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Abstract A study was made of the relationship between the alpha and beta-adrenergic function and 
the stimulation of glycogenolysis and gluconcogenesis by catecholamines. Glycogenolysis was activated 
by epinephrine. norepinephrine and isoproterenol. with this decreasing order of potency. The activations 

of glycogenolysis by epincphrine and isoproterenol and of gluconcogencsis by epinephrme were not 

blocked by phentolamine. propranolol or both, despite complete blockade by propranolol of the 
epinephrine- and isoproterenol-induced increases in tissue cyclic AMP levels. Theophyllinc increased 
tissue cyclic AMP but u’as without effect on gljcogenolysis and gluconeogenesis in tither the normal 

or epinephrine-treated liver. These results not only arc in accord hith the view that the adrcnergic 
receptor in the liber cannot be readily classified into an alpha- or a beta-receptor. hut also suggest 

that intracellular cyclic AMP is not necessarily the only factor in\ol\ed m the activation of glycogeno- 
11~ and pluconeogenesis by epinephrine in perfused rat liver. 

It has frequently been observed in riw and irz ritro 
that alterations of the activity of carbohydrate meta- 
bolism induced by various catecholamines in the liver 
are not only resistant to adrenergic blocking agents 
but also. in magnitude, at variance with the relative 
potency of the catecholamines as adrenergic alpha- 
or beta-stimulants. Based on these observations. it is 
now accepted that the adrenergic receptor involved 
in the regulation of hepatic carbohydrate metabolism 
cannot be classified with ease as either an alpha- or 
a beta-receptor (see Ref. I for review). It is probable 
that the metabolic response of the liver observed in 
riw is modified by a variety of extraneous factors 
originating from extrahepatic tissues, thereby obscur- 
ing the real properties of the response. However. 
studies with isolated liver preparations, despite their 
advantage in eliminating interference by such 
extraneous factors. have also afforded inconsistent 
results e.g. epinephrine-induced activations of glu- 

coneogenesis and phosphorylase were relatively 
insensitive to the adrenergic beta-blockade in rat liver 
cells [2] and in perfused rat liver 131, whereas the 
stimulation of glycogenolysis by catecholamines was 
competitively inhibited by propranolol, a beta- 
blocker. in rabbit liver slices 141, 

The purpose of the present paper is to study the 
relation of the beta-receptor-mediated function to the 
strong activation of plycogenolysis and gluconeo- 
genesis induced by epinephrine in perfused rat li\er. 

WETHODS 

Livers from Wistar rats weighing 100-130 g were 
perfused by the technique of Mortimore [S]. The per- 
fusion apparatus and techniques are the same as those 
described by Exton and Park 161. except that their 
rotating oxygenation chamber was replaced by the 

spiral tube [7] in our apparatus. Livers from fed rats 
were perfused by recirculating the perfusion medium 
consisting of Krebs-Ringer bicarbonate solution con- 
taining 3”,, bovine serum albumin (Fraction V. Sigma) 
and 20”,, bovine erythrocytes [8]. 

Since the previous studies showed that the re- 
sponses of glycogcnolytic [7.9] and gluconeogenic 
[lo. 1 I] activities in the perfused liver to epinephrine 
(or glucagon) become very pronounced after their 
basal activities have subsided to low levels following 
a I-hr recirculation of perfusate. all the experiments 
in the present paper have been carried out according 
to the following protocol. Livers from fed rats were 
first perfused with the perfusion medium containing 
no substrate of gluconeogenesis for 1 hr and then 
[‘“C-Ullactate (10 /Ki;liver to make a final concen- 
tration of 20 mM) was added. with or without cate- 
cholamine. Adrenergic blocking agents. if necessary. 
were added 20 min before epinephrine (or other 
mimetic drugs). Glucose [I21 and [lJC]gl~~cosc [I31 
in the perfusate were determined on small amounts 
(0.1 to 0.2 ml) of perfusate withdrawn at intervals. 
In some experiments. portions of minor hepatic lobes 
were removed at interbals by the double-ligation tech- 
nique and the excised liver was quickly frolcn in a 
clamp precooled in liquid Nz. The frozen liver was 
analysed for phosphorylase 1141. glycogen synthctase 
[IS] and cyclic AMP [IS]. 

Sources of the reagents are: epinephrine tartrate, 
Merck; isoproterenol and norepinephrine. Sigma; 
propranolol, a kind gift from Ohtsuka Pharmaceuti- 
cal Co., Tokushima. Japan: and phentolamine. Ciba- 
Geigy, Japan. 

RESLILTS 

After a I-hr pre-perfusion of the liver from the fed 
rat with the perfusion medium containing no lactate. 



[“Cllactatc was added to initiate gluconeogcnesis 

from lactate (Fig. I). Figure IA shows the net liber- 
ation of glucose into the perfusate. while Fig. IB 
shows the conversion of [“C]lactate to perfusate glu- 
cose. Since livers from fed rats contained large 
amounts of glycogcn (3 -40 mg,‘g wet liver). most 
(roughly three-fourths) of the glucose libcratcd had 
originated from li,er glycogen, as rcvcaled by a com- 
parison of Fig. 1A with I B. (Hence. glucose produc- 
tion in panel A is referred to as ‘glycogcnol~si~‘: the 
Verne expression holds l’or the other figures.) As had 
been previously reported [IO. I I]. both glycogenolytic 
and gluconeogenic activities had subsided to a ver! 
low level during the I-hr pre-perfusion and were 
maintained at this low level for further duration of 
perfusion. The addition of 5 x IV” M rpinephrine 
after I hr (shown in figures as zero time) produced 
21 -I- to Sfold increase of glycogenolytic acti\ it) and 

-I Significantly diff‘et-ent from sallnc ( < 0~01 1. 
$ Significantly different from saline ( < OG5). 
? Not dltTcrent from cpincphrinc ( ,> 005). 



03 

02 

0 

0 * Without bbcker 

D & With ~-blocker 
- D * Witha-blocker 

B 

0 IO 20 3Q 

33 rwcaf fhat neither p~-~~pr~~ilol~~l nor pl~eilto~~lrn~ne 
modified epincphrine action. ~ore~~inepbr~ne at a 
co~~centration of 5 x IO-” M teas also effectitc in 
increasing glycogenolysis. though to a lesser extent 
than epinephrine at the same molar concentration 
(Fig. 22). This action of norcpinephrine was not in- 
fluenced by the addition of phentolamine at a 1N’old 
higher concentration. The level of cyclic AMP in the 
perfused liver increased very p,r-omptty in response 10 
5 x 10-” M ep~nephr~ne with a peak increase (?-Gild) 
at 1 min (Fig. 3C). This action of epincphrinc was 
completely blocked by propranolol. which failed to 
block the stimulatory action of cpinephrine on &co- 
genolysis and gluconeogcnesis. 

The &ct of isopreotorenol on ~ly~ogeno~~sis and 
g~~?~on~og~~~~s is shown in Fig. 3. The ad&ion of 
iwproter~noi. 5 x I Cl‘-” M. to the perfusatc caused 
an :ictivation of glycugcnolysis (panel A). but in a 
much smaller degree than epincphrinc or norcpine- 
phrine, despite a greater increase by isoproterenol in 
the fevef of c@ic AMP (inset of panel B). The in- 
crease of q&c AMP induced by isoproterenol was, 
hut the activation of ~~y~~~~lo~~s~s was not, blocked 
by propranolot. CIuconeogenesls was not enhanced 
by isoproterenol as showr~ in panel B. 

In order further to examine the apparent discrr- 
pancy thus far observed between rnctabolic alter- 
arions and tissue levels of cyclic AMP as regards the 
responses to catecholamincs or blockers. t~~eoph~~~jn~ 
was added to the perfusate 5 min befg3re epinephrinu 
and its effect on the activities of giycogenolysis and 
gtucnneogenesis and the tissue level of cyclic AMP 
was studied (Fig. 4). Theophyllinc not only caused 
a slight but significant increase of tissue cyclic AMP 
level by itself. but also enhanced the epinephrine- 
induced increase of cyclic AMP (panel C). Neecrthe- 

less. the aaivation of gI\;cogenolysis and gturonecs- 

genesis caused by qincphrine was not &&ted by the 
pretreatment with t~l~ophy~line. Though theophyllinc 
alone tended to increase glycogcnolysis. this effect, 
along with the dl”cct on gluconengenesis. was not 
st;ltistically significant. 

The resufts in the present paper show that the order 
of potency of catccholamincs was cpinephrine r 



norepinephrine > isoprotercnol for the a&cation ot 
glycogenolysis in the perfused rat liver. Epinephrine 
was much more effective than isoprotercnol in stimu- 
lating gluconeogenesis as well. Isoprotcrenol was a 
more potent beta-adrencrgic stimulant than cpinc- 
phrinc, as shown by the rclativc response of tissue 
cyclic AMP to these cutcchoiamines. Although un- 
likely. the possibility cannot fully be excluded that 
isoproterenol has been converted to an apparently in- 
hibitory metabolite during perfusion [ 18. IY]. because 
the time course of glucose production in the presence 
of isoproterenol was not consistent with the typical 
pattern of transient activation followed by its rapid 
or gradual decrease (Fig. 3). Thus. the order of 
potency for the metabolic responses observed for 
catecholamines is at variance with their rclativc 
potencies as either a beta- or alpha-stimulant. Morc- 
ober. epinephrine-induced activation of glycogenolysis 
and gluconeogenesis was not blocked bt propranolol. 
phcntolamine. or both. Nor was the activation of gly- 
cogenolysis by norcpincphrine and isoprotcrcnol 
affected by phentolamine and propranolol respect- 
ivcly. These results obtained in perfused liver arc in 
good agreement with the previous findings in livcl 
free cells [Z] and lend a strong support to the \iew 
[I] that the adrencrgic receptor involved in the t-cgu- 
lation of carbohydrate metabolism in rat livci- cannot 
be readily classified into an alpha- or a beta-type. 

It is widely accepted that epinephrinc (and other 
beta-stimulants) activates adenylatc cyclase. thercbq 
increasinLp cellular cyclic AMP. which. in turn. lead:, 
to the activation of metabolic pathways such as glyco- 
genolysis and gluconcogcnesis through the phosphor- 
ylation of enzyme protein bq cyclic AMP-dependent 
protein kinasc. In the present paper. houcver. there 
are so\erol cases in which metabolic pathway5 arc 
activated by catecholamines without a dctectablc in- 
crease in tissue cyclic AMP. ix. the actix~tionz of gly- 
cogenolysis by epinephrinc and isoproterenol and of 
gluconeogenesis by cpinephrine in the prcsencc of a 
beta-adrcnergic blocker. In addition. recent studies 
from this laboratory have shown that 3 x IO ’ M 
epinephrine failed to increase the Icvel of cyclic AMP 
but activated phosphorylase during perfusion of the 
liver from hydrocortisonc-treated rats [7J. Likewise. 

it was rcportcd by Tolbcrt 01 trl. Lll] that 5 / IO 
M epinephrine stimulated gluconco+cnesis despite ;I 
lack of increase of qclic AMP in isolated rat li\cr 
cells. On the other hand. there xx! also several casc~ 

in which the increase in tissue cvclic AMP does not 
lead to an incrcasc in metabolic activities c.g. the 
addition of theophyllinc in the prcscnce or abscncc 
of cpincphrine produced osscntially no incrra\e in 
gl~~osc production from cithcr glycogcn ot- lactate. 
despite a significant rlsc of tissue cyclic AMP. Simi- 
larly. there was no increase in gluconeogencsis and 
only a small incrcasc in glycogenolysis after the addi- 
tion of isoprotercnol in such R concentration 3s 10 
cause a marked rise of tissue cyclic AMP Icvel. 

Activation of metabolic pathways without ;I preccd- 
ing increase of tissue cyclic AMP could bc cxplaincd 
by the shift in intracellular cyclic AMP. or alterna- 
tivcly by assuming that there may bc a cyclic AMP- 
independent mechanism m addition to a cyclic AMP- 
dependent one. as suggested by Tolbcrt (jr rrl. [?], 
Howcvcr. the inabilit) of incrcascd cyclic AMP to 
activate glycogenolysis. observed in the prcsrnt study. 
is hardly accounted for by this assumption alone. 
Instead. it might he possible to speculate that not 
only the formation of cyclic AMP hut also the action 
of cyclic AMP formed in the cell i\ favored by cpine- 
phrinc (or h\ other catrcholaminc\ to ;I Icxr extent). 
AMP formation i\ I i;t the buta-adrcncrgic rcccptot 
but epinephrinc acti\atian 01‘ cyclic .AMP action 15 

independent of beta-x~rcncrgic function. In accord 
with this speculation. modification of the action 01 
cyclic AMP hq calcium [Xl. ~lucocoi-tlcoiti~ [ 2 I ] and 
~h~lis 01’ bodil! pH [I 5. 121 has been rcportsd. Work 
along this lint is noI4 in pi-ogre+ in our I:lhoi-;ltc~l~\ 
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Epinephrinc activation of carbohydrate metabolism x45 


