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Physiological level of insulin showed more prominent inhibiting effect on the activa-
tion of hepatic glucose production and glycogenolysis promoted by cAMP than physio-
logical levels of leptin.
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Evidence that leptin affects the liver metabolism
has rapidly been accumulating (e.g. [1–9]). From
part of these studies [7, 8], it is clear that leptin
mimics the anabolic effects of insulin on liver by
a pathway that includes activation of phosphatidyl-
inositol 3-kinase (PI3K) and phosphodisterase 3B
(PDE3B). However, it must be emphasized that all
these studies were performed using nonphysiologi-
cal conditions, i.e. culture of hepatocytes [1, 8], he-
patic cell line BRL [3], or hepatoma cell line [5, 7].

In situ perfused liver permits studies of leptin-
insulin signaling pathways under near physiologi-
cal conditions. Thus, by using in situ perfused liver
we have demonstrated that leptin [4] and insulin
(results not shown) at physiological concentrations

are capable of inhibiting glucagon-induced hepatic
glucose production (HGP). To the authors’ know-
ledge this is the first evidence showing that physio-
logical concentration of leptin is capable of acutely
inducing a direct marked reduction in the rate of
glucagon-stimulated HGP. In agreement with our
results, Nemecz et al. [6] have show that insulin
and leptin also suppressed the activation of HGP
promoted by epinephrine.

Since a reduction of adenosine-3’-5’-cyclic mo-
nophosphate (cAMP) content is consistent with the
results indicating leptin and insulin inhibiting effect
on the activation of HGP promoted by glucagon,
we decided to compare the effects of insulin and
leptin on the activation of glycogen catabolism (i.e.
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Fig. 1. Effect of cAMP on glucose production (A and B) and glycogenolysis (C and D) promoted by insulin (20 �U/ml) or leptin
(10 ng/ml). All substances were infused between 10 and 30 min of the perfusion period. (�) infusion of cAMP alone; (�) combined
infusion of cAMP and leptin; (�) combined infusion of cAMP and insulin. The results were calculated as the means ± SEM of 4–6 in-
dividual liver perfusion experiments. Values of SEM are not shown for clarity



HGP and glycogenolysis) promoted by cAMP and
8-bromine-adenosine-3’-5’-cyclic monophosphate
(8-Br-cAMP).

For this purpose, livers from adult male Wistar
rats with free access to food were employed. The
investigations were performed in accordance with
the Brazilian governmental regulations concerning
experiments with animals. The rats were anesthe-
tized by an ip injection of pentobarbital sodium
(40 mg/kg). After laparotomy livers were perfused
as previously described [4].

Leptin (10 ng/ml), insulin (20 �U/ml), cAMP
(3.0 �M) or 8-Br-cAMP (0.3 �M) were dissolved
in the perfusion fluid and infused between 10 and
30 min of the perfusion period. Glucose, L-lactate
and pyruvate levels were measured in the effluent

perfusate at 2-min intervals. Assuming that L-lacta-
te, pyruvate and glucose released into the perfusate
are the main products of glycogenolysis, the glyco-
gen catabolism should be calculated by the sum of
glucose plus the half-sum of L-lactate and pyruvate
[glucose + ½ (L-lactate + pyruvate)]. The results were
expressed as �mol/min/g of tissue fresh weight.

The program GraphPad Prism was used to cal-
culate the area under curve (AUC), expressed as
�mol/g. Statistical analyses were performed using
the unpaired Student’s t-test. A 95% level of confi-
dence (p < 0.05) was accepted for all comparisons.
Results are reported as means ± SEM.

Since the metabolic effects of cAMP are pro-
portional to its extracellular concentration used in
the liver perfusion experiment, we used increasing
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Fig. 2. Effect of 8-Br-cAMP on glucose production (A and B) and glycogenolysis (C and D) promoted by insulin (20 �U/ml) or leptin
(10 ng/ml). All substances were infused between 10 and 30 min of the perfusion period. (�) infusion of 8-Br-cAMP alone; (�) com-
bined infusion of 8-Br-cAMP and leptin; (�) combined infusion of 8-Br-cAMP and insulin. The results were calculated as means
± SEM of 4–6 individual liver perfusion experiments. Values of SEM are not shown for clarity



concentrations of this cyclic nucleotide to reach the

level of cAMP which promoted a minimal and stable

activation of HGP and glycogenolysis (not shown).

Thus, at the concentration of 3 �M, the amount of

cAMP that accumulated in the hepatocytes was

enough to activate HGP and glycogenolysis (Fig. 1).

The effect of cAMP (3 �M) was not affected by

leptin (Fig. 1A,C), but inhibited (p < 0.05) by insulin

(Fig. 1B,D).
In the second set of experiments, we used

a cAMP analogue more resistant to hydrolysis by

phosphodiesterases, i.e. 8-Br-cAMP. As we expected,

the concentration of 8-Br-cAMP which promoted

a minimal and stable activation of HGP and glyco-

genolysis was lower than that obtained with cAMP.

But in contrast to cAMP (3 �M), the activation of

HGP and glycogenolysis promoted by 8-Br-cAMP

(0.3 �M) was inhibited (p < 0.05) not only by insu-

lin (Fig. 2B,D) but also by leptin (Fig. 2A,C).
In agreement with our results, Zhao et al. [8]

have recently demonstrated that insulin and leptin

activate PDE3B. Thus, the activation of HGP and

glycogenolysis by 8-Br-cAMP in the presence of

leptin involves an increased degradation of this cy-

clic nucleotide.
Furthermore, we showed here that leptin was

less effective than insulin to inhibit the activation

of glycogen catabolism promoted by cAMP (Fig. 1)

and 8-Br-cAMP (Fig. 2). In accord with our results

it has been shown that leptin is much less effective

than insulin at stimulating IRS pathways. For exam-

ple, IRS-2 associated PI3K activity was increased

1.7-fold by leptin in liver and 6-fold by insulin [9].
In light of our data showing that the activation

of glycogen catabolism is more sensitive to insulin

than leptin, we can suggest that an insulin-like effect

or antiinsulin effect could occur in vivo depending

of the intracellular levels of cAMP in the liver cells

which is determined not only by leptin and insulin

but also several other hormones including glucagon

and epinephrine. In agreement, a growing literature

suggests a cross talk between leptin and insulin re-

ceptor signaling. These investigations demonstrated

that leptin could show additive [1, 5], not additive

[7, 9] or antiinsulin effects [2].

However, our suggestion depends of future
studies clarifying the complex interplay and the po-
tential points of cross talk between the molecular
intracellular signaling mechanisms stimulated by
both leptin and insulin in the liver.
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