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MYERS, R. D., D. B. BELESLIN AND A. H. REZVANLI. Hypothermia: Role of ay and aynoradrenergic receptors in the
hypothalamus of the cat. PHARMACOL BIOCHEM BEHAV 26(2) 373-379, 1987.—The purpose of this study was to
characterize the a,- and a,-noradrenergic receptor sub-types which could mediate the hypothermic response produced by
norepinephrine (NE) and other a-noradrenergic agonists applied to the thermosensitive zone of the hypothalamus. An array of
four guide tubes was implanted stereotaxically so that their tips rested just above the anterior hypothalamic, preoptic area
(AH/POA) of the cat. Following post-operative recovery, a micro-injection of an agonist or antagonist of NE receptors or control
CSF vehicle was given in a volume of 1.0-2.0 ul in the AH/POA in each of the unrestrained cats. The «,-noradrenergic receptor
agonist, phenylephrine, but not methoxamine, applied to the AH/POA produced a dose-dependent hypothermia of up to 2.0°C.
When applied similarly, the a,-noradrenergic agonist clonidine, as well as norepinephrine, which acts on both o,- and
ag-noradrenergic receptors, also induced a decline in the cat’s core temperature of up to 1.5°C. The hypothermic response of
clonidine was inhibited by pre-treatment of the AH/POA with a micro-injection of the selective a,-noradrenergic blocking agent,
yohimbine. However, yohimbine given similarly in the cat’s AH/POA potentiated significantly both the phenylephrine and
norepinephrine-induced hypothermia. The combined a;-, a,-noradrenergic receptor antagonist, phentolamine, also injected into
AH/POA inhibited the thermolytic response evoked by both phenylephrine and norepinephrine, whereas it was virtually
ineffective against the clonidine-induced hypothermia. These results, therefore, strongly suggest that both o, and o
noradrenergic receptors subserve the coordinated thermoregulatory mechanisms in AH/POA which are required for the
functional dissipation of body heat and the consequent evocation of hypothermia.
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IT is now well recognized that noradrenergic mechanisms in
the anterior hypothalamic, pre-optic area (AH/POA) play a
significant role in the thermoregulatory processes of most
animals {6, 25, 33]. Numerous pharmacological studies have
shown that norepinephrine (NE) micro-injected into the
AH/POA causes a dose-dependent decline in the tempera-
ture of the cat [6, 11, 19, 32] and other species [23,24].
Further, hypothermia is produced also by the a5
noradrenergic agonist, phenylephrine or the a,-agonist,
clonidine, similarly injected into the rostral hypothalamus of
the cat and rat, respectively [32,38]. Other investigations on
the antagonism between noradrenergic agonists and
antagonists, delivered either into the AH/POA or intracere-
broventricularly (ICV) in several species, also support
strongly the view that a-noradrenergic receptors are involved
in the mediation of the heat-loss pathway [5, 17, 29]. Of
physiological significance is the fact that exposure to heat

enhances the synaptic release of NE from the AH/POA of
the unrestrained animal [27].

The existence of both a;- and a,-noradrenergic receptors
in the central nervous system has been demonstrated by both
radioligand binding and autoradiographic techniques [39, 40,
44, 45], and in hypothalamic tissue, a high density of
ay-receptor binding sites has been found [39]. In view of the
potential role of receptors on noradrenergic neurons in the
heat dissipating system [10, 24, 30], it is conceivable that
either a,- or a,-noradrenergic binding sites in the AH/POA
are involved in this functional component of the thermoregu-
latory mechanism. Therefore, the present investigation was
undertaken in an attempt to characterize further the nature
of localized a-noradrenergic receptors in AH/POA involved
in the systemic process of heat dissipation by the use of
agonists with a defined selectivity for a,- and as-receptor
sub-types [20]. In these experiments, carried out in the un-
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restrained cat, the potencies of the selective a,-
noradrenergic antagonist, yohimbine, as well as the less
selective noradrenergic antagonist, phentolamine, were also
investigated and compared.

METHOD
Neurosurgical Procedures

Adult female cats (n=4), weighing between 2.3-3.5 kg,
were anesthetized with sodium pentobarbital given intrave-
nously in a dose of 25-30 mg/kg. Utilizing aseptic techniques
described previously [22], four 23-gauge stainless steel guide
tubes were implanted stereotaxically in each animal follow-
ing a set of coordinates [34] which encompassed the
AH/POA. The position of the array was arranged bilaterally
so that the tip of each guide tube rested 2-6 mm above the
intended locus of micro-injection. A polystyrene pedestal
was fastened to the skull by bone screws which were
covered with cranioplastic cement. A protective cap served
to protect the entire array, assure the patency of the indwell-
ing cannulae and provide an aseptic preparation for the du-
ration of the experiments {22]. Postoperatively, penicillin
was administered for a period of 7 days after which the ex-
periments were begun.

Micro-Injection Procedure

A YSI No. 401 thermistor probe was inserted into the
colon of the animal to a depth of 10 cm and held in place by
surgical tape wrapped gently around the base of the tail.
After the cat’s colonic temperature had stabilized for at least
1.0 hr, core temperature was recorded every 3 min for a
period of 8-12 hr on a YSI telethermometer connected to a
6502-based microcomputer.

Each solution containing an agonist or antagonist was
prepared just prior to a micro-injection in a pyrogen-free
artificial CSF control vehicle which contained the chloride
salts of Na*, Ca?*, K* and Mg?* in an osmotically balanced
proportion (21]. After the solution was passed through a
sterilized Swinnex 0.22 um millipore filter, the injector sys-
tem was filled. Then a 27 ga stainless injector needle was
inserted within the implanted guide tube to a predetermined
depth. The test solution or the control CSF was delivered
manually with a Hamilton 10 ul syringe over an interval of
1015 sec. Each animal was then observed continuously for a
period of two hr and intermittently for up to 24 hr.

Successive experiments were separated by an interval of
24-48 hr or longer. The specific treatment regimen for the
micro-injection of the control CSF, an a-adrenergic agonist,
or antagonist plus agonist was randomized so that each
animal was included in each of the experimental conditions
at least once. Before and after a set of experiments, 5.0 ug of
NE was micro-injected into the AH/POA test site in the
normothermic cat in order to verify the continued sensitivity
of the locus to the catecholamine’s hypothermic effect [25].

Drug Preparation

The following compounds were used in these experi-
ments: NE HCl (Sigma); clonidine HClI (Sigma);
1-phenylephrine HC1 (Sigma); methoxamine HCl (Sigma);
yohimbine HCI (Sigma); phentolamine HCI (Ciba-Geigy);
and alpha-methyl-p-tyrosine (a-MPT) methyl-ester (Sigma),
a competitive inhibitor of tyrosine hydroxylase. Each com-
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pound was dissolved in the artificial CSF vehicle, except
yohimbine HCl which was prepared in a 70% alcohol solu-
tion and diluted subsequently 1:4 in the control CSF. All of
the drugs were micro-injected in a volume of 1.0 ul except
yohimbine, phentolamine and «-methyl-p-tyrosine which
were delivered in a volume of 2.0 ul. The dose of each drug
refers to the salt and the range of the respective test concen-
trations was based on previous results from our laboratory
as well as others [1, 19, 23, 32, 33].

Histological Verification

At the end of the experiments, the location of the sites of
micro-injection was verified by means of standard histologi-
cal procedures. After the animal was given an overdose of
sodium pentobarbital, normal saline followed by 10% buf-
fered neutral formalin (Fisher) was perfused retrograde
through the abdominal aorta. The brain was removed,
blocked and then frozen sections were cut on a cryotome at
100 um and stained by cresyl violet following a method
modified after Wolf [43]. The position of each micro-
injection site was verified under light microscopy and
mapped on anatomical reconstructions following standard
procedures [23]. A representative histological section depict-
ing a site of perfusion injection is presented in Fig. 1.

Statistical Analysis of Data

Student’s ¢-tests were used to determine the significance
of the difference between the control and each of the exper-
imental test values. The results were considered statistically
significant when p=<0.05.

RESULTS

A micro-injection of the control CSF vehicle in a volume
of 1.0-2.0 ul exerted virtually no effect on the core tempera-
ture of the cat. During the first 90 min after injections, the
mean maximum deviation in temperature following six con-
trol injections was 0.17+0.12°C (S.E.M.).

Noradrenergic Agonists-Induced Hypothermia

Three of four of the noradrenergic agonists micro-injected
at sites located within the AH/POA, NE, clonidine, and
phenylephrine, but not methoxamine, produced hypother-
mia. A composite analysis of the differential effects on core
temperature of each of these agonists is presented in Fig. 2.
With the exception of methoxamine, the mean maximum
decline in the cat’s temperature was dose-related. As illus-
trated in Fig. 3 (top), NE injected into this diencephalic re-
gion produced the typical, well-characterized hypothermic
response [25], following a latency of less than 10 min. The
hypothermia evoked by NE, which was dose-related linearly
(n=31) in the range of 5.0-50.0 ug (Fig. 2), reached its
maximum in approximately 1.0-2.0 hr after micro-injection,
then persisted for up to 3-4 hr (e.g., Fig. 3, top).

As portrayed in Fig. 3, when phenylephrine (PHE) was
micro-injected into the homologous region of the AH/POA,
the cat’s body temperature declined similarly to that follow-
ing NE micro-injection. After a latency of 10 min, the
hypothermic response reached its maximum level in approx-
imately 1.0-2.0 hr and lasted for more than 3-4 hr (Fig. 3,
bottom). The fall of body temperature caused by phenyleph-
rine (n=29) was also dose-related linearly in the 5.0-50.0 ug
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FIG. 1. Representative histological section depicting site (arrow) of 1.0-2.0 ul injector in the anterior of the hypothalamus of

the unrestrained cat in coronal plane AP 13.0.

range (Fig. 2). In contrast to the thermolytic responses of NE
and phenylephrine, 5.0 or 50.0 ug of methoxamine (MET)
micro-injected at the same sites (n=8) in the AH/POA as the
other a-noradrenergic agonists (Fig. 2) failed to produce a
significant change in the core temperature of the cat (Fig. 3,
bottom).

Although the micro-injection of 5.0-50.0 ug clonidine
(CLN) into the AH/POA (n=44) produced a dose-related
hypothermia (Fig. 2), the fall in the cat’s body temperature
was slow in onset, developing after a relatively long latency
of 31.4+2.9 min. As shown in Fig. 3 (top), the clonidine-
induced hypothermia reached its nadir in approximately 2.0
hr after its micro-injection and persisted ordinarily for more
than 4.0 hr. In 8 of 44 experiments, the hypothermic re-
sponse was followed by an overshoot in body temperature
which is not uncommon among drugs which exert a central
action on body temperature [26). Clonidine-induced
hypothermia often was preceded by a short-lasting set of
autonomic responses including restlessness, licking, retch-
ing, emesis and mydriasis, which are described elsewhere

(1].

Antagonists of Noradrenergic Hypothermia

In these experiments, the selective a-noradrenergic
blocking agent, yohimbine (YOH), and the combined «,- and
as,-noradrenergic antagonist, phentolamine (PHT), were
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FIG. 2. Mean deviation in core temperature in unrestrained cats,
following micro-injection of norepinephrine (NE), clonidine (CLN),
phenylephrine (PHE) and methoxamine (MET) into AH/POA. The
doses of a-noradrenergic agonists in ug are denoted in the abscissa.
Each point represents the mean of 419 experiments.
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FIG. 3. Actual changes in colonic temperature in °C of two represen-
tative cats after micro-injection (arrow) at zero time of 20.0 ug of
norepinephrine (NE) or clonidine (CLN) (top) and 50.0 ug of
methoxamine (MET) or 20 ug phenylephrine (PHE) (bottom) in
AH/POA.
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FIG. 5. Mean change+S.E.M. in core temperature of cats after: A,
20.0 ug PHE injected in AH/POA as well as after pre-treatment of
same micro-injection site with 10.0 ug YOH and 10.0 or 5.0 ug PHT;
B, 20.0 ug NE injected in AH/POA as well as after prior treatment of
site with 10.0 ug PHT or 10.0 ug YOH. Each antagonist was micro-
injected at the same site in AH/POA 15 min before the respective
agonist. S.E.M. denoted by vertical line of each column; significant
differences from control of p =<0.05 denoted by asterisk. Number
of experiments are as follows: (A) PHE (n=19), YOH (n=3), 10.0 ug
PHT (n=3), 5.0 ug PHT (n=3); (B) 20.0 ug NE (n=17), 5.0 ug PHT
(n=4), 5.0 ug YOH (n=3).
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FIG. 4. Mean change+S.E.M. in core temperature of cats following
20.0 ug CLN in AH/POA as well as after pre-treatment of same
micro-injection site with 2.5 and 5.0 ug YOH or 10.0 ug PHT, all
given 15 min prior to CLN. a-MPT was given 2.0 hr before 20.0 ug
CLN. S.E.M. denoted by vertical line of each column; significant
difference from control of p=<0.05 denoted by asterisk. Number of
experiments are as follows: CLN (n=18), a-MPT (n=4), PHT (n=3),
5.0 YOH (n=3), 2.5 YOH (n=4).
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FIG. 6. Actual change in colonic temperature in °C of two represen-
tative cats after 1.0-2.0 ul injection of drug in AH/POA: A, 5.0 ug
CLN (@) alone (second arrow) and after pre-treatment of same site
with 20.0 g YOH (first arrow) followed by the same dose of CLN
(W); B, 20.0 ug PHE (@) alone (second arrow) and after pre-treat-
ment of the same site with 10.0 ug PHT (first arrow) followed by
same dose of PHE (W).
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tested against the hypothermic response induced in the cat
by NE, clonidine and phenylephrine.

When 2.5 ug yohimbine was micro-injected 15 min before
20.0 ug clonidine was delivered to the same AH/POA site,
the antagonist inhibited slightly the agonist-induced
hypothermia. However, as shown in Fig. 4, at the 5.0 ug
dose, yohimbine significantly attenuated, #(10)=2.79,
p<0.05, the thermolytic effect of clonidine. Conversely,
when yohimbine was micro-injected in a dose of 10.0 ug 15
min before either 20.0 ug of either phenylephrine or NE at
the same loci, the a,-receptor antagonist potentiated signifi-
cantly, by 0.6-0.7°C, both the phenylephrine, #(8)=2.50,
p<0.05, and NE-induced hypothermia, #(11)=3.12, p<0.01.
The mean changes in the cat’s core temperature in response
to the antagonist-agonist micro-injections into AH/POA are
presented in Fig. 5 (A) for phenylephrine and Fig. 5 (B) for
NE.

Phentolamine (PHT) was micro-injected in test doses of
5.0 and 10.0 ug 15 min before the similar injection in
AH/POA of 20.0 ug phenylephrine, 20.0 ug NE and 20.0 ug
clonidine. As presented in Fig 4, 10.0 ug phentolamine had
no significant effect, 1(21)=0.75, p>0.03, on the characteris-
tic thermolytic responses induced in the cat by 20.0 ug of
clonidine. In contrast, 10.0 ug phentolamine significantly
inhibited the hypothermia, as illustrated in Fig. 5 A and B,
produced in the cat either by 20.0 ug phenylephrine,
1(21)=3.02, p<0.01, or 20.0 ug NE, ¢(8)=2.28, p<0.05, but in
a dose of 5.0 ug had no significant effect, #(21)=0.02,
p>0.05, on the phenylephrine-induced hypothermia (Fig.
5A).

The catecholamine synthesis inhibitor a-MPT was micro-
injected in a dose of 200 ug 2.0 hr before 20.0 ug clonidine
(n=4) at the same sites in the cat’s AH/POA. As shown in
Fig. 4, the clonidine-induced hypothermia was somewhat
enhanced by «-MPT; however, the difference in the re-
sponses was not statistically significant, #(21)=1.20, p>0.05.

Representative experiments depicting the actual tempera-
ture changes over time following antagonist-agonist micro-
injections in the cat’s AH/POA are presented in Fig. 6. The
antagonism of the clonidine (20.0 ug) hypothermia by 5.0 ug
yohimbine was not entirely complete (Fig. 6A) in contrast to
phentolamine’s (10.0 ug) blockade of the thermolytic effect
produced by phenylephrine (20.0 ug) (Fig. 6B).

DISCUSSION

As shown in the present experiments a differential decline
in the core temperature of the cat is produced by different
a-noradrenergic agonists, NE, clonidine and phenylephrine,
when they are micro-injected directly into the animal’s
AH/POA. Overall, these findings agree with those which
show that in most species, catecholamine agonists activate
the thermoregulatory mechanism in the rostral portion of the
hypothalamus which mediates the neuronal pathways under-
lying heat dissipation [6, 10, 23, 33, 38]. Nevertheless, sev-
eral inconsistencies have been observed in connection with
the central action on body temperature of different ad-
renoreceptor agonists [2,25]. For example, although NE in-
jected ICV in the cat evokes a fall in temperature [5,10],
clonidine given by the same route in the rat exerts no signifi-
cant effect on the rodent’s body temperature [38]. Although
methoxamine injected ICV in the rabbit can evoke a slight
rise in temperature [15], the present results show that this
a,-agonist micro-injected into the AH/POA of the cat, even
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in a dose as high as 50.0 ug, produces no effect on body
temperature.

In the periphery, phenylephrine and methoxamine pre-
dominantly activate «,-noradrenergic receptors (8, 9, 36],
whereas clonidine selectively acts on a,-noradrenergic re-
ceptors [37]. As revealed by the present experiments, both
the a,- and a,-noradrenergic agonists, phenylephrine and
clonidine, respectively, as well as NE acting on both recep-
tor types, evoke hypothermia when they are micro-injected
into the AH/POA. These results thus suggest that both sub-
types of noradrenergic receptors in the hypothalamus are in-
volved in the mediation of the heat loss system for the con-
trol of body temperature [25]. The differences in the action
and potency of phenylephrine and methoxamine in the pe-
riphery in comparison to the AH/POA may reflect a unique
characteristic of a-noradrenergic receptors in both central
and peripheral nervous systems, as has been alluded to ear-
lier [38].

The existence of both «,- and a,-noradrenoceptors in the
central nervous system has been demonstrated by means of
radioligand and autoradiographic techniques [39, 40, 44, 45].
In fact, a high density of a,-noradrenoceptor binding sites
apparently occurs in the hypothalamus of the rat [39]. In-
sofar as the mechanism underlying the proposed origin of the
heat loss pathway [11], a relatively clear-cut differentiation
of the agonist-antagonist relationship at the level of the
AH/POA is demonstrated by these results. That is, yohim-
bine but not phentolamine inhibits the thermolytic response
produced by clonidine injected into the cat’'s AH/POA. On
the other hand, yohimbine potentiates the hypothermia in-
duced by both NE and phenylephrine but phentolamine at-
tenuates the decline in core temperature. In this connection,
phentolamine given at sites in the AH/POA in doses 10 times
greater than those used in this investigation abolishes the
hypothermia induced by epinephrine when both substances
are applied to an homologous hypothalamic region of the cat
[32]. Surprisingly, phentolamine as well as yohimbine in-
jected systemically can block the hypothermia evoked in the
mouse by clonidine injected by the same route [42]. Al-
though there is evidence that phentolamine principally
blocks «;-noradrenergic receptors (3,7], this antagonist in
high doses can also act on ay-noradrenoceptors as well [8].
Therefore, that phentolamine in a high dose may prevent the
clonidine-induced hypothermia in the mouse is not an unex-
pected finding [42]. In view of the fact that yohimbine is a
more selective a,-noradrenoceptor antagonist than phen-
tolamine {35], our findings on the yohimbine-clonidine as
well as phentolamine-phenylephrine antagonism support a
dual «;-, a,-noradrenoceptor mediation of the heat loss
neurons located in the rostral hypothalamus {4]. Since the
respective antagonistic actions of these drugs occur at rela-
tively low concentrations of each drug infused, in compari-
son to an earlier study [32], a functional interpretation of
these findings is thus strengthened further.

Of considerable interest is the yohimbine potentiation of
the thermolytic action of both phenylephrine and NE within
the AH/POA. One possible explanation of this observation is
that yohimbine, in blocking the a,-class of noradrenocep-
tors, serves to simultaneously cause a concomitant super-
sensitivity of the a;-noradrenoceptors to both phenylephrine
and NE. Alternatively, a;-receptors in the neuronal system
for thermoregulation could operate either in a manner oppo-
site to that of the a,-noradrenoceptors, or more likely, sub-
serve a different component of the heat loss mechanism [33].
In fact, several recent reports have favored the view that
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these adrenoceptor sub-types are antagonistic to one another
in certain functions of the brain, including the central regulation
of arterial blood pressure [14], locomotor activity [41] and
feeding behavior [12].

In connection with the question of the synaptic mech-
anism of clonidine-induced hypothermia, the competitive
inhibitor of tyrosine hydroxylase, a-MPT, micro-injected lo-
cally in the AH/POA prior to the a,-agonist fails to prevent
the response. Thus, the supposition that the thermolytic ac-
tion of clonidine is mediated post-synaptically by a,-
noradrenergic receptors in the nerve terminals of the
AH/POA rather than by pre-synaptic receptors is supported
further. Although the receptors exist both pre- and post-
synaptically [16], the likelihood that clonidine acts on post-
synaptic membranes in the AH/POA is consistent with re-
cent reports that post-synaptic a,-receptors mediate specif-
ically the distinct pharmacological actions of this agonist [12,
13, 28].

Finally, these observations raise the possibility from a
physiological perspective that each of the two classes of

MYERS, BELESLIN AND REZVANI

noradrenergic receptors may mediate different neuronal sys-
tems in the rostral hypothalamus. For the processes of heat
loss, these would include the excitation of vasodilation or
inhibiton of vasoconstriction and the attenuation of
metabolic heat production and shivering [4,26]. Thus, further
research will be required to elucidate each of the specific
functional components within the AH/POA which are re-
sponsible for the activation, perhaps by endogenous agonists
[18,31], of different a-noradrenergic receptor sub-types which
mediate the mechanism of heat loss in the animal.
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