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Results and discussion. T he  se rum A F P  level  of e th io -  
n i n e - t r e a t e d  r a t s  increased  s h a r p l y  a f t e r  2 days  lag. The  
increases  in  s e r u m  A F P  level  and  l iver  t r ig lycer ide  con-  
t e n t  ill female  r a t s  were  iden t i ca l  w i t h  those  of male  r a t s  
w h e n  t e s t e d  a t  t i le age of 35 days .  However ,  t h e  e x t e n t  
of t he  increases  in  a d u l t  r a t s  were more  p r o m i n e n t  in t h e  
female  ra ts .  A l t h o u g h  no  s ign i f i can t  e l eva t ion  of s e r u m  
G P T  a c t i v i t y  was found  d u r i n g  t he  en t i r e  course  of e th io -  
n ine  t r e a t m e n t ,  r ises of l iver  t r ig lycer ide  c o n t e n t  a n d  
G 6 P D  a c t i v i t y  i nd i ca t e  t he  ex is tence  of l iver  cell i n j u r y  ~. 
The  i n c o r p o r a t i o n  of a H - t h y m i d i n e  in to  l iver  D N A  was 
r a t h e r  d i m i n i s h e d  up  to  2 days,  fol lowed b y  a g r a d u a l  
a n d  smal l  increase  a t  3 to  4 days  a f t e r  t he  t r e a t m e n t  
(Figure) .  A d m i n i s t r a t i o n  of A T P  to e t h i o n i n e - t r e a t e d  
ma le  as well  as female  r a t s  e f fec t ive ly  i n h i b i t e d  t he  rise of 
n o t  on ly  s e rum A F P  c o n c e n t r a t i o n  b u t  also l iver  t r ig ly-  
ceride c o n t e n t  a n d  G 6 P D  ac t iv i ty .  These  o b s e r v a t i o n s  
sugges t  t h a t  t he  e l eva t i on  of s e rum A F P  in e th ion ine -  
t r e a t e d  r a t s  i s  n o t  d i r ec t ly  r e l a t ed  to t h e  s t i m u l a t e d  
syn thes i s  of h e p a t i c  DNA.  

A c o m p a r a t i v e l y  lower  dose of t h i o a c e t a m i d e  ha s  been  
r e p o r t e d  to p roduce  increased  h e p a t i c  D N A  syn thes i s  and  
l iver  cell p ro l i f e ra t ion  w i t h o u t  a n y  d e t e c t a b l e  cell d a m a g e  ~. 
Changes  of these  b iochem i ca l  p a r a m e t e r s  for l iver  cell 
i n j u r y  in r a t s  t r e a t e d  w i t h  a lower  dose of t h i o a c e t a m i d e  

were  also fodnd  to be min imal .  The  increase  in s e rum A F P  
c o n c e n t r a t i o n  was ins igni f ican t ,  even  a f t e r  a m a r k e d  
s t i m u l a t i o n  of l iver  D N A  syn thes i s  w h i c h  r eached  a 
m a x i m u m  level  in  2 days  a f t e r  t h e  t r e a t m e n t .  The  
resu l t s  i nd i ca t e  t h a t  t h e  low dose of t h i o a c e t a m i d e  caused  
n e i t h e r  a n y  ev idence  of l iver  cell i n j u r y  no r  increased  
p r o d u c t i o n  of A F P ,  even  in t he  presence  of acce le ra ted  
D N A  syn thes i s  in  l iver.  

Our  r ecen t  s tud ies  h a v e  s h o w n  t h a t  t he  increase  in 
s e r u m  A F P  level  fol lowing p a r t i a l  h e p a t e c t o m y  is rela-  
t i v e l y  smal l  as c o m p a r e d  w i t h  t h a t  a f te r  CCI~ t r e a t m e n t ,  
a n d  t h a t  t he  u n d e r l y i n g  m e c h a n i s m s  are also d i f fe ren t  ". 
Accordingly ,  t he  derepress ion  of A F P  genome assoc ia ted  
w i t h  l ive r  cell i n j u r y  i tself  appea r s  to  p l a y  a m a j o r  role 
in  t h e  increased  A F P  p r o d u c t i o n  in i n ju r ed  liver.  Th i s  
h y p o t h e s i s  is in  accord  w i t h  t he  resu l t s  of our  p rev ious  
s tud ies  of key  c a r b o h y d r a t e - m e t a b o l i z i n g  enzymes  in 
d a m a g e d  l ivers  in t h e  sense t h a t  t h e  e x t e n t  of e n z y m e  
d e v i a t i o n  in i n iu r ed  l ivers  is closely s imi la r  to  t h a t  in 
u n d i f f e r e n t i a t e d  h e p a t o c y t e s  ~. 
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Summary. I t  is shown  t h a t  e x c i t a t i o n  of t he  e~ or /3-adrenoceptors in  mouse  p a r o t i d  ac ina r  cells causes a m a r k e d  re- 
d u c t i o n  of surface  cell m e m b r a n e  res is tance.  The  ~ -adrenocep to r  i nduced  m e m b r a n e  effect  is an  increase  ill K conduc-  
tance .  The  /3-adrenoceptor  i nduced  m e m b r a n e  effect  does n o t  seem to  be  m e d i a t e d  b y  cyclic AMP.  

Us ing  in t r ace l lu l a r  mic ro-e lec t rode  record ing  f rom 
p a r o t i d  acini  i t  h a s  r ecen t l y  been  s h o w n  t h a t  t he re  are 
t h r e e  d i s t i n c t  r ecep tors  in f luenc ing  t h e  ac ina r  cell m e m -  
b r a n e  po ten t i a l .  E x c i t a t i o n  of a chol inergic  (muscar inic)  
r ecep to r  or  a n  ~ -ad renocep to r  causes  h y p e r p o l a r i z a t i o n  
whereas  e x c i t a t i o n  of a ~ - ad renocep to r  resu l t s  in  depo-  
l a r i za t ion  ~. The  m e c h a n i s m  of ac t ion  of ace ty lcho l ine  on  
s a l i va ry  ac ina r  cells ha s  been  t h o r o u g h l y  i n v e s t i g a t e d  a n d  

the re  is l i t t le  d o u b t  t h a t  ACh acts  b y  increas ing  t he  cell 
m e m b r a n e  c o n d u c t a n c e  to  If+ a n d  poss ib ly  also to  
N a  +2,~. W i t h  respec t  to  t h e  m e c h a n i s m  of ac t ion  of 
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Fig. 1. Membrane potential  and input resistance measurement in mouse parotid aeinar cell using 1 micro-electrode. The upper trace 
shows the spontaneous membrane potential  and the short-lasting hyperpolarizations caused by the rectangular current pulses (100 
msec duration), injected through the recording micro-electrode, shown in the lower trace. Adrenaline added to the tissue bath in a single 
dose to achieve for a short period a concentration of 10 -~ M markedly byperpolarized the cell membrane and reduced the amplitude of the 
short-lasting current-pulse-induced hyperpolarizations. 
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ad rena l ine  on p a r o t i d  ac ina r  cells SELINGER et al. a 
concluded that the adrenaline-induced K+ release was an 
energy requiring process. 

P~:rERSEN and PEDERSEN I have suggested that the 
initial step in the e-adrenergic membrane action is to 
increase membrane K+ permeability. In smooth muscle 
adrenaline seems to act by increasing the K+permeability ~. 

I have now for the first time examined the eflect of 
adrenaline and isoprenaline on the parotid acinar cell 
membrane resistance and also examined the possibility 
that the isoprenaline effect could be mediated by cyclic 
AMP since it is known that isoprenaline is a powerful 
stimulant of parotid adenyl cyclase 6 

Me/hods. The experiments were carried out on mouse 
parotid segments in a superfusion bathL Membrane 
po ten t i a l s  a n d  res i s tance  be t w een  cell in te r io r  and t h e  
e x t e r n a l  m e d i u m  were  m e a s u r e d  us ing  1 mic roe lec t rode  
t h r o u g h  which  c u r r e n t  pulses could be  in jec ted  as pre-  
v ious ly  descr ibed in de ta i l  7, s. 

Results. Figure  1 shows t he  m a r k e d  r e d u c t i o n  in i n p u t  
res i s tance  occur r ing  c o n c o m i t a n t l y  w i t h  t he  hype rpo la r -  
i za t ion  fol lowing ad rena l ine  s t imu la t ion .  I n  t he  res t ing  
s t a t e  t he  m e a n  i n p u t  res i s tance  was 3.1 4- 0.2 M D ,  
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Fig. 2. Four examples of the effect of adrenaline (10:6 M) ($) on mem- 
brane potential and resistance. Current pulses of constant size and 
duration (2 • 10 -9 A, 100 msec) were used throughout (not shown). 
Note quickening of the time course of the current pulse induced 
membrane hyperpoIarizations during the action of adrenaline. 
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Fig. 3. Effect of isoprenaline (10 -a M) on cell membrane potential and 
input resistance. 

th i s  was  r educed  to 1.0 :~ 0.2 Mr2  (n = 16) (p < 0.001) 
b y  ad rena l ine  (10-* M).  This  m a r k e d  r educ t i on  in i n p u t  
r es i s t ance  was assoc ia ted  w i t h  a r educ t i on  in m e m b r a n e  
t i m e  c o n s t a n t  (Figure 2) f rom a b o u t  5-10 to  2-3 msec. 
I t  is the re fo re  r easonab le  to  conc lude  t h a t  t h e  r educ t i on  
in i n p u t  res i s tance  is due  to a r educ t ion  of t he  surface  cell 
m e m b r a n e  res i s tance  a n d  n o t  to  a c h a n g e  in t h e  j u n c t i o n a l  
cell m e m b r a n e  res i s tance  s 

The  h y p e r p o l a r i z a t i o n  induced  b y  ad rena l ine  is caused  
b y  a - recep tor  a c t i v a t i o n  1. A c t i v a t i o n  of t he  /~-receptor 
b y  isoprenal ine ,  r e su l t ing  in depola r iza t ion ,  was  ac- 
c o m p a n i e d  b y  a r educ t i on  in i n p u t  res i s tance  f rom 2.4 4- 
0.3 to  1.2 ~: 0.3 M/2 (n = 6) (p < 0.05) (Figure 3). 

Since i soprena l ine  is a powerfu l  s t i m u l a n t  of p a r o t i d  
a d e n y l  cyclase i t  seemed possible  t h a t  t h e  m e m b r a n e  
effect  of i soprena l ine  was m e d i a t e d  b y  in t r ace l lu l a r  cyclic 
A M P  as seems to be  t h e  case for  t he  g lucagon- induced  
l iver  cell  m e m b r a n e  hype rpo la r i za t i on" .  However ,  t he  
effect  of exogenous  d i b u t y r y l  Cyclic A M P  was d i f fe ren t  
f rom t h a t  of isoprenal ine.  D i b u t y r y l  cyclic A M P  (2 m M )  
caused a m e a n  h y p e r p o l a r i z a t i o n  of 3.5 4- 1.1 m V  (n = 6) 
whi le  i soprena l ine  (10 -5 M) i n  t he  same  p r e p a r a t i o n s  
caused  a depo la r i za t ion  w i t h  a m e a n  va lue  of 9.4 4-1.1 
m V  (n = 7). No effect  on  t he  m e m b r a n e  p o t e n t i a l  was  
obse rved  us ing  lower c o n c e n t r a t i o n s  of cyclic A M P  
(0.1 to 1 mM) .  

Disaussion. The resu l t s  o b t a i n e d  ind ica t e  t h a t  t h e  
m e m b r a n e  hype rpo l a r i za t i on  evoked  b y  ~-adrenerg ic  
s t i m u l a t i o n  is due to  an  increase  in m e m b r a n e  ion con- 
duc tance .  Since i t  h a s  p rev ious ly  been  s h o w n  t h a t  t he  
a m p l i t u d e  of t he  h y p e r p o l a r i z a t i o n  is v e r y  d e p e n d e n t  on  
t he  ex t race l lu la r  K + c o n c e n t r a t i o n  I i t  seems reasonab le  
to  conc lude  t h a t  e - ad renocep to r  exc i t a t i on  in p a r o t i d  
acini  causes an  increase  in cell m e m b r a n e  K+ pe rmea-  
bi l i ty .  This  agrees w i t h  ear l ier  e x p e r i m e n t a l  resu l t s  
s h o w i n g  t h a t  ad rena l ine  induces  a m a r k e d  K + release 
f rom per fused  s a l i va ry  g lands  lo. 

A l t h o u g h  i t  is k n o w n  t h a t  i soprena l ine  a c t i v a t e s  an  
a d e n y l  cyclase in  t h e  p a r o t i d  6 t he  resu l t s  o b t a i n e d  m a y  
ind ica te  t h a t  t he  i soprena l ine - induced  depo la r i za t ion  is 
n o t  m e d i a t e d  b y  in t r ace l lu l a r  cyclic A M P  accumula t ion ,  
b u t  i t  c a n n o t  be  exc luded  t h a t  a h igh  ex t race l lu la r  
d i b u t y r y l  cyclic A M P  c o n c e n t r a t i o n  ha s  o t h e r  effects  t h a n  
in t r ace l lu la r  cyclic A M P  accumula t ion .  Since exogenous  
cyclic A M P  mimics  t he  effects of i soprena l ine  on amylase  
secre t ion  f rom the  mouse  pa ro t i d  n t he  resu l t s  a t  leas t  
i nd i ca t e  that t h e  i soprena l ine - induced  p o t e n t i a l  a n d  
res i s tance  change  is no t  mere ly  a consequence  of t he  
g ranu le  m e m b r a n e  inse r t ion  in to  the  l u m i n a l  p l a s m a  
m e m b r a n e  occur r ing  du r ing  t he  exocTCcosis process.  The  
resu l t s  o b t a i n e d  conform w i t h  t he  gene ra l i za t ion  t h a t  
h o r m o n e s  and  n e u r o t r a n s m i t t e r s  evoke  changes  in cell 
m e m b r a n e  p e r m e a b i l i t y  and  t h a t  th i s  is an  i m p o r t a n t  s tep  
in t h e i r  m e c h a n i s m  of ac t ion  ~2. 
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