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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 
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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 .  
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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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Fig. 2. A cell group in 2 different phases of a coordinated contraction. • 200. 

Table I. The initiation of coordinatiori after an addition of various adrenergic agonists and antagonists into the homogenizing medium 

Cases with Homogenizing medium Agonists Antagonists 

NA A PhE Pr PBz 

Initiation of coordination 9 16 5 15 0 0 

Non-coordinatio~t 53 10 0 14 9 9 

NA (noradrenalin), A (adrenaline/, PhE (plaenylephrine} 10 -6 ar/d 10-7M (the results with these 2 concentrations were combined as there were 
no differences between the effects); Pr (propranolol), PBz (phenoxybenzamine) 10-~M. 

TabIe II. The initiation of coordination by phenylephrine (10 -~ and 
10-~M) after the addition of propranoloI and phenoxybenzamine 
(10-6M) into the homogenizing medium 

Cases with Pr + Ph]$ [PBz + PhE 

Initiation of coordination 3 4 

Non-coordination 6 11 

Abbreviations as in Table I. 

Af ter  an inhib i t ion  of these  receptors  coord ina t ion  m a y  
still  be induced  by  PILE. The results  ind ica te  t h a t  t he  
in i t ia t ion of coord ina t ion  induced  b y  adrenergic  s t imula-  
t ion  canno t  be a t t r i b u t e d  to the  func t ion  of only  e-or only 
fi-receptors, 

The comm un ica t i on  be tween  cells in the  m y o c a r d i u m  is 
p r imar i ly  electrical.  The in te rca la ry  discs are the  low 
res is tance  po in t s  be tween  the  cells. Hexagona l  const ruc-  
t ions  s imilar  to those  observed  in the  electr ical  synapse  
have  been found  there  10,11. I t  is no t  known  w h e t h e r  the  
act ion of a t r a n s m i t t e r  or o ther  chemical  subs tances  is 
connec ted  wi th  t he  func t ion  of electrical  synapses .  How-  
ever, vesicles like those  in o rd ina ry  synapses  have  been  
found  also on b o t h  sides of m e m b r a n e s  in the  electrical  
synapses~K The p re sen t  obse rva t ion  t h a t  adrenergic  

s t imula t ion  enhances  the  coord ina t ion  of myocard ia l  cell 
cont rac t ions ,  can be in t e rp re t ed  as i mp ro v ed  communica -  
t ion  be tween  these  cells. All in "all, i t  m a y  be assumed t h a t  
s imilar  mechan i sms  are involved ill the  t r a n s m i t t a n c e  of 
impulses  t h ro u g h  the  in te rca la ry  discs of myocard ia l  cells 
and  t h ro u g h  the  electrical synapses .  

The n a t u r e  of t he  adrenergie  receptors  involved  in the  
coord ina t ion  stil l  r emains  unknown.  These  recep tors  do 
no t  seem to correspond to  t he  conven t iona l  e- or /3- types  
bu t  r a the r  t h e y  resemble  the  receptors  of nervous  sys tem,  
which  have  no t  been classified into these  t y p e s  e i ther lK 

Zusammen/assung. Nachweis ,  dass Adrenal in ,  Nor- 
adrenal in  und  P h e n y l e p h r i n  in vi t ro  die Koord ina t i on  der  
Ze l lkont rak t ionen  in Herzmuske lze l lg ruppen  yon  R a t t e n  
hervorrufen .  Propranolo l  und  P h e n o x y b e n z a m i n  hin-  
gegen k o n n t en  die koordin ierende  W i rk u n g  yon Phenyl -  
ephr in  n ich t  hemmen .  
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