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SUMMARY

The influence of maturation and aging on g receptors in rat liver
was studied. Competition binding experiments with the nonse-
lective g-antagonist propranolol and the subtype selective antag-
onists ICl 118,551 (8.), ICI 89,406 (8,), and CGP 20,712A (8,)
revealed the presence of a mixed 8, and . receptor population
in crude plasma membrane preparations from livers of newbomn,
mature, and senescent rats. The percentage of 38, receptors was
lowest in livers from newborn rats and was increased in livers
from mature and senescent rats. This increase is caused by a
decrease in . receptor density on maturation, although the £,
receptor density is nearly constant throughout the life span of
the rat. Isoproterenol-stimulated adenylate cyclase activity was

inhibited in livers from senescent rats by propranolol and ICI
118,551 and to a lesser extent by ICI 89,406 and CGP 20,712A.
The isoproterenol-stimulated glucose output in hepatocytes from
senescent rats was inhibited concentration dependently by pro-
pranolol, ICI 118,551, ICi 89,406, and CGP 20,712A. From these
results we conclude that 8, and 8. receptors are present in livers
from rats of the three age groups and that the g, to §. receptor
ratio is increased in livers from mature and senescent rats
compared with newborn rats. Both 8 receptor subtypes are
linked to the CAMP second messenger system in newbom and
senescent rats; 8, and 8. receptors are equally involved in the
regulation of glycogenolysis in hepatocytes from senescent rats.

The influence of age on the adrenergic control of glycogeno-
lysis in rat liver is complex. At birth, glycogenolysis is mediated
mainly by 8 receptors, whereas in the liver of mature rats the
adrenergic control of glucose output is a,-receptor mediated (1-
5). In senescent rats, the § component in the glycogenolytic
response becomes predominant (5). These age-dependent
changes in the 8 receptor-mediated glycogenolysis are related
to changes in 8 receptor density, which is high in livers from
newborn rats, low in livers from mature rats, and slightly
increased in livers from senescent rats (1, 6-10).2

Based on the rank order of potency of agonists and antago-
nists in competition binding experiments, it is generally ac-
cepted that the S, receptor is the predominant 8 receptor
subtype in livers from newborn (1) and mature (6, 11-13) rats.
Using the highly selective 8, antagonist ICI 118,551 in compe-
tition binding experiments, Snell and Evans (14) confirmed
that, in livers from newborn rats, 80-90% of the 8 receptors
are of the 8; subtype. No additional data on the influence of
age on the presence of 8 receptor subtypes and on their corre-
sponding transduction system are available.
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The present study was performed in order to answer three
questions as follows: (a) what 8 receptor subtypes can be
identified with ligand binding experiments in rat liver and what
is the influence of maturation (2-3-month- versus 1-4-day-old
rats) and aging (24-26-month- versus 2-3-month-old rats)
thereupon, (b) are the 8 receptor subtypes present linked to
adenylate cyclase, and (c) are these receptor subtypes involved
in the regulation of glycogenolysis?

Firstly, pharmacological characterization of the 8 receptor
was done in competition binding experiments with the nonse-
lective S-antagonist propranolol, the ,-selective antagonists
ICI 89,406 (15) and CGP 20,712A (16), and the B.-selective
antagonist ICI 118,551 (17). Secondly, we investigated the
inhibitory effects of propranolol and of the 8;- and S.-selective
antagonists on isoproterenol-stimulated adenylate cyclase ac-
tivity. Finally, we examined the inhibitory effects of propran-
olol and of the 8,- and 3;-selective antagonists on isoproterenol-
stimulated glycogenolysis.

The results of our investigations indicate that 8, as well as
B2 receptors are present in the liver throughout the life-span of
the rat. Both 8 receptor subtypes are functionally coupled to
adenylate cyclase in livers from newborn and senescent rats
and are equally involved in the regulation of glycogenolysis in
hepatocytes prepared from livers of senescent rats.

ABBREVIATIONS: ICYP, (—)-'%|-cyanopindolol; KBB, Krebs bicarbonate buffer; EGTA, ethylene glycol bis(s-aminoethyl ether)}-N,N.N’ N'-tetraacetic

acid.
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Experimental Procedures

Materials. ICYP and [8-*'H]cAMP were obtained from Amersham
(Amersham, UK). (—)-Propranolol, (—)-isoproterenol, collagenase
(type IV), glucose oxidase, and peroxidase were obtained from Sigma
(Poole, UK). Guanylylimidobisphosphate and GTP were purchased
from Boehringer-Mannheim (Brussels, Belgium). CGP 20,712A was a
gift from Ciba Geigy (Groot-Bijgaarden, Belgium). ICI 118,551 and ICI
89,406 were gifts from ICI (Destelbergen, Belgium). Glucagon was
obtained from Novo Industrie (Brussels, Belgium).

Animals. Male Wistar rats of either 2-3 months (average weight,
259 + 11 g; range, 174 to 340 g; n = 15; hereafter called “mature” rats)
or 24-26 months of age (average weight, 611 + 15 g; range, 500 to 769
¢ n = 21; “senescent” rats) were obtained from the Proefdierencentrum
of the University of Leuven. Rats were housed individually and had
free access to food and acidified water. Wistar rats of 1-4 days of age

(average weight, 12 + 1 g; range, 7 to 20 g; n = 40; “newborn” rats)
were bred in our own laboratory. For each experiment, livers of four to
nine newborn animals were pooled in order to obtain approximately 1
g of wet weight liver tissue.

Membrane preparation. A crude plasma membrane preparation
was prepared as described before (18).2 Briefly, livers were homogenized
in homogenization buffer (250 mM sucrose, 50 mM Tris, 2 mM EGTA,
pH 7.4) at 1/20 dilution (g wet weight/ml), with an Ultra Turrax, three
times for 15 sec, with 1-min intervals; the homogenate was centrifuged
at low speed (500 X g for 10 min), and the supernatant was centrifuged
at high speed (27,000 X g for 30 min). The pellet was washed three
times by gentle homogenization (Potter-Elvehjem, four strokes) and
centrifugation (27,000 X g for 30 min) in homogenization buffer. The
final pellet was resuspended at 2-4 mg of protein/ml in assay buffer
(50 mM Tris, 20 mm MgCl,, 2 mM EGTA, pH 7.4). Ligand binding
experiments with antagonists were performed either immediately after
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Fig. 1. Mean competition binding curves with ICYP as ligand and the nonselective 8 antagonist propranolol, the S.-selective antagonist ICI 118,551,
and the 3;,-selective antagonists ICI 89,406 and CGP 20,712A as displacers. The binding at the lowest and highest concentration of competitor is
set as 100 and 0%, respectively. Curves are the mean of four experiments. ll, Newborn rats; A, mature rats; @, senescent rats.
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tissue preparation or after storage of the sample at —70° for at most 1
week; adenylate cyclase assays were performed immediately after the
membrane preparation. The protein content was determined with the
dye-binding method of Bradford, as modified by Macart and Gerbaut
(19), using bovine serum albumin as standard.

Preparation of hepatocytes and glucose assay. Hepatocytes
were isolated from livers of fed mature and senescent rats by the
method of Berry and Friend (20), as modified by Seglen (21). Rats were
anesthetized by intraperitoneal injection of sodium pentobarbital (6
mg/100 g of rat). Livers were perfused at 37° with 150 ml of Ca®*-free
KBB, pH 7.4, containing 20 mM glucose, followed by perfusion in a
recirculation system with 100 ml of KBB containing 20 mM glucose,
1.2 mMm Ca®*, and 9200 units of collagenase (type IV), for 20 min. The
medium was vigorously bubbled with 0,/CO, (95:5). After 20 min, the
liver was transferred to a Petri dish containing KBB with 20 mM
glucose, and the cells were gently dispersed with a spatula. After
filtration of the crude cell suspension through nylon mesh (100 mesh),
the cells were washed twice in KBB with 20 mM glucose and once in
KBB with 5§ mM glucose, by centrifugation for 30 sec at 50 X g.
Hepatocytes were resuspended in KBB with 5 mM glucose and were
preincubated for 30 min at 37° in KBB with 5 mM glucose, under an
atmosphere of 0,/CO. (95:5). Hepatocytes were centrifuged again and
resuspended in glucose-free KBB. Viability of cells was determined by
trypan blue exclusion. Attempts to isolate hepatocytes from newborn
animals were unsuccessful; viability was <50%, and the number of cells
recovered per gram of tissue was very small.

Viable cells (1-2 X 10°) were incubated for 20 min at 37° with seven
different concentrations of isoproterenol (107'° to 10™* M) or with seven
different concentrations of glucagon (1072 to 107 M), in a total volume
of 800 pl. In inhibition experiments, propranolol, ICI 118,551, ICI
89,406, or CGP 20,712A (107" to 10~ M) was incubated together with
107" M isoproterenol; agonists and antagonists were dissolved in glu-
cose-free KBB. The reaction was stopped by immersion of the incu-
bation mixtures in ice and addition of 200 ul of HCIO, (final concen-
tration, 10%), after which the denaturated proteins were pelleted (1000
X g for 10 min). Glucose was measured in the supernatant by using the
glucose oxidase method (22). Basal glucose output was measured in
each experiment using four to seven individual cell samples, incubated
without agonist or antagonists. Preliminary experiments demonstrated
that for all experimental conditions the glucose output was linear over
at least 30 min. Basal glucose output was set as 100%, and agonist
stimulation was calculated as percentage increase in glucose output
above basal outflow. In experiments with antagonists, inhibition was
expressed as percentage decrease of net isoproterenol-stimulated glu-
cose output (i.e., glucose output in the presence of 10~ M isoproterenol
minus basal glucose output). The method for the measurement of
glycogenolysis was evaluated as follows. (a) At least five identical
incubation mixtures were carried through the whole procedure and the
glucose concentration was measured. The coefficients of variation for
seven different experiments were 1.9, 5.5, 2.1, 2.4, 2.4, 3.2, and 2.1. (b)
The between-day variation was measured by the estimation of a
weighed amount of glucose (100 ug). An average of 96.2 + 2.4 ug (n =
21) was found.

Ligand binding experiments. Ligand binding experiments were
done using a manual and semiautomatic cell harvester filtration
method, as described before (18). Saturation binding experiments were
performed as described before.? Briefly, nine concentrations of the
nonselective 8 ligand ICYP, ranging from 5 to 300 pM, were incubated
for 90 min at 37° with 20-30 ug of membrane proteins for the livers of
newborn rats or with 50-70 ug of membrane proteins for the livers
from mature and senescent rats. Nonspecific binding was measured
using 10 uM (—)-propranolol or 100 uM (—)-isoproterenol in the pres-
ence of 0.1% ascorbic acid. In competition binding experiments, ICYP
(100-150 pM) was incubated with 20-30 ug of proteins (newborn rats)
or 50-70 ug of proteins (mature and senescent rats), for 90 min at 37°,
with 10 different concentrations of propranolol (107 to 10™° M) or
with 12 different concentrations of ICI 118,551, ICI 89,406, or CGP
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20,712A (107" to 107™* M). In preliminary experiments, we ascertained
that the difference in protein content had no influence on the results®
and that the incubation time was adequate for complete equilibrium
(23).

Adenylate cyclase activity. The activity was assayed as described
before (18), and cAMP was determined according to the method of
Tovey et al. (24). We reported earlier that isoproterenol caused a
concentration-dependent increase in adenylate cyclase activity in livers
from rats of the three age groups and that the maximal effect was
elicited by 5 X 10~ M isoproterenol.? In the inhibition experiments,
90-100 ug of proteins were incubated with isoproterenol (5 X 10™° M)
in the presence of 5 X 10~ M GTP, for 20 min at 30°, in the absence
or in the presence of the following antagonists (1078 to 107 M):
propranolol, ICI 118,551, CGP 20,712A, or ICI 89,406. Percentage
inhibition was calculated relative to the net increase in adenylate
cyclase activity obtained with 5 X 10~® M isoproterenol (increase in
activity above the activity in the presence of GTP alone). In livers of
mature rats, only a limited stimulation of the adenylate cyclase activity
was observed, as reported before. Under these experimental conditions,
it was impossible to evaluate the effect of antagonists on isoproterenol-
induced activation of adenylate cyclase.

Calculations. The data from saturation binding experiments were
analyzed using the method of Scatchard. Curve fitting of the data from
competition binding experiments was done using the program
GraphPAD (25). Curves were routinely fit according to one- and two-
site models, and the best model was chosen on the basis of the F test
(26). K; values were calculated from ICs values using the formula of
Cheng and Prusoff (27). The 8, and 8. receptor density was calculated
in each individual experiment by multiplying total 8 receptor density,
derived from Scatchard plot analysis, by the percentage of high affinity
binding sites for CGP 20,712A or for ICI 118,551, for the estimation of
B, or B; receptor number, respectively. All values are given as means +
standard errors. Differences between the three age groups and between
dose-response curves were evaluated using one-way analysis of vari-
ance. When significance was reached, differences between two groups
were evaluated using the Student ¢ test, with Bonferroni correction for
repetitive measurements (28). Differences between two independent
groups were evaluated using the two-tailed Student ¢ test. Statistical
significance was accepted at the p < 0.05 level.

TABLE 1

Quantitative data from the competition binding experiments with
ICYP as ligand and the nonselective 3 antagonist propranolol, the
B2-selective antagonist ICI 118,551, and the 3,-selective
antagonists ICl 89,406 and CGP 20,712A as displacers.

Ki, HA and K, LA, inhibition constants of the high and low affinity binding sites,

respectively. HA (%), percentage of high affinity binding sites. n, number of
experiments. Values are mean + standard error.

Newbom Mature Senescent

Propranolol

n 4 4 5

K (107° M) 20.2+ 88 382+132 334121
ICI 118,551

n 6 5 5

HA (%) 76.1+£49° 439+75 454 + 36

K, HA (107° m) 69+25 71+44 52+19

K, LA(1077 m) 36.3+ 185 93+46 20175
ICI 89,406

n 4 4 3

HA (%) 11.1 £ 0.6* 268+25° 449162

K, HA (10° m) 13+05 94+63 279+8.1

Ki, LA(1077 m) 6.7+09 223 +99 347+ 35
CGP 20,712A

n 4 4 3

HA (%) 183+ 8.3 21.3+3.1 251 +29

Ki, HA (107° m) 12+08 226 +9.8 79+27

Ki, LA(1077 m) 76.3+268 1294 +633 94.0+258

* Significantly different from mature and senescent rats.
° Significantly different from senescent rats.
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Fig. 2. Calculated 8, and 8. receptor density in plasma membranes
prepared from livers of newborn, mature, and senescent rats. Receptor
density is expressed in fmol/mg of protein. Calculations are described in
Experimental Procedures. B, 3, receptor density; N, 8. receptor density.

Results

Ligand binding experiments. The results of the compe-
tition binding experiments with the different antagonists
are shown in Fig. 1; the quantitative data are summarized in
Table 1.

Competition curves with the nonselective 8 antagonist pro-
pranolol were monophasic in livers from rats of the three age
groups (p < 0.05). Competition curves obtained with the S.-
selective antagonist ICI 118,551 and with the B,-selective an-
tagonists ICI 89,406 and CGP 20,712A were biphasic in each
age group (p < 0.05). Upon maturation, the percentage of high
affinity binding sites for ICI 118,551 decreased and for ICI
89,406 increased significantly (p < 0.05). No further changes
in the percentage of high affinity binding sites for ICI 118,551
occurred upon aging, whereas for ICI 89,406 this percentage
increased further upon aging (p < 0.05). For CGP 20,712A
there was a tendency for an increase in the percentage of high
affinity binding sites (from 18% in livers from newborn rats to
25% in livers from senescent rats), but statistical significance
was not reached.

In Fig. 2, the calculated 8, and 8. receptor densities are
shown. The B, receptor density was significantly lower in livers
from mature and senescent rats than in livers from newborn

100} I

rats (p < 0.05). The B, receptor density did not change upon
maturation or aging. The 8,/8. receptor ratio, calculated with
CGP 20,712A and ICI 118,551, increased from 0.12 in livers
from newborn rats to 0.44 in livers from mature rats and 0.48
in livers from senescent rats.

Adenylate cyclase activity. The results on the inhibition
of isoproterenol-stimulated adenylate cyclase by the different
antagonists in livers from newborn and senescent rats are
shown in Fig. 3.

In plasma membranes prepared from livers of newborn and
senescent rats, propranolol, ICI 118,551, and ICI 89,406 caused
a significant decrease in isoproterenol-stimulated adenylate
cyclase activity (analysis of variance). Inhibition with propran-
olol and ICI 118,551 was greater than with ICI 89,406. For CGP
20,712A there was a tendency for inhibition of isoproterenol-
stimulated adenylate cyclase in livers from senescent rats,
whereas in livers from newborn rats no inhibition was found.

Glycogenolysis. Viability of hepatocytes from mature rats
(76.3 + 1.4%, n = 16) and senescent rats (78.0 + 1.6%, n = 13)
was similar. Basal glucose output in hepatocytes from mature
rats was significantly higher than that in senescent rats [554.0
+ 78.7 (n = 6) versus 390.3 * 31.7 ug of glucose/5 X 10° cells-
20 min (n = 13), respectively (p < 0.05)].

Glycogenolysis upon B receptor stimulation with 10~° M
isoproterenol in hepatocytes prepared from livers of mature
rats was negligible (1.9 + 1.9% above basal glucose output, n =
6). No further experiments were done with these cells. In
hepatocytes prepared from livers of senescent rats, isoproter-
enol caused a concentration-dependent increase in glucose out-
put, with an ECs value of 7.6 108 M (Fig. 4). A maximal
increase in glucose output of 42.3 + 10.2% (n = 11) above basal
value was obtained with 107° M isoproterenol. The effect of
10~® M isoproterenol in hepatocytes from senescent rats was
inhibited concentration-dependently by propranolol, ICI
118,551, ICI 89,406, and CGP 20,712A (Fig. 5).

Glucagon caused a concentration-dependent stimulation of
glycogenolysis in hepatocytes from mature and senescent rats
(Fig. 6), with ECs values of 0.6 X 10™° M and 0.3 X 107° M,
respectively (n = 11). Glucagon, at a concentration of 10~" M,
caused a maximal increase in glucose output of 64.3 + 12% and
76.8 + 9.8% above basal values in hepatocytes from mature (n
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Fig. 3. Inhibition of isoproterenol-stimulated (5 x 1075 m) adenylate cyclase activity, in plasma membranes prepared from livers of newborn (M) and
senescent (@) rats, by the nonselective antagonist propranolol, the 8>-selective antagonist ICI 118,551, and the g,-selective antagonists ICI 89,406
and CGP 20,712A. Percentage inhibition of the net isoproterenol-stimulated adenylate cyclase activity is plotted against the concentration of

antagonist. Curves are the mean of four experiments.
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Fig. 4. Glucose output as a function of the concentration of isoproterenol
in hepatocytes prepared from livers of senescent rats (n = 11). The
results are expressed as percentage increase above basal glucose
output.

= 11) and senescent (n = 11) rats, respectively. No significant
differences in glucagon-stimulated glycogenolysis between the
two age groups were found. Glucagon-stimulated glucose output
was significantly higher than isoproterenol-stimulated glucose
output in hepatocytes from mature and senescent rats.

Discussion

In this paper we describe our investigations on the effect of
maturation and aging on S receptors in rat liver. We provide
evidence that B, receptors are present throughout the life-span
of the rat and that age affects the B8,/8: receptor ratio. The
decrease in B receptor density upon maturation can be ex-
plained by a selective decrease in B, receptor density, with 8,
receptors remaining constant. Qur results suggest, furthermore,
that both receptor subtypes are linked to adenylate cyclase and
that they are both involved in the regulation of glycogenolysis
in hepatocytes. The evidence is based on results obtained with
three types of experiments, i.e., ligand binding experiments,
adenylate cyclase assays, and determination of glycogenolysis.

Competition curves with the subtype-selective antagonists
displayed two binding sites in livers from rats of the three age
groups, indicating the presence of 8, and B, receptors. In livers
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from newborn rats, we found that the majority of the 8 receptors
were of the 8, subtype, which is in keeping with the results of
Snell and Evans (14). The affinity of ICI 118,551 for the 8, and
B, receptors corresponds to what was found by Snell and Evans
(14). To our knowledge, no data on the affinities of ICI 89,406
and CGP 20,712A for S receptors in rat liver are available, but
the affinities calculated from our experiments are comparable
to what was found for these compounds in other tissues (29-
31). For ICI 89,406 and CGP 20,712A, K; values for each binding
site are increased in livers from mature and senescent rats,
which indicates that the affinity for the binding sites decreases
upon maturation and aging. Differences observed with the same
competitor between the different age groups could be explained
by changes in membrane composition occurring with increasing
age. Sawada et al. (32) recently reported a decrease in liver
membrane fluidity upon aging, which could influence the inter-
action between the receptor and the ligand or competitor.

The influence of age on the percentage of 8, receptors and
on the $,/8. receptor ratio depends to some extent on the
antagonist used; with both ICI 118,551 and ICI 89,406 the
percentage of 8, receptors increases upon maturation, and for
ICI 89,406 it further increases upon aging. Using CGP 20,7124,
the most selective 8, antagonist available, 8, receptors were
also detected, but there was only a marginal increase in the
percentage of 8, receptors and there was no significant differ-
ence as a function of age. The discrepancy between the results
among f,-selective antagonists can possibly be explained by a
different affinity of the 8, receptors for the competitors or by
differences in the physico-chemical properties of the antago-
nists. It has been shown before that the results of radioligand
binding experiments are dependent on the liposolubility of the
ligand in membranes (33). The previously reported decrease in
B receptor density upon maturation (1, 6)2 can be explained by
a marked fall in 8, receptor number, whereas the 8, receptor
density is unchanged during maturation or postmaturational
aging. We must take into account the fact that the 8, and 8,
receptor densities are calculated values; this could be avoided
if B subtype-selective radioactive ligands were available.

These results indicate that 8, as well as 8, receptors are
present in livers from newborn, mature, and senescent rats; the
ratio of the 8,/8. receptor density increases upon maturation,
due to a marked decrease in 8, receptor number.

We reported earlier that there is an age-related difference in
the synthesis of cAMP upon stimulation with isoproterenol,
and the sequence newborn >> senescent > mature was ob-

Fig. 5. Inhibition of isoproterenol-
stimulated (10~5 m) glucose output
by the nonselective 8 antagonist
propranolol (ll), the B.-selective
antagonist ICl 118,551 (A), and
the pBi-selective antagonists ICI
89,406 (#) and CGP 20,712A (@),
in hepatocytes prepared from liv-
ers of senescent rats. Percentage
inhibition of the net isoproterenol-
stimulated glucose output is plot-
ted against the concentration of
antagonist. Curves are the mean
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Fig. 6. Glucose output as a function of the concentration of glucagon in
hepatocytes prepared from livers of mature (A) and senescent (@) rats
(n = 11). The results are expressed as percentage increase above basal
glucose output.

tained.? In this series of experiments, these earlier results were
confirmed. Due to the low basal adenylate cyclase activity and
the low increase in activity upon 8 receptor stimulation in livers
from mature rats,? inhibition with the antagonists was too
small to obtain reliable results.

In livers from newborn and senescent rats, inhibition of the
isoproterenol-stimulated adenylate cyclase activity was more
pronounced with the nonselective antagonist propranolol and
the B;-selective antagonist ICI 118,551 than with the B,-selec-
tive antagonists. These findings are in agreement with our
results obtained from the ligand binding studies; despite age-
related alterations in the 8,/8. receptor ratio, the calculated 8,
receptor density remains higher than the calculated 8, receptor
density.

These results suggest that 8, as well as B, receptors are
functionally coupled to the adenylate cyclase in livers from
newborn and senescent rats.

It has been reported that glucose output from hepatocytes
prepared from fed animals is due to glycogenolysis from endog-
enous glycogen reserves (2, 34). Hepatocytes were isolated in
the presence of glucose, in order to inhibit liver phosphorylase
A and to prevent glycogen depletion during preparation (35).
Hence, glucose output reflects glycogen breakdown. Due to the
low yield of viable cells of livers from newborn rats, experiments
were only performed on hepatocytes prepared from livers of
mature and senescent rats. There was a significant decline,
upon aging, in the ability of hepatocytes to produce glucose in
the absence of stimulating agent. These findings are in agree-
ment with the observations of Graham et al. (9), who claimed
that the decreased basal glucose output reflects the continuous
decline in the function of many physiological systems upon
aging (36). Glucagon-stimulated glycogenolysis, which was used
as an internal control in our experiments, was similar in he-
patocytes from senescent rats and mature rats, as also found
by others (5). We noticed that the response to S-adrenergic
stimulation is smaller than the glycogenolytic response to glu-
cagon, which is in contrast to the findings of Katz et al. (5).
The results are possibly influenced by the use of different rat
strains (F344 rats versus Wistar rats). Propranolol, as well as

the subtype-selective antagonists ICI 118,551, ICI 89,406, and
CGP 20,712A, caused a concentration-dependent inhibition of
the isoproterenol-induced glucose output in hepatocytes from
senescent rats. These results not only support the hypothesis
that 8, and 8, receptors are present but also indicate that they
are functional and involved in glucose homeostasis. Further-
more, the observation that the calculated 8, receptor density is
slightly higher than the calculated B, receptor density in livers
from senescent rats is reflected by an almost equipotent inhi-
bition of B receptor-mediated glycogenolysis by both the ;-
selective antagonists and the B.-selective antagonist. It has to
be stressed that, when intact hepatocytes are used, uptake and
metabolism mechanisms remain intact, and drugs could be
taken up and metabolized by the viable cells during the incu-
bation, as reported for propranolol (37). Therefore, no correct
ICs values can be given and comparisons between antagonists
are probably not useful.

From the results of our study, several conclusions can be
drawn. (a) A mixed B,/8. receptor population is present in
plasma membranes prepared from livers of newborn, mature,
and senescent rats, and there is an increase in the 8,/8. receptor
ratio upon maturation and aging. The previously observed
decrease in 8 receptor density is probably caused by a decrease
in B receptor density, whereas the B, receptor number is
unaffected by the age of the rat. (b) The isoproterenol-stimu-
lated increase in adenylate cyclase activity is blocked by pro-
pranolol and ICI 118,551 and, to a lesser extent, by ICI 89,406
and CGP 20,712A in livers from newborn and senescent rats.
This indicates that both 8 receptor subtypes are linked to the
cAMP second messenger system. (c) Both 8, and 8. antagonists
block the g8 receptor-mediated glucose output in hepatocytes
prepared from senescent rats, indicating that both 8 receptor
subtypes are involved in the regulation of hepatic glycogenolysis
in livers from senescent rats.
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