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Abstract-The effects of tolbutamide and glibenclamide on hepatic glycogenolysis in perfused rat liver 
were investigated. Tolbutamideperse did not influence glucose output from the liver, but at therapeutic 
concentrations (about 350 m) it significantly inhibited the glycogenolysis induced by phenylephrine, 
vasopressin and angiotensin II, while glibenclamide did not. Neither tolbutamide nor glibenclamide 
inhibited the glycogenolysis induced by glucagon. Tolbutamide potentiated the inhibitory effect of 
submaximal concentrations of insulin on glycogenolysis induced by phenylephrine. This effect of 
tolbutamide was elicitable even in the absence of calcium in the perfusate, and was additive to that of 
trifluoperazine. However, tolbutamide did not potentiate the inhibitory effect of insulin on glucagon- 
induced glycogenolysis. Tolbutamide inhibited the glycogenolysis induced by A23187, a calcium 
ionophore. These results indicate that, in addition to its known effect on insulin secretion, tolbutamide 
has a direct effect on the liver to inhibit glycogenolysis induced by Ca**-dependent hormones (cat- 
echolamines, vasopressin and angiotensin II) and A23187. Thus, it is likely that tolbutamide inhibits 
the effect of Ca*+ mobilized by Ca *+-dependent hormones to stimulate glycogenolysis. 

Sulfonylurea agents have been in use as hypo- 
glycemics for many years; the mechanisms of their 
extrapancreatic actions remain to be established. 
Numerous studies, both in vitro and in vivo, have 
demonstrated that the main effect of short-term sul- 
fonylurea treatment is a prompt increase in insulin 
secretion [l-3]. On the other hand, Altzuler et al. [4] 
reported that tolbutamide decreases hepatic glucose 
output even in the absence of an increase in the 
serum insulin level. Moreover, acute administration 
of the drug in vitro [5] and in vivo [6] does not 
potentiate the anti-glycogenolytic, glucose-utiliz- 
ation stimulating and anti-lipolytic actions of insulin 
in the peripheral tissues including the liver. There- 
fore, sulfonylurea may act directly to inhibit glucose 
production by the liver. 

The present study was performed to investigate 
whether or not the sulfonylureas, tolbutamide and 
glibenclamide, have direct effects on hepatic 
glycogenolysis. 

MATERIALS AND METHODS 

Animals. Fed, male Wistar rats (200 g) were used. 
Experiments were performed between 8:OO and 
ll:OOa.m. to ensure sufficient reserve of liver 
glycogen. 

Liver perfusion. The animals were anesthetized 
with pentobarbital (SOmg/kg, i.p.). The liver was 
perfused at 37” in a flow-through system as described 
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previously [7-91. After oxygenation with 100% Or, 
a Krebs-Ringer-Tris (KRT) buffer was infused con- 
tinuously via the portal vein into the liver at a rate 
of 25 ml/min. The composition of the KRT buffer 
was the same as that of Krebs-Ringer-bicarbonate 
buffer except that the concentration of CaC12 was 
1 mM because the concentration of Ca2+ in the extra- 
cellular fluid under physiological condition is close 
to 1 mM. Bicarbonate was replaced by 20 mM Tris- 
HCl (pH 7.40) to obtain a stable pH during perfusion 
[7-91. Twenty minutes after the start of perfusion, 
sulfonylurea, insulin or control vehicle for either of 
these agents was added to the perfusate; this was 
followed 10 min later by the addition of glucagon or 
other agents. The effluent from the hepatic vein 
was collected at designated intervals. Under these 
conditions, the amounts of glucose released into the 
effluent reflect mainly the activity of glycogenolysis 
when the liver is perfused with either phenylephrine 
[7] or glucagon [9]. 

Determination of glucose. Glucose concentration 
in the effluent was measured by the glucose oxidase- 
peroxidase method (Boehringer-Mannheim Corp., 
Mannheim, West Germany). 

Chemicals. Phenylephrine, vasopressin, dibutyryl 
cyclic AMP (DBCA) and isoproterenol were 
obtained from the Sigma Chemical Co. (St. Louis, 
MO, U.S.A.). Glucagon and insulin (Actrapid MC) 
were obtained from Novo Industri (Copenhagen, 
Denmark). A23187 was obtained from Calbiochem- 
Behring (Frankfurt, Germany). Tolbutamide, gli- 
benclamide and trifluoperazine were donated by the 
Hoechst Japan Co., Ltd. (Tokyo, Japan), the 
Yamanouchi Pharmaceutical Co., Ltd. (Tokyo, 
Japan), and the Yoshitomi Seiyaku Co. (Osaka, 
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Table 1. Effects of sulfonylurea on glucagon-induced glucose output and on glucagon-insulin 
interaction 

Basal glucose output rate 
(pmoles.g-’ ‘min-‘) 

Glucagon only 
+ tolbutamide 
+ glibenclamide 

Glucagon plus insulin 
+ tolbutamimde 
+ glibenclamide 

1.14 t 0.14t 
1.20 f 0.11 
1.11 * 0.06 
1.10 + 0.07 
1.06 2 0.23 
1.04 t 0.04 

Net increase in glucose output* 
(pmoles.g-’ . (11 min)-‘) 

12.0 -+ 1.0 
12.2 f 0.3 
11.2 ” 0.5 
6.2 k O.S$ 
7.1 f 0.7 
6.8 f 0.8 

Experiments were carried out as described in Materials and Methods. Glucagon 
(5.7 x lo-I’M) was added 30min after the beginning of the perfusion. Tolbutamide 
(7 x lo-’ M), glibenclamide (2 X 10m5 M) or insulin (0.1 mu/ml) was added 10 min before 
glucagon infusion when indicated. 

* Net increase in glucose output above the basal output rate was cumulated for 11 min after 
the addition of glucagon. 

+ N = 4-6. 
f P < 0.01 vs glucagon only. 

Japan) respectively. All other chemicals were of 
reagent grade. 

Statistics. Data are presented as mean * S.E.M., 
and the Student’s t-test was used for statistical 
analyses. 

RESULTS 

Effects of tolbutamide and glibenclamide on basal 
glucose production. The effect of sulfonylurea on the 
basal glucose output was determined with a wide 
range of concentrations. Tolbutamide did not affect 
the basal glucose output even at the highest con- 
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Fig. 1. Effects of tolbutamide and glibenclamide on net 
glucose output during 11 min of phenylephrine infusion. 
Livers from fed rats were perfused with KRT buffer. 
Twenty minutes after the start of perfusion, tolbutamide 
or glibenclamide was added to the perfusate, followed 
10min later by the addition of phenylephrine. The net 
increase in glucose output values, above basal, brought 
about by an 11-min period of phenylephrine infusion, is 
shown. Each bar and vertical line indicate mean and S.E.M. 

from five independent experiments for all conditions. 

centration tested (2 x lo-‘M); glibenclamide 
slightly enhanced glucose output at concentrations 
above 4 X 10e5 M. The net amount of glucose 
released by 4 X 10m5 M glibenclamide was 1.50 2 
0.10 flmoles-(g liver)-l-(11 min)-’ (N = 3). 

Effects of tolbutamide and glibenclamide on glu- 
cagon-induced glycogenolysis and glucagon-insulin 
interaction. The effect of sulfonylurea on the glucose 
output induced by half-maximal concentration of 
glucagon (5.7 X lo-” M) [7,9] was examined. As 
shown in Table 1, neither tolbutamide (7 x 10m4 M) 
nor glibenclamide (2 X low5 M) affected the basal or 
glucagon-induced glucose output. The half-maximal 
dose of insulin (0.1 mu/ml) [lo, 111 significantly 
inhibited glycogenolysis induced by glucagon. The 
inhibitory effect of insulin on glucagon-induced gly- 
cogenolysis was not potentiated by the addition of 
tolbutamide or glibenclamide (Table 1). 

Effects of tolbutamide and glibenclamide on phen- 
ylephrine-induced glycogenolysis andphenylephrine- 
insulin interaction. As shown in Fig. 1, tolbutamide 
(7 X 10m4 M) significantly inhibited glycogenolysis 
induced by a half-maximal concentration of phen- 
ylephrine (5 X 10M7 M) [7]. Even in the Ca*+-free 
perfusate, tolbutamide inhibited the glucose output 
induced by phenylephrine (5 X 10m7 M) (5.43 f 
0.50 vs 2.36 f 0.39 pmoles*(g liver)-‘.(ll min)-*, 
N = 3, P < 0.01). Glibenclamide (2 X 10e5 M) did 
not inhibit the glycogenolysis induced by phenyl- 
ephrine (Fig. 1). 

The inhibitory effect of tolbutamide was signficant 
at concentrations above 3.5 X 10M4 M, although the 
effect was apparent at a concentration as low as 
7 x 10m5 M (Fig. 2). Concentrations higher than 
2 x 10m3 M could not be tested because of the insolu- 
bility of the agent. When insulin (0.1 mu/ml) was 
added after the infusion of submaximal concen- 
tration of tolbutamide (7 X 10e4 M), the glyco- 
genolysis induced by phenylephrine was inhibited 
further (Fig. 3). However, the effect of a maximal 
dose of insulin (2 mu/ml) was not potentiated even 
by a maximum concentration of tolbutamide 
(2 x 10m3 M) (data not shown). Glibenclamide 
(2 X 10m5 M) showed no effect on the inhibitory 
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Fig. 2. Dose dependency of the inhibitory effect of tol- 
butamide on phenylephrine-induced glycogenolysis. The 
net increase in the glucose output during 11 min of phenyl- 
ephrine (5 x lo-’ M) perfusion with various concentrations 
of tolbutamide is plotted. Each point and vertical line 
indicate mean and S.E.M. from three or five independent 
experiments. Key: (*) P < 0.05, and (t) P < 0.01 vs phen- 

ylephrine only. 

effect of insulin glycogenolysis induced by 
phenylephrine. 

Effects of tolbutamide on the dose-response curve 
of phenylephrine-induced glycogenolysis. Tolbuta- 
mide (7 x 10m4 M) inhibited glycogenolysis induced 
by high doses of phenylephrine as well as lower doses 
of the agonist (Fig. 4) and, as shown in the insert, 
the double-reciprocal plots indicate that tolbutamide 
inhibited the maximum response to phenylephrine 
without changing the half-maximal concentration. 
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Fig. 3. Additivity of inhibitory effects of submaximal con- 
centrations of insulin and tolbutamide. Livers from fed rats 
were perfused with KRT buffer. Twenty minutes after 
the start of perfusion, phenylephrine was added to the 
perfusate. When indicated, tolbutamide and insulin, 
respectively, were added 2 and 10min after the phenyl- 
ephrine. Results are expressed as percent of maximum 
reponse to phenylephrine in each experiment and N = 5 
per group. Absolute values of maximum response were as 
follows: phenylephrine only 1.35 poles. (g liver)-’ . min-‘; 
phenylephrine + tolbutamide, 1.27 voles. (g liver)-‘. 
mini; and phenylephrine + tolbutamide + insulin, 
1.30pmoles.(g liver))‘.min-i. Key: (*) P < 0.05, and (t) 
P < 0.02 vs phenylephrine + tolbutamide at the same time 

point. 

Cancentratlon of Phenylephrlne (M) 

Fig. 4. Effects of tolbutamide (7 x 10e4M) on the dose- 
response curve of phenylephrine. Experimental conditions 
were the same as those for Fig. 1 except that the con- 
centrations of phenylephrine varied from 10-‘M to 
5 x lo-” M. In the insert, the double-reciprocal plots by 
using three of the points are shown. Each point and vertical 
line indicate mean and S.E.M. from three to five inde- 
pendent experiments. Key: (O-0) phenylephrine only; 
(O---O) phenylephrine + tolbutamide, and (*) P < 0.05. 

Effects of tolbutamide on vasopressin- and angio- 
tensin II-induced glycogenolysis. Tolbutamide 
(7 x 10m4 M) inhibited the glycogenolysis induced by 
half-maximal doses of vasopressin (0.2 mu/ml) and 
angiotensin II (lOmgM) (Table 2). The effects of 
vasopressin at concentrations between 0.2 and 
10 mu/ml were inhibited by 7 x 10e4 M tolbutamide 
in such a manner as to inhibit the maximum effect 
of vasopressin. The effects of angiotensin II at con- 
centrations between lo-‘M and 10m4 M were 
inhibited in a manner which shifted the dose- 
response curve of angiotensin II to the right (data 
not shown). Glibenclamide showed no effect on the 
glycogenolysis induced by either of these hormones. 

Effect of tolbutamide on A231874nduced glyco- 
genolysis. Tolbutamide inhibited glycogenolysis 
induced by lo-’ M A23187 (Table 2). Glibenclamide 
showed no effect on A23187-induced glycogenolysis. 

Effects of tolbutamide on DBCA- and isopro- 
terenol-induced glycogenolysis. DBCA ( 10e6 M) and 
isoproterenol (10e5 M) stimulated hepatic glyco- 
genolysis to an extent comparable to that induced by 
half-maximal concentrations of glucagon and phen- 
ylephrine. Tolbutamide (7 X 1O-4 M) did not inhibit 
the glycogenolysis induced by lO-‘j M DBCA 
[DBCA only: 11.11 ? 1.36 vs DBCA + tolbuta- 
mide: 10.37 + 0.78 pmoles-(g liver)-‘.(ll min)-‘, 
mean k S.E.M., N = 41 or by 10e5M isopro- 
terenol [isoproterenol only: 10.50 k 1.15 vs isopro- 
terenol + tolbutamide: 9.30 t 1.46 @moles. (g 
liver)-l-(11 min)-‘, mean +- S.E.M., N = 41. 

Znteraction between the effects of tolbutamide and 
tr&uoperazine on the glycogenolysis induced by 
phenylephrine. The interaction between high con- 
centrations of tolbutamide (2 x 10e3 M) and a maxi- 
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Table 2. Effects of tolbutamide on vasopressin-, angiotensin II- and A23187-induced glucose 
output 

Basal glucose output rate Net increase in glucose output* 
(pmoles.g*min-‘) (poles.g-I.(11 min)-I) 

Vasopressin only 1.07 f 0.07t 7.41 f 0.74 
+ tolbutamide 1.00 f 0.01 5.00 f 0.19$ 

Angiotensin II only 1.05 2 0.15 7.69 C 0.46 
+ tolbutamide 0.96 ? 0.03 3.33 rt 0.195 

A23187 only 1.02 + 0.10 9.60 -c 0.90 
+ tolbutamide 1.02 f 0.10 3.10 r 1.0011 

Experiments were carried out as described in Materials and Methods. Vasopressin (0.2 mU/ 
ml), angiotensin II (1 x 10e9 M) or A23187 (1 x lo-’ M) was added 30 min after the beginning 
of the perfusion. Tolbutamide (7 x lo-’ M) was added 10 min before vasopressin, angiotensin 
II or A23187 infusion when indicated. 

* Net increase in glucose output above the basal output rate was cumulated for 11 min after 
the addition of vasopressin, angiotensin II or A23187. 

tN=4. 
$ P < 0.05, §P < 0.02, and IIP < 0.01 vs vasopressin, angiotensin II, and A23187 only, 

respectively. 

ma1 concentration of trifluoperazine (10m4 M) [12] 
on glycogenolysis induced by phenylephrine was 
investigated to determine whether or not the mech- 
anisms of action of tolbutamide and trifluoperazine 
are the same. Figure 5 shows that tolbutamide and 
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Fig. 5. Interaction between the effects of tolbutamide and 
trifluoperazine on the glycogenolysis induced by phenyl- 
ephrine. Livers from fed rats were perfused with KRT 
buffer. Twenty minutes after the start of perfusion, maxi- 
mum doses of tolbutamide and/or trifluoperazine were 
added to the perfusate, followed 10min later by the 
addition of phenylephrine. The net increase in glucose 
output induced by an ll-min period of phenylephrine 
infusion is shown. Each bar and vertical line indicate mean 
and S.E.M. from three or four independent experiments 

for all conditions. 

trifluoperazine potentiated the inhibitory effects of 
each other on glycogenolysis induced by 
phenylephrine. 

DISCUSSION 

Sulfonylurea agents stimulate insulin release from 
pancreatic islets [l-3] and are widely used for the 
treatment of non-insulin-dependent diabetes 
mellitus. However, Altzuler et al. [4] found that 
tolbutamide decreases the hepatic glucose output 
even if no increase in the serum level of insulin is 
observed. Schambaye and Tarding [13,14] reported 
that infusion of tolbutamide into the portal vein 
decreases glucose output in the dog. In support of 
this concept, it is clearly shown, in the present study, 
that tolbutamide at therapeutic concentrations 
inhibited the glucose output induced by the cy-adre- 
nergic agonist, vasopressin , angiotensin II and 
A23187, while it does not inhibit the glucose output 
induced by glucagon. As previously described [7,9], 
when glucagon or phenylephrine is perfused, the 
decease in hepatic glycogen is nearly equivalent to 
the amount of glucose released into the effluent. 
Therefore, the increase in glucose output induced by 
either glucagon or phenylephrine is generated mainly 
through glycogenolysis. It can be considered that 
in this system tolbutamide inhibits glycogenolysis 
induced by phenylephrine, vasopressin and angio- 
tensin II. The effective concentrations of tol- 
butamide in this study were well within the range 
of clinical significance (the peripheral concentra- 
tion about 100 pg/ml = 3.5 x 10e4 M) described pre- 
viously [6,15,16], while the concentration of this 
drug in the portal vein seems to be slightly higher 
than that in the peripheral vein. Although at high 
concentrations, glibenclamide slightly increased glu- 
cose output, the concentrations were far above the 
range clinically attained in the peripheral blood [17]. 

Miller et al. [16] showed that tolbutamide does 
not inhibit glucagon-induced glycogenolysis, while 
Blumenthal [18] reported that chlorpropramide 
potentiates the inhibitory effects of insulin on glu- 



Tolbutamide and hepatic glycogenolysis 3107 

cagon-stimulated cyclic AMP production and glucose 
production in perfused rat liver. In our system, it 
was shown that tolbutamide and glibenclamide did 
not inhibit glucagon-induced glycogenolysis and that 
they did not potentiate the inhibitory action of insulin 
on this process. 

The glycogenolytic effect of glucagon is believed to 
be mediated by cyclic AMP-dependent mechanisms 
[19,20] and that of a-adrenergic stimulation, vaso- 
pressin and angiotensin II by Ca*+-dependent mech- 
anisms [21,22]. Because tolbutamide inhibited only 
the glycogenolysis induced by these Ca*+-dependent 
hormones and A23187 but not that induced by glu- 
cagon, tolbutamide seems to interfere with the Ca*+- 
mediated mechanism. This concept is further sup- 
ported by the data that tolbutamide inhibited neither 
DBCA-induced nor isoproterenol-induced glyco- 
genolysis. The steps mediating the action of a cyclic 
AMP-dependent hormone (glucagon) and Ca*+- 
dependent hormones may be confluent after the step 
of the activation of phosphorylase kinase. Therefore, 
the step(s) which tolbutamide affects may be in the 
process before or at the activation of phosphorylase 
kinase . 

There seem to be several possibilities. First, tol- 
butamide may inhibit the binding of the Ca*+-media- 
ting hormones to their receptors. This possibility is 
unlikely because tolbutamide inhibited the glyco- 
genolytic effect of the calcium ionophore A23187 
and because it is not conceivable that tolbutamide 
would inhibit the binding of these three quite dif- 
ferent hormones (a+adrenergic stimulation, vaso- 
pressin and angiotensin II) to their distinct receptors. 

It is reported that insulin inhibits the phenyl- 
ephrine-induced mobilization of calcium from the 
intracellular pool and inhibits glycogenolysis induced 
by phenylephrine [ 10,231. In the present study, it is 
shown that the effect of tolbutamide on phenyl- 
ephrine action was additive to that of insulin when 
the concentration of insulin was half-maximal; it was 
no longer additive when the concentration of insulin 
was super-maximal. Accordingly, the mechanism of 
action of tolbutamide on phenylephrine may be 
closely related to that of insulin. Therefore, the 
second possibility is that tolbutamide inhibits Ca*+ 
mobilization induced by Ca*+-dependent hormones. 
However, this is unlikely because tolbutamide 
inhibited A23187-induced glycogenolysis. 

The third possibility is that tolbutamide interferes 
with the function of calmodulin. Trifluoperazine is 
reported to inhibit the expression of the biological 
activity of calmodulin, though its specificity is now 
questioned [24]. In the perfused rat liver system, 
trifluoperazine inhibits glycogenolysis induced by 
phenylephrine [ 12,251, vasopressin and angiotensin 
II but not that induced by glucagon [12]. These 
effects of trifluoperazine are very similar to those 
obtained with tolbutamide in the present study. 
However, the modes by which tolbutami’de inhibits 
the glycogenolysis induced by vasopressin and angio- 
tensin II are different from those of trifluoperazine; 
trifluoperazine inhibits the glycogenolytic effect of 
vasopressin by shifting the dose-response curve to 
the right and that of angiotensin II by lowering 
the maximal response [12]. In contrast, tolbutamide 
inhibited the glycogenolytic effect of vasopressin by 

lowering the maximal response and that of angio- 
tensin II by shifting the dose-response curve to the 
right. Therefore, the mechanism of action of tol- 
butamide may be different from that of trifluo- 
perazine. This concept is supported by the finding in 
this study that both maximal doses of tolbutamide 
and trifluoperazine were additive in their inhibitory 
effects on phenylephrine-induced glycogenolysis 
(Fig. 5). Thus, although the detailed mechanism of 
action of tolbutamide is not clarified in the present 
study, it is most likely that tolbutamide inhibits the 
function of mobilized calcium in a calmodulin-inde- 
pendent manner. 
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