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S m a l l  Intest inal  Absorpt ion  of D-Galactose  and Water in Fasted and Al loxan  Diabet ic  Rats  

T h e  a b s o r p t i v e  c a p a c i t y  of  t h e  s m a l l  i n t e s t i n e  of  t h e  
a l l o x a n  d i a b e t i c  r a t  fo r  s i m p l e  s u g a r s  is  c o n t r o v e r s i a l .  
I n  v i t r o  s t u d i e s  i n d i c a t e d  t h a t  a b s o r p t i o n  w a s  e n h a n c e d  L 
O n  t h e  o t h e r  h a n d ,  s t u d i e s  p e r f o r m e d  in  t h i s  l a b o r a t o r y  
u n d e r  in  v i v o  c o n d i t i o n s  s h o w e d  n o  c o n s i s t e n t  i n c r e a s e  in  
s i m p l e  s u g a r  a b s o r p t i o n  ~. H o w e v e r ,  s i n c e  i n t e s t i n a l  l oops  
t i e d  in  s i t u  w e r e  u s e d ,  t h e r e  w a s  a p o s s i b i l i t y  t h a t  m i x i n g  
o f  t h e  p e r f u s i o n  s o l u t i o n  w i t h i n  t h e  l o o p s  m a y  n o t  h a v e  
b e e n  o p t i m a l ,  a n d  a s  a r e s u l t ,  t h e  i n t e s t i n e  m a y  n o t  h a v e  
d i s p l a y e d  i t s  m a x i m u m  a b s o r p t i v e  c a p a c i t y .  T h e  p r e s e n t  
s t u d y  w a s  d e s i g n e d  t o  d e t e r m i n e  if u s e  of  a p u m p  pe r -  
f u s i o n  m e t h o d  w o u l d  r e v e a l  d i f f e r e n c e s  i n  s m a l l  i n t e s t i n a l  
a b s o r p t i o n  of s i m p l e  s u g a r s  b e t w e e n  a l l o x a n  d i a b e t i c  a n d  
n o r m a l  r a t s  u n d e r  i n  v i v o  c o n d i t i o n s .  T h e  e f f ec t  o f  t h e  
d u r a t i o n  of  t h e  d i a b e t i c  s t a t e  o n  a b s o r p t i o n  w a s  a l so  
s t u d i e d .  

Materials and methods. T h e  b a s i c  e x p e r i m e n t a l  m e t h o d s  
a n d  c a l c u l a t i o n s  w e r e  d e c r i b e d  ill a p r e v i o u s  c o m m u n i c a -  
t ionS,  3. H o w e v e r ,  s e v e r a l  m o d i f i c a t i o n s  w e r e  i n t r o d u c e d .  
O n l y  1 s u g a r ,  D - g a t a c t o s e ,  w a s  u s e d  in  c o n c e n t r a t i o n s  of  
1, 10, 20 a n d  40 mM/1 in  R i n g e r ' s  s o l u t i o n  c o n t a i n i n g  
2 g/1 of  p o l y e t h y l e n e  g l y c o l  ( P E G ) .  A f t e r  p r e p a r a t i o n  of  
j e j u n a l  a n d  i lea l  s e g m e n t s ,  t h e  s o l u t i o n  w a s  c i r c u l a t e d  
c o n t i n u o u s l y  t h r o u g h  e a c h  s e g m e n t  a t  a r a t e  2 m l / m i n  
f r o m  a 25 m l  r e s e r v i o r  b y  a n  A u t o a n a l y z e r  p r o p o r t i o n i n g  
p u m p  ( T e c h n i c i a n  Co.,  T e r r y t o w n ,  N . Y . ) .  

T h e  i o l l o w i n g  e x p e r i m e n t a l  g r o u p s  w e r e  s t u d i e d :  n o r m a l  
r a t s  ( u n f a s t e d  o r  f a s t e d  24 h) a n d  rags  m a d e  d i a b e t i c  w i t h  
a l l o x a n  for  24, 48 a n d  72 h .  Al l  e x p e r i m e n t s  w e r e  1 h in  
d u r a t i o n .  D i a b e t i c  r a t s  w e r e  d e p r i v e d  of  f ood  b u t  n o t  
w a t e r  for  16 h b e f o r e  all  e x p e r i m e n t .  

Results. N o r m a l  r a t s  f a s t e d  for  24 h a b s o r b e d  s ign i f i -  
c a n t l y  m o r e  g a l a c t o s e  a t  a l l  c o n c e n t r a t i o n s  in  b o t h  
j e j u n u m  a n d  i l e u m  t h a n  u n f a s t e d  n o r m a l s .  W a t e r  a b -  
s o r p t i o n  w a s  i d e n t i c a l  in  b o t h  g r o u p s  (Tab le ) .  

W h e n  s u g a r  a n d  w a t e r  a b s o r p t i o n  in  f a s t e d  n o r m a l  r a t s  
w a s  c o m p a r e d  t o  t h a t  in  24, 48 a n d  72 h a l l o x a n  d i a b e t i c  
r a t s ,  n o  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  d e t e c t e d .  S i m i l a r l y ,  
t h e r e  w e r e  no  d i f f e r e n c e s  a m o n g  t h e  3 g r o u p s  of  d i a b e t i c  
r a t s .  

Discussion. T h i s  s t u d y  d e m o n s t r a t e d  t h a t  24 h of  f a s t -  
i n g  s i g n i f i c a n t l y  e n h a n c e s  D - g a l a c t o s e  a n d  w a t e r  a b -  
s o r p t i o n  in  b o t h  j e j u n u m  a n d  i l e u m  of n o r m a l  r a t s .  T h i s  
a g r e e s  w i t h  p r e v i o u s  in  v i t r o  s t u d i e s * .  H o w e v e r ,  a i l o x a n  
d i a b e t e s  of  u p  t o  72 h d u r a t i o n  d i d  n o t  f u r t h e r  i n c r e a s e  
D - g a l a c t o s e  or  w a t e r  a b s o r p t i o n  o v e r  t h a t  o f  f a s t i n g .  
T h e s e  f i n d i n g s  a r e  in  a g r e e m e n t  w i t h  o u r  p r e v i o u s  ill , / ivo  
t i e d  loop  s t u d i e s  e a n d  c o n t r a r y  t o  t h e  in  v i t r o  s t u d i e s  ~ 
w h i c h  s h o w e d  i n c r e a s e d  a b s o r p t i o n  in  p r o p o r t i o n  t o  t h e  
l e n g t h  of t i m e  t h e  r a t s  w e r e  d i a b e t i c .  S ince  r e s u l t s  w i t h  
b o t h  t h e  p e r f u s i o n  a n d  ill s i t u  m e t h o d s  were  s i m i l a r  in  
v i v o ,  t h e  d i f f e r e n c e  f r o m  in  v i t r o  s t u d i e s  c a n n o t  be  a t -  

1 R. K. CRANE, in <~Handbook o] Physiology*~ (Ed. C. Code: American 
Physiological Society, Washington 1968), VoI. III, sect. 6, p. 1323. 

2 R.A.  LEVINSON and E. Englert, JR., Diabetes 79, 683 (1970). 
a H. C. BATSON, *An Introduction to Statistics in the Medical 

Sciences (Burgess Publishing Co., Minneapolis, Minn. 1963). 
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Small intestinal absorption of D-galactose and water in normal, fasted and alloxan diabetic rats (Means4- S.D.) 

Jejunal  absorption (~M/g wet weight/h) 

Galactose Normal, Normal, Normal, Normal, Alloxan Alloxan Alloxan 
concentra- unfasted fasted 24 h b fasted 48 h b fasted 72 h b diabetic, 24 h b diabetic, 48 h b diabetic, 
tion, (raM/l) 72 h b 

D-Galactose 1 3 .6•  0.4 6.24- 0.8 6.04- 0.0 6.14- 1.1 5.14- 1.0 5.84- 1.6 5.24- 0.7 
absorption 10 29.64- 3.9 51.8~ 6.0 54.04- 8.0 58.64-10.0 43.44- 9.5 49.24- 8.6 51.14- 7.3 

20 57.0• 7.0 91.1:~ 28.0 89.84-14.0 99.74-11.4 85.44-27.2 79.04-14.9 86.84-14.7 
40 98.24-22.0 153.84-36.0 125.64- 7.6 147.44-37.1 143.64-39.1 135.4-t-38.2 145.54-29.5 

1 0.84- 0.3 0.94- 0.5 1.04- 0.6 0.94- 0.3 1.0j_ 0.2 1.84- 0.6 1 .8•  0.6 
10 1.34- 0.2 1.84- 0.6 1.74- 0.8 1.64- 0.6 1.84- 0.6 2.24- 0.6 2.64- 0.6 
20 1.34- 0.4 1.84- 0.5 1.44- 0.4 1.84- 0.2 2.64- 0.6 2.04- 0.5 2.64- 1.0 
40 1.44- 0.4 1.84- 0.6 1.44- 0.2 1.64- 0.2 2.64- 0.6 2.14- 0.4 2.74- 0.6 

Water 
absorption 

Ileal Absorption (~M]g wet weight/h) 

Galaetose Normal, Normal, Normal, Normal, Alloxan Alloxan Alloxan 
eoncentra- unfasted fasted 24 h b fasted 48 h b fasted 72 h b diabetic, 24 h b diabetic, 48 h b diabetic, 

�9 tion, (raM/l) 72 h b 

D-Galact0se 1 2.74- 0.4 3 . 8 i  0.4 4 .4•  0.6 4.2~= 0.6 4 .3•  0.2 4.4-/  0.4 4 . 4 i  1.2 
absorption 10 13.24- 3.4 29.44- 6.2 28.04- 4.5 32.44- 7.4 2 7 . 6 i  4.8 28.44- 6.8 35.84- 7.1 

20 2 8 . 8 i  6.0 54.44- 7.2 48.24- 7.4 50.04- 6.5 5 2 . 3 i  7.2 60.04-12.4 67.24-11.1 
40 42.84-10.0 95.44-13.8 99.24-17.8 90.8-t-26.9 96.0-4-14.2 89.0-t-16.3 101.14-34.4 

Water  1 0.84- 0.3 0.84- 0.6 1.04- 0.2 0.8~: 0.2 1.64- 0.6 1.84- 0.2 1.64- 0.8 
absorption 10 0 .9•  0.3 1 .2•  0.1 1 . 0 i  0.6 1.04- 0.1 1.24- 0.4 1.44- 0.4 2 .0•  0.6 

20 1.34- 0.2 1.54- 0.5 1 .3•  0.6 1.54- 0.4 1.5• 0.2 1.74- 0.7 2.04- 0.3 
40 1.04- 0.4 t.84- 0.4 1.64- 0.2 1.54- 0.4 1.64- 0.6 1.54- 0.4 1.84- 0.4 

8 rats were studied at each concentration: b Significantly different from normals (P < 0.05). 
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t r i bu t ed  to methodologica l  a r te fac ts  such as poor  mixing.  
Ra ther ,  the  in vi t ro  s ta te  m a y  in some way  be responsible  
for p roduc ing  e n h a n c e m e n t  of s imple sugar absorp t ion  in 
the al loxan diabet ic  rat ,  which does no t  occur in vivo. 

Zusammen/assung. Leerda rm-  und K r u m m d a r m - A u f -  
saugung yon  D-Galaktose n n d  Wasser  wurde  mi t  einer  
P u m p e n d u r c h s t r 6 m u n g  in vivo bet normalen  und  A1- 
loxan-d iabe t i schen  R a t t e n  gepriift .  24 S tnnden  Fas t en  
e rh6hte  die Aufnahmef~higke i t  normaler  Ra t t en ,  ergab 

Thanks are due to STANLEY SMITH and PHILLIP GRAY for skilled 
technical assistance. 

aber  keinen Unte r sch ied  zwischen normalen  R a t t e n  be im 
Fas t en  und  solchen, die mi t  Al loxan fiir 24, 48 und  72 
S t u n d en  d iabe t i sch  wurden .  

R. A. LEVINSON and  
E. ENGLERT JR. 5 

Veterans Administration Central O/lice, 
Medical Service 112B, 
Washington (D. C. 20420, USA): 
and Medical Service, Veterans Administration 
Hospital and Department o/ Medecine, 
University of Utah College o] Medicine, 
Salt Lake City (Utah, USA ), 
2d January 1972. 

T h e  A d r e n e r g i c a l l y  Media ted  C o o r d i n a t i o n  of C o n t r a c t i o n  in I so la ted  Cell  G r o u p s  f r o m  Rat  Ventr i -  
c u l a r  M y o c a r d i u m  

After  the  classif icat ion of adrenergic  receptors  into ~- 
and  fl-types ~, i t  has  become es tabl ished t h a t  adrenergic  
receptors  of m y o c a r d i u m  are ent i re ly  of the  /3 t y p e  2,a. 
However ,  GOWXR et  al. 4 found  t h a t  the  posi t ive  inotropic  
effect  can be b rough t  out  also by  a-adrenergic  s t imula t ion  
of the  guinea-pig hear t .  Recent ly ,  t echniques  have  been 
developed for isolat ing myocard ia l  cells f rom adul t  
m a m m a l s  so t h a t  single ceils are able to con t rac t  r h y t h m i -  
cally 5-~. In  the  p resen t  work  the  t echn ique  of BLOOM 5 
was used to  s tudy  t h e  role oi adrenergic  receptors  in t he  
coord ina t ion  of con t rac t ions  of isolated myocard ia l  ceils 
f rom the  ra t  hear t .  

Sprague-Dawley  ra t s  of b o t h  sexes were  used;  t hey  
were  35-37 days  old (Expe r imen ta l  Series I) and  7-17 
days  old (Series II). The la t te r  age group was chosen af ter  
the observa t ion  t h a t  myocard ia l  cells f rom younger  
animals  func t ioned  more  regular ly  in the  exper imenta l  
condit ions.  The animals  were killed by  decap i ta t ion ;  the  
ventr ic les  were  dissected free f rom the  a t r ia  and homo-  
genized for 10 sec in ~ b lender  a t  50,000 r p m  in 10 ml  of 
ice-cold homogeniz ing  med ium (HM) made  according to 
BLOOM 5. A sample  of one cell group at  a t ime  was t rans-  
ferred f rom the homogena t e  into f resh HM on a depression 
slide. In to  th is  t lM,  the  subs tances  to be s tudied  had  
been added  in concen t ra t ions  given in the  Tables. Adrena-  
line (A) and noradrena l ine  (NA) vzere used as s t imula tors  
of b o t h  c~- and  fi-adrenergic receptors  and  pheny lephr ine  
(PhE) to s t imula te  p r imar i ly  t he  a-receptors  8. Fur ther ,  

propranolo l  (Pr) was used as fi- and p h e n o x y b e n z a m i n e  
(PBz) as ~-receptor  an tagon i s t  9. E x p e r i m e n t a l  Series I 
was carried out  in order  to f ind out  how the  r h y t h m  of cell 
con t rac t ions  was changed  dur ing  incubat ion .  The average  
t ime  in tervals  be tween  successive con t rac t ions  are shown 
in Figure 1 and  i t  will be seen t h a t  the  f r equency  of the 
cont rac t ions  decreased l inearly dur ing  the  per iod of in- 
cuba t ion  (p < 0.025). Single cells of a cell group usual ly ~ 
con t rac ted  in an uncoord ina ted  manner ,  i.e. each cell 
according to its own r h y t h m .  In  some cases, however ,  the  
act ion of the  cell group became coord ina ted  so t h a t  one 
cell served as a pacemaker ,  which s t a r t ed  the  waves  of 
con t rac t ions  (Figure 2). As th is  coord ina t ion  of con- 
t rac t ions  seemed to occur more  of ten  af ter  an add i t ion  
of NA, E x p e r i m e n t a l  Series I I  was carried out  in order  to  
s tudy  the  role of adrenergic  receptors  in th is  phenomenon. 

Table  I shows the  effects of var ious  adrenergic  agonists,  
A, NA, and P h E  and  antagonis ts ,  Pr  and PBz  on the  
coordinat ion.  A, NA and  P h E  increased the  in i t ia t ion  of 
coordinat ion  when  compared  wi th  the  number s  of coordi- 
na t ions  in HlVi (p < 0.001, I42ENDALL'S z- tes t  for 2 • 2 
con t ingency  table).  This indicates  t h a t  adrenergic  s t imula-  
t ion  induces  the  in i t ia t ion  of coordinat ion.  P r  did no t  
induce the  coordinat ion,  ne i ther  did PBz.  To s t u d y  
fu r ther  the  t ypes  of adrenergic  receptors  involved,  ex- 
pe r imen t s  were pe r fo rmed  in which  the  ~- and fl-receptors 
were first  blocked wi th  PBz  and  Pr, respect ively,  and  
then  s t imula ted  wi th  P h E .  The results  are in Table  II.  
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Fig. 1. Changes in the frequency of the uncoordinated contractions of 
myocardial cells during the incubation in homogenate medium. 
Abscisse: Time in min after homogenization. Ordinate: Time in sec 
between 2 successive contractions. Coefficient of regression is 0.049. 
Vertical bars indicate J= S.E.M. 
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