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DIFFERENTIATION OF METABOLIC ADRENOCEPTORS
T. LOAKPRADIT & R. LOCKWOOD
Department of Pharmacology, Faculty of Science, Mahidol University, Rama VI Road, Bangkok, Thailand

1 Cardiovascular and metabolic responses to intravenous infusion of isoprenaline were measured in
fasted, anaesthetized cats.
2 Isoprenaline (0.2 jg kg-' min-' for 15 min) decreased diastolic blood pressure and increased heart
rate, blood glucose, blood lactate and plasma free fatty acids.
3 Oxprenolol (0.5 mg/kg) antagonized all cardiovascular and metabolic effects of isoprenaline non-

selectively.
4 Para-oxprenolol (0.25 mg/kg) and practolol (4 mg/kg) antagonized the effects of isoprenaline on

heart rate and free fatty acids selectively.
5 H 35/25 ((1-(4-methylphenyl)-2-isopropyl aminopropanol) hydrochloride, 3 mg/kg) antagonized the
effects of isoprenaline on blood pressure, glucose and lactate selectively.
6 It is concluded that metabolic adrenoceptors are differentiated into subtypes similar to those
mediating cardiostimulation and vasodilatation.

Introduction

It has been proposed that /3-adrenoceptors mediating
pharmacological responses to sympathomimetic
agonists are differentiated into two subtypes
designated 'P,' and 'f2' (Lands, Arnold, McAuliff,
Luduena & Brown, 1967). This classification is based
on the relatively selective activity of certain agonists in
producing these responses. Thus, adrenoceptors on
which noradrenaline has strong activity, such as those
mediating cardiostimulation, have been assigned to the
/, subtype. Conversely, adrenoceptors on which
noradrenaline has weak activity, including those
mediating vasodilatation and bronchodilatation, have
been assigned to the 42 subtype. For each response,
the activity of noradrenaline has been assessed in
comparison with that of other agonists, primarily
adrenaline and isoprenaline, which appear to have
strong activity on both the , and 62 subtypes of
adrenoceptor.
The selective agonist activity of noradrenaline has

also been used to classify /B-adrenoceptors mediating
metabolic responses. Thus, due to the strong activity
of noradrenaline on lipolytic adrenoceptors mediating
release of free fatty acids (FFA), these adrenoceptors
have been assigned to the f, subtype (Lands et al.,
1967). Conversely, liver and muscle glycogenolytic
adrenoceptors mediating release of glucose and
lactate, respectively, have been assigned to the f2
category due to the relatively weak activity of
noradrenaline in producing these responses (Arnold,
McAuliff, O'Connor & Brown, 1968).

Metabolic responses to adrenaline and isoprenaline
have also been compared with those produced by

selective non-catecholamine agonists. Tazolol, or ITP,
selectively produces cardiostimulation (Strosberg &
Roszkowski, 1972); this agonist increases plasma
FFA but does not increase glucose or lactate
(Lockwood & Lum, 1974). Tazolol is therefore a
presumably P, selective agonist which supports the
Lands' classification of,i-adrenoceptors. However, the
actions of presumably P2 selective agonists are less
consistent with this classification. Thus, salbutamol
selectively produces bronchodilatation (Cullum,
Farmer, Jack & Levy, 1969) yet this agonist is more
active in producing increases in plasma FFA and less
active in producing increases in blood lactate (Kelly &
Shanks, 1975) than would be expected in a selective 2
agonist.

In the present study, an attempt has been made to
provide evidence regarding differentiation of metabolic
adrenoceptors by the use of P-adrenoceptor
antagonists which are presumed to be non-selective or
selective for either cardiac or vascular /i-adreno-
ceptors. Cardiovascular and metabolic responses to
intravenous infusion of isoprenaline have been
measured in control animals. These responses have
been compared to those observed in animals
pretreated with practolol, an antagonist which
selectively blocks isoprenaline-induced cardio-
stimulation (Dunlop & Shanks, 1968) and with
H 35/25, an antagonist which selectively blocks
isoprenaline-induced vasodilatation (Levy &
Wilkenfeld, 1969). Responses to isoprenaline have
also been examined in animals pretreated with
oxprenolol or para-oxprenolol, antagonists which have
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been reported to have dissimilar selectivity for cardio-
vascular P-adrenoceptors (Vaughan Williams, Bagwell
& Singh, 1973).

Methods

Fasted adult cats (2.0-4.1 kg) of either sex were
anaesthetized with intravenous pentobarbitone sodium
30 mg/kg. Supplemental intravenous doses of
pentobarbitone were administered as needed to
maintain anaesthesia. Both vagosympathetic nerve
trunks were ligated and severed in the neck. Systolic
and diastolic blood pressures (BP) were monitored via
a Statham PT 06 transducer from a catheter inserted
into a carotid artery. Heart rate was determined by
counting the number of systolic peaks on the blood
pressure recording. Recordings were made on a
Hewlett Packard Model 7700 polygraph. A femoral
artery and vein were cannulated to obtain arterial
blood samples and to administer drugs, respectively.
The trachea was cannulated and animals were allowed
to respire spontaneously. Following completion of
surgical procedures, heparin sodium (250 units/kg)
was administered intravenously to prevent clotting of
blood samples.

Arterial blood glucose levels were determined by the
o-toluidine method of Dubowski (1962). Arterial
blood lactate levels were determined by the lactate
dehydrogenase method of Marbach & Weil (1967).
Arterial plasma FFA were measured by the copper
complexation method of Duncombe (1964).
The following drugs were used: (±)-isoprenaline

hydrochloride (Winthrop Laboratories, Inc.),
oxprenolol hydrochloride (Ciba-Geigy, Ltd.), para-
oxprenolol hydrochloride (Ciba-Geigy, Ltd.), practolol
(Imperial Chemical Industries, Ltd.) and H 35/25
(1-(4-methylphenyl)-2-isopropyl aminopropanol)
hydrochloride, Axel Kistner AB). The dosages of
isoprenaline and practolol are in terms of the bases;
the dosages of oxprenolol, para-oxprenolol, H 35/25
are in terms of the salts. Isoprenaline was administered
by continuous intravenous infusion; infusions were
performed with a Harvard Model 975 infusion pump
calibrated to deliver a volume of 0.5 ml of isoprenaline
solution in 0.9% w/v NaCl solution (saline) per
minute. Oxprenolol, para-oxprenolol, practolol and
H 35/25 were administered over a 5 min period which
was completed 15 min before beginning infusion of
isoprenaline. Arterial blood samples of 2.5 ml each
were removed for analysis immediately before
administration of isoprenaline and P-adrenoceptor
antagonists and at 5, 10 and 15 min after beginning
isoprenaline infusion.

Statistical analyses were performed using Student's
t test for group comparison or the t test for paired data
as appropriate. A P value of less than 0.05 was
considered to be significant.

Results

Cardiovascular responses to isoprenaline

Heart rate and diastolic BP were recorded just before
(time 0) and at 5, 10 and 15 min after beginning
isoprenaline infusion. Isoprenaline significantly
increased heart rate and decreased diastolic blood
pressure; these effects persisted throughout the period
of infusion but were maximal at 5 min after beginning
isoprenaline administration (Table 1).

Metabolic responses to isoprenaline

Blood glucose, blood lactate and plasma FFA levels
were determined in samples taken just before (time 0)
and at 5, 10 and 15 min after beginning isoprenaline
infusion. Isoprenaline significantly increased glucose,
lactate and FFA levels; these effects were progressive
throughout the period of infusion and therefore were
maximal at 15 min after beginning isoprenaline
administration (Table 1).

Cardiovascular and metabolic responses to 8-
adrenoceptor antagonists

Cardiovascular and metabolic parameters were
measured just before and at 15 min after administra-
tion of oxprenolol, para-oxprenolol, practolol or
H 35/25. The doses of antagonists used were those
found to produce significant antagonism of at least
one of the cardiovascular responses to isoprenaline
infusion. Oxprenolol, para-oxprenolol and practolol
produced small but significant increases in blood
glucose (Table 2). As shown in Table 2, para-
oxprenolol was the only antagonist which produced
significant changes in diastolic blood pressure, blood
lactate and plasma FFA while oxprenolol was the only
antagonist which produced a significant change in
heart rate.

Effect of antagonists on cardiovascular responses to
isoprenaline

Heart rate and diastolic BP were recorded at time 0,
which was 15 min after administration of antagonists
and just before beginning isoprenaline, and at 5, 10
and 15 min after beginning isoprenaline infusion.
Maximal changes in heart rate and diastolic BP
produced by isoprenaline in animals pretreated with
antagonists were compared with maximal changes
produced in non-pretreated controls (Table 3).
Oxprenolol non-selectively antagonized both the
increase in heart rate and the decrease in blood
pressure produced by isoprenaline in controls. In
contrast to this, para-oxprenolol and practolol
selectively antagonized the isoprenaline-induced
increase in heart rate while H 35/25 selectively
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Table 1 Cardiovascular and metabolic responses to isoprenaline (0.2 tLg kg-1 min-1)

Heart Diastolic Blood Blood
rate BP glucose lactate

Time (beats/min) (mmHgj (mg %J (mg %)

0 112+10 88±8 85±5 18.6±1.3
5 162 ±9* 51 +7* 126±7* 23.8 +0.9*

10 161 +9* 62±10* 156±7* 31.1 ±0.7*
15 159 ± 8* 66 ± 9* 167 ±3* 33.1 + 0.6*

Number of animals= 7. Time represents time in minutes after beginning isoprenaline infusion.
* Significantly different from initial (time 0) values (P < 0.05).

Plasma
FFA

(mEqil)

0.44 + 0.03
0.57 ± 0.05*
0.71 + 0.10*
0.77 ± 0.09*

Table 2 Cardiovascular and metabolic responses to ,B-adrenoceptor antagonists

A Heart
rate

A Diastolic
BP

Antagonist n (beats/min) (mmHg)

Oxprenolol 3 -28 ± 10* -5 ± 3
(0.5 mg/kg)

Para-oxprenolol 5 3 ± 5 -8 ± 3*
(0.25 mg/kg)

Practolol 6 -13 9 -8±4
(4 mg/kg)

H 35/25 6 -5±3 -3±3
(3 mg/kg)

n= number of animals. A represents change from initial values.
* Significant change from initial values (P < 0.05).

Table 3 Effect of
(0.2 igg kg-1 min-')

A Blood
glucose
(mg%)

6±1*

28±3*

15±4*

1 +1

A Blood
lactate
(mg°/O)

1.6 + 0.9

1.5 + 0.5* 0.03+ 0.01 *

1.0 + 0.78 0.003 + 0.008

0.1 +0.1 0.01 +0.01

antagonist pretreatment on cardiovascular and metabolic responses to isoprenaline

A Heart A Diastolic A Blood
rate BP glucose

Pretreatment n (beats/min) (mmHg) (mg0/o)

None (controls) 7 50 ± 6 -37 + 4 82 ± 5

Oxprenolol 3 11 +1* -3+ 2* 28±5*
(0.5 mg/kg)

Para-oxprenolol 5 14±2* -42± 8 77 ± 5
(0.25 mg/kg)

Practolol 6 20±1* -40±4 79 ± 5
(4 mg/kg)

H 35/25 6 43 ±3 -2 ± 4* 16±6*
(3 mg/kg)

n= number of animals. A represents maximal change from initial values.
* Significantly different from response to isoprenaline in Controls (P < 0.05).

A Blood
lactate
(mg9)/0

14.5 ± 4.0

2.7 + 1.4*

A Plasma
FFA

(mEqil)

0.33 + 0.08

0.01 +0.01*

13.2 +0.6 0.04 + 0.02*

11.9± 1.9 0.02+0.01*

0.9 + 0.8* 0.28 ± 0.07

A Plasma
FFA

(mEqil)

-0.01 +0.01
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antagonized the isoprenaline-induced decrease in
diastolic blood pressure.

Effect of antagonists on metabolic responses to
isoprenaline

Blood glucose, blood lactate and plasma FFA levels
were determined in samples taken at time 0, which was
15 min after administration of antagonists and just
before beginning isoprenaline infusion, and 5, 10 and
15 min after beginning isoprenaline infusion. Maximal
changes in blood glucose, blood lactate and plasma
FFA produced by isoprenaline in animals pretreated
with antagonists were compared with maximal
changes produced in non-pretreated controls
(Table 3). Oxprenolol non-selectively antagonized all
metabolic responses to isoprenaline. In contrast to
this, para-oxprenolol and practolol selectively
antagonized the isoprenaline-induced increase in
plasma FFA while H 35/25 selectively antagonized
the isoprenaline-induced increases in blood glucose
and blood lactate.

Discussion

The metabolic adrenoceptors mediating isoprenaline-
induced increases in blood glucose, blood lactate and
plasma FFA appear to consist exclusively of fi-
adrenoceptors. Accordingly, it has been established
that these metabolic responses to isoprenaline can be
completely blocked by the /3-adrenoceptor antagonist,
propranolol (Barrett & Cullum, 1968). Unlike
isoprenaline, other sympathomimetic agonists such as
adrenaline are associated with an a-adrenoceptor-
mediated inhibition of pancreatic insulin release which
presumably contributes to the increase in blood
glucose produced by these agonists (Altszuler,
Gottlieb, Steel & Bjerknes, 1974). Although the
increase in blood glucose produced by isoprenaline
appears to be due primarily to stimulation of liver
glycogenolysis, it is possible that this response is
enhanced by simultaneous stimulation of muscle
glycogenolysis. This is consistent with the observation
that elevation of blood lactate (by i.v. infusion of
sodium lactate) significantly increases blood glucose
(Miller, Issekutz, Paul & Rodahl, 1964). This is
probably due to the increased availability of lactate for
liver gluconeogenesis. On the other hand, elevation of
blood lactate or glucose may diminish increases in
plasma FFA due to stimulation of lipolytic
adrenoceptors by facilitating re-esterification to
triglycerides (Miller et al., 1964). This interaction may
partly account for the relatively large increases in
plasma FFA characteristic of noradrenaline, an
agonist which produces relatively small increases in
blood lactate or glucose.

Previous attempts to differentiate metabolic

adrenoceptors have been concerned primarily with
differences between activities of noradrenaline and
other sympathomimetic agonists in producing
responses attributable to glycogenolysis or lipolysis.
For example, noradrenaline has been demonstrated to
have very weak activity compared to isoprenaline in
producing stimulation of muscle glycogenolysis
(Fleming & Kenny, 1964). Since many responses to
noradrenaline can be potentiated by pretreatment of
animals with neuronal uptake blockers such as
cocaine, it may be argued that weak activity of
noradrenaline relative to other catecholamines is due
to rapid inactivation of noradrenaline by neuronal
uptake. However, except for increases in blood
glucose, metabolic responses to noradrenaline are only
slightly potentiated by cocaine pretreatment and such
potentiation requires doses of cocaine greater than
those necessary to potentiate other noradrenaline
responses such as vasoconstriction (Hardman &
Mayer, 1965). Furthermore, neuronal uptake
inactivation does not explain the relatively strong
activity of noradrenaline compared to other
catecholamines in producing increases in plasma FFA
(Barrett, 1965). In general, studies with noradrenaline
and other selective agonists appear to support the
concept that metabolic adrenoceptors are
heterogeneous and are differentiated into subtypes.

Relatively few studies have used selective
antagonism of metabolic responses to sympatho-
mimetic agonists to differentiate metabolic
adrenoceptors. Practolol, a presumably /, selective
antagonist, selectively inhibited adrenaline-induced
increases in plasma FFA in one study but the dose of
practolol which was used did not alter adrenaline-
induced increases in heart rate (Cash, Woodfield &
Allan, 1970) and therefore blockade of the 'cardiac' p-
adrenoceptor subtype is problematical. Butoxamine,
an antagonist which selectively antagonizes
isoprenaline-induced vasodilatation (Parratt &
Wadsworth, 1970), also antagonizes isoprenaline-
induced increases in glucose and lactate (Salvadore,
April & Lemberger, 1966). However, butoxamine has
also been reported to block increases in plasma FFA
produced by sympathomimetic agonists (Colville,
Lindsay & Burns, 1965) and this action would not be
expected from a presumably P2 selective antagonist.
Blockade of metabolic responses to sympathomimetic
agonists by other selective P-antagonists such as para-
oxprenolol or H 35/25 does not appear to have been
investigated.

In the present investigation, non-selective
antagonism of cardiostimulant and vasodilator
responses to isoprenaline by oxprenolol was
accompanied by antagonism of all metabolic
responses measured. In contrast to this, selective
antagonism of the cardiostimulant responses to
isoprenaline by para-oxprenolol or practolol was
accompanied by selective antagonism of the effect of
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isoprenaline on plasma FFA. The apparent failure of
practolol pretreatment to antagonize glycogenolytic
adrenoceptors is consistent with the results of Pogatsa,
Kaldor & Vizi (1970) who found that practolol, unlike
the non-selective f-antagonist propranolol, did not
inhibit stimulation of glycogenolysis or glucose release
by isoprenaline in perfused rat liver. The selective
antagonism of the vasodilator response to isoprenaline
by H 35/25 was accompanied by selective antagonism
of the effects of isoprenaline on blood glucose and
lactate. The apparent failure ofH 35/25 to antagonize
lipolytic adrenoceptors is in contrast to the blockade
of FFA release reported for butoxamine and may
reflect a greater degree of selectivity of H 35/25 for
/2-adrenoceptors compared to butoxamine.

The results of the present investigation support the
concept that metabolic adrenoceptors generally
classified as '/P' are heterogeneous and can be further
differentiated into subtypes comparable to those
proposed by Lands et al. (1967). Thus, lipolytic
adrenoceptors appear to resemble adrenoceptors
mediating cardiostimulant responses to sympatho-
mimetic agonists whereas glycogenolytic adreno-

ceptors appear to resemble adrenoceptors
mediating vasodilator responses. The results of this
study do not necessarily confirm the P1, 02' classifica-
tion of Lands et al. since other tissues may contain p-
adrenoceptors which are not equivalent to those
mediating either cardiostimulation or vasodilatation.
However, the ability of selective ,-adrenoceptor
antagonism to dissociate lipolysis from other
adrenergic responses has potential clinical value in
view of evidence that increases in FFA may facilitate
production of cardiac arrhythmias by adrenoceptor
agonists (Kurien, Yates & Oliver, 1971). Due to the
apparent differentiation of adrenoceptors, it is possible
that selective lipolytic blockade can be achieved
without interfering with desired responses (such as
bronchodilatation) to therapeutic doses of sympatho-
mimetic drugs.
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