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C o m p l e x  C h a n g e s  i n  t h e  S u c k l i n g  R a t ' s  S m a l l  I n t e s t i n e  b y  t h e  E n d  of  t h e  T h i r d  W e e k  o f  L i f e  

HALLIDAY 1 has d e m o n s t r a t e d  tha t ,  in the  suckling rat ,  
the  absorp t ion  of an t ibodies  or ig inat ing  f rom milk ceases 
re la t ively  ab rup t l y  on the  19 th-20 th  day  of life. Tills is 
followed by  the  t e m p o r a r y  decrease of y-globulin level and  
t e m p o r a r y  increase of fl-globulin level 2,3. Dur ing  the  
absorp t ion  of ant ibodies ,  cells conta in ing  each one large 
supranuc lear  vacuole 4, 5 w i th  eosifiophilic inclusion bodies 
inside 6,7 can be found in the  ileum. No such cells are 
p resen t  in adul t  animals.  By  the  end of the  th i rd  week of 
life, the  ac t iv i ty  o f  several  enzymes  s,9 and  the  ra te  of 
cellular migra t ion  10 changes  in the  in tes t ina l  epi thel ium.  

In  t he  p resen t  s tudy,  t he  t empora l  re la t ions of t he  
morphological ,  enzymic  and  funct ional  changes  t ak ing  
place in the  ep i the l ium of the  small  intest ine,  first  of all 
in the  ileum, were examined .  

Material  and method. Albino r a t s  were used th roughout .  
F r o m  each age group,  5 ra ts  or ig inat ing f rom a t  least  2 
l i t ters  were killed. The small  in tes t ine  was excised, 
spread,  and  cut  in to  halves.  The d u o d e n u m  was t h r o w n  
away  and  a por t ion  of i leum of ident ical  size was cut  out  
for histological  examina t ion .  The p rox imal  and dis ta l  
pa r t s  of the  in tes t ine  were examined  separate ly .  The in- 
tes t ina l  spec imen was slit open, washed  in saline and the  
ep i the l ium was rubbed  off using neut ra l  saline conta in ing  
0.2% EDTA.  The suspended  scrapings were frozen and  
homogen ized  by  grinding.  E n z y m e  assays were carr ied 
out  in neu t ra l  p h o s p h a t e  buffer, using pooled homo-  
genates  f r o m 5  animals .  

Amylase  and  inver tase  act ivi t ies  were de t e rmined  by  
Nelson 's  me thod  ; p ro teo ly t ic  ac t iv i ty  w i th  casein, 
spec t ropho tomet r i ca l ly  a t  280 nm;  lipase w i th  t r i b u t y r i n  
by  t i t r a t ion ;  lactase  w i th  o-ni t rophenyl- f l -ga lac tos iden.  

Results and discussion. The p rox imal  and  dis ta l  pa r t s  
of the  smal l  in tes t ine  of suckling ra ts  differed in colour. 
The p rox imal  p a r t  was  mi lky  white,  the  dis ta l  p a r t  

Distribution of ileal epithelial ceils containing supranuclear vacuoles 
as assessed in groups of 5 rats of various ages 
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Supranuclear vacuoles: --,  absent; •  limited to tips of villi; 
+, limited to apical third of villi; + +,  over apical and middle third 
of villi; + + +,  over the entire length of villi; O, many inclusion 
bodies present in the supranuclear vacuoles. 
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yel lowish b rown  6. This colour difference was shown also 
by  the  respect ive  homogena t e s  and t en d ed  to d imin ish  
s l ight ly af ter  t he  14th day. The c01our of the  i leum was still 
d i s t inc t ly  b rown at  18 days,  and  greyish at  20 days  of age 
and in older animals .  The i leum of 19-day-old ra ts  was of 
t r ans i t o ry  colour. 

The results  of histological  examina t ions  are summar ized  
in the  Table.  Cells con ta in ing  supranuc lear  vacuoles 
gradual ly  d i sappeared  f rom the  in tes t ina l  ep i the l ium 
be tween  the  18th and  21st day ;  t h e y  were seen for longer 
a t  the  t ips  t h a n  at  the  base  of the  villi. The eosinophilic 
inclusion bodies  d i sappeared  earlier t h a n  the  vacuoles.  
In  the  mater ia l s  examined ,  t h e y  were found  only  s p o r a d i -  
cally af ter  t he  18th day. The appearance  of the  above 
p h e n o m e n a  var ied indiv idual ly  for 1 or 2 days.  

The changes  of hydro ly t i c  enzyme ac t iv i ty  in re la t ion 
to age are shown in Figures  l a  and  lb .  Lac tase  ac t iv i ty  
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Fig. 1. Change of activity of hydrolytic enzymes (a) in the proximal 
and (b) in the distal part of the small intestine. Enzyme units: 
x ,  Laetase (~g transformed substrate x mg-1/min 1); V, invertase 
(10 X [zg liberated glucose equivalent x Ing-l/min-1); A, amylase 
(10 X ~xg liberated glucose equivalent • mg l/rain 1); O1 lipase 
(10 X [zg liberated butyric acid x mg-1/min -1) ; O, protease (10 X [~g 
trypsin equivalent • mg-1/min-1). 
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Fig. 2. Changes of the ileum of the suckling rat in relation to age. (a) Prior to the 18th day the intestinal villi are covered ahnost over 
their entire lengths by cells containing supranuclear vacuoles. The vacuoles often contain inclusion bodies. PAS reaction. (b) and (c) On 
the 19th and 20th days, cells with supranuelear vacuoles are seen exclusively at the tips of the villi and no inclusion bodies are present 
in the vacuoles. Haeinatoxylin-eosin stain. 

t e n d e d  to  decrease,  t he  ac t iv i t i e s  of inver tase ,  amy l a s e  
a n d  l ipase to increase.  The  p ro teo ly t i c  a c t i v i t y  rose aga in  
a f t e r  a n  in i t ia l  fall. 

Our  ear l ier  s tud ies  12 h a v e  shown  t h a t  t he  smal l  in tes-  
t i n a l  e p i t h e l i u m  of t he  suckl ing  dwar f  goa t  was  rep laced  
b y  a d u l t - t y p e  e p i t h e l i u m  b y  the  72nd h a n d  t he  adu l t -  
t y p e  cells were no  longer  able  to  a b s o r b  colos t ra l  p ro te ins .  
The  d i rec t ion  of d i f f e r en t i a t i on  of ep i the l ia l  cells was  
found  to  h a v e  changed  also in t he  r a t ' s  i leum. Cells con- 
t a i n i n g  i nve r t a se  a p p e a r e d  f i rs t  a t  t he  base  of t he  vil l i  13 
a n d  those  c o n t a i n i n g  sup ranuc l ea r  vacuoles  were seen for  
t h e  las t  t ime  a t  t he  t ips  of t he  vill i  (Figure  2). T h e  
exchange  of t he  ileal ep i the l i um f rom suckl ing  to  a d u l t  
t y p e  t ook  place  be tween  t he  18th  a n d  21st days  of life. 
Th i s  p o i n t  of t i m e  fa i r ly  coincided w i t h  t he  cessa t ion  of 
a n t i b o d y  a b s o r p t i o n  on  t h e  19th  a n d  20th  days  1. S imul-  
t aneous ly ,  t he  adhes ion  s t r e n g t h  of i n t e s t i n a l  ep i the l ia l  
cells increased  a n d  t he  h y d r o l y t i c  e n z y m e  ac t iv i t i e s  h a d  
d i s t i n c t l y  a l t e red  (Figure 1). 

The  ye l lowish-brown colour  of t h e  i leum appea r s  to  be  
due  p r i m a r i l y  to  t h e  inc lus ion bodies  in t he  s u p r a n u c l e a r  
vacuoles  ~. The  d i s a p p e a r a n c e  of t he  ye l lowish -b rown  
colour  a n d  of t h e  inc lus ion bodies  preceeds  t h a t  of t h e  
vacuo l ized  cells b y  1 or 2 days  (Table).  The  presence  of 
p l a n t  res ts  in h is to logica l  sect ions  appea r s  to  i nd i ca t e  t h a t  
t h e  d i s a p p e a r a n c e  of inc lus ion  bodies  is r e l a t ed  to  t h e  
g r a d u a l  supersed ing  of suck l ing  b y  i n t a k e  of solid food. 

In  t he  d i s ta l  p a r t  of t he  i leum, Peye r ' s  pa t ches  well 
v is ible  to  t he  n a k e d  eye were found  f i rs t  on  t he  19 th  day.  
Accordingly ,  t h e i r  a p p e a r a n c e  coincides w i t h  t he  begin-  
n i n g  of changes  in t he  s e rum i m m u n e  g lobul in  levels 3, a. 

The  above  o b s e r v a t i o n s  imp ly  t h a t  in  t he  r a t ' s  i l eum 
mul t ip l e  changes  are t a k i n g  place be tween  t h e  18 th  a n d  

21st d ay  of life. T h e  ques t ion  arises w h e t h e r  or n o t  t he  
changes  are  l imi ted  to t h e  i l e u m .  MooG 14,15 descr ibed  
enzymic  a n d  morpho log ica l  changes  in the  p r o x i m a l  p a r t  
of t h e  smal l  i n t e s t i ne  of 16-18-day-o ld  mice, w h i c h  co- 
incides w i t h  t h e  cessa t ion  of a n t i b o d y  a b s o r p t i o n  in .this 
species. T h e  hydro la ses  s tud ied  b y  us showed  changes  
also in t h e  p r o x i m a l  p a r t  of t h e  smal l  i n t e s t ine  (Figure  1). 
Some changes  p e r h a p s  e x t e n d  to t h e  en t i re  o rgan i sm.  

W e  bel ieve  t h a t  these  changes  r ep re sen t  a n  i m p o r t a n t  
s tep  in on togenes is  a n d  t h e i r  phys io logica l  s igni f icance  is 
t h e  p r e p a r a t i o n  for wean ing .  There  is no  i n d i c a t i o n  t h a t  
in  n o n - r o d e n t s  t h e  p r e p a r a t i o n  for w e a n i n g  a c t u a l l y  
man i fes t s  i tself  b y  such  a b r u p t  a n d  p r o n o u n c e d  changes  
as in rats ,  

Zusammen/assung. Die Z u s a m m e n h / i n g e  zwischen  den  
h i s to log i schen  Ver / i nde rungen  u n d  d e m  Wechse l  des 
E n z y m m u s t e r s  im D a r m  der  R a t t e  w~ihrend des ~ b e r -  
ganges  v o n  Milch-  zu r  F e s t n a h r u n g  werden  beschr ieben .  
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The Control of Acoustic Input in the Medial Geniculate body and Inferior Colliculus by Auditory Cortex 

The  i m p o r t a n c e  of sensory  i n p u t  con t ro l  in  t he  percep-  n e rv o u s  sys tem1.  W i t h i n  t h e  acous t ic  sys tem,  t o g e t h e r  
t ive  e v a l u a t i o n  of i n f o r m a t i o n  is known.  I n  fact ,  a g rea t  w i t h  t h e  a f f e r en t  p a t h w a y ,  a n a t o m i c a l  d a t a  sugges t  a 
n u m b e r  of e x p e r i m e n t a l  d a t a  sugges t  t h a t  t he  i n f o r m a t i o n  
c o m i n g  f rom m a n y  a f f e ren t  sys t ems  is con t ro l l ed  b y  1 R. B. LIVINGSTON, in Handbook o/ Physiology (Eds. J. FIELD, 
cen t r i fuga l  n e r v o u s  p a t h w a y s ,  and  t h a t  cen t r i fuga l  H.W. MAGoUN, V.E. HALL; Am. Physiol. Soc.,Washington, 1959), 
con t ro l  m a y  be  a genera l  p r inc ip le  of ac t ion  of t h e  cen t r a l  vol. 1, p. 741. 


