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the re  was a second rise of t ens ion  4. The  effect  on  d P / d t  
was  a b s e n t  w h e n  t he  c u r r e n t  was  swi tched  on l a t e r  t h a n  
a b o u t  150 msec  a f t e r  t he  b e g i n n i n g  of t he  ac t ion  p o t e n t i a l  
(Figure  2, C). As in t he  e x p e r i m e n t s  b y  MORAD and  
TRAUTWEIN1, t h e  per iod  wh ich  is sens i t ive  to  vo l t age  
changes  was sho r t e r  t h a n  t h e  t i m e  to  p e a k  of t he  in i t i a l  
twi tch .  

Discussion. I t  h a s  been  d e m o n s t r a t e d  b y  t h e  p r e sen t  
resu l t s  t h a t  t he  r a t e  of d P / d t  and  t he  a m p l i t u d e  of t he  
in i t ia l  t w i t c h  d e p e n d  on  t h e  m e m b r a n e  vo l t age  d u r i n g  t he  
ear ly  p a r t  of e lec t r ica l  ac t iv i ty .  

Since i t  is usua l ly  a s s um ed  t h a t  t he  in t r ace l lu l a r  free 
Ca d e t e r m i n e s  t h e  con t r ac t i l e  force, i t  seems r easonab le  to  
p o s t u l a t e  t h a t  e i the r  t h e  l i be ra t ion  of Ca f rom i n t r a c e l h l a r  
stores,  or t h e  t r a n s m e m b r a n e  f lux of Ca, is po ten t i a l -  
sensi t ive.  On t he  a s s u m p t i o n  t h a t  Ca c o n d u c t a n c e  of t he  
surface  m e m b r a n e  increases  upon  depo la r i za t ion  5, t h u s  
a l lowing Ca ions to  cross t he  m e m b r a n e  down  t h e i r  electro-  
chemica l  g rad ien t ,  a decrease  of i n w a r d  d r iv ing  force 
( larger  a m p l i t u d e  of ac t ion  po ten t i a l )  would  resu l t  in  a 
lower in t r ace l lu l a r  concen t r a t i on .  

A n  a l t e r n a t i v e  w ay  to  a c c o u n t  for t he  in i t ia l  t w i t c h  is 
to  m a k e  i t  d e p e n d  en t i r e ly  on t h e  release of Ca f rom in t ra -  
ceIIular stores,  no  Ca f lux t h r o u g h  t h e  sur face  m e m b r a n e  
be ing  invo led  a t  t h i s  stage.  T he  m e c h a n i s m  b y  w h i c h  
m e m b r a n e  e x c i t a t i o n  releases in t r ace l lu l a r  s tores  is la rgely  
u n k n o w n .  I t  seems impossible ,  therefore ,  to  specula te  on  

a possible  way  in wh ich  t he  a m o u n t  of i n t e r n a l l y  re leased 
Ca m i g h t  d e p e n d  on m e m b r a n e  vol tage .  

Zusammen/assung. Das A k t i o n s p o t e n t i a l  yon  T r a b e k e l n  
aus  der  r e c h t e n  H e r z k a m m e r  yon  K/ i lbern  u n d  Schafen  
wi rd  d u r c h  Gle i chs t rom ver~tndert .  Bet  k le inerer  Ampl i -  
t u d e  des A k t i o n s p o t e n t i a l s  wi rd  die K o n t r a k t i o n  ver-  
s t~rk t ,  bet  gr6sserer  A m p l i t u d e  abgeschw~cht .  

J. SUMBERA 6-8 

Department o/ Physiology, University o/ Berne, 
Berne (Switzerland), 15 January 7970. 

4 H. REUTER and H. SCHOLZ, Pfl/igers Arch. ges. Physiol. 300, 87 
(1968). 
G. W. BEELER and H. REUTER, J. Physiol., Lond. 206, in press 
(1970). 
The author expresses his gratitude to Prof. S. WEIDMANN and Dr. 
J. A. S. McGuIaAN for valuable discussion and help with the 
manuscript. 

7 Financial support was provided by the Swiss National Science 
Foundation (grant No. 3.19.68 to S.W.). 

s Author's present address: Department of Physiology, University 
ol Brno, Komenskeho nam. 2, Brno (CSSR). 

Electrical  Act iv i ty  Across  the Deve lop ing  Rabbit  

The  m a j o r  f ac to r  gove rn ing  t he  m a g n i t u d e  a n d  po l a r i t y  
of t he  t r a n s m u r a l  p o t e n t i a l  d i f ference (PD) m e a s u r e d  
across t he  smal l  i n t e s t ine  is t he  a c t i v i t y  of a n  e lect rogenic  
sod ium p u m p ,  ope ra t i ng  in t he  d i rec t ion  l u m e n  to  
p l a s m a  1. Sod ium m o v e m e n t  also appea r s  to  be  i nvo lved  
in t h e  ac t ive  t r a n s p o r t  of hexoses  a n d  amino  acids 5,3. 
W h e n  a n  ac t ive ly  t r a n s p o r t e d  hexose  crosses t he  b r u s h  
b o r d e r  v ia  t he  a p p r o p r i a t e  ca r r i e r  sys tem,  i t  does so in t h e  
c o m p a n y  of sod ium ions, poss ib ly  on  a 1:1  basis  ~. This  
sod ium m o v e m e n t  a n d  t he  a d d i t i o n a l  p r e s e n t a t i o n  of 
sod ium ions to  t he  e lect rogenic  p u m p  loca ted  a t  t he  
l a te ra l  a n d  basa l  borders  of t h e  mucosa l  ep i the l ia l  cell 
p r o b a b l y  accoun t s  for t he  increase  in t r a n s m u r a l  P D  ob- 
se rved  when  glucose is added  to  t he  mucosa l  b a t h i n g  
m e d i u m  5. B o t h  th i s  glucose t r a n s f e r  P D  a n d  t h e  endo-  
genous  P D  a p p e a r  to  increase  d u r i n g  d e v e l o p m e n t  in 
m a m m a l s  5, ~. I n  birds ,  on  t he  o the r  h a n d ,  b o t h  po t en t i a l s  
decrease  sha rp ly  a f t e r  h a t c h i n g  7. 

Materials and methods. E v e r t e d  sacs of r a b b i t  d i s ta l  
i leum, p r e p a r e d  accord ing  to t he  m e t h o d  of WILSON a n d  
WISEMAN s, were i m m e r s e d  in a n d  pa r t i a l l y  filled w i t h  
KREBS-HENSELEtT so lu t ion  9 a t  37 ~ ae r a t ed  w i t h  e i t he r  
95% O2-5 % CO 2 or 95% N5-5 % CO 5. T he  t r a n s m u r a l  P D  
was m e a s u r e d  for 20 m i n  us ing  a h igh  i n p u t  i m p e d e n c e  
e l ec t rome te r  w i t h  m a t c h e d  ca lomel  ha l f  cells a n d  agar-  
KC1 bridges.  A d j a c e n t  s egmen t s  of i l eum were eve r t ed  a n d  
r a n d o m l y  p laced  in so lu t ions  c o n t a i n i n g  0 mM, 2 raM, 
5 m M  or 10 m M  D-glucose. The  d a t a  were cor rec ted  for  
e lec t rode  a s y m m e t r y  b u t  n o t  for osmot icaI ly  i nduced  
p o t e n t i a l  differences.  

W h e n  sucrase a c t i v i t y  was to be  m e a s u r e d  t he  mucosa  
was sc raped  f rom the  d u o d e n u m  and  f rom t h e  r e m a i n d e r  
of t h e  smal l  in tes t ine  wh ich  was d iv ided  in to  3 equa l  

I l eum in vitro 

lengths .  The  p rocedure  of CARNIE a n d  PORTEOUS 1~ WaS 
used in a s say ing  for sucrase,  w i t h  glucose be ing  m e a s u r e d  
w i t h  a peroxidase-g lucose  oxidase  m e t h o d  (Sigma 
Chemica l  Co., St. Louis,  Mo., USA).  

Results and discussion. Figure  1 i l lu s t r a t e s  t he  5 m i n  
ave rage  t r a n s m u r a l  P D  p lo t t ed  as a f unc t i on  of m e d i u m  
glucose concen t r a t i on .  B o t h  t he  endogenous  P D  and  t he  
glucose t r a n s f e r  P D  increased  b e t w e e n  t h e  second a n d  
f o u r t h  week, to  r each  m a x i m u m  va lues  a t  t he  s i x t h  week. 
A t  all  glucose c o n c e n t r a t i o n s  t e s t ed  t he  P D  was lower in  
y o u n g  a d u l t  i lea t h a n  in 6-week ilea. A t  all  ages s tud ied  
t h e  t r a n s m u r a l  P D  was s ign i f i can t ly  e n h a n c e d  b y  t h e  
add i t i on  of glucose to t he  b a t h i n g  m e d i u m  a l t h o u g h  t h e  
m a g n i t u d e  of t h i s  t r a n s f e r  P D  was s ign i f i can t ly  lower in  
t he  1 -day -2 -week  groups  t h a n  in t h e  4 -week-adu l t  groups.  
I n  eve ry  age group  t he  t r a n s m u r a l  PD-glucose  dose re- 
sponse  cu rve  exh ib i t ed  s a tu ra t i on .  
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W h e n  N 2 was subs t i tu t ed  for O 3 and the  p repa ra t ion  
was made  hypox ic  the re  was  a reduc t ion  in t he  t rans -  
mura l  PD measured  in the  presence  of glucose in the  adul t  
and  6-week-old flea. Figure  2 i l lustrates  the  5 rain averaged 
P D  under  the  hypox ic  condit ions.  This effect  was fu r the r  
exaggera ted  when  the  PD was averaged  over  20 min.  In  
all age groups  excep t  t he  adul t  the  endogenous  PD was 
greater  in N~ t h a n  in O v This  e n h a n c e m e n t  of endogenous  
PD by  hypox ia  was s ignif icant  a t  the  5 % level in the  1-day 
group and  at  tile 1% level in the  4-week group. This  
effect  m a y  have  resul ted  f rom a s t imula t ion  in sodium 
p u m p  act iv i ty ,  an increase ill the  pe rmeab i l i ty  of the  
b rush  borde r  to sodium, or a reduc t ion  ill the  conduc tance  
of the  tissue. Be tween  the  four th  and  s ix th  week a t rans i -  
t ion  took place such t h a t  glycolysis could no longer sup- 
po r t  a normal  PD in t he  presence  of glucose. 

As has  been  observed wi th  o ther  m a m m a l s  the  endo- 
genous and glucose t r ans fe r  PD increases dur ing  develop-  
ment .  The fact  t h a t  the  glucose t r ans fe r  PD reached  a 
peak  value a t  6 weeks and  t h e n  decreased to  the  young  
adul t  level m a y  reflect  e i ther  an a l tered  t issue conduc-  
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Fig. 3. The suerase activity of mueosal homogenates from rabbit 
small intestine. 1 unit. of activity (U) is defined as 1 ~M substrate 
hydrolyzed per h at 37 ~ 2 animals were used at each age group. 
D, duodenum; J + UI, jejunum and upper ileum; MI, mid-ileum; 
LI, lower ileum. 
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Fig. 1. The 5 min averaged ileal transmural PD measured under 
aerobic conditions plotted as a function of medium glucose concen- 
tration. Each point represents the mean of at least 5 everted sacs. 
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Fig. 2. The averaged 5 min ileal transmural PD measured under 
hypoxic conditions plotted as a function of medium glucose concen- 
tration. Each point represents the mean of at least 5 everted sacs. 

t ance  or a peak  in act ive  hexose  t r anspor t .  A peak  in 
in tes t ina l  sugar absorp t ion  has been  observed  in several  
young  m a m m a l s  z0. A t  abou t  the  four th  week there  was a 
marked  increase in the  glucose t r ans fe r  PD and beyond  
this  age the  i leum no longer showed the  res is tance  to 
h y p o x i a  t h a t  character izes  several  neona ta l  in tes t ina l  
t r anspo r t  systemslZ,l~, and the  survival  of the  new-born  
an imal  in general  za. 

As the  sucrase- isomal tase  sys t em is closely associa ted 
with ,  and  m a y  cons t i tu te  p a r t  of, the  glucose carrier  
s y s t em a t  t he  b rush  border  ~*, i t  was of in teres t  to  compare  
the  deve lopmen t  of sucrase ac t iv i ty  wi th  the  deve lopmen t  
of t he  glucose t r ans fe r  PD.  Figure  3 i l lus t ra ted  the  re- 
gional mucosal  homogena t e  sucrase ac t iv i ty  and shows 
t h a t  tile ma jor  deve lopmen t  in enzyme  ac t iv i ty  occurred 
ill the  four th  week. Al though  the  sucrase ac t iv i ty  did no t  
peak  at  6 weeks i t  seems probable  t h a t  the  b rush  border  
glucose diges t ion and  t r an s p o r t a t i o n  sys tems  develop 
s imul taneously ,  pe rhaps  as pa r t s  of a single complex.  

Zusammen/assung. I m  Kan inchen i l eum wird die 
E lek t ropo ten t i a l -  und  E n z y m e n t w i c k l u n g  in v i t ro  mi t  
oder  ohne  Traubenzucker  v o n d e r  4. Lebenswoche  an ge- 
steigert .  Zwischen der  4. und  6. Woche  ver l ier t  die Po ten-  
t ia ldi f ferenz ihre Res is tenz  gegen H y p o x i a  in e inem 
Traubenzuekern / ih rboden .  
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