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The  Inf luence  of P r o p r a n o l o l  and  D i b e n z y l i n e  on  G l y c o ~ e n o l y t i c  Effects  of S o m e  B i o g e n i c  A m i n e s  
in Rat  Bra in  S l ices  

T h e  c o n t r o l  of  g l y c o g e n  c o n c e n t r a t i o n  in  t h e  b r a i n  
t i s s u e  is a s u i t a b l e  m o d e l  fo r  t h e  b i o c h e m i c a l  a c t i o n  a n d  
a c t i v i t y  of  cyc l ic  3% 5 ' - A M P  (C AM P )  in  t h e  b r a i n  t i s s u e .  
C A M P  is n o w  k n o w n  to  e x e r t  c o n t r o l  o v e r  t h e  a c t i v i t i e s  
of  b o t h  t h e  p h o s p h o r y l a s e  a n d  g l y c o g e n  s y n t h e t h a s e  
s y s t e m s .  

T h e  r e g u l a t i o n  of  C A M P  leve l s  in  c e r e b r a l  c o r t i c a l  s l i ces  
a t  p r e s e n t  h a s  b e e n  f o u n d  t o  be  i n f l u e n c e d  b y  b i o g e n i c  
a m i n e s  s u c h  as  n o r a d r e n a l i n e ,  d o p a m i n e ,  h i s t a m i n e  a n d  
s e r o t o n i n  ~-s. I n  v i e w  of  p u b l i s h e d  d a t a  in  t h e  c e r e b r a l  
c o r t e x ,  t h e  e x i s t e n c e  of 2 i n t e r a c t i n g  r e g u I a t o r y  u n i t s  
g o v e r n i n g  a d e n y l  c y c l a s e  a c t i v i t y  w a s  s u g g e s t e d ;  1 for  
a d e n o s i n e  a n d  1 for  b i o g e n i c  a m i n e s .  E v i d e n c e  for  s e p a -  
r a t e  r e g u l a t o r y  r e c e p t o r s  for  h i s t a m i n e  a n d  n o r a d r e n a l i n e  
in  r a b b i t  c e r e b e l l u m  a n d  c e r e b e l l a r  c o r t e x  h a s  a l so  b e e n  
r e p o r t e d % L  T h e  d a t a  r e c e n t l y  o b t a i n e d  s u g g e s t e d  t h e  
e x i s t e n c e  of c o m p a r t m e n t a l i z e d  poo l s  of  a d e n i n e  n u c l e o -  
t i d e s  s e r v i n g  as  p r e c u r s o r s  for  C A M P ,  a n d  s u g g e s t  t h a t  
t h e s e  p o o l s  a r e  r e g u l a t e d  in  a s y n e r g i s t i c  m a n n e r  b y  
s e p a r a t e  ' r e c e p t o r s '  for  a d e n o s i n e ,  h i s t a m i n e  a n d  e i t h e r  
n o r a d r e n a l i n e  o r  s e r o t o n i n  ~. 

W e  r e c e n t l y  r e p o r t e d  t h e  g l y c o g e n o l y t i c  e f f ec t s  of  
a d r e n a l i n e ,  n o r a d r e n a l i n e ,  dopam~fl~,  h i s t a m i n e ,  se ro-  
t o n i n ,  a s  wel l  as  of  C A M P  a n d  cyc l i c  N - 2 - O - d i b u t y r y l -  
3% 5 ' - A M P  ( r ib -CAMP)  in  r a t  b r a i n  s l i ces  ~~ T h e  g r e a t e s t  
g l y c o g e n o l y t i c  e f f ec t  w a s  o b t a i n e d  w i t h  d b - C A M P ,  h i s t a -  
m i n e ,  n o r a d r e n a l i n e  a n d  s e r o t o n i n ,  w h i l e  t h e  e f f ec t s  of  
d o p a m i n e  a n d  C A M P  w e r e  n o t  so  e x p r e s s i v e  ~a. 

A s  t h e  p o s s i b i l i t y  w a s  s u g g e s t e d  t h a t  b o t h  ~- a n d  
f i - a d r e n e r g i c  b l o c k i n g  d r u g s  c o u l d  i n t e r a c t  w i t h  r e g u l a t o r y  
u n i t  of  a d e n y l  c y c l a s e  ~ ,  i t  s e e m e d  t o  be  of i n t e r e s t  to  t e s t  
w h e t h e r  e i t h e r  ~ - a d r e n e r g i c  b l o c k i n g  d r u g  p r o p r a n o l o l  o r  
~ - a d r e n e r g i c - b l o c k i n g  d r u g  d i b e n z y l i n e  w o u l d  b e  ab l e  t o  
p r e v e n t  t h e  g l y c o g e n o l y t i c  i n f l u e n c e  of  s o m e  b i o g e n i c  
a m i n e s ,  a s  wel l  a s  o f  C A M P  a n d  d b - C A M P ,  i n d i c a t i n g  t h e  
e x i s t e n c e  of o n e  o r  m o r e  r e g u l a t o r y  u n i t s  of  a d e n y l  
c y c l a s e  fo r  b i o g e n i c  a m i n e s  in  t h e  b r a i n  t i s s u e .  
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Table I. In vitro effect of noradrenaline, dopamine, histamine, serotonin, CAMP and db-CAMP on glycogen concentration in brain of rat  
treated before with propranolol (10 mg/kg) 

Treatment  of the tissue Brain Mices 

Cortex Caudate Thalamus 

Controls 31.4 :J: 1.3 48.5 :J= 1.2 13.4 -4- 1.0 
Noradrenaline (10-4l~M/ml) 28.5 d: 1.4 46.5 i 1.4 14.5 • 1.5 
Dopamine (10-4[zM]ml) 30.0 if: 1.0 44.5 =[: 1.3 13.8 ~ 1.2 
Histamine (10-4[zM/ml) 18.4 :c 1.0~ 22.5 ~ 1.4~ 7.0 :k 1.0, 
Serotonin (10-4[/.M]ml) 17.5 :c 1.3" 24.1 :t= 1.2~ 8.1 -t- 1.1 b 
CAMP (10-3~tM/mi) 21.4 -J: 1.4 b 33.5 :~: 1.6 ~ 8.0 :t= 1.2 ~ 
db-CAMP (10-3~zM/ml} 14.5 :~ 1.4 �9 23.0 -4- 1.4 ~ 4.5 -4- 1.5 ~ 

�9 p < 0.01 in comparison with the controls, bp < 0.01 in comparison with the controls. The amount  of glycogen is expressed in mg/100ml  of 
tissue. The numbers indicate the mean value (M) of 5 experiments :t= S.E.M. 

Table II. In vitro effect of noradrenaline, dopamine, histamine, serotonin, CAMP and db-CAMP on glycogen concentration in brain of rat  
treated before with dibenzyline (10 nlg/kg) 

Treatment  of the tissue Brain slices 

Cortex Caudate Thalamus 

Controls 29.4 i 1.3 48.5 :j: 1.1 16.8 :J: :t,.0' 
Noradrenaline (10-4[zM/ml) 17.7 :t: 1.2 ~ 20.4 ! 1.1 ~ 7.1 24- 1.0 
Dopamine (10-4~xM/ml) 19.4 ~- 1.1 b 22.0 ~: 1.5 b 10.5 :t= 0.9 b 
Histamine (10 4[zM/ml) 16.5 :t: 1.0~ 24.1 t :  1.2" 7.0 • 1.0 ~ 
Serotonin {lO-4[zM/ml) 15.1 ~_ 1.3 a 25.1 :[: 1.2 �9 8.5 -l- 0.9 �9 
CAMP (10-a[xM/ml) 19.8 :t= 1.0 b 30.5 :t: 1.0" 9.7 3= 1-0 b 
db-CAMP (10-al~M/ml) 10.1 ~ 1.0 �9 19.8 dz 1.0" 6.1 :l= 0.9 ~ 

�9 p < 0,01 in comparison with the controls, bp < 0.05 in comparison with the controls. The amount  of glycogen is expressed in rag/100 mI of 
tissue. The numbers indicate the mean value (M} of 5 experiments • S.E.M, 
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The exper iments  were carr ied ou t  on adul t  male  wis ta r  
rats. Brain  slices were prepared  according to the  me thod  
a l ready described ~5 and were allowed 10 min  in saline ~* 
at  37 ~ Propranolol  (10 mg/kg) or dibenzyl ine  (10 mg/kg) 
were injected in t raper i tonea l ly  30 min  before the  animals  
were sacrificed. The  bra in  slices were incuba ted  in the  
presence of noradrenal ine  (10-~ ~zM/ml), dopamine  (10 -4 
~Nr/ml], h i s tamine  (10-~ ~M/ml) ,  serotonin (10 4 ~zM/ml), 
CAMP (10 -a 7M/ml)  and db-CAMP (10 -8 ~M/ml)  and 
af ter  10 min  glycogen was ex t rac ted  ~6 and es t imated  17 
f rom the  bra in  tissue. 

The results obta ined  show t h a t  propranolol  p reven ted  
the  glycogenolyt ic  effects of noradrenal ine  and dopamine  
in vi tro,  bu t  not  t h a t  of h i s tamine  and seroton~n, ne i ther  
t ha t  of CAMP and db-CAMP (Tab!e I). On the  o ther  hand, 
d ibenzyl ine  did no t  block the  glycogenolyt ic  effects, 
e i ther  of noradrenal ine  or dopamine,  or h is tamine  and 
serotonin, as well  as of CAMP and db-CAMP (Table II) .  

CHASIN et  al. ~s were the  first  to show that ,  in 2 areas 
of guinea-pig brain, cerebel lum and cerebrum plus bra in  
stem, there  is a t ype  of receptor  shown to be a classical 
#-adrenergic receptor  for the  control  of CAMP levels.  Our 
da ta  indicate  that ,  in cortex, caudate  and tha lamus  of ra t  
brain, there  exists fi-adrenergic regula tory  uni t  of adenyl  
cyclase responsible for the  level  of CAMP and ac t iv i ty  of 
glycogen phoyphorylase .  On the  o ther  hand,  there  mus t  

be another  t ype  of regula tory  uni t  for his tamine,  as was 
suggested 9, ~s and perhaps for serotonin. An e-adrenergic 
regula tory  uni t  most  p robably  would not  be invo lved  in 
the  process of glycogenolysis  in the  bra in  tissue of rat.  

Rdsumd. On mont re  que le propranolol  emp~che les 
effets glycogdnolyt iques de la noradrdnal ine et de la 
dopamine,  bien qu ' i I  n ' a i t  pas d 'ef fe t  snr les act ions 
glycogdnolyt iques de I 'his tamine,  de la sdrotonine, du 
3', 5 ' -AMP cycl ique et de son ddrivd d ibutyr ique .  On en 
conclu qu ' au  n iveau du cervau des rats  l 'effet  glyco- 
gdnolyt ique des cat6cholamines rdsulte de l ' exc i ta t ion  des 
r6cepteurs adr6nergiques et que les autres unitds rdgula- 
tr ices les addnylcyclases sont  responsables des effets de 
l ' h i s t amine  et  de ta sdrotonine. 
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Effect of Adrenergic Amines  on the Membrane Potential  of Guinea-Pig  Liver Parenchymal  Cells in 
Short Term Tissue Culture 

In  recent  years  the  effects of ca techolamines  on the  
membrane  potent ia l  of l iver  cells of several  species have  
been s tudied in situ s in perfused liver~, a and in tissue 
slices ~. The  present  exper iments  show t h a t  i t  is possible 
to apply  the  iontophore t ic  me thod  of drug appl ica t ion  5, 6 
to examine  the  effects of adrenergic  agonists  on isolated 
pa renchymal  ceils ma in ta ined  under  t issue cul ture  con- 
ditions. This  approach  has two main  advantages ,  1. i t  is 
possible to see ind iv idual  cells and select the  appropr ia te  
cell f rom which to record and 2. i t  allows a greater  re- 
solut ion of the  t ime  course of the  responses. 

Materials and methods. Guinea-pig l iver  pa renchymal  
cells were isolated by the  enzymic  procedure  of BERRY 
and FRIEND 7 using collagenase, 0.025%, and hyaluron-  
idase, 0.05% (both S igma Type  1). The  isolated cells were 
incuba ted  in plast ic  pe t r i  dishes conta in ing Eagle ' s  med ium 
(Dulbecco's  modificat ion),  10 % t ryp tose  phospha te  broth,  
10% f o e t a l  calf serum, ant ibiot ics  and a fungicide (Ny- 
statin).  

Fo r  the  electrophysiological  measurements  a Hepes  
buffered Eagle ' s  med ium was used in which the  calcium 
concent ra t ion  had been increased to 3 raM. Record ing  
was done at  room t empera tu r e  (21-23~ Membrane  
potent ia ls  were measured using glass micro-electrodes  
filled wi th  2 M potass ium c i t ra te  (resistance 35-100 MY2). 
Micro-pipet tes  for iontophoresis  were filled wi th  0.5 M 
solutions of (--)-noradrenaline,  ( j=)-amidephr ine  or 
(--)-isoprenaline.  

Results and discussion. The cul tures  conta ined  single 
cells and small  groups of cells. Many  were b inuclea te  
(Figure 1). S table  m e m b r a n e  potent ia ls  ranging f rom 
--25 to --40 mV could be recorded f rom bo th  mono- 
nucleate  and binucleate  ceils whe ther  single or in clumps. 
These values  are s imilar  to those reported4 for ceils in 
slices of guinea-pig liver. Noradrena l ine  invar iab ly  hyper-  
polar ized the  cells 4, as shown by A in Figure  2. A puzzl ing 

feature  was the  ra ther  long la tency (1-8 sec) of the  
response, which of ten could not  be apprec iab ly  reduced 
by  al ter ing the  posi t ion of the  drug pipet te .  This m a y  
mean  tha t  i t  is necessary to ' f lood'  the  cell wi th  nor- 
adrenal ine to produce a response, perhaps because the  
receptor  dens i ty  Js re la t ive ly  low. This in te rpre ta t ion  was 
suppor ted  by the  f inding t h a t  the  sens i t iv i ty  of the  tis- 
sue (expressed in te rms  of the  po ten t ia l  change (mV) 
produced  per  nano-coulomb releasing the  drug) was low 
(rarely more  than  0.3 mV/nC}. 

Records B and C in Figure  2 show responses to ion- 
tophore t ic  appl icat ion of (=L)-amidephrine, a sympatho-  
mimet ic  amine which  has a select ive act ion on the  

adrenoceptorsS,% Hyperpolar iza t ions  were again ob- 
served, a l though larger pulses were required,  and the  
responses seemed to be more ' sp iky '  (for an  ex t reme  
example,  see C) than  observed wi th  noradrenal ine.  On the  
o ther  hand, the  s t rong fl-agonist ( - - ) - isoprenal ine caused 
hyperpolar iza t ions  only if even larger pulses (1-6 • 10 -7 A 
for 200-500 msec) were applied. The po tency  difference 
be tween  noradrenal ine  and isoprenaline, together  wi th  
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