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EFFECT OF PROPRANOLOL ON BEHAVIORAL THERMOREGULATION
IN RATS WITH LATERAL HYPOTHALAMIC LESIONS
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RESUMO

Efeito do propranolol sobre a termorregulacao
comportameatal em ratos com lesoes do hipotalame latéral

Raros expostes ao frio foram treinados a pressionar uma barra
para obter pulsos de calor ¢ entd3o receberam lesdes hilaterais da
area hipotaldmica lateral. Tanto antes guanto apos as lesdes, a taxa
de resposta aumentou ¢m decorrencia da injecao de propranmcleol. Por-
tanto, ratos com lesoes do hipoatdlamo lateral retém a habilidade de
compeénsar atraves do comportamento uma deficiZncia autondmica de pro-

ducao de calor,
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ABSTRACT

Cold-exposed rats were trained to press a lever to obtain pulses
of heat and then received bilateral lateral hypothalamic lesions.Both

*The data reported in this paper are part of a dissertation submic-
ted in partial satisfaction of the PhD degree at the University of
California, Santa Barbara. Author's current address is: Institute
of Environmental Stress, Uriversity of California, Santa Barbara,

CA93106, U.S.A.
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before and afcer the lesions, response rate increased in response to
injection of propranolol. Thus, rats with lateral hvpathalamic le-
sivns retain the ability to compensate behavicrally for an autoncmic
deficil in heat preduction.
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INTRODUCTLION

Early studies on thermal necuroscience suggested rhat lesions  of
the lateral hypothalamug (LH) produce a significant deficit in beha-
vioral temperature regulation (Rudiger & Seyer, L965: Satinoff &
Shan, 1971; Van Zoeren & Stricker, 1977). Recent evidence indicates
that this deficit is not a specific thermoregulatLory dvsfunction hut
only a consequence of a2 general impairment produced by the lesions
(Refinetri & Carlisle, 1986, 19B7). Acrcording tu Lthese rocent stu—
dies, LH-lesioned rats show a strong reductien in metabolic heat
production, bul retain the ability to thermoresulate behaviorally,
However, the ability of the behavioral response to compensate for a
decrease in heat production has not been tested directlv. This WAas
done in the present experiment by measuring operant thermoregulatory
behavier before ond after injections of propranolol, a drug that lo-
wers metabolic heat production. IF LH-lesioned rats work for more
heatr after than before an injectrion of propranolel, which decreases
metabolic activity, then behavioral compensation foer low metabolism

will have heen demonstrated

METHOD

Subjects

Six male albine rats (3530-500 g), housed individually at 24%¢
and [ed Purina laboratory chow and water aq }iEiEﬂE' were used as
subjects. They were schaved twice a week and tested every other day
during the iighrtphaﬂﬂ of a 12:12 hr light-dark cyele. Each animal

wias Lested al the same time of Lhe day throughout the experimenc.

.hEEarELEE
The 'i.'!lrll'rj.l'll.’“{.‘!l chamber wars a qu“:'a;'i“j.'{:i box (19 x 25 x ]H{:m} with
Floxiglas-ruod flooring and cviling. A Flexiglas lever (4% x 5 em) was



attached to the wall 3 cm above the floor, & 250 W red-bulhb infra-
red lamp was positioned perpendicularly to and 30 em above the floor.
Lever-pressing responses were rewarded with l-sec pulses of 160 mW/em®.
Ambient temperature was 2%. Colonic temperature (6 cm deep) was

measured with a Sensortek thermocouple meter (Model BAT=12).

Propranolol injevtions were performed subcutaneouly at the dose
of 5 mg/Kg. This drug was used to decrease metabolic heat production
because of its know depressive effect on metabolism (e.g., Rothwell
& Stoeck, 1980). Propranoclol temporarily reduces or abelishes the
avtion of nerves that innervate the brown adipose tissue via postsy-
naptic beta-noradrenergic receptor blockade., Brown adipose tissue,
on its turn, is considered to be the main site of heat production in
cold-adapted animals and a poseible contributoer to heat production

in warn-adapted animals (Rothwell & Stock, 1984).
Ernrud ure

All animals were trained to press the lever to obtain pulses of
hear for Five l-hr sessions. Preoperative test sessions were then
rnndhrtvd, For ecach animal, & l5-min warm-up period was followed by
a 1%-min vontrol (bascline) period, ar the end of which the animal
was removed from the chamber, injected Wwith propranolol and rapidly
returnvd to the chamber for additional 45 min (only the last 15 min
being used in data analysis). On the day after the preoperative test
session, the rat wvas aresthetized with Nembutal (55 mg/kg, IP) and
bilateral lesions were preduced in the lateral hyporhalamus by 12
see of 1.5 mA anodai direct vurrent. Three days after the lesions, a
postoperative test session identical te the preoperative one was
conducted. At the end of the experiment, the animals were sacrificed

and their brains treated for histological analysis.,

Pilot tests showed no significant effect of saline injections on

the number of rewards obktained either before or after LH lesions.

RESULTS AND DISCUSSION

The results are shown in Fig. 1. Preoperatively, the reduction
in heat production caused by injections of propranoloel was compensa-

ted for by am increase in heat intake, as indicated by the increase



in number of rewards obtained. Postoperatively, the animals were still
able to compensate for the decrease in heat production. This iz shown

by the absence of a significant effect due to the interacrion nof drug

and lesion: F(1,15)= 3.32, p >0.05.
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FIG. 1 - Number of rewards cbtained during l5-min periods before
. and after injections of propranclol preand post-lesion.
Each bar is the mean of six rats.

Histological examination and records of food intake showed that
the lesions were effectively located in the lateral hypothalamic
area. Postoperative rectal temperature was lower than preoperative
temperature both before and after the sessions, but noe animal became
seriously hypothermic. Mean post-test rectal temperature was 37.7%
before and 36.3°C after the lesions.

Since LH=lesioned animals can, to a certain extent, CoOmpensate
behaviorally for reductions in metabolic heat productiom, it seems
that the drop in body temperature results not from behavioral defi-
ciency but from a serious deficit in metabolism that cannot be com-
pensated completely by the operant response. The increase in respon-
ding after metabolic impairment by propranclol is further evidence

for the contention that animals with lateral hypothalamic lesions can



respond to cold stress by behavioral means (Refinetti & Carlisle,
1986, 1987).
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