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SUMMARY 

The effects of glucagon, 3 ' ,5 ' -AMP, 3 ' ,5 ' -GMP and dexamethasone on ion 
fluxes and transmembrane-potential  changes were compared in perfused livers from 
normal and adrenalectomized rats. Glucagon and cyclic nucleotide administration 
resulted in a similar redistribution of Na ÷ and K ÷ and membrane hyperpolarization 
in both groups. Dexamethasone at a dose which restores the gluconeogenic response 
after adrenalectomy, had no effect on either the ion movements or membrane poten- 
tial and did not alter the responses to cyclic nucleotides or glucagon in either normal  
or adrenalectomized rat livers~ These results suggest that the permissive effect of 
glucacorticoids on gluconeogenesis might be related to an event following ion 
movement.  

INTROD UCTION 

It has been demonstrated that administration of glucagon, 3 ' ,5 ' -AMP or 
3 ' ,5 ' -GMP to the perfused liver is followed by an increased rate of  gluconeogenesis 1-3. 
The stimulatory effect of  these agents on gluconeogenesis seems to be associated 
with a large-scale ion movement  and hyperpolarization of the cell membrane ~-8. 
Interference with the ion redistribution either by local anesthetics, or by varying 
the ionic composition of the perfusate blocks the increase in glucose output s'6. 
The ability of glucagon or 3 ' ,5 ' -AMP to exert their effect on gluconeogenesis depends 
on the presence of glucocorticoids. While the exact mechanism by which gluco- 
corticoids influence these processes is not known, it seems to be established that 
their role is a permissive effect rather than a regulatory one 9-15. The observed relation- 
ship between the hormonally-induced gluconeogenesis and ion movements indicates 
the possibility that the glucocorticoid influence on gluconeogenesis is correlated 
with an effect on ion fluxes. Results f rom our experiments testing this hypothesis 
are given in this report. 

METHODS 

Male Sprague-Dawley rats weighing 80-100 g were used. Adrenalectomized 
rats were given 0.9% NaCI to drink. 5-8 days later after overnight fast they served 
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as liver donors. Normal  animals were also fasted overnight prior to experiments. 
The liver perfusion technique has been described in detail (ref. 5, also, see legends 
for Figs 1 and 2). The standard medium consisted of Krebs-Ringer  bicarbonate 
buffer containing 4% bovine albumin (Fraction V, N.B.C.). Membrane potentials 
were measured by impalement of superficial cells with glass capillary microelectrodes 
filled with either 2 M potassium citrate or 3 M KCI. 15-60 Mr2 resistance electrodes 
were used. Although it was possible to maintain stable cell penetrations for long 
periods (5-20 min) electrodes were routinely withdrawn from cells after attaining 
a stable potential level; thus, a sampling of up to 15 cells per rain was achieved. 
Temperature, monitored at the surface of the liver was maintained at 33 C .  Na + 
and K + were determined with diluted perfusate by using a Beckman flame-photo- 
meter. 

RESULTS AND DISCUSSION 

The effects of glucagon, 3 ' ,5 '-AMP, 3 ' ,5 ' -GMP and dexamethasone on K + 
and Na + movement  were examined. Following glucagon or cyclic nucleotide ad- 
ministration, a biphasic movement  of Na + and K + was observed (Fig. 1). The 
responses in livers from the adrenalectomized animals were similar to those reported 
previously for glucagon and 3 ' ,5 ' -AMP in normal animals 6. We are reporting now 
that  3 ' ,5 ' -GMP also affects Na + and K + movements in the livers from normal 
(not shown) and adrenalectomized animals. This effect is essentially similar to the 
effect of 3 ' ,5 '-AMP. Dexamethasone (2 or 7 #g/ml, a dose which has been shown 
to restore the gluconeogenic response in livers from adrenalectomized rats 12) had no 
effect on ion movement  (Fig. 1). 

The control level of liver cell membrane potentials from adrenalectomized 
and normal animals were not significantly different (Table l). Similar values have 
been reported for perfused rat liver 7'8'~6-~8. Because it was desirable to perform 
the electrophysiological measurements under conditions identical to the metabolic 
studies, Krebs-Ringer  bicarbonate buffer with an additional 20 mM sodium pyruvate 
was the control perfusate. In both groups the addition of sodium pyruvate produced 
a hyperpolarization which developed to a steady state over a 10-15-min period 
(Table I). Dexamethasone, 4 #g/ml, had no effect on liver cell membrane potentials 
within 20 min (Table I). Glucagon, 3 ' ,5 ' -AMP and 3 ' ,5 ' -GMP produced transient 
hyperpolarization in all experiments (Table I and Fig. 2). The hyperpolarization 
responses in the normal and the adrenalectomized groups were not significantly 
different. The range of peak hyperpolarization responses was 17 21 mM and the 
range of maximum membrane potentials during this response was 60 77 inV. As 
determined in separate experiments (not shown) the hyperpolarization responses 
were not dependent on the presence of sodium pyruvate; the membrane potentials 
were less in the absence of the sodium pyruvate but the increments of hyperpolariza- 
tion were similar. Hyperpolarizations were always transient, attaining peak values 
at 4-7 min then returning toward control levels. Frequently, a second period of 
membrane hyperpolarization was observed 6-12 min after the initial response. 

Our present data demonstrate that glucagon, 3 ' ,5 ' -AMP or 3 ' ,5 ' -GMP ad- 
ministration is followed by a redistribution of Na + and K + and cell membrane 
hyperpolarization in the perfused livers of adrenalectomized and normal animals. 
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Fig. 1. The effects of  3',5'-AMP, 3' ,5'-GMP and dexamethasone on ion fluxes. Livers from fasted 
adrenalectomized rats were perfused for 45 rain in a recirculating system with the standard 
medium. The test period shown in the figure was then begun by switching to fresh medium in 
a non-recirculating system and collecting the effluent over l-rain intervals. Where indicated 
3',5'-AMP or 3' ,5'-GMP was added to the reservoir to give a final concentration of  5" 10 4 M. 
The concentration of  dexamethasone was 2 t~g per ml. Each figure represents the average of 
three experiments. 

Fig. 2. The effects of  3',5'-AMP, 3' ,5'-GMP and glucagon on liver membrane potential. Livers 
were perfused with Krebs-Ringer bicarbonate buffer in a recirculating system. After 25 rain, 
sodium pyruvate was added to the reservoir to give a final concentration of 20 raM. 40 rain 
after the beginning of  the experiments the test substances were added (Time=0) .  The final con- 
centration of  3' ,5'-AMP or 3' ,5'-GMP was 5" 10 _4  M and of glucagon was 0.1 /~g per ml. The 
reference potential level (extracellular perfusate) is indicated by the base line in each record. 
Deflections from the base line indicate individual cell penetrations. (D.C. potential recording, 
upward is negative). 

T h e  g l u c o c o r t i c o i d ,  d e x a m e t h a s o n e ,  had no effect on ei ther  the K + a n d  N a  + move-  
ment  or the  m e m b r a n e  p o t e n t i a l ,  and ,  further ,  d id  n o t  a l ter  the  e l e c t r o l y t e  m o v e m e n t  
a n d  m e m b r a n e  h y p e r p o l a r i z a t i o n  r e s p o n s e s  to cyclic nucleot ide or  g lucagon ad-  
min is t ra t ion  in e i ther  n o r m a l  or  a d r e n a l e c t o m i z e d  an imal s .  P r e v i o u s  s tud ie s  showed 
t h a t  the  eff lux of  Ca 2+ which occurs in r e s p o n s e  to g lucagon or  3 ' , 5 ' - A M P  is ne i ther  
d e p e n d e n t  upon the presence o f  g lucocor t icoids  nor  a f f ec ted  by them 4. These da t a  
i n d i c a t e  tha t  the  r e s p o n s e  o f  the  a d r e n a l e c t o m i z e d  l iver to g lucagon or cycl ic-nucleo-  
t ide a d m i n i s t r a t i o n  in re spec t  to  ion  m o v e m e n t  e i ther  m e a s u r e d  direct ly  or  ref lected 
by c h a n g e s  in m e m b r a n e  p o t e n t i a l ,  is u n i m p a i r e d .  

Mi l l er  e t  al .  ~9 have  s h o w n  that  hearts  f r o m  a d r e n a l e c t o m i z e d  rats  h a d  an 
i m p a i r e d  g l y c o g e n o l y t i c  r e s p o n s e  to  e p i n e p h r i n e  w h i c h  w a s  res tored  by  ra i s ing  
the  p e r f u s a t e  C a  2+ c o n c e n t r a t i o n  f rom 2.5 to 3.5 mM.  The depressed phosphory la se  
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TABLE i 

MEMBRANE POTENTIALS 

Results are expressed in mV. Number of experiments in parentheses. Statistical probability(o) was 
calculated according to Student's t-test, comparing membrane potential values from normal and 
adrenalectomized condition. The upper P value corresponds to comparison of the first entries in 
each column**, and the lower P value corresponds to the comparison of the second entries in each 
column***. 

Krebs- Krebs- Glucagon 3",5"-AMP, Y,5'-GMP, Dexa- 
Ringer Ringer 5" 10 -4  M 5.10 ~4 M methason 
bicarbonate bicarbonate 4 ttg/ml 
buffer buffer + 

20 m M  sodium 
pyruvate 

Normal 35.2+1.6" 45.8_+2.1 55.8_+1.0"* 61.2_+2.9 57.0_+1.2 45.0 
62.7_+2.0*** 64.8_+4.2 62.7_+2.7 

(14) (17) (5) (6) (3) (1) 

Adrenal- 36.8+2.3 44.0-+1.6 58.7-+2.0 55.8_+1.6 57.0-+1.1 45.3_+2.( 
ectomized 66.5 _+ 3.2 62.3 _+ 1.9 61.5 + 1.5 

(6) (18) (6) (6) (2) (4) 

P 0.25 0.30 0.15 0.15 >0.45 
0.20 0.10 > 0.45 

* Mean _+ S.E. 
** Mean value of responses (from the average value of eight consecutive cell penetrations 

obtained during the peak of the response in each experiment). 
*** Mean of maximum single cell membrane potentials during response. 

act ivi ty  was also res tored to normal  values. Thus, it has been p roposed  tha t  the 
phys io logica l  role of  g lucocor t ico ids  in metabol ic  processes is the main tenance  o f  
the in t race l lu lar  ionic env i ronment  15" 19,20. In cont ras t  to the heart,  gluconeogenesis  
in liver is not  influenced by ext racel lu lar  calc ium s. Fu r the rmore ,  the ionic movements ,  
bo th  direct ly  measured  and inferred f rom membrane  potent ia l  changes, are identical  
in livers f rom normal  and adrena lec tomized  animals  and are not  affected by dexa- 
methasone .  Thus,  if the act ion of  g lucocor t icoids  in relat ion to gluconeogenesis  in 
liver is med ia t ed  by regula t ion  of  the ionic envi ronment ,  the a l tera t ions  must  be at  
the subcel lular  level ra ther  than  across the cell membrane .  

The impa i red  gluconeogenic  response observed in livers f rom adrena lec tomized  
animals  is caused by a defect  in a step after  the cyclase react ion 12'ls. The present  
da t a  raise the poss ibi l i ty  tha t  the defect  might  be in a step beyond  the effect o f  g lucagon 
or  3 ' , 5 ' - A M P  on ion movemen t  and tha t  the permissive effect of  g lucocor t icoids  
may  be related to an event  fol lowing ion movement .  
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