l a t e p e r i o d of ges ta t ion ( 1 8 t h - 1 9 t h d a y ) , w h e r e a s 

l ipase a n d t r y p s i n o g e n s w e r e low re l a t i ve to ac t i v i t y in 

a d u l t ra ts . A m y l a s e a n d c h y m o t r y p s i n o g e n d e c r e a s e d t o 

m i n i m a l v a l u e s 4 d a y s a f t e r b i r t h . W e a n i n g r a t s o n t h e 5 0 % 

c o r n oil d i e t caused t h e low ac t iv i ty of a m y l a s e , c h a r a c t e r -

istic of t h e suck l ing p e r i o d , t o persis t . T h e p r é sence of a l a r g e 

q u a n t i t y of casein in t h e h i g h - l i p i d d i e t c o u l d e x p l a i n t h e 

s l ight inc rease in t r y p s i n o g e n s a r o u n d t h e 3rd w e e k of life 

(2). T h e rise of l ipase w a s n e t f a s t e r t h a n in cages w h e r e t h e 

h i g h - s t a r c h d i e t w a s o f f e r e d u p to 25 days . A f t e r 30 d a y s 

l ipase ac t iv i ty d i d n o t r e a c h t h e levels o b s e r v e d in h i g h - f a t 

f ed a d u l t a n i m a i s {P < 0 . 0 5 b e t w e e n 30 d a y s a n d a d u l t r a t s 

m a i n t a i n e d on this d i e t ) . H o w e v e r , thèse 3 0 - d a y r a t s o n t h e 

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

s t a r c h d i e t . H e n c e , h i g h - f a t d i e t d i d p r o d u c e a d i f f e r e n t i a l 

e f f ec t fo r l ipase a f t e r 25 d a y s of âge . 

Single i n t r a f e t a l i n j e c t i o n s of h y d r o c o r t i s o n e (Fig. 1) a n d 

L - thy rox ine ( T a b l e 1) w e r e w i t h o u t e f f ec t o n e n z y m a t i c 

spécif ie ac t iv i t ies a n d p r o t e i n c o n c e n t r a t i o n s 24 h r a f t e r 

t r e a t m e n t . 
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T A B L E 1. Ejfects of L-thyroxine, glucagon, and dibutyryl cyclic AMP 

41 

Intraperitoneal Injections Sacrifice, Proteins Amylase Lipase Chymotrypsinogen Trypsmogens 

days 

4 Controls 0 13 4 ± 1 .8 102.1 ± 11.2 2 . 3 4 ± 0 . 0 6 4 9 . 8 ± 3 . 2 0 . 3 8 ± 0 . 1 1 
5 L-thyroxine ( X I ) 0 16 1 ± 1 .3 104.2 5 . 4 2 .45 ± 0 . 1 4 5 3 . 7 ± 2 . 4 0 . 2 8 ± 0 . 1 2 

12 Controls 2 14 1 ± 1 .0 6 2 . 1 ± 6 . 4 1.74 ± 0 . 2 0 3 1 . 2 ± 3 . 2 0 . 3 7 ± 0 . 0 5 
3 L-thyroxine ( X I ) 2 12 2 5 5 . 4 1.25 19.1 0 . 3 4 
2 G l u c a g o n ( X I ) 2 17 3 5 4 . 6 1 .60 3 1 . 3 0 . 3 6 
2 D B - c A M P ( X I ) 2 14 0 5 2 . 2 1 .53 3 7 . 2 0 . 5 6 

11 Controls 3 12 2 ± 0 . 3 18.1 ± 2 . 6 1.32 ± 0 . 0 8 13 .8 ± 0 . 8 0 . 6 3 ± 0 . 0 6 
5 L-thyroxine ( X 2 ) 3 9 9 ± 0 . 3 18.5 ± 1 .6 0 .59 ± 0 . 1 0 6 . 0 ± 0 . 7 0 . 2 5 ± 0 . 0 9 
2 G l u c a g o n ( X 2 ) 3 11 0 12.1 1.33 12 .6 0 . 7 3 
2 D B - c A M P ( X 2 ) 3 10 7 12.8 1.33 16.1 1 .07 

17 Controls 4 11 8 ± 0 . 4 13.2 ± 0 . 8 0.91 ± 0 . 0 6 12 .5 ± 0 . 8 0 . 8 4 0 . 0 9 
3 L-thyroxine ( X 3 ) 4 11 0 9 . 3 0 .45 5 . 8 0 . 0 2 
4 L-glucagon ( X 3 ) 4 12 9 12 .0 0 . 8 8 12 .0 0 . 9 2 
3 DB-c .AMP ( X 3 ) 4 11 5 8 . 3 1 .24 1 9 . 0 1 . 0 7 

Changes in spécif ie act iv i t ies of d iges t ive e n z y m e s ( U / m g proteins) and prote in content ( m g / 1 0 0 m g w e t w t ) in rat p a n c r é a s w e r e r e -

corded during the late fetal and neonata l periods. AU animais were g i v e n da i ly intraper i toneal in ject ions of L- thyroxine (2 g l u c a g o n 

(50Mg), or d ibutyryl cyc l ic .-\MP (DB-c.AMP: 125 ^g) . AU assays w e r e c o n d u c t e d 24 h after the last in jec t ion . W i t h i n p r e g n a n t rats al ter-

nate 20- to 21-day-o ld embryos w e r e in jec ted wi th so lvent only as ind ica ted under methods and served as Controls. V a l u e s are m e a n s ± 

SE. Each va lue was o b t a i n e d on a poo l of three pancreases . n = N u m b e r of experiments . 

N e w b o r n rats , t r e a t e d o n days 1, 2, a n d 3 w i t h g l u c a g o n 

(50 fxg da i ly ) o r d i b u t y r y l cycl ic A M P (125 /xg da i ly ) , fa i led 

t o r e spond . D u r i n g this n e o n a t a l s tage of d e v e l o p m e n t , t h e 

d a i l y i n j ec t i on of 2 Mg of L - thyrox ine led to a dec r ea se in 

spécif ie act ivi t ies of ail hydro la ses excep t a m y l a s e ( T a b l e 1). 

O n t h e o t h e r h a n d , i n j ec t i ons of h y d r o c o r t i s o n e m a i n t a i n e d 

h i g h levels of a m y l a s e as wel l as c h y m o t r y p s i n o g e n in 3 -day -

o ld p u p s (Figs. 1 a n d 2). H y d r o c o r t i s o n e was also a b l e to 

t r igge r the a p p e a r a n c e of s l ight ly ( b u t s igni f icant ly) h i g h e r 

a m o u n t s of l ipase a n d t ryps inogens . Cyc lohex imide , w h e n 

a d m i n i s t e r e d w i t h h y d r o c o r t i s o n e (Fig. 2), pa r t i a l l y p re -

v e n t e d g lucocor t i co id effects . ( H i g h e r doses cou ld theo -

re t ica l ly be m o r e ef fec t ive in i n h i b i t i n g p r o t e i n synthesis, 

b u t in p rac t i ce such toxic doses w e r e l e t ha l w i t h i n 24 h r . ) 

At the e n d of the 2 n d week , t h e inc rease of amylase , chy-

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

t r e a t m e n t was of g r e a t m a g n i t u d e (Fig. 1). A l t h o u g h a d m i n -

i s t ra t ion of h y d r o c o r t i s o n e w a s still a b l e to e n h a n c e thèse 

ac t iv i t ies a t 23 days , its e f fec t w a s less obv ious 2 d a y s l a t e r 

a n d n o longe r s ign i f i can t a t 30 days . 

Hormonal and dietary contrais of pancreatic hydrolases in adult 

rats. F i g u r e 3 i l lus t râ tes t h e t i m e course of va r i a t ions in spé-

cifie ac t iv i ty of a m y l a s e a n d l ipase in a d u l t r a t s fed succes-

sively on h igh - f a t a n d h i g h - s t a r c h diets . A c o m p a r i s o n was 

m a d e b e t w e e n u n t r e a t e d a n i m a i s , a d r e n a l e c t o m i z e d ra ts , 

a n d a d r e n a l e c t o m i z e d r a t s t r e a t e d w i t h h y d r o c o r t i s o n e . T h e 

kinet ics d u r i n g t h e t w o consécu t ive 7 - d a y pe r iods were al-

w a y s those of e x p o n e n t i a l a d j u s t m e n t s . 

I n c o n t r o l a n i m a i s , l a rge increases a n d decays in spécifie 

ac t iv i t ies d e v e l o p e d d u r i n g s h o r t - t e r m d i e t a r y a d a p t a t i o n s , 

b u t t h e half- l i fe of thèse a d a p t a t i o n s r e m a i n e d a p p r o x i -

m a t e l y t h e s a m e (2 days ) . T h e oppos i t e v a r i a t i o n s of amylase 

a n d l ipase i m p l y i m p o r t a n t a n d d i v e r g e n t a l t é ra t ions in the 

r e l a t i ve r a t e c o n s t a n t s of b iosynthes is (17) . 

W h e n c o m p a r e d to thèse c o n t r o l va lues , a m y l a s e levels in 

a d r e n a l e c t o m i z e d ra t s t e n d e d to b e low t h r o u g h o u t t h e ex-

AMYLASE CHTG L I P A S E TGS 
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FIG. 2. Pancreatic hydrolases in control animais ( # ) and after 

treatment with hydrocortisone ( o ) and hydrocortisone plus cyclo-

heximide (A) during early postnatal period. Cyc lohex imide (100 

/ ig /100 g) and hydrocortisone (5 m g / 1 0 0 g) were injected intraperi-

toneally. Broken Unes ( ) indicate duration of treatments. M e a n s 

of 6 déterminations ± SE. Each value was obtained o n a pool of 3 

pancreases. Chtg = chymotrypsinogen. Tgs = trypsinogens. B = 

birth. An asterisk indicates a value significantly différent from that 

obtained without cycloheximide. 

p e r i m e n t a l per iod . H o w e v e r , t h e response t o d i e t a r y m a n i p -

u la t ions w a s n o t bas ica l ly o b l i t e r a t e d , a n d t h e 7"i/2 of a d a p -

t a t i ons r e m a i n e d s imi la r . H y d r o c o r t i s o n e t r e a t m e n t of 

a d r e n a l e c t o m i z e d r a t s s l ight ly dep re s sed l ipase levels. 
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DIET 
CORN OIL 50% CORN OIL L'I. CORN OIL 5 0 % CORN OIL 4% 

DIET 
STARCH OV. STARCH (,TI. STARCH 0 % STARCH 67% 

CONTROL RATS 

« ADRENALECTOMIZED 

-4 ADRENALECTOMIZED RATS UNDER 

HYDROCORTISONE TREATMENT 

FiG. 3. Development of activity of 

amylase and lipase in pancréas of adult 

rats. Figure shows time course of induc-

tion, with either high-fat or high-carbo-

hydrate diet. Normal rats ( � # ) , 

adrenalectomized rats ( o O), ad-

renalectomized rats treated with hydro-

cortisone (A A) (5 mg/IOO g daily 

starting on day 0 or day <Sof experiment). 

Means of 6 déterminations ± SE. 

PRELIMINARY FASTING 

I l I I FORCED FEEDINGS 

100-1 * * � * 

A M Y L A S E 

EIN 

UJ 0 - 1— I 1 I 

STARCH + CASEIN 

STARCH ONLY 

0 J 1 1 1 1 

. 1 0 1 2 DAYS 

FIG. 4. Permissive rôle of casein in amylase induction obtained on 

starch in adult rats, . \nimals fed ad libitum for 5 days on a 50% corn 

oil diet were fasted 24 hr (A) and then force fed 4 times ( i ) during 

next 2 days with starch (2.6 g / 1 0 0 g body wt), either enriched with 

( � ) or without ( o ) casein (0.52 g / 1 0 0 g body wt). Batches of 6 rats 

were killed at 4 time intervais. Means of 6 déterminations ± SE. 

I n para l le l exper iments , us ing exac t ly t he s a m e t i m e 

schedu le of d i e t a r y m a n i p u l a t i o n s , t he a d m i n i s t r a t i o n of 

g lucagon for 7 days w a s w i t h o u t effect on a m y l a s e a n d l ipase 

a d a p t a t i o n s in n o r m a l ra ts ( d a t a no t shown) . 

I n force fed ra t s previous ly m a i n t a i n e d on a h i g h - c o r n oil 

d ie t , amylase induc t ion b y s t a rch was observed only in the 

p résence of casein of fered as a d i e t a r y p ro te in of h igh q u a l i t y 

(Fig. 4) . T h i s a d a p t a t i o n was as eff ic ient as t h a t observed 

w h e n a c o m p l è t e h igh- s t a rch d ie t was fed ad l i b i t u m (Fig. 

3). O n the o the r h a n d , the dépress ion in lipase spécifie ac-

t ivi ty d id no t d é p e n d on the p résence of casein. 

DISCUSSION 

E n z y m e activit ies reflect tissue con t en t s in the case of p a n -

crea t ic hydrolases , a n d c h a n g e s in c o n t e n t resuit f r o m pro -

tein synthesis o r sécré t ion. 

Enzymic differentiation in exocrine pancréas during late jetai and 

neonatalperiods. R u t t e r et al . (14) h a v e shown t h a t the re is a n 

inf lexion po in t in the d e v e l o p m e n t of the exocr ine pancrea-^ 

a t 17-18 dayâ of ges ta t ion , w i t h a s t r ik ing increase to the 

h igh levels of some hydro lases f o u n d in t he 20- to 21-day-o ld 

e m b r y o . T h i s p h e n o m e n o n para l le ls a n increased secre tory 

ac t iv i ty of the e n d o c r i n e p a n c r é a s , the p i tu i t a ry , the a d r e n a l 

cor tex , a n d the thyro id d u r i n g the la te fe tal pe r iod (référ-

ences in 5). H i g h spécifie act ivi t ies of p a n c r e a t i c hydro lases 

a t b i r t h cou ld n o t on ly ref lect h igh ra tes of synthesis (dere-

pression) , b u t also low ra tes of sécrét ion (13). T h e ab i l i ty to 

secrète amylase in t he p résence of secre tagogues is i ndeed in-

c reas ing w i t h d e v e l o p m e n t a l âge (8). 

At v a r i a n c e w i t h R u t t e r et al . (14) a n d C o r r i n g a n d 

A u m a i t r e (1), we f o u n d a n i m p o r t a n t l ag in t ryps inogens 

a n d l ipase a c c u m u l a t i o n in 18- to 19-day-old r a t fetuses. T h e 

évolu t ion of e n z y m i c p a t t e r n s d u r i n g the p r é n a t a l a n d neo-

n a t a l per iods was a d i s c o n t i n u o n s process. Ail levels d id no t 

c h a n g e in c o n s t a n t p r o p o r t i o n (Fig. 1), a n d d i f f é r e n t 

s t imul i we re p r o b a b l y responsib le for the é m e r g e n c e of each 

hydro lase . 

T h e a p p a r e n t pu rpose fu lness of d i f f e r en t i a t i on a m o n g 
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p a n c r e a t i c pro teases a f t e r b i r t h w o u l d b e be t t e r u n d e r s t o o d 

if we k n e w h o w the rat s to raach a n d smal l in tes t ine a re 

r e a d y to cope w i t h m a t e r n a i milk a n d solid food of fe red 

a f t e r w e a n i n g . T h e d e l a y e d occu r r ence (Fig. 1 ) of p a n c r e a t i c 

t ryps inogens toge ther w i th t he p résence of inh ib i to r s f r o m 

co los t rum, ac t ive aga ins t t ryps in a n d c h y m o t r y p s i n (9), 

cou ld a l low the abso rp t ion of m a t e r n a i i m m u n o g l o b u l i n s 

f r o m t h e gas t ro in tes t ina l t r a c t d u r i n g t h e Ist d a y s af ter b i r t h , 

especia l ly if gastr ic peps inogens were also inact ive . 

Gas t r i c a n d mi lk lipases cou ld subs t i tu te in suckl ing ra ts 

for t he digest ive f u n c t i o n assumed b y p a n c r e a t i c l ipase in 

a d u l t an ima i s . I n d e e d , a gastr ic l ipase w i t h a p H o p t i m u m 

a b o u t 5 exists wh ic h p re fe ren t i a l ly hydro lyzes t r iglycér ides 

w i t h shor t - a n d m e d i u m - c h a i n f a t t y acids. Since t he p H of 

t he gas t r ic m u c o s a is a b o u t 4 in 10-day-old ra ts a n d since 

o n e - f o u r t h of r a t mi lk t r ig lycér ides c o n t a i n less t h a n 14 ca r -

b o n a toms , H e l a n d e r a n d O l i v e c r o n a (6) h a v e suggested 

t h a t gastr ic p a r t i a l lipolysis could p lay a n i m p o r t a n t physio-

logical rôle be fore w e a n i n g , i.e., before s igni f icant p a n c r e a t i c 

l ipase i n d u c t i o n (Fig. 1). 

Hormonal adaptation before and after weaning. T h e exocr ine 

p a n c r é a s of fe tal rats fa i led to r e spond to hydrocor t i sone . I t 

may well be t h a t the level of e n d o g e n o u s g lucocor t icoids was 

h igh e n o u g h in the r a t fé tus for p a n c r e a t i c d i f f e ren t i a t ion , 

since in a n embryonic ch ick p a n c r é a s c u l t u r e d in vitro t he 

r a t e of a c c u m u l a t i o n of amylase is g rea t ly increased by hy-

d rocor t i sone a d d i t i o n (25). I m m e d i a t e l y a f t e r b i r t h the 

p i t u i t a r y a d r e n a l axis is very responsive to s t a rva t ion , b u t 

becomes inac t ive after a f ew d a y s (5). T h e f u n c t i o n of this 

System is rees tabl i shed a f t e r 2 weeks of e x t r a - u t e r i n e life (5). 

O n e of t he reasons t h a t t he a d m i n i s t r a t i o n of hydrocor t i -

sone caused amylase , c h y m o t r y p s i n o g e n , a n d t ryps inogens 

f o r m a t i o n in 1- to 25-day-o ld ra t s b u t no t in a n i m a i s aged 30 

d a y s (Figs. 1 a n d 2) m a y b e t h a t the a d r e n a l s r e sumed a h igh 

r a t e of g lucocor t ico id sécrét ion a f te r 1 m o n t h . A s t r ik ing in-

crease to h igh levels of amylase , proteases , a n d z y m o g e n 

g r anu l e s has a l r e a d y b e e n d e m o n s t r a t e d in 9 -day-o ld p u p s 

t r e a t e d w i t h cor t i sone (11, 18). Be tween 15 a n d 30 d a y s of 

âge the size of a c i n a r cells a n d p a n c r e a t i c p ro t e in c o n c e n t r a -

t ion increase m a r k e d l y a n d s p o n t a n e o u s l y (1, 19). 

T h e basis for t he ac t ion of hyd roco r t i sone in r e g u l a t i n g 

e n z y m e levels in t he p a n c r é a s be fore w e a n i n g is no t k n o w n . 

H y d r o c o r t i s o n e provokes al losteric c h a n g e s in nuc leo la r 

R N A polymerases , e n h a n c e s r i bosomal R N A synthesis, a n d 
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induces a cyclic A M P - d e p e n d e n t p ro t e in p h o s p h o k i n a s e in 

hepa t i c cells (15, 16). 

A s t imulus ef fec t ive in t h e n e o n a t e is no t necessar i ly o p e r -

a t ing as obviously la te r o n . 

Hydrocor t i sone on ly p l a y e d a l imi ted rôle in r e g u l a t i n g 

hydrolases in a d u l t ra ts , a n d s t i m u l a t e d p ro t e in b r e a k d o w n 

u n d e r t h e inf luence of this h o r m o n e m i g h t h a v e exe r t ed a d -

di t ive indi rec t effects u n d e r o u r e x p é r i m e n t a l cond i t ions . 

Snook (21) a n d Sesso e t al. (20) h a d a l r e a d y seen t h a t 

a d r e n a l e c t o m y dec reased p a n c r e a t i c amy la se ( a n d R N A ) , 

whe rea s lipase was m a i n t a i n e d a t n o r m a l level. W e o b t a i n e d 

s imilar d a t a and d e m o n s t r a t e d t h a t hyd roco r t i sone was n o t 

r equ i r ed for d i e t a r y a d a p t a t i o n of amy la se a n d l ipase 

(Fig. 3). 

R e p e a t e d in jec t ions of g l u c a g o n for 1 week fa i led to in-

f luence t he levels of a m y l a s e a n d l ipase in a d u l t ra ts . T h i s 

was unexpec ted since o t h e r a u t h o r s h a v e r e p o r t e d a d e -

g r a n u l a t i o n of t he r a t p a n c r é a s (7) u n d e r ch ron ic t r e a t m e n t 

b y this short-l ived h o r m o n e a n d a dépress ion of sécrét ion b y 

a single inject ion of g lucagon in t h e d o g p a n c r é a s s t i m u l a t e d 

by p a n c r e o z y m i n a n d secre t in (4). 

Dietary and hormonal intricacy of amylase adaptation in wean-

ling and adult rats. I n t he 3 rd w e e k of life, d i e t a r y c h a n g e s as-

sociated wi th w e a n i n g exe r t ed posi t ive or néga t ive in f luences 

on amylase levels. T h e d e v e l o p m e n t a l a c c u m u l a t i o n of 

amylase occur r ing on t r ans i t ion f r o m mi lk to the usua l solid 

h i g h - c a r b o h y d r a t e d ie t was in c lea r co n t r a s t wi th t he inh ib i -

t ion observed o n the h i g h - c o r n oil d ie t (Fig. 1). A s imi lar 

observa t ion has b e e n m a d e w i t h h e p a t i c g lucokinase (24). 

T h i s lack of a c c u m u l a t i o n o n t h e h igh -co rn oil d i e t w a s 

p r o b a b l y linked to low- insul in sécré t ion . Insu l in sécré t ion 

u n d e r t he inf luence of t h e h i g h - s t a r c h die t also c o n t r i b u t e d 

to e n h a n c e amylase levels in a d u l t r a t s (Fig. 3 a n d refs. 2, 10, 

12, 21). Casein p e r m i t t e d a m y l a s e a c c u m u l a t i o n (Fig. 4) , 

b u t was insufficient pe r se for m a i n t a i n i n g h igh levels on a 

h igh- fa t c a r b o h y d r a t e - f r e e d i e t (Fig. 3 a n d réf. 2). I n con-

clusion, the a p p e a r a n c e of a m y l a s e was d é p e n d e n t on t h r e e 

s t imuli ac t ing in c o n j u n c t i o n : s t a rch , p ro te in , a n d insul in. 
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