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MENDELSON, S. D. AND B. B. GORZALKA. Stimulation of B-adrenoceptors inhibits lordosis behavior in the female
rat. PHARMACOL BIOCHEM BEHAYV 29(4) 717-723, 1988.—Existing reports on the effects of 8-adrenergic antagonists
on lordosis behavior appear contradictory, with () propranolol being reported to inhibit, and (+) pindolol to facilitate this
behavior. In the present study, both the (—) and (+) optical isomers of propranolol were effective in inhibiting lordosis
behavior in ovariectomized rats treated with estrogen and progesterone. This finding suggests that the lordosis-inhibiting
effects of propranolo! were not due to blockade of 8-adrenergic activity, but rather to the membrane stabilizing effect of the
drug. An observed inhibition of lordosis following the peripheral administration of the local anesthetic lidocaine is consis-
tent with this possibility. (=) Propranolol had no effect 30 min after peripheral administration in estrogen-treated, ovariec-
tomized rats with low baseline levels of lordosis behavior. (+) and (—) pindolol, but not (+) pindolol also inhibited lordosis
30 min after administration. However, in addition to its antagonist effects, pindolol acts as a partial agonist in some tissues.
Centrally active doses of the pure 8-antagonist (+) metoprolol produced no inhibitory effects. Indeed, metoprolol reversed
the inhibitory effect of the B-agonist (+) salbutamol. This suggests that the lordosis-inhibiting effects of pindolol were due
to its partial agonist effects. Taken together, the present data indicate that activity at central 8-adrenoceptors inhibits rather

0091-3057/88 $3.00 + .00

than facilitates lordosis behavior.
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TWO selective B-adrenergic antagonists, propranolol and
LB-46 (pindolol), have been evaluated for their effects on
lordosis behavior in the female rat. The intrahypothalamic
administration of propranolol was reported to inhibit lordosis
in females treated with estrogen alone [10]. In females
treated with estrogen and progesterone, the intrahypo-
thalamic administration of propranolol appeared to be inef-
fective, as it neither attenuated nor enhanced the lordosis-
inhibiting effects of norepinephrine [5]. When administered
peripherally, propranolol inhibited lordosis in females
treated with estrogen and progesterone but was ineffective in
females made highly receptive by chronic treatment with estro-
gen [7]. In contrast with results obtained with propranolol, the
intrahypothalamic administration of pindolol was reported to
facilitate lordosis in females treated with estrogen [25].
Some of the apparent inconsistency in the reports on the
effects of B-adrenergic antagonists may be accounted for by
differences in the steroid treatments that were employed.
Whereas pindolol facilitated lordosis in females treated with
estrogen alone, it may well have been inhibitory in females
treated with both estrogen and progesterone. Similar results
have been observed with other drugs. For example, the seroto-
nin type 1A (5-HT 1) receptor agonist gepirone inhibits lordosis

behavior in females primed with estrogen and progesterone,
yet facilitates lordosis in females primed with estrogen alone
[16]. Notwithstanding the inconsistency in the effects of cen-
trally versus peripherally administered propranolol, it is
possible that peripherally administered propranolol might
have produced facilitation if low levels of receptivity had
been obtained with acute estrogen treatment.

The apparent inconsistency in the effects of propranolol
and pindolol may have been due at least partially to differ-
ences in the purity of the antagonist effects of the drugs.
Whereas propranolol is a relatively pure antagonist, pindolol
is known to act as a partial agonist in some tissues [21,24].
Differences in the abilities of these drugs to act as local anes-
thetics, that is, as agents that stabilize neural membrane ac-
tivity, might also have contributed to this inconsistency.
Whereas propranolol and several other pB-adrenergic
antagonists are known to produce stabilization of neural
membrane activity, pindolol does not produce this effect to
any significant degree [21].

As an additional consideration it may be noted that, like
most B-adrenergic drugs, propranolol and pindolol each exist
in two pharmacologically distinct forms, the (—) and (+)
isomers [9, 18, 24]. Whereas the (—) and (+) isomers of each
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drug are equally potent in producing some non-gB-adrenergic
effects, for example, the membrane stabilizing effect [9], it is
the (—) isomer that has the higher affinity for g-adreno-
ceptors [18,24]. Thus, if an effect of one of these drugs is
mediated by B-adrenoceptors then the (—) isomer of the drug
can be expected to be far more potent than the (+) isomer in
producing this effect. In the earlier evaluations of the effects
of propranolol [S, 7, 10] and pindolol [25], animals were
treated with mixtures of equal parts of both isomers, that is,
with the (%) forms of these drugs.

The present study examined whether different steroid
treatments or baseline levels of receptivity account for the
reported effects of (=) propranolol and (%) pindolol.
Moreover, the effects of the (—) and (+) forms of proprano-
lol and pindolol on lordosis behavior were evaluated. The
effects of propranolol and pindolol were then compared with
those of metoprolol, a relatively pure B-adrenergic
antagonist without significant membrane stabilizing effects
[21], and lidocaine, a membrane stabilizing drug without
significant B8-adrenergic activity. Finally, the effects of the
B-adrenergic agonist salbutamol on lordosis were deter-
mined, both alone and when coadministered with metoprolol.

GENERAL METHOD
Animals and Surgery

Female Sprague-Dawley rats were bred in our facilities
from stock originally obtained from Charles River Canada
Inc., Montreal. Animals were weaned at 21 days of age and
housed in groups of six in standard laboratory wire mesh
cages. At approximately 70 days of age the females were
bilaterally ovariectomized through lumbar incisions. Surgery
was performed while the animals were under ether anesthe-
sia. Immediately following surgery, females were returned to
group housing conditions in a room maintained under a re-
versed 12 hr dark/12 hr light cycle at 21+1°C and all were
allowed free access to food and water.

Drug Procedures

Estradiol benzoate (EB, Steraloids) and progesterone
(Steraloids) were dissolved in warm peanut oil and adminis-
tered subcutaneously in 0.05 ml of the vehicle. () Proprano-
lol HCI [(+) propranolol, Sigma], and (+) and (—) proprano-
lol HCI [(+), () propranolol; ICI] were dissolved in warm
saline, as were (+) metroprolol tartrate (metoprolol, Sigma)
and () salbutamol hemisulfate (salbutamol, Sigma). (*)
Pindolol (Sigma), and (-) and (+) pindolol (Sandoz) were
brought into solution in saline by titration with tartaric acid,
as was lidocaine (Sigma) with HCI. All drugs were adminis-
tered intraperitoneally in approximately 0.3 ml of vehicle in a
blind fashion.

Lordosis Testing

Behavioral testing involved presentation of an experi-
mental female to a sexually vigorous male rat in the testing
chamber. The narrow, bi-level testing chambers used in the
present study have been fully described elsewhere [17]. Ses-
sions were conducted 4-6 hr after commencement of the
dark cycle. Each experimental female was placed with a
single male until 10 mounts with pelvic thrusting had oc-
curred. A female’s response to a mount was considered a
lordosis response if some degree of concavity of the back was
noted. Lordosis quotients were calculated as the percentage
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FIG. 1. Mean lordosis quotients +S.E.M. of female rats primed with
estradiol benzoate and progesterone following the peripheral ad-
ministration of varying doses of (—) propranolol and (+) propranolol
30 min prior to behavioral testing.

of mounts with pelvic thrusting resulting in a lordosis re-
sponse.

EXPERIMENT 1

(+) Propranolol (0.8-20 mg/kg) has been reported to in-
hibit lordosis behavior 2 hr after peripheral administration to
female rats primed with estrogen and progesterone [7].
However, if the inhibitory effects of propranolol are due to
the blockade of central g8-adrenoceptors, then (—) proprano-
lol, the isomer most active at 8-adrenoceptors [9,18], should be
far more potent than (+) propranolol in inhibiting lordosis.

In a preliminary study in this laboratory, (x), (=) and (+)
propranolol (0.1-0.9 mg/kg) were all found to be ineffective 2
hr after peripheral administration to females primed with es-
trogen and progesterone. However, Sprague-Dawley rats
were employed in this laboratory, whereas Long-Evans rats
were used in the published report [7]. Strain differences in
the time- or dose-response to propranolol may account for
our failure to observe an inhibition after 2 hr. In experiment
1, animals treated with estrogen and progesterone received
varying doses of (—) and (+) propranolol 30 min before test-
ing. Moreover, to investigate the possibility that peripherally
administered propranolol might facilitate lordosis behavior
in females with low baseline levels of receptivity, the effects
of (=) propranolol were evaluated in animals treated with
estrogen alone.

Method

Females were divided into 2 sets of 40 animals, one set
that received (+) propranolol and a second that received (—)
propranolol. Each set was divided into 5 groups of 8 animals
that received 10 ug EB 48 hr, 500 g progesterone 4 hr, and
either 0.3, 1, 3, or 9 mg/kg of drug or the saline vehicle 30 min
prior to behavioral testing.

In the second part of Experiment 1, animals were divided
into 5 groups of 9 animals that received 10 ug EB 48 hr, and
either 0.3, 1, 3, or 9 mg/kg of (+) propranolol or the saline
vehicle 30 min prior to behavioral testing.
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Results and Discussion

From an examination of Fig. 1 it is apparent that both (+)
and (—) propranolol inhibited lordosis responding. It also
appears that (+) propranolol was somewhat more effective
than (—) propranolol in inhibiting lordosis behavior. By an
analysis of variance it was confirmed that there was a signifi-
cant inhibition of lordosis behavior with increasing doses of
(—) and (+) propranolol, F(4,63)=7.958, p<0.0001. In addi-
tion it was found that (+) propranolol was significantly more
effective than (—) propranolol in producing the inhibition of
lordosis, F(1,63)=5.376, p<<0.023. Because there were signif-
icant main effects of dose and drug, data were partitioned
and separate analyses were performed to evaluate the simple
effects of dose for each isomer of propranolol. Significant
dose effects were confirmed for both (+) propranolol,
F(4,35)=4.743, p<0.004, and (—) propranolol, F(4,35)=3.804,
p<0.012. It was determined by the Newman-Keuls method
of multiple comparisons that each drug produced a signifi-
cant inhibition of lordosis only at the 9 mg/kg dose (p<0.05),
even though the overall inhibitory effect of (+) propranolol
was significantly greater than that of (—) propranolol.

Although the baseline level of receptivity of females that
received estrogen alone should have allowed a facilitatory ef-
fect of (+) propranolol to emerge, no significant facilitation
was observed. Lordosis quotients of animals that received 9
mg/kg of (=) propranolol were slightly but not significantly
lower than those of animals in the control group. Low
baseline levels of receptivity in the control group may have
prevented this inhibition from reaching statistical signifi-
cance.

Although (—) propranolol is approximately 100 times
more effective than (+) propranolol at B-adrenoceptors [9],
(—) and (+) propranolol were found to be equally effective in
inhibiting lordosis behavior in females treated with estrogen
and progesterone. Moreover, these inhibitions occurred only
at the 9 mg/kg dose of each drug, a dose well beyond
that required to produce an effective blockade of B-ad-
renoceptors by either (=) or (*) propranolol [9]. Taken
together, these data suggest that the lordosis-inhibiting ef-
fects of propranolol were mediated by a non-B-adrenergic
mechanism (for review of the non-stereoselective, non-
adrenergic effects of propranolol, see [2]).

EXPERIMENT 2

There is evidence to suggest that the 9 mg/kg doses of (+)
and (—) propranolol found effective in Experiment 1 may
have been sufficient to produce membrane stabilization in
peripheral or even central neural tissues. For example, the
intravenous administration of a 4.5 mg/kg dose of (+) pro-
pranolol was found to prolong the PR intervals in the
electrocardiograms of intact cats. This effect, which is indi-
cative of a decrease in the ability of the sinoatrial node of the
heart to generate and conduct electrical impulses, was at-
tributed to membrane stabilization [3].

The drug lidocaine is essentially inactive at B-adreno-
ceptors (although see [23]). However, being a local anes-
thetic, it produces membrane stabilization {19]. In Ex-
periment 2 the effects on lordosis behavior of peripherally
administered lidocaine were evaluated. If membrane stabili-
zation is a plausible explanation for the non-stereoselective
lordosis-inhibiting effect of propranolol, then lidocaine
should inhibit lordosis.
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FIG. 2. Mean lordosis quotients +S.E.M. of female rats primed with
estradiol benzoate and progesterone following the peripheral admin-
istration of varying doses of lidocaine 30 min prior to behavioral
testing.

Method

Females were divided into 5 groups of 13 animals, each of
which received 10 ug EB 48 hr, 500 ug progesterone 4 hr,
and either 1, 3, 10, or 30 mg/kg lidocaine or the vehicle 30
min prior to testing.

Results and Discussion

An examination of Fig. 2 suggests that the highest dose of
lidocaine inhibited lordosis behavior. The inhibitory effect of
the 30 mg/kg dose of lidocaine was confirmed by an analysis
of variance, F(4,60)=3.974, p<0.0064, and, subsequently,
the Newman-Keuls method (p <0.05). Although lidocaine is
a local anesthetic, it should be noted that 30 mg/kg of the
drug inhibited lordosis behavior without producing obvious
sedation or motor impairment. Many animals with markedly
inhibited lordosis responses were capable of displaying vig-
orous proceptive behavior, particularly, earwiggling, when
approached by the male.

It is tempting to speculate that the membrane stabilizing
effects of both lidocaine and propranolol contribute to their
common effect on lordosis. However, one cannot rule out
the possibility that lidocaine and propranolol inhibit lordosis
by completely different mechanisms.

EXPERIMENT 3a

In contrast with propranolol, (+) pindolol has been re-
ported to facilitate lordosis behavior when administered di-
rectly into the hypothalamus and medial forebrain bundle of
estrogen-primed female rats [25]). However, it is conceivable
that in females treated with estrogen and progesterone, pin-
dolol might inhibit lordosis, as has been observed with pro-
pranolol ([7], Experiment 1 of the present study). In Experi-
ment 3a, the effects of peripherally administered (+) pindolol
were evaluated in females primed with estrogen, and with
estrogen and progesterone.

Method
Females were divided into 4 groups of 8 animals, each of
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FIG. 3. Mean lordosis quotients +S.E.M. of female rats primed with
estradiol benzoate (EB; top panel), or estradiol benzoate and
progesterone (EB+P; bottom panel) following the peripheral admin-
istration of varying doses of (=) pindolol 30 min prior to behavioral
testing.

which received 10 ug EB 48 hr and either 0.3, 1, or 3 mg/kg
(+) pindolol, or the vehicle 30 min prior to testing. The sec-
ond part of Experiment 3a was performed one week later,
and was identical to the first except that the 4 groups con-
sisted of 10 animals and all animals received 500 ug
progesterone 4-6 hr prior to testing.

Results and Discussion

From an examination of Fig. 3 it appears that peripheral
administration of (+) pindolol inhibited rather than fa-
cilitated lordosis behavior in females primed either with
estrogen or with estrogen and progesterone.

An analysis of variance failed to reveal a significant in-
hibitory effect of (+) pindolol in females treated with estro-
gen alone. However, significant inhibitory effects of (=) pin-
dolol were confirmed in animals treated with estrogen and
progesterone, F(3,36)=10.676, p<0.0001. By use of the
Newman-Keuls method it was determined that the inhibitory
effects of () pindolol occurred at the 3 mg/kg dose (p<0.05).

Although pindolol failed to produce a significant inhibi-
tion of lordosis in animals treated with estrogen alone, this
failure may simply reflect lower baseline lordosis quotients
and higher variability than was observed in animals treated
with estrogen and progesterone.

EXPERIMENT 3b

As is the case with propranolol, the (—) isomer of pin-
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FIG. 4. Mean lordosis quotients +S.E.M. of female rats primed with
estradiol benzoate and progesterone following the peripheral admin-
istration of 3 mg/kg (—) pindolol, 3 mg/kg (+) pindolol, or the vehicle
30 min prior to behavioral testing.

dolol is most active at 8-adrenoceptors [24]. In Experiment
3b the effects of the (—) and (+) isomers of pindolol were
evaluated in females primed with estrogen and progesterone.
It was assumed that if the effects of (+) pindolol observed in
Experiment 3a were indeed mediated by B-adrenoceptors,
then (—) pindolol would be more effective than (+) pindolol
in inhibiting lordosis behavior.

Method

In Experiment 3b animals were divided into 3 groups of 13
animals. Animals in each group received 10 ug EB 48 hr, 500
wg progesterone 4-6 hr, and either 3 mg/kg (+) pindolol, 3
mg/kg (—) pindolol, or the vehicle 30 min prior to testing.

Results and Discussion

From an examination of Fig. 4 it is apparent that ()
pindolol inhibited lordosis whereas (+) pindolol was ineffec-
tive. A significant drug effect was confirmed by an analysis
of variance, F(2,36)=7.489, p<0.002. By use of the
Newman-Keuls method it was confirmed that (—) pindolol
produced a significant inhibition of lordosis (p<0.05).

EXPERIMENT 4

In Experiment 4 the effects of the 8-adrenergic antagonist
metoprolol were evaluated. Unlike propranolol, metoprolol
produces relatively little membrane stabilization [21].
Moreover, unlike pindolol, which appears to act as a partial
agonist at 8-adrenoceptors [24], metoprolol appears to be a
relatively pure antagonist [21].

Method

Females were divided into 5 groups of 6 animals, each of
which received 10 ug EB 48 hr and either 0.6, 2, 6, or 20
mg/kg metoprolol, or the saline vehicle 30 min prior to test-
ing. The second part of Experiment 4 was identical to the
first except that groups consisted of 7 animals and all animals
received 500 ug progesterone 4-6 hr prior to testing. Doses
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FIG. 5. Mean lordosis quotients +S.E.M. of female rats primed with
estradiol benzoate and progesterone following the peripheral admin-
istration of 20 mg/kg salbutamol, 20 mg/kg metoprolol, salbutamol
and metoprolol, or the vehicle 30 min prior to behavioral testing.

of metoprolol were chosen on the basis of an earlier report of
central effects after the peripheral administration of 5 mg/kg
of the drug [6].

Results

Peripheral administration of centrally active doses of
metoprolol appeared to have no effect on the lordosis behav-
ior of animals primed either with estrogen, or with estrogen
and progesterone. This was confirmed in separate analyses
of variance. Indeed, it was observed in subsequent experi-
ments that doses of metoprolol as high as 75 mg/kg were
completely ineffective in females primed with both estrogen
and progesterone.

EXPERIMENT 5

In preliminary studies, the pB-adrenergic agonist sal-
butamol [6,18] appeared to inhibit lordosis behavior. If the
apparent inhibitory effects of salbutamol were due to the
stimulation of 8-adrenergic receptors, then this effect should
be blocked by the coadministration of a B-adrenergic
antagonist. Doses of metoprolol comparable to those found
ineffective in Experiment 4 have been found to block the
central effects of the B-adrenergic agonist clenbuterot [6]. In
Experiment 5, the effect of salbutamol on lordosis was eval-
uated in the absence or presence of metoprolol.

Method

Females were divided into 4 groups of 6 animals that each
received 10 ug EB 48 hr, and 500 ug progesterone 4-6 hr
prior to testing. A 2x2 design was employed such that each
of the 4 groups received either saline or 20 mg/kg salbutamol
30 min, and either saline or 20 mg/kg metoprolol 30 min prior
to testing. Both salbutamol and metoprolol have been re-
ported to be centrally active at these doses [6,20].

Results
The data displayed in Fig. 5 suggest that salbutamol
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inhibited lordosis behavior. Metoprolol alone was ineffec-
tive, however, the drug appeared to reverse the inhibitory
effect of salbutamol.

An analysis of variance revealed significant main effects
of both metoprolol, F(1,16)=7.45, p<0.0143, and sal-
butamol, F(1,16)=8.86, p<0.009. Moreover, the analysis re-
vealed a significant interaction between metoprolol and sal-
butamol, F(1,16)=6.154, p<0.024. Subsequent use of the
Newman-Keuls method confirmed that metoprolol reversed
the inhibitory effect of salbutamol. Lordosis quotients of
animals that received salbutamol were significantly lower
than those of control animals (p<0.05), of animals that re-
ceived metoprolol (p<0.05), and of animals that received
both metoprolol and salbutamol (p <0.05). The lordosis quo-
tients of animals that received both metoprolol and sal-
butamol did not differ from those of control animals or of
animals that received metoprolol alone.

GENERAL DISCUSSION

In the present study (—) and (+) propranolol were equiv-
alent in their ability to inhibit lordosis behavior 30 min after
peripheral administration. Because (—) propranolol is far
more active at 3-adrenergic receptors, the lordosis-inhibiting
effects of propranolol were most likely due to a non-8-
adrenergic mechanism. The inhibition of lordosis by
lidocaine is consistent with the possibility that the membrane
stabilizing properties of propranolol account for its inhibition
of lordosis. (=) and (—), but not (+) pindolol also inhibited
lordosis 30 min after administration. However, centrally
active doses of the pure B-antagonist (+) metoprolol
produced no inhibitory effects. Indeed, metoprolol reversed
the inhibitory effect of the B-agonist (+) salbutamol. This
suggests that the lordosis-inhibiting effects of pindolol are
due to its action as a partial agonist at 8-adrenoceptors [24].
In other words, it is plausible that the lordosis-inhibiting ef-
fect of pindolol is due to stimulation rather than blockade of
B-adrenoceptors. Taken together, the present data indicate
that activity at central 8-adrenoceptors inhibits rather than
facilitates lordosis behavior. Of course, it is possible that the
effects observed in the present study were at least partially
mediated by peripheral mechanisms.

Because metoprolol alone proved ineffective in the pres-
ent study, it appears unlikely that B8-adrenoceptors play a
major role in the modulation of lordosis behavior. However,
it might be that stimulation of 8-adrenoceptors enhances the
effect of a more primary lordosis-inhibiting system in the rat.
In view of evidence that B-adrenergic agonists enhance the
effect of serotonergic drugs [6,20], and that activity at
5-HT,4 receptors inhibits lordosis [15], it is reasonable to
suggest that the lordosis-inhibiting effect of gB-adrenergic
stimulation is mediated indirectly by increased serotonergic
activity at 5-HT,, receptors.

The findings of lordosis-inhibiting effects of peripherally
administered pindolol in Experiments 3a and 3b appear in-
consistent with the report that pindolol administered into the
hypothalamus facilitates lordosis [25]. Because peripherally
administered pindolol would have reached both hypotha-
lamic and non-hypothalamic areas of the brain, these appar-
ent inconsistencies may reflect regional differences in the
effects of activity at B-adrenoceptors. However, recent evi-
dence indicates that pindolol binds with a significantly high
affinity to 5-HT,, receptors as well as to 8-adrenoceptors
[12]. Indeed, during the preparation of this manuscript it
was learned that (—) pindolol attenuates the inhibition of
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lordosis by the potent and selective 5-HT 4 agonist 8-hy-
droxy-2-(di-n-propylamino) tetralin [8]. Although the af-
finity of pindolol for 8-adrenoceptors appears to be roughly
100 times greater than its affinity for 5-HT,. receptors
[12,17], if the lordosis-inhibiting effects of B-adrenergic
stimulation are mediated by an enhancement of activity at
5-HT,4 receptors, then under some conditions the lordosis-
facilitating anti-serotonergic effects of pindolol might over-
ride the lordosis-inhibiting effects of the drug caused by its
action as a partial agonist at 8-adrenoceptors.

It should be emphasized that the 8-adrenergic subtype of
receptor can itself be classified into 8;- and By-subtypes [14].
Although salbutamol and pindolol bind non-selectively to 3;-
and Bs-adrenoceptors [18], the agonist effects of both drugs
appear to be limited almost entirely to the 8,-subtype [18,24].
Furthermore, although metoprolol, which reverses the in-
hibitory effect of salbutamol, is usually considered to be 8-
selective, the affinity of the drug for B:adrenoceptors is
nearly equal to that of salbutamol [18]. Thus it is distinctly
possible that the inhibitions of lordosis produced by pindolol
and salbutamol in the present study were due to stimulation
of central B-adrenergic sites.

The B-adrenergic agonist isoproterenol has been found to
facilitate lordosis when administered directly into the medial
preoptic and arcuate-ventromedial nuclei of estrogen-primed
female rats [10], and to be ineffective when administered into
the medial preoptic nuclei of females treated with estrogen
and progesterone [5]. These reports appear inconsistent with
the present results, which indicate that 8-adrenergic activity
inhibits lordosis behavior. Because drugs administered pe-
ripherally in the present study would have reached both hy-
pothalamic and non-hypothalamic areas of the brain, these
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apparent inconsistencies might represent regional differ-
ences in the effects of B-adrenergic stimulation on lordosis
behavior. In addition, because isoproterenol is a potent
agonist at both 8- and Bssubtypes of receptors [14], it is
tempting to suggest that activity at 8radrenoceptors might
attenuate the apparent lordosis-inhibiting effects of B
adrenoceptor stimulation.

Isoproterenol also binds, albeit with low affinity, to
a-adrenoceptors [22]. In some tissues, isoproterenol may act
as an agonist at a-adrenergic sites [13]. In the evaluations of
the effects of isoproterenol on lordosis, high (millimolar)
concentrations of the drug were infused directly into the
hypothalamus [5,10], an area where the a-subtype of ad-
renoceptors appears predominant [4]. In view of the con-
troversy over the role of a-adrenoceptors in the modulation
of lordosis [5, 7, 10, 11], it is conceivable that the effects
produced by the activation of certain a-adrenoceptors may
have masked any pB-adrenergically mediated lordosis-
inhibiting effects of isoproterenol.

In closing it must be mentioned that pindolol also binds
with low affinity to a-adrenoceptors [1]. Although we believe
it unlikely, we cannot rule out the possibility that activity at
central or peripheral a-adrenoceptors contributed to the ef-
fects of pindolol in the present study. However, whereas
propranolol binds with low affinity to a-adrenoceptors, the
equal effectiveness of (—) and (+) propranolol suggests that
the lordosis-inhibiting effects of propranolol are not
mediated by a-adrenoceptors [22]. Moreover, it can be said
with some certainty that the effects of salbutamol are not
mediated by a-adrenoceptors. Salbutamol has an extremely
low affinity for a-adrenoceptors [1], and therefore is not
likely to be active at these sites.
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