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(1) 91–95, 1998.—Amperozide, a novel 5-HT

 

2A

 

 receptor antagonist that re-
leases dopamine from mesolimbic neurons suppresses alcohol drinking in rats. Because serotonergic neurons are implicated
in both the central mechanisms underlying thermoregulation and the reinforcing effects of alcohol, this study was undertaken
to determine whether the poikilothermic effects of alcohol on body temperature (T

 

b

 

) would be altered by amperozide. In
adult male Sprague–Dawley rats kept at an ambient temperature of 22 to 24

 

8

 

C, a radio transmitter for continuous monitoring
of T

 

b

 

 was first implanted intraperitoneally. Then, amperozide was given subcutaneously in a dose of 2.5, 5.0, or 10.0 mg/kg
30 min before an intragastric gavage of either 2.0 g/kg or 4.0 g/kg 20% ethyl alcohol (v/v). Amperozide blocked dose depen-
dently the fall in T

 

b

 

 of the lower 2.0 g/kg dose of alcohol. However, only the higher 5.0 mg/kg and 10.0 mg/kg doses of amper-
ozide prevented the initial thermolytic action of the higher 4.0 g/kg dose of alcohol. Further, the 10.0 mg/kg dose of amper-
ozide given prior to the control saline gavage evoked a hyperthermic response in the rats that persisted for 5 h. These results
suggest that the antagonism of 5-HT

 

2A

 

 receptors on central serotonergic synapses involved in thermoregulation acts to coun-
teract the potent thermolytic effects of alcohol at an ambient temperature that is below thermoneutrality. © 1998 Elsevier
Science Inc.
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AS is typical of any anesthetic agent, alcohol is a potent poiki-
lothermic drug whose action on body temperature (T

 

b

 

) is de-
pendent clearly on the ambient temperature of the organism
(3,6,18,28). Clinically it is well known that a severely intoxi-
cated person can succumb readily to heat stroke in the ex-
treme heat of a hot tub or a summer athletic event, or to deep
hypothermia when exposed to the intense cold of a frigid en-
vironment. Consequently, by manipulating the ambient tem-
perature of the individual, sharp deflections in T

 

b

 

 resulting in
hyper- or hypothermia following an anesthetizing dose of al-
cohol can be averted entirely (18). Thus, the viewpoint that al-
cohol is simply a hypothermic agent is an inaccurate assump-
tion (22,29) because the external, ambient temperature will
determine entirely the T

 

b

 

 of the animal in response to an inca-
pacitating dose of alcohol (18).

Serotonin (5-HT), dopamine (DA) and norepinephrine
(NE) have long been implicated in the hypothalamic mecha-
nisms controlling T

 

b

 

 (17,21). In relation to their role in the
thermolytic action of alcohol, 5-HT, DA, and NE receptor an-
tagonists injected centrally fail to prevent the decline in T

 

b

 

 at

room temperature; however, the Ca

 

2

 

1

 

 chelating agent, EGTA,
reverses the fall in T

 

b

 

 caused by alcohol in rats at a room tem-
perature below thermoneutrality (22). Other studies have
shown that central and peripheral 5-HT receptors may play a
crucial role in a drug induced fall in T

 

b

 

 at an ambient temper-
ature below thermoneutrality (1,8,32). In fact, 5-HT

 

2A

 

 recep-
tors are thought to underlie thermogenesis and a rise in T

 

b

 

(8,14,26,33) as well as malignant hyperthermia (12), whereas
5-HT

 

1A

 

 receptors are believed to be responsible for a drug in-
duced hypothermia (7,15,16,27).

Recently, the diphenylbutylpiperazine-carboxamide deriv-
ative, amperozide, was shown to possess a unique profile of
pharmacological properties that make it a possible candidate
for the treatment of alcoholism. This 5-HT

 

2A

 

 receptor antago-
nist reduces alcohol drinking in chemically induced or genetic
drinking rats without such side effects as the suppression in
feeding (23,24). Following its sustained delivery, amperozide
suppresses alcohol consumption long after its administration
is terminated (24). In view of its action on alcohol drinking,
this project was undertaken to determine whether amper-
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ozide would alter the thermolytic action of alcohol in the rat.
In the present experiments, amperozide was administered to
Sprague–Dawley rats in efficacious doses just prior to the ad-
ministration by intragastric gavage of two thermolytic doses
of alcohol. The ambient temperature of the room was 22 to
24

 

8

 

C, which is below the thermoneutral level for the rat (18),
so that alcohol would cause a clear-cut hypothermic response.

 

METHOD

 

Male Sprague–Dawley rats (

 

n

 

 

 

5

 

 13), 90 days old at the be-
ginning of the experiments, were housed in individual plastic
cages and kept on a 12 L:12 D cycle, with lights on at 0700 h.
Purina rat chow and water were provided to each animal ad
lib. for the duration of the experiment. All experimental pro-
cedures used in this study were approved by the internal ani-
mal use committee of the School of Medicine and were in
strict compliance with the guidelines of the National Institutes
of Health for the care and use of laboratory animals.

 

Surgical Procedures

 

After each rat was anesthetized with 60 mg/kg of sodium pen-
tobarbital injected intraperitoneally, an AM radio transmitter
(Mini-Mitter, Sunriver, OR) was implanted in the peritoneal
cavity following aseptic surgical procedures (11). Temperature
signals from the transmitter were relayed to a computer-linked
receiver, so that the core T

 

b

 

 of the rat was recorded continu-
ously. Following a postoperative period of 6–7 days, each rat
was acclimatized to the experimental conditions whereby no
restraint was required. The baseline T

 

b

 

 of the rats prior to the
administration of vehicle or amperozide was 36.9 

 

6

 

 0.1

 

8

 

C.

 

Experimental Design

 

All experiments were carried out in a laboratory room
with an ambient temperature of 22–24

 

8

 

C. A 20% (v/v) solu-
tion of alcohol was prepared daily with 95% reagent grade al-
cohol (AAPER) in tap water. Following procedures described
earlier (22), one of the two doses of 2.0 and 4.0 g/kg alcohol
was administered by intragastric gavage so that the resultant
volume delivered varied with body weight of each rat in a
range between 4.0 to 6.0 ml and 10.0 to 13.0 ml, respectively.
To administer either the control 0.9% saline or 20% solution
of alcohol intragastrically, the animal was held in a upright
position and a 15 ga Harvard intubation needle was lowered
slowly through the esophagus to the stomach. Then either
fluid was administered equivolumetrically following identical
procedures. All rats were fully sated prior to the experiments,
which were carried out at weekly intervals to prevent the de-
velopment of tolerance to the effects of alcohol.

The solution of amperozide HCl was prepared daily in
sterilized 0.9% saline at pH 4.5–5.0. The drug or control saline
vehicle was administered subcutaneously in a randomized se-
quence and in one of three doses, 2.5, 5.0, or 10.0 mg/kg, as
based on the findings of Kimura (10) and others (23,24). Each
rat was given a dose of alcohol of either 2.0 or 4.0 g/kg by in-
tragastric gavage to determine the extent of fall in its T

 

b

 

, be-
cause the ambient temperature was kept below the thermo-
neutral level to evoke its thermolytic effect (22). Amperozide
was always administered in a given dose to the rat 30 min
prior to the intragastric gavage with either dose of alcohol.

 

Data Analysis

 

The computer-derived data were plotted at 15-min inter-
vals over the first 2.0 h and then at 1.0-h periods over the next

5.0 h. The values were then calculated as means and standard
errors for all groups in terms of deviation in 

 

8

 

C from baseline
T

 

b

 

. The data then were analyzed using the Stat-Mate software
program using a one-way analysis of variance followed by
post hoc Student–Newman–Keuls test when appropriate. A

 

p

 

-value of 

 

,

 

0.05 was considered statistically significant.

 

RESULTS

 

Amperozide given by the subcutaneous route in doses of 2.5,
5.0, or 10.0 mg/kg antagonized the loss of body heat in the rats
following the intragastric administration of alcohol. As shown
in Figs. 1 and 2, both the 2.0 g/kg (

 

n

 

 

 

5

 

 8) and 4.0 g/kg (

 

n

 

 

 

5

 

 12)
doses of alcohol (ETOH) alone caused a marked decline in T

 

b

 

from the pregavage baseline values. An intragastric gavage of
the lower and higher doses of alcohol reduced T

 

b

 

 by a mean of
0.45 

 

6

 

 0.07

 

8

 

C and 0.42 

 

6

 

 0.07

 

8

 

C, respectively; the maximum de-
cline in T

 

b

 

 of 1.0

 

8

 

C occurred at intervals of 3.0 to 4.0 h. Follow-
ing the alcohol gavage, the rats exhibited piloerection, motor in-
coordination and ataxia of varying intensity and duration.

As shown in Fig. 1, the low (

 

n

 

 

 

5

 

 9), medium (

 

n

 

 

 

5

 

 8), and
high (

 

n

 

 

 

5

 

 7) doses of amperozide given to the rats 30 min
prior to the 2.0 g/kg gavage of alcohol prevented the ther-
molytic response to alcohol (ETOH). The mean changes in T

 

b

 

after the three doses of amperozide followed by the alcohol
gavage were 

 

1

 

0.28 

 

6

 

 0.05

 

8

 

C, 

 

1

 

0.45 

 

6

 

 0.05

 

8

 

C, and 

 

1

 

0.59 

 

6

 

0.04

 

8

 

C, respectively. The mean increases in T

 

b

 

 from the pre-
treatment baseline values following each dose of amperozide
was significantly higher than that in which the alcohol gavage
was given alone, 

 

F

 

(3, 398) 

 

5

 

 70.23, 

 

p

 

 

 

,

 

 0.01.

FIG. 1. Mean changes (6 SE) from baseline Tb (8C) of rats after
injection of amperozide (AMP) subcutaneously in a dose of 2.5, 5.0,
or 10.0 mg/kg 30 min prior to intragastric gavage of 2.0 g/kg 20% (v/v)
ethyl alcohol (ETOH). The control dose of ETOH was 2.0 g/kg 20%
given alone (n 5 8). AMP 2.5 (n 5 9); AMP 5.0 (n 5 8); and AMP
10.0 mg/kg (n 5 7). Bar at zero time on abscissa indicates interval of
intragastric gavage of each group. Mean baseline Tb 5 36.9 6 0.18C.
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As presented in Fig. 2, the same doses of amperozide prior
to the gavage with 4.0 g/kg alcohol (ETOH) also blocked the
alcohol induced decline in T

 

b

 

. The mean changes in the T

 

b

 

 of
rats treated with 2.5 mg/kg (

 

n

 

 

 

5

 

 5), 5.0 mg/kg (

 

n

 

 

 

5

 

 5), and
10.0 mg/kg (

 

n

 

 

 

5

 

 5) of amperozide were 

 

2

 

0.14 

 

6

 

 0.07

 

8

 

C, 

 

1

 

0.12 

 

6

 

0.07

 

8

 

C, and 

 

1

 

0.57 

 

6

 

 0.07

 

8

 

C, respectively. Because a slight hy-
pothermia followed the lowest dose of amperozide, the data
were analyzed in terms of groups. Thus, the mean T

 

b

 

 values
following pretreatment with amperozide in a dose of 5.0 or
10.0 mg/kg were significantly higher than those in which only the
alcohol gavage was given, 

 

F

 

(1, 11) 

 

5

 

 28.0, 

 

p

 

 

 

,

 

 0.01, 

 

F

 

(1, 11) 

 

5

 

94.1, 

 

p

 

 

 

,

 

 0.01. However, the effect on the T

 

b

 

 of the rats of the
2.5 mg/kg dose of amperozide was not significantly different
from that of the 4.0 mg/kg dose of alcohol.

The T

 

b

 

 response to each of the three doses of amperozide
injected subcutaneously 30 min prior to an intragastric gavage
of the saline control solution is shown in Fig. 3. Although no
significant changes in T

 

b

 

 from the baseline values occurred,
during the 5 h interval after 2.5 mg/kg (

 

n

 

 

 

5

 

 7) and 10.0 mg/kg
(

 

n

 

 

 

5

 

 10) amperozide were administered, the T

 

b

 

 rose nomi-
nally by 0.35 

 

6

 

 0.07

 

8

 

C and 0.37 

 

6

 

 0.06

 

8

 

C, respectively,
whereas the 5.0 mg/kg dose of amperozide caused a mean de-
cline of less than 0.2

 

8

 

C (

 

n

 

 

 

5

 

 6). However, these group changes
were not significantly different from each other (Fig. 3).

 

DISCUSSION

 

The present results demonstrate that the 5-HT2A antago-
nist, amperozide, given systemically, acts to prevent the poiki-

lothermic decline in Tb when alcohol is administered intragas-
trically to rats kept at an ambient temperature of 22 to 248C,
which is below their thermoneutral temperature of <308C
(18). Further, the systemic injection of amperozide tended to
induce a hyperthermic response over the test interval of 5.0 h.
This gradual rise in the Tb of the animals would seem to re-
flect circadian thermogenesis, because the Tb of two of the
three saline control groups also tended to increase above
baseline levels over the 5-h test interval. It is notable that the
average Tb response to the 2.0 and 4.0 g/kg doses of alcohol
could not be differentiated as has been demonstrated in ear-
lier experiments (18). One explanation of this finding is the
fact that the animals in the present study were not food de-
prived, as was done previously (22). Consequently, the gastric
absorption of alcohol may have been somewhat compromised
by the presence of food in the stomach.

Based on the effects of 5-HT receptor agonists and antago-
nists on peripheral cardiovascular processes, one would theo-
retically expect that amperozide could enhance the ther-
molytic action of alcohol. Although conflicting evidence does
exist on the role of the 5-HT subtypes of receptors in periph-
eral vasomotor responses, different observations generally fa-
vor a differentiation of the 5-HT1 and 5-HT2 receptors in the
vasoconstrictor action of 5-HT itself. Essentially, 5-HT1 re-
ceptors are implicated in the contractility of basilar and coro-
nary arteries in the dog and rabbit (25) as well as in human ar-
teries (5). For example, studies with the 5-HT2 receptor
antagonist, ketanserin, indicate that 5-HT1 rather than 5-HT2
receptors are activated by 5-HT to contract human basilar ar-
teries (30). Ketanserin blocks not only the constrictor effects

FIG. 2. Mean changes (6 SE) from baseline Tb (8C) of rats after
injection of amperozide (AMP) subcutaneously in a dose of 2.5, 5.0,
or 10.0 mg/kg 30 min prior to intragastric gavage of 4.0 g/kg 20% (v/v)
alcohol (ETOH). The control dose of ETOH was 4.0 g/kg 20% given
alone (n 5 12). AMP 2.5 (n 5 5); AMP 5.0 (n 5 5); and AMP 10.0
mg/kg (n 5 5). Bar at zero time on abscissa indicates interval of
intragastric gavage of each group. Mean baseline Tb 5 36.9 6 0.1 8C.

FIG. 3. Mean changes (6 SE) from baseline Tb (8C) of rats after
amperozide (AMP) injection subcutaneously in a dose of 2.5, 5.0, or
10.0 mg/kg 30 min prior to intragastric gavage of control 0.9% saline.
AMP 2.5 (n 5 7); AMP 5.0 (n 5 6); and AMP 10.0 mg/kg (n 5 10).
Bar at zero time on abscissa indicates interval of intragastric gavage
of each group. Mean baseline Tb 5 36.9 6 0.1 8C.
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of 5-HT itself on the rat aorta (2,35), but also the activation of
indirect sympathomimetic effects (31). Thus, because alcohol
exerts an intense vasodilatory action to cause a profound loss
in body heat, a 5-HT2A receptor blocking agent would be ex-
pected to enhance alcohol-induced poikilothermia rather than
attenuate it. Nevertheless, 5-HT2A receptor antagonists do
differ in their respective pharmacological actions, as exempli-
fied by their divergent actions on alcohol drinking (19).

Pharmacological studies of drugs given systemically show
that the hypothermia generated by a 5-HT1A agonist can be
blocked by a 5-HT1A antagonist (9). Nevertheless, different
5-HT1A antagonists can retard the hypothermia induced by a
5-HT1A agonist to varying degrees (34), which would indicate
that diverse subtypes of 5-HT1A receptors mediate the ther-
molytic action of a given 5-HT1A agonist. In terms of the po-
tent poikilothermic effect of alcohol, either the 5-HT1A pre-
synaptic or postsynaptic class of receptors (4) or 5-HT1B
receptors (13) conceivably could mediate the action of alcohol
in severely impairing the thermoregulatory mechanism to
evoke the sharp fall in Tb of the rat.

Each of these results may solely reflect a peripheral action
of an agonist or antagonist of 5-HT receptors. For example,
when injected centrally in a low dose, 5-HT itself produces a
dose-dependent rapid rise in Tb in virtually all species (21).
However, 5-HT injected similarly in high doses produces a fall
in Tb, presumably because 5-HT neurons responsible for ther-

mogenesis are incapacitated by the saturation of their recep-
tors (17,21). Further, a drug that primarily blocks a subtype of
5-HT receptor may nevertheless possess other properties that
would affect central functions differentially. For example, am-
perozide suppresses alcohol intake under different preference
situations, whereas a similar 5-HT2A antagonist, ketanserin,
does not attenuate drinking when given in appropriate doses
(20). Thus, amperozide could prevent the alcohol induced de-
cline in Tb, not by a systemic effect on peripheral vasocon-
strictor mechanisms but rather by a direct action on hypotha-
lamic neurons that operate to maintain heat production.
Another explanation for our findings relates to the amper-
ozide evoked release of dopamine in the brainstem (10), which
may cause a compensatory activation of hypothalamic sero-
tonergic neurons that underlie thermogenesis and the func-
tions for maintaining body heat (21). However, additional re-
search is required to elucidate further the central role of 5-HT2A
receptors as related to the poikilothermic action of alcohol.
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