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• • p  on glucose output and cycl ic AMP from the isolated 
perfused rat l ives were investigated. Secretin 0.I U/ml increased cycl ic AMP 
in the ef f luent without an increase in glucose output. Glucose output induced 
by epinephrine lO-SM was not affected by secretin 0.I U/ml administered 
simultaneously, whereas the increase in cycl ic AMP produced by Secretin 0.I 

8 U/ml was jnh ib i ted by epinephrine I0- M. The increase in cycli~c AMP produced 
b y ~ ~ ' ~ ! ~ M  was not affected by epinephrine IO-SM. Th~se results 
suggest that secretin does not affect glycogenolysis in the l i ve r  and secretin 
activates adenylate cyclase through a d i f ferent  receptor from glucagon in the 
l i ver .  

Secretin is s imi lar  to glucagon in i ts  amino acid sequence and some of 

i t s  biological effects ( I ) .  Although several investigators have reported 

secretin-induced adenylate cyclase in the cell membrane (2, 3), the effect of 

secretin on glucose metabolism in the l i ve r  is s t i l l  uncertain. In this report 

we examine the effects of secretin on glucose output and cycl ic AMP from the 

{solated perfusee rat l i ve r .  

MATERIALS AND METHODS 

The isolated rat l i ve r  perfusion was performed according to the method of 
Sugano et al (4). Br ie f l y ,  the l ivers  were isolated from male Wistar rats 
weighing 200 to 250 g fed ad l i b  and perfused noncycl ical ly at a rate of 30 
ml/min with hemoglobin-free Krebs-Henseleit bicarbonate buffer gassed with a 
humidified mixture of 95% 02 - 5% C02. The l ivers  were maintained at 32°C 
and the ef f luent  was collected every one minute. After the l i ve r  were pre- 
perfused for 30 min, pork secretin (Eisai,  Tokyo, Japan), pork glucagon 
(Novo A.S., Copenhagen, Denmark) and L-epinephrine (Dai ichi,  Tokyo, Japan) 
were administered alone or together through a side arm for I0 min. Cyclic AMP 
was assayed by RIA k i t  (Yamasa Shoyu, Choshi, Japan). Glucose was measured by 
the glucose oxidase method. Cyclic AMP and glucose were corrected by wet 
weight of the l i ve r  at the end of the experiment. S ta t is t ica l  analysis was 
done with Student's t test .  

RESULTS 

Cyclic AMP and glucos e in the eff luent from the isolated perfused rat 

l i ve r  induced bY secr et in ,  epinephrine and 91ucagon. Basal cycl ic AMP in the 
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Glucose output (upper panel) and cyc l ic  AMP in the e f f luent  
(lower panel) from the isolated perfused rat l i ve r  when secretin 0.I U/ml (A), 
epinephrinelO-SM (0) or glucagon lO-Z°M (0) was administered for I0 min. Each 
point shows mean ± standard error. 

e f f l u e n t  was under detectable l eve l s  (approximately 2 pmole cAMP/g l i v e r / m i n )  

and basal glucose output  was 0.44 ± 0.02 (mean ± SEM) ~mole glucose/g l i v e r / m i n .  

When secre t in  0 . I  U/ml was administered f o r  I0 min, c y c l i c  AMP in  the e f f l u e n t  

was increased to 52.3 ± 1.9 pmole cAMP/g l i v e r / m i n  at I0 min. However, glucose 

output  was not a f fec ted by secre t in  0 . I  U/ml (F ig.  I ) .  Glucose output  was 

increased to 1.60 ± 0.04 ~mole glucose/g l i v e r / m i n  at  3 min, but c y c l i c  AMP 
J 

in  the e f f l u e n t  was under detectable leve ls  dur ing the admin i s t ra t i on  of  

epinephr ine IO-8M fo r  I0 min (Fig.  I ) .  Both glucose and c y c l i c  AMP in the 

effluent were increased by. the administration of glucagon IO-~°M for I0 min 

resulting in 2.91 ± O.lO ~mole glucose/g liver/min and 8.1 ± l . l  pmole cAMP/g 
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l iver/min at I0 min, respectively (Fig. I ) .  Since glucagon and some other 

hormones increase cycl ic AMP levels both in the perfusate and in the l i ve r  (5), 

the increase in cycl ic AMP in the ef f luent from the isolated perfused rat 

l i ve r  is thought to be reflected in the accumulation of cycl ic AMP in the 

l i ve r .  Because of the absence of substrates for gluconeogenesis in the per- 

fusate, the increase of glucose output i s  mostly due to glycogenolysis in th is 

invest igat ion. 

Effects of simultaneous administration of epinephrine with secretin or 

glucagon. Epinephrine IO-SM did not increase cycl ic AMP in the ef f luent in 

this invest igat ion (Fig. I ) .  I t  is l i ke l y  that glucose output was increased 

mainly by ~-adrenergic effect of epinephrine IO-~M (6). In order to, ascertain 

the permissive effect of cycl ic AMP increased by secretin on glucose output 

increased by ~-adrenergic st imulat ion, secretin 0.I U/ml and epinephrine IO-SM 

were administered for I0 min simultaneously. Glucose output increased by 

epinephrine IO-SM was not affected by concomitant administration of secretin 

0. I U/ml. However, cycl ic AMP in the ef f luent was 3.0 ± 0.4 pmole cAMP/g 

l iver/min at I0 min when secretin 0.I U/ml and epinephrine IO-SM were adminis- 

tered together, and was s ign i f i can t l y  lower than that by secretin 0.I U/ml 

alone (P < 0.001, Fig. 2). When glucagon IO-~°M and epinephrine IO-SM were 

administered simultaneously, glucose output was higher (P < 0.05) than that 

of glucagon IO-~°M alone at 2 and 3 min, and cycl ic AMP in the ef f luent was 

s l i gh t l y  low (6.4 ± 0.4 pmole cAMP/g l iver/min) at I0 min but ins ign i f icant  

(Fig. 3). 

DISCUSSION 

Cyclic AMP increased by secretin seemed unconnected with glycogenolysis 

in the l i ve r ,  because secretin 0.I U/ml alone did not affect glucose output 

(Fig. I ) ,  and i t  also did not have the permissive effect on glucose output 

increased by ~-adrenergic st imulation of epinephrine IO-SM (Fig. 2). Two 

explanations can be made for a lack of glucose output in spite of a r ise in 

cycl ic AMP by secretin. F i rs t ,  there may be a component of cycl ic AMP which 

is not linked to glucose metabolism in the hepatocytes. Second, secretin may 
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Figure 2 Glucose output (upper panel) and cyclic AMP in the effluent 
(lower panel) from the isolated perfused rat l iver when secretin 0.I U/ml (Q) 
or epinephrine 10-SM (A) was administered for 10 min alone or together (O). 

act on another cel l  than the hepatocyte. The l a t t e r  is most l i k e l y ;  hence, 

hepatic b i l e  production increased by secret in was reported (7). On the other 

hand, the act ivat ion of adenylate cyclase by secret in through a d i f f e ren t  

receptor from that of glucagon in the l i v e r  cel l  membrane was reported (2, 3), 

so i t  is d i f f i c u l t  to deny the former hypothesis. In th is  invest igat ion,  

simultaneous administrat ion of epinephrine 10-SM inh ib i ted the increase of 

cyc l ic  AMP by secret in 0.I U/ml but not that of glucagon 10-~°M (Fig. 2, 3). 

This indicates that the secret in- l inked adenylate cyclase system and the 

glucagon-linked adenylate cyclase system d i f fered in t he i r  in teract ion with 

the epinephrine receptor in the isolated perfused rat  l i ve r .  However, th is  

does not mean that secret in and glucagon act on d i f f e ren t  ce l ls .  Recently, 

~-adrenergic agonist was found to i n h i b i t  glucagon stimulated cyc l ic  AMP 

accumulation in the l i v e r  membrane (8) and the isolated hepatocytes (9). I t  
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Fiqure 3 Glucose output (upper panel) and cycl ic AMP in the eff luent 
(lower panel) from the isolated perfused rat l i ve r  when glucagon lO-l°M (0) 
or epinephrine IO-SM (A)was administeredforlO min alone or together (0). 

i s  p a r t l y  due to the d i f fe rence  in the preparat ion ( I0)  that  epinephrine IO-SM 

did not i n h i b i t  the increase of  c y c l i c  AMP in the e f f l u e n t  from the i so la ted  

perfused ra t  l i v e r  by glucagon I O-I°M in t h i s  i nves t i ga t i on  (Fig. 3). So i t  

seems secre t in  may p a r t l y  ac t i va te  adenylate cyclase in a ce l l  other than the 

hepatocyte, and also i t  is  l i k e l y  tha t  secret in  increases cyc l i c  AMP which is  

not l inked to g lycogenolysis in the hepatocytes. 

In conclusion, secret in  produced a r i s e  in cyc l i c  AMP in the e f f l u e n t  

from iso la ted  perfused ra t  l i v e r  but did not a f f ec t  g lycogenolysis in the l i v e r .  
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