
INVESTIGATIONS INTO THE MECHANISM OF REDUCTION OF
ETHANOL SLEEP BY THYROTROPIN - RELEASING HORMONE
(TRH)1

JERRY M. COTT, GEORGE R. BREESE, BARRETT R. COOPER, T. STEVEN BARLOW, and
ARTHUR J. PRANGE JR.
Departments of Psychiatry and Pharmacology, Biological Sciences Research Center, Child
Development Institute, University of North Carolina, Chapel Hill, North Carolina

Abstract
Thyrotropin-releasing hormone (TRH), administered intraperitoneally, was found to antagonize
ethanol-induced sleep and hypothermia in mice without affecting brain ethanol content. This
reduction of the actions of ethanol was also apparent after oral or intracisternal administration of
TRH. In addition, TRH reduced ethanol-induced sleep in rats, hamsters, gerbils and guinea pigs.
Evidence that the pituitary-thyroid axis is not necessary for the effects of TRH was provided by
observations that hypophysectomy did not reduce TRH antagonism of ethanol narcosis and
findings that neither triiodothyronine nor thyrotropin mimicked its action. Certain analogs of
TRH, which have little effect on the pituitary, were also found to antagonize ethanol-induced sleep
and hypothermia. Pretreatment with the antiadrenergic drugs, α-methyltyrosine, phentolamine and
propranolol did pot antagonize the ability of TRH to reduce sleep induced by ethanol. However,
after intracisternal administration of atropine methyl nitrate, TRH no longer caused a significant
reduction of sleep, even though TRH antagonism of the ethanol-induced hypothermia was still
apparent. In contrast, central administration of other anticholinergic drugs, such as d-tubocurarine
and hexamethonium, reduced ethanol-induced sleep and this effect was additive with TRH.
Carbachol also reduced ethanol sleeping time and this effect was also blocked by atropine methyl
nitrate. The antagonism of ethanol-induced sleep by dibutyryl cyclic adenosine 3′,5′-
monophosphate was significantly reduced but not blocked by atropine methyl nitrate. Results
provide evidence that TRH has a direct extrapituitary action on brain and that both TRH and
ethanol may interact with central cholinergic systems.

Recently much attention has been given to the possibility that thyrotropin-releasing hormone
(TRH) may possess extrapituitary actions on brain in addition to its acknowledged endocrine
function to release thyrotropin and prolactin from the anterior pituitary (Bowers et al.,
1971). Evidence for a central effect of TRH was first provided by the finding that TRH
potentiated L-dopa-induced excitation in pargyline pretreated animals following
hypophysectomy (Plotnikoff et al., 1972). Later, it was discovered that TRH reduced the
sedation and hypothermia produced by pentobarbital (Prange et al., 1974; Breese et al.,
1975) and ethanol (Breese et al., 1974a,b).
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The present experiments were conducted to explore further the reversal of ethanol sedation
produced by TRH. This was of particular interest since a greater understanding of this action
of TRH, to antagonize ethanol and its possible mechanisms, could have implications for a
better understanding of the pharmacology of ethanol, as well as for the central effect of
TRH.

Methods
General

Male Swiss-Webster mice (19–27 g) obtained from Flow Laboratory (Dublin, Va.) were
treated intraperitoneally with doses of ethanol (25% v/v) ranging from 4.3 to 4.7 g/kg. Doses
used were chosen to maintain control sleeping time within the general range of 70 to 100
minutes. Sleeping time was measured as the time from which righting reflex was lost after
ethanol administration until it was regained. Three rightings of the mouse within 60 seconds
were considered to constitute return of righting reflex. The ability of TRH (pyroGlu-His-
Pro-NH2; Abbott Laboratories, North Chicago, Ill.) to antagonize ethanol was also studied in
hypophysectomized mice (Charles River Breeding Laboratories, Wilmington, Mass.),
Sprague Dawley rats (Zivic-Miller Laboratories, Pittsburgh, Pa.), Mongolian gerbils
(Tumble farm, West Brookfield, Mass.), Syrian hamsters (Engle Laboratory, Farmersberg,
Ind.), and Hartley guinea pigs (Camm Research Institute, Inc., Wayne, N.J.). All animals
were maintained on a 12-hour light-dark cycle. Experiments were performed between 1:00
and 5:00 P.M. Volume of all intraperitoneal injections other than ethanol corresponded to 1%
of body weight in mice, gerbils and hamsters and 0.1% body weight in rats and guinea pigs.
Rectal temperatures were obtained in some experiments with a thermistor probe from
Yellow Springs Instrument Company (Yellow Springs, Ohio). Only those time periods
which previously had been found to correspond to the maximum period of hypothermia after
ethanol were observed.

Drug treatments
In one experiment, mice were treated intraperitoneally with bovine thyrotropin (Armour
Pharmaceutical Co., Chicago, Ill.) or L-triiodo-thyronine (Smith Kline and French
Laboratories, Philadelphia, Pa.). In other experiments, mice were injected intracisternally
with various analogs of TRH and other peptides including: pyroGlu-Lys-Pro-NH2 (lysine
TRH), pyroGlu-His-Pro (deamidated TRH), pyroGlu-2-4-diiodo-His-Pro-NH2 (diiodo
TRH), pyroGlu-(pyrazolyl-3) Ala-Pro-NH2 (pyrazolyl TRH), pyroGlu-His-OMe (OMeDP),
pyroGlu-His-Pro-βAla-TRH (β-alanine TRH) (Hoffmann La Roche, Nutley, N.J.); Pro-Leu-
Gly-NH2

2 (Abbott Laboratories); somatotropin release inhibiting factor (SRIF, Salk
Institute, San Diego, Calif.); leutinizing hormone releasing hormone (LHRH) and substance
P (Beckman, Palo Alto, Ca.). The effect of atropine methyl nitrate (Sigma Chemical
Company, St. Louis, Mo.) on the action of TRH was examined after intraperitoneal and
intracisternal administration . Hexamethonium bromide (Sigma), d-tubocurarine chloride
(Abbott) or gallamine triethiodide (Davis and Geck, Danburg, Conn.), as well as the
cholinomimetic carbachol (Sigma), were tested for their ability to alter TRH antagonism of
ethanol. Other compounds examined include theophylline, dibutyryl adenosine 3′,5′-
monophosphate (dibutyryl cyclic AMP), L-norepinephrine hydrochloride,
diisopropylfluorophosphate (Sigma); eserine salicylate (Schwarz-Mann, Orangeburg, N.Y.);
dl-propranolol hydrochloride (Ayerst Laboratories, New York, N.Y.), phentolamine
hydrochloride, xylometazoline hydrochloride (Ciba Pharmaceutical Company, Summitt,
N.J.) and d-amphetamine sulfate (Smith Kline and French). The effects of TRH on ethanol

2This tripeptide is sometimes designated melanocyte stimulating hormone release inhibiting factor (MIF). It exerts some but not all of
the properties of the native substance (Vale et al., 1973).
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narcosis were also examined after α-methyl-tyrosine methyl ester hydrochloride (Regis
Chemical Company, Chicago, Ill.

In some experiments involving intracisternal administration of drugs, it was necessary to
determine doses that did not produce overt toxicity (e.g., respiratory depression, convulsion
or death). Although this procedure involved a degree of trial and error, it was possible in
each case to determine doses for a given compound which did not show toxicity but retained
actions consistent with its pharmacological activity. All drugs given intracisternally were
administered in 10 μl of isotonic saline 10 minutes after ethanol. Drug weights are expressed
as salts.

Biochemical procedures
Brain ethanol concentration was measured by the diffusion method described by Sunshine
and Nenad (1953).

Statistics
Group comparisons were made with two-tailed Student’s or Dunnett’s t test as appropriate.
A P < .05 was considered significant. Correlational analyses were performed by multiple
regression.

Results
Effect of TRH on ethanol-induced sleep and hypothermia

In agreement with previous findings (Breese et al., 1974a, b), TRH significantly reduced
ethanol-induced sleep (table 1). Induction of sleep after ethanol occurred within 80 to 100
seconds and was not significantly altered by simultaneous treatment with TRH. After
administration of TRH, a characteristic fine tremor of the forelimbs, increased respiration,
increased muscle tone, piloerection, lacrimation and squinting of the eyes were evident
within 2 minutes. When various doses of TRH findings (0.01–20 μg) were administered
intracisternally, it was possible to reduce ethanol sleeping time with TRH in a dose-related
fashion (table 1). Although the reason is not obvious, intracisternal injection of saline caused
an increase in sleep when compared with an intraperitoneal injection of saline. A dose-
response relationship was not apparent when TRH was given intraperitoneally or orally (see
table 1). A 1 to 2°C reduction of ethanol-induced hypothermia was observed after TRH
regardless of the route of administration (P < .01; data not shown)

In addition, TRH produced a significant antagonism of ethanol-induced sleep and
hypothermia (P < .01) if administered 15 minutes before or 15 minutes after ethanol, but did
not awaken mice when injected 30 minutes or longer before ethanol. It was also observed
that TRH would reduce ethanol sleeping time in several species other than mice (table 2).

Relationship of TRH antagonism of ethanol-induced sleeping time to pituitary function
In order to test the possibility that the effect of TRH on ethanol sleeping time might be due
to an action on the pituitary, the antagonism of ethanol by TRH was examined in
hypophysectomized mice. As shown in table 3, hypophysectomy did not alter the actions of
TRH. While the effect of TRH on sleeping time is obvious, interpretation of the effects of
TRH on temperature is complicated by the fact that some mice awoke from sleep before
rectal ternperature was measured. Nevertheless, it was found that intraperitoneal injection of
doses of thyrotropin (up to 10 mg/kg) and L-triiodothyronine (up to 1 mg/kg), far in excess
of the amount that could be released physiologically (Tata, 1964), did not reduce sleeping
time or otherwise resemble the actions of TRH (table 3). Therefore, it is concluded that the
pituitary and/or the thyroid are not essential for these actions of TRH.
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Effect of intracisternally administered TRH derivatives and other hypothalamic peptides on
ethanol-induced sleep and hypothermia

Following the observation that TRH would alter ethanol-induced sleep and hypothermia,
several TRH derivatives and other peptides isolated from brain were administered
intracisternally to determine whether they might also affect the soporific action of ethanol.
As shown in table 4, several structural analogs of TRH were found to possess activity
comparable to TRH. These included pyrazolyl TRH, lysine TRH, diiodo TRH and β-alanine
TRH. Although deamidated TRH did not reduce ethanol-induced sleep, this metabolite of
TRH (Nair et al., 1971) did antagonize ethanol-induced hypothermia. Certain other peptides
isolated from brain such as MIF, SRIF and LHRH did not alter ethanol-induced sleep,
whereas substance P significantly shortened it. A dipeptide (pyroGlu-His-OMe) which has
been found to inhibit TRH metabolism (Vale et al., 1971), significantly potentiated the
analeptic activity of TRH (table 4).

Effect of TRH on ethanol metabolism
Since TRH might reduce sleeping time by increasing the metabolism of ethanol, this
possibility was examined (table 5). Brain levels of ethanol were determined at several
intervals after ethanol administration with and without TRH. Although there was a tendency
for TRH-treated mice to have lower brain ethanol levels, no significant difference between
the two groups was observed.

Relationship of TRH with noradrenergic mechanisms
Earlier reports (Keller et al., 1974; Reigle et al., 1974; Horst and Spirt, 1974; Breese et al.,
1975; Constantinidis et al., 1974) have indicated that TRH may increase the activity of
noradrenergic neurons in brain. Recently, L-norepinephrine (30 μg) has been shown to
reduce pentobarbital sleeping time, an effect blocked by phentolamine (2 μg) (Breese et al.,
1975). The possibility that TRH might be acting through a noradrenergic mechanism to
antagonize ethanol-induced sleep was explored by comparing the effects of TRH with
intracisternally administered L-norepinephrine (0.2 to 30 μg). In other experiments, the alpha
adrenergic agonist xylometazoline (0.2–20 μg) (Mujic et al., 1965) and the central nervous
system (CNS) stimulant d-amphetarnine (4–100 μg) were administered intracisternally. As
seen in table 6, intracisternal administration of these compounds caused either no effect or
an increase in sleeping time, and their effects on rectal temperature were different from that
of TRH. They also failed to produce the tremor and increased respiratory rate that was
observed after TRH treatment.

Other experiments were concerned with the effects of various agents which are believed to
antagonize noradrenergic function. In this work, neither pretreatment with 300 mg/kg of α-
methyltyrosine nor intracisternal pretreatment with phentolamine (2 μg) or propranolol (10–
35 μg) antagonized the efficacy of TRH to reduce sleeping time produced by ethanol. In fact
α-methyltyrosine and phentolamine appear to potentiate the sleep reduction caused by TRH.
Although 35 μg of propranolol and 2 μg of phentolamine significantly reduce the
antagonism of ethanol-induced hypothermia by TRH, they do not block this effect
completely (see legend, table 6).

Examination of possible cholinergic mechanisms in the TRH antagonism of ethanol
anesthesia

As can be seen in table 7, intracisternal administration of atropine methyl nitrate prior to the
intraperitoneal or intracisternal injection of TRH caused a significant antagonism of the
analeptic activity of TRH. In contrast to the antagonism of TRH effects on ethanol-induced
sleep, elevation of rectal temperature by TRH was not blocked by intracisternally-
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administered atropine methyl nitrate. Furthermore, intraperitoneal administration of 3 mg/kg
of atropine methyl nitrate was not found to affect the reduction of ethanol-induced sleep
produced by TRH, providing evidence that the effects of atropine methyl nitrate observed
are due to an action on the central nervous system (38.3 ± 5.7% reduction of sleep by TRH
in the saline pretreatment group compared to 43.9 ± 10.1% reduction in the atropine methyl
nitrate pretreatment group; P > .1).

In order to investigate the possibility that other cholinergic blocking agents might influence
the actions of TRH, several drugs known to be effective nicotinic receptor blockers in the
peripheral nervous system at both the neuromuscular junction and autonomic ganglia were
administered intracisternally. As can be seen in table 8, d-tubocurarine, gallamine and
hexamethonium reduced ethanol-induced sleep. The doses reported are those which were
found to be the most efficacious in preliminary trials and correlate quite well with potencies
reported by Beleslin et al. (1974a,b) for CNS excitation in cats. Although the effects of these
drugs somewhat resembled the actions of TRH in that they caused increased respiration,
piloerection, eye blinking and scratching movements, no change in the ethanol-induced
hypothermia was observed (P > .1; data not shown). When these compounds were
administered with TRH, their analeptic effects were additive, producing a marked reduction
of ethanol-induced sleep. After atropine methyl nitrate, the action of hexamethonium against
ethanol-induced sleep was significantly reduced, whereas that of d-tubocurarine and
gallamine was not (table 8).

Carbachol also reduced ethanol sleeping time and this effect was antagonized by centrally-
administered atropine methyl nitrate (table 8). Paradoxically, when this agent was
administered with TRH, the ability of TRH to antagonize ethanol was reduced. Intracisternal
administration of the cholinesterase inhibitors, physostigmine (3 μg) and
diisopropylfluorophosphate (1 μg), did not significantly affect ethanol-induced sleeping time
(P > .1) or the efficacy of TRH to reverse ethanol-induced sleep (P > .1; data not shown).

Possible role of cyclic AMP in the action of TRH
Since the preliminary report by Cohn et al. (1973) that intraventricular dibutyryl cyclic
AMP reduced ethanol sleeping time in rats, studies were undertaken to determine whether
dibutyryl cyclic AMP would either resemble TRH or alter the effects of TRH against
ethanol and if phosphodiesterase inhibition would influence the actions of TRH. As shown
in table 9, theophylline did not significantly affect ethanol sleeping time nor did it enhance
the action of TRH to antagonize ethanol-induced sleep. Dibutyryl cyclic AMP by itself
reduced the sleep but did not antagonize the hypothermia induced by ethanol. When TRH
was administered intraperitoneally in combination with intracisternally-injected dibutyryl
cyclic AMP, an additive effect was not apparent (table 9). While pretreatment with 10 μg of
atropine methyl nitrate significantly reduced the effect of this nucleotide, neither dose of the
antimuscarinic agent prevented the reduction of ethanol-induced sleep by dibutyryl cyclic
AMP as was the case with TRH (table 9).

Discussion
These results confirm earlier reports (Breese et al., 1974a, b) that TRH produces a marked
reduction of ethanol sleeping time and hypothermia, and suggest that this effect is due to an
action of TRH directly on the CNS. Support for this view was provided by the findings that
TRH is effective in hypophysectomized mice and that neither thyrotropin nor L-
triiodothyronine resembled TRH in this analeptic activity. Furthermore, analogs of TRH
found to antagonize ethanol provided no correlations between ability to release TSH (Vale et
al., 1973) and activity to reduce ethanol sleeping time and hypothermia. In the present work,
it was found that the onset of action of TRH with regard to increased muscle tone and tremor
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in ethanol-treated mice is quite rapid and of short duration which is in accord with the short
half-life of TRH in plasma (May and Donabedian, 1973). Although the action of TRH
against ethanol-induced sleep can be produced in other laboratory animals, it was noted that
TRH failed to reduce ethanol-induced hypothermia in rats and guinea pigs while effectively
reducing sleeping time. This latter finding and that of Prange et al. (1975), who showed that
TRH is able to reduce pentobarbital sleeping time even when warm ambient temperatures
prevent the hypnotic-induced hypothermia, suggests that the TRH reduction of ethanol-
induced sleep does not depend upon an antagonism of the drug-induced hypothermia.

In mice, TRH was found to produce a dose-dependent reduction of ethanol sleeping time
when administered intracisternally. Although TRH was effective after oral or intraperitoneal
administration, a dose-response relationship was not apparent. The absence of a dose-
response relationship to TRH has been reported previously in pentobarbital-treated mice
(Breese et al., 1975). Perhaps studies of the metabolism, distribution and, possibly, uptake
systems for entrance of TRH into brain will resolve the lack of a dose-response relationship
after peripheral administration. Although the doses used in the present study are beyond the
physiological range to activate the pituitary, they are far below doses of TRH which cause
death. For example, Piva and Steiner (1971) reported that the LD5O of TRH after
intravenous administration to rats was 2500 mg/kg. In mice, intraperitoneal administration
of doses as high as 2500 mg/kg are not lethal (unpublished data).

In regard to possible involvement of neurotransmitter systems in the actions of TRH, current
evidence indicates that TRH produces a small but consistent increase in brain
norepinephrine turnover (Keller et al., 1974; Horst and Spirt, 1974; Breese et al., 1975;
Reigle et al., 1974; Constantinidis et al., 1974). However, in spite of this action of TRH, it
does not appear likely that activation of a noradrenergic system is responsible for its
antagonism of ethanol sleeping time. This conclusion is based upon the finding that the
adrenergic agonists norepinephrine, xylometazoline and amphetamine administered into
brain did not reduce sleep or otherwise resemble the actions of TRH and that neither α-
methyltyrosine nor the adrenergic blocking drugs, propranolol and phentolamine, reduced
the antagonism of ethanol by TRH.

The observation that intracisternal injection of atropine antagonized the effect of TRH to
shorten pentobarbital-induced sleep (Breese et al., 1975) prompted exploration of the
interactions of TRH with various cholinergic and anticholinergic drugs in ethanol-treated
mice. As in previous experiments with pentobarbital, atropine methyl nitrate was found to
antagonize the ability of TRH to reduce ethanol-induced sleep. This observation prompted
further work with other anticholinergic drugs to determine whether they might also
antagonize effects of TRH. Intracisternal injection of compounds which block nicotinic
receptors was found to shorten ethanol-induced sleep. In contrast to the action of atropine,
these drugs appeared additive with TRH in their antagonism of ethanol sleeping time.
However, it is not clear at this time whether the effects of these drugs can be attributed to
their nicotinic blocking capacity, because the relative potencies of these agents to reduce
ethanol narcosis are not correlated with either neuromuscular or ganglionic blocking activity
(Volle and Koelle, 1970; Koelle, 1970). Rather, there is close correlation to both absolute
and relative potency to cause CNS stimulation in the cat (Beleslin et al., 1974a, b). In
addition, a cholinergic agonist, carbachol, when administered intracisternally, was also
found to reduce ethanol sleeping time. However, when carbachol was combined with TRH,
rather than observing an additive or synergistic effect, the combination did not reduce
sleeping time at all. It was also observed that, like the observation with TRH, atropine
methyl nitrate would antagonize the effects of carbachol as well as the action of
hexamethonium against ethanol-induced sleep. Although we could conclude that cholinergic
systems in brain play a role in ethanol narcosis as have others (Erickson and Graham, 1973;
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Phillis and Jhamandas, 1971; Kalant and Grose, 1967), the data do not permit a unified
hypothesis on the nature of the interaction of cholinergic systems with ethanol. These data
might also suggest that TRH interacts with cholinergic mechanisms in brain, but any
interpretation at the present time would seem highly speculative due to the complex nature
of the results.

Volicer and Gold (1973) suggested that cyclic AMP may play a role in the actions of
ethanol, based on the finding that ethanol reduced cyclic AMP content in brain. In accord
with this view, dibutyryl cyclic AMP was found to antagonize the sleep produced by ethanol
in the rat (Cohn et al., 1973). In the present work, intracisternally-administered dibutyryl
cyclic AMP was found to reduce ethanol-induced sleep in mice. Since TRH and cyclic AMP
both reduce ethanol sleeping time, it seemed possible that cyclic AMP might be mediating
the effects of TRH. However, the actions of dibutyryl cyclic AMP were neither similar to
nor additive with TRH and unlike TRH the effect of dibutyryl cyclic AMP, although
reduced, was not blocked by atropine methyl nitrate. Thus, at present, it would be difficult to
understand how endogenous cyclic AMP could be directly involved in the antagonism of
ethanol-induced sleep by TRH, although this may be an interesting area for future research.

In conclusion, TRH appears to have the ability to reduce ethanol narcosis via an
extrapituitary action on the CNS. Indeed, TRH is normally located in many regions of brain
other than hypothalamus (Jackson and Reichlin, 1974a; Winokur and Utiger, 1974) and is
present in amphibians and gastropods, where it appears to have no thyroid function (Grimm-
Jorgensen and McKelvy, 1974; Taurog et al., 1974; Jackson and Reichlin, 1974b; Grimm-
Jorgensen et al., 1975). For these reasons and for its behavioral effects, TRH has been
proposed to act as a neurotransmitter (Breese et al., 1974a; Jackson and Reichlin, 1974a;
Winokur and Utiger, 1974). Data in this manuscript would not be inconsistent with this
view.
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TABLE 1
Effect of TRH on ethanol-induced sleep in mice

TRH was administered intracisternally 10 minutes after injection of 4.7 g/kg of ethanol. TRH administered
intraperitoneally or orally was given at the time of ethanol administration. Linear correlation coefficients for
sleep time over log dose of TRH: Intracisternal: r = 0.976, n = 8, P < .001. Intraperitoneal: r = 0.844, n = 5, P
> .05. Oral: r = 0.686, n = 5, P > .1

Treatment N Sleeping time

min ± S.E.M.

A. Intracisternal TRH

 Saline 24 93.7 ± 5.93

  0.01 μg 9 72.5 ± 11.57

  0.05 μg 10 67.4 ± 7.41

  0.2 μg 17 65.2 ± 7.99a

  1.0 μg 17 62.7 ± 7.96b

  5.0 μg 15 55.6 ± 5.78e

  10.0 μg 18 51.6 ± 4.74e

  15.0 μg 15 48.3 ± 5.90e

  20.0 μg 14 51.9 ± 4.99e

B. Intraperitoneal TRH

 Saline 19 79.5 ± 6.58

  1 mg/kg 9 68.8 ± 12.14

  3 mg/kg 10 58.0 ± 7.20

  10 mg/kg 10 49.5 ± 5.30c

  30 mg/kg 10 56.6 ± 5.02a

  100 mg/kg 10 46.2 ± 2.98e

C. Oral TRH

 Saline 31 68.6 ± 5.66

  1 mg/kg 10 58.8 ± 7.33

  3 mg/kg 10 75.3 ± 4.33

  10 mg/kg 27 50.3 ± 4.01a

  30 mg/kg 31 49.4 ± 2.83c

  100 mg/kg 30 46.4 ± 3.18d

When compared with saline:

a
P < .05.

b
P < .02.

c
P < .01.

d
P < .005.

e
P < .001.
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TABLE 3
Role of the thyroid axis in TRH antagonism of ethanol

Hypophysectomized mice received 4.3 g/kg, intact mice 4.7 g/kg of ethanol. All drugs were administered
intraperitoneally. Hypophysectomized mice used in this study had pituitaries removed at Charles River
Breeding Laboratories 3 days prior to the test. The effectiveness of the procedure was confirmed by holding
mice for an additional month to establish that further weight gain did not occur. At that time
hypophysectomized mice weighed 20 g and unoperated controls of equal weight at the time of surgery
weighed 35 g. Temperature was recorded 40 minutes after ethanol treatment.

Treatment N Sleeping Time Rectal Temperature

min ± S.E.M. °C ± S.E.M.

Hypophysectomized mice

 Saline 9 58.8 ± 9.60 32.9 ± 0.39

 TRH, 10 mg/kg 10 31.2 ± 2.75b 34.0 ± 0.27a

Intact mice

 Saline 9 75.9 ± 5.36 36.3 ± 0.09

 Triiodothyronine 1 mg/kg 10 75.9 ± 13.15 36.5 ± 0.19

 Thyrotropin, 10 mg/kg 10 79.2 ± 8.85 36.5 ± 0.19

 TRH, 10 mg/kg 10 44.0 ± 394c 37.0 ± 0.10c

When compared with saline:

a
P < .05.

b
P < .02.

c
P < .001.
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TABLE 4
Effects of intracisternally administered TRH analogs and other hypothalamic peptides on
ethanol-induced sleep and hypothermia in mice

Drug dose was 24 nmol in 10 μl of saline; doses were injected intracisternally 10 minutes after ethanol (4.7 g/
kg). Rectal temperature was recorded 40 minutes after ethanol treatment.

Treatmenta N Sleeping Time Rectal
Temperature

min ± S.E.M. °C ± S.E.M.

Saline 59 99.5 ± 5.1 35.1 ± 0.13

TRH 30 61.2 ± 3.6c 37.1 ± 0.16c

Pyrazolyl TRH 9 45.0 ± 3.6c 37.0 ± 0.21c

Lysine TRH 8 61.4 ± 6.1c 36.1 ± 0.14c

Diiodo TRH 19 65.5 ± 5.4c 36.0 ± 0.15c

β-AlanineTRH 9 61.8 ± 6.7c 37.0 ± 0.19c

Deamidated TRH 10 99.3 ± 12.9 36.1 ± 0.11c

MIF 8 111.6 ± 7.9 35.4 ± 0.13

SRIF 16 90.9 ± 10.3 36.4 ± 0.19c

LHRH 20 93.1 ± 8.0 35.5 ± 0.17

Substance P 31 69.1 ± 6.9b 35.7 ± 0.20

OMeDP 20 105.7 ± 7.5 35.0 ± 0.31

OMeDP + TRH 18 48.1 ± 3.6d 36.6 ± 0.19c

a
TRH = pyroGlu-His-Pro-NH2; pyrazolyl TRH = pyroGlu-(pyrazolyl-3) Ala-Pro-NH2; lysine TRH = pyroGlu-Lys-Pro-NH2; β-alanine TRH =

pyroGlu-His-Pro-βAla-NH2; diiodo TRH = pyroGlu-2,4-diiodo-His-Pro-NH2; deamidated TRH = pyroGlu-His-Pro; MW = Pro-Leu-Gly-NH2;
SRIF = Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys-OH; LHRH = pyroGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2;
substance P = Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-NH2; OMeDP = pyro-Glu-His-OME.

b
When compared with saline, P < .01.

c
When compared with saline, P < .001.

d
When compared with TRH alone, P < .02.
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TABLE 5
Effect of TRH on brain content of ethanol

TRH was administered intraperitoneally immediately after ethanol. P > .05 at all time periods when TRH
treated group is compared with the group that received only ethanol.

Treatment N
Ethanol

30 min 60 min 90 min

mg/g of brain ± S.E.M.

Ethanol (4.7 g/kg) 10 4.89 ± 0.11 4.51 ± 0.10 4.33 ± 0.07

Ethanol + TRH (10 mg/kg) 10 4.69 ± 0.11 4.40 ± 0.09 4.07 ± 0.11
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TABLE 6
Effects of noradrenergic agonists on ethanol-induced sleep and noradrenergic antagonists
on TRH reduction of ahanol-induced sleep in mice

All mice received 4.6 g/kg of ethanol 10 minutes before intracisternal drug treatments. Each group contained 8
to 60 mice. α-Methyltyrosine, ethanol and TRH were administered intraperitoneally; all other drugs were
injected intracisternally and are reported as total dose per brain. Rectal temperature was measured 40 minutes
after ethanol administration. When pretreatment groups (Saline, α-methyltyrosine, propranolol, phentolamine)
are compared to corresponding group plus TRH, a percent sleep reduction by TRH is obtained. These values
are: saline + TRH = 29.5 + 4.2%; a-methyltyrosine + TRH = 50.7 ± 6.6% (P < .05); 35 μg of propranolol +
TRH = 31.4 ± 6.6%; phentolamine + TRH = 58.4 + 5.2% (P < .001). When similar comparisons are made for
percent antagonism of hypothermia, the values are: saline + TRH = 4.3 ± 0.47%; α-methyltyrosine + TRH =
3.9 ± 0.59%; 35 μg of propranolol + TRH = 2.2 ± 0.38% (P < .005); phentolamine + TRH = 1.0 ± 0.33% (P < .
001)

Treatment Dose Sleeping Time Rectal
Temperature

min ± S.E.M. °C ± S.E.M.

A. Noradrenergic agonists

 Saline 91.0 ± 4.8 35.6 ± 0.14

 L-Norepinephrine 0.2 μg 103.6 ± 7.1 35.6 ± 0.26

5 μg 113.9 ± 14.3 37.3 ± 0.17d

30 μg 150.0 ± 15.0c 35.5 ± 0.27

 Xylometazoline 0.2 μg 138.9 ± 17.9 34.5 ± 0.29a

5 μg 109.4 ± 17.3 35.0 ± 0.19

20 μg 132.6 ± 13.5 34.8 ± 0.17b

 d-Amphetamine 4 μg 91.4 ± 9.5 35.1 ± 0.33

8 μg 80.6 ± 10.8 36.8 ± 0.45

50 μg 76.6 ± 7.9 37.3 ± 0.32d

100 μg 93.2 ± 8.9 38.2 ± 0.24d

B. Noradrenergic antagonists and TRH

 Saline 82.8 ± 4.4 35.6 ± 0.10

 TRH 10 mg/kg 51.8 ± 35c 37.1 ± 0.17d

 α-Methyltyrosine 300 mg/kg 83.0 ± 9.5 35.5 ± 0.21

 α-Methyltyrosine + TRH 300 mg/kg + 10 mg/kg 40.9 ± 55e 37.0 ± 0.21g

 dl-Propranolol 5 μg 98.5 + 12.3

10 μg 63.3 ± 5.3d 35.1 ± 0.21

20 μg 77.8 ± 5.1 34.6 ± 0.20d

35 μg 83.3 ± 7.2 35.1 ± 0.19

 dl-Propranolol + TRH 10 μg + 10 mg/kg 40.6 ± 3.8g 36.4 ± 0.19g

20 μg + 10 mg/kg 55.6 ± 5.8f 35.7 ± 0.28g

35 μg + 10 mg/kg 60.3 ± 5.6e 35.8 ± 0.12g

 Phentolamine 2 μg 147.4 ± 19.3d 35.5 ± 0.11

 Phentolamine + TRH 2 μg + 10 mg/kg 61.7 ± 77g 36.0 ± 0.12f
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When compared with saline:

When compared with treated group without TRH:

a
P < .05.

b
P < .025.

c
P < .005.

d
P < .001.

e
P < .02.

f
P < .01.

g
p < .005.
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TABLE 7
Effects of intracisternally administered atropine methyl nitrate on reduction of ethanol-
induced sleep by TRH

Treatment Dose

Sleeping Time

Saline
Pretreat-

menta

Atropine
Methyl
Nitrate

Pretreat-
menta

min ± S.E.M.

Saline 109.4 ± 8.0 (19) 110.4 ± 6.9 (28)

TRH 10 mg/kg 69.3 ± 4.3d (20) 117.8 ± 5.4 (19)

TRH 30 mg/kg 73.1 ± 3.2d (24) 90.7 ± 5.0 (10)

TRH 100 mg/kg 80.1 ± 5.1b (24) 97.8 ± 3.2 (10)

TRH 5 μg (i.c.) 76.5 ± 5.1c (10) 101.3 ± 11.1 (9)

When compared with i.p. saline treatment:

a
Atropine methyl nitrate (10 μg) and saline pretreatments were administered intracisternally (i.c.) 10 minutes after ethanol, and 30 seconds before

TRH. Number of animals per group appear in parentheses.

b
P < .025.

c
P < .01.

d
P < .001.
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TABLE 8
Effects of drugs which affect cholinergic mechanisms on ethanol-induced sleep and sleep
reduction produced by TRH

All mice received 4.7 g/kg of ethanol. TRH (10 mg/kg) was administered intraperitoneally 10 minutes after
ethanol. All other compounds including atropine methyl nitrate (AMN) were administered intracisternally
(i.e.) 10 minutes after ethanol.

Treatment Dose N Sleeping Time

min ± S.E.M.

Saline 47 104.7 ± 5.0

TRH 10 mg/kg 36 56.6 ± 4.0b

Atropine methyl nitrate (AMN) 10 μg 19 95.8 ± 6.2

d-Tubocurarine 5 μg 19 32.5 ± 3.1b

d-Tubocurarine + TRH 5 μg + 10 mg/kg 9 20.8 ± 1.9b,e

d-Tubocurarine 3 μ 9 51.9 ± 4.7b

d-Tubocurarine + AMN 3 μg + 10 μg 9 44.2 ± 2.6b

Gallamine 5 μg 18 43.7 ± 3.3b

Gallamine + TRH 5 μg + 10mg/kg 9 28.1 ± 1b,e

Gallamine 3 μg 10 56.4 ± 7.0b

Gallamine + AMN 3 μg + 10 μg 10 70.2 ± 8.6a

Hexamethonium l00 μg 20 76.7 ± 7.2a

Hexamethonium + TRH 100 μg + 10 mg/kg 18 49.9 ± 6.4a,d

Hexamethonium + AMN l00 μg + 10 μg 10 95.6 + 14.04

Carbachol 0.3 μg 28 74.9 ± 4.9b

Carbachol + TRH 0.3 μg + 10mg/kg 20 103.1 ± 11.7

Carbachol + AMN 0.3 μg + l0 μg 20 93.2 ± 5.5c

When compared with saline:

When compared with appropriate group that received only d-tubocurarine, gallamine, hexamethonium or carbachol:

a
P < .02.

b
P < .001.

c
P < 0.5

d
P < .01.

e
P < .001.
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TABLE 9
Effects of theophylline and dibutyryl cyclic AMP on the antagonism of ethanol by TRH

All mice received 4.7 g/kg of ethanol intraperitoneally. In Study A, theophylline and TRH were administered
intraperitoneally. In Study B, dibutyryl cyclic AMP and atropine methyl nitrate (AMN) were administered
intracisternally while TRH was administered intraperitoneally. Each group contains from 8 to 49 animals.
Rectal temperature was determined 40 minutes after ethanol injection.

Treatment Sleeping Time Rectal Temperature

min ± S.E.M. °C ± S.E.M.

Study A.

 Control 71.2 ± 5.8 35.9 ± 0.19

 Theophylline (10 mg/kg) 60.1 ± 7.5 36.0 ± 0.17

 Theophylline + TRH 32.7 ± 3.5c 36.9 ± 0.17d

 TRH (10 mg/kg) 43.4 ± 4.5c 36.7 ± 0.16d

Study B.

 Control 80.9 ± 2.4 36.2 ± 0.10

 TRH (10 mg/kg) 56.1 ± 4.1d 37.0 ± 0.11d

 Dibutyryl cAMP (20 μg) 57.0 ± 2.6d 36.1 ± 0.21

 Dibutyryl cAMP + TRH 51.2 ± 7.3c 37.4 ± 0.21d

 Dibutyryl cAMP + AMN (10 μg) 68.8 ± 3.7d 35.8 ± 0.22

 Dibutyryl cAMP + AMN (20 μg) 61.3 ± 6.8a,f 34.8 ± 0.28d,f

 AMN (10 μg) 79.3 ± 4.6 36.4 ± 0.25

 AMN(20 μg) 95.8 ± 5.8b 36.2 ± 0.12

When compared with control:

When compared with AMN alone:

a
P < .05.

b
P < .025.

c
P < .005.

d
P < .001.

e
P < .05.

f
P < .001.
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