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COHN, M. L., M. COHN, B. A, KRZYSIK AND I'. H. TAYLOR. Regulation of behavioral cvents by thyrotropin releasing
factor and cvelic AMP. PHARMAC. BIOCHEM. BEHAV. 5: SUPPL. 1, 129133, 1976.  Like dibutyryl cyvelic AMP,
thyrotropin releasing factor (TRIE) has potent antianesthetic properties. but only dibutyryl cyclic AMP shortens narcosis
dose-relatedly. In contrast, only TR reverses amobarbitakinduced hypothermia (dose-relatedly). In naive rats, dibutyryl
cyclic AMP (25-200 wg) induces convulsions while TRIY (5- 100 pg) produces intermittent hyperactivity and sedation but
never convulsions. To determine whether behavioral events may be regulated in the central nervous system through an
interaction of the two naturally occurring compounds, TRE (5 100 ug) and dibutyryl cyclic AMP (25 200 ug) were
injected simultancously into the lateral ventricle of the brain of naive rats or rats anesthetized with amobarbital (80
mg/kg). TRIY (12.5-50 pg) and dibutyryl cyclic AMP (100 200 ug) did not shorten narcosis turther than dibutyryl cyclic
AMP alone. Amobarbital protected against the tethal effects of the two compounds injected simultancously, Long-lasting
locomotor disorders and mortality rate increased with increasing doses of TRE (12.5-25 up) and dibutyryl cyclic AMP
(100-200 ug) given to naive rats. Results did not support the postulate that cyclic AMP is the second messenger of TRI-.

Cyclic AMP Thyrotropin releasing tactor

THERE is increasing evidence that besides inducing anterior
pituitary secretions, TRH, the thyrotropin releasing hor-
mone, also regulates extrapituitary functions of the brain.
(For our present study, we prefer the term TRF-
thyrotropin releasing factor, because we wish to remove the
suggestion that the behavioral events we report are
mediated through the pituitary-thyroid axis). While radio-
immunoassays show that TRF is located throughout the
brain [20, 27, 37, 38| and the cerebrospinal fluid {22], its
14 to 103 fold higher concentrations in the hypothalamus
suggest a primarily endocrine function in the central
nervous system. Our amino acid analyzer technique shows
that the higher concentrations of TRF in the hypothalamus
are duplicated in the caudate nucleus and cerebral cortex
[23]. The contention that TRF is a neurotransmitter or
modifier of neural conduction is supported by recent
workers who 1) detected TRF at synaptic junction sites
where norepinephrine, dopamine and acetylcholine are
found (1,3]; 2) demonstrated that TRF directly depresses
neuronal conduction {34,35]: and 3) showed that TRF has
direct pharmacologic behavioral effects in the central
nervous system [6, 10, 31]. It is also known that TRF
stimulates adenyl cyclase in the adenohypophysis | 24,40].
In order to gain a better understanding of the relationship
of TRF and the adenyl cyclase system, we undertook the
present study.

METHOD

Male Sprague-Dawley rats (Zivic Miller. Pittsburgh,
Pennsylvania) weighing 85125 g were housed under
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Temperature regulation

constant illumination and temperature (21°C). Prior to the
experiment, they were allowed free access to water and rat
chow. All treatments were carried out between 9 a.m. and
noon.

Rats were anesthetized with a 1% solution of amo-
barbital (Amytal) (E. Lilly Company, Indianapolis, Indiana)
(80 mg/kg) injected intraperitoneally (IP). The time from
the loss of the righting reflex until the recovery of the
righting reflex was measured in minutes and defined as
sleeping time. Descriptive statistics for the sleeping times
for various treatment groups are given in Table 1. Following
the loss of the righting reflex, a constant volume of 15 ul
was injected intracerebroventricularly (1CV) by a method
described elsewhere [13]. The compounds administered
centrally, either alone or simultancously, include: the N,
02, dibutyryl analog of adenosine 3.5 c¢yclic mono-
phosphate (dibutyry! cyclic AMP) (Sigma Chemical Co., St.
Louis, Missouri); thyrotropin releasing factor (FRF) (gen-
crously provided by Abbott Laboratories, Chicago, Illinois
and checked for purity by amino acid analysis and thin
layer chromatography): or sterile sodium chloride 0.9%.
Dibutyryl cyclic AMP and TRF were diluted in 10 3M
phosphate buffer pH 7.3 Rectal temperatures were re-
corded at 5 min intervals with a thermister probe (Baily
Instruments Company, Saddle Brook, New Jersey). All
behavioral activities of the rats were carefully observed and
recorded on the days of the experiments and for § days
thercafter,

The rats were divided into 4 treatment groups and
subdivided into subgroups of 10 rats for each dosage
studied:
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1. Control groups: naive rats were injected ICV with
sodium chloride 0.9% or various doses of TRF (5 100
ug/rat).

2. Anesthetized rats received 1CV sodium chloride 0.9%
or TRF (12.5 100 ug/rat).

3. Naive rats were injected ICV simultaneously with
TRF and dibutyryl cyclic AMP: a) TRF (5.0 ug/rat) and
dibutyryl cyclic AMP (25 pyg/rat); b) TRF (12.5 ug/rat) and
dibutyryl cyclic AMP (100 ug/rat): ¢) TRE (25~ 100 ug/rat)
and dibutyryl cyclic AMP (100 200 ug/rat).

4. Ancesthetized rats were administered ICV with one of
various solutions of TRF (12.5 50 ug/rat) and dibutyryl
cyclic AMP (100 200 ug/rat).

RESULTS

In naive rats, sodium chloride produced no noticeable
behavioral changes. Within 1 min of injection, the various
doses of TRF (5 100 ug/rat) produced intermittent hyper-
activity lasting less than 10 min and deep sedation of about
30 min duration. Hyperactivity was characterized by
increased locomotor activity and body tone, tail lifting,
squirrel upright position, frequent grooming, fasciculations
and spasms of muscles in the extremities, scratching,
hyperventilation, piloerection, blinking and tearing. Loco-
motor movements seemed exaggerated, with arched backs
and staggering gait. Intensity and duration of the symptoms
were not  dose-related even at higher doses (100 200
pg/rat). Neither convulsions nor mortality were observed in
these groups of rats. While sodium chloride produced no
alterations of body temperature, TRF elevated the body
temperature above control values for well over 2 hr (Fig. 1).

Anesthetized rats treated with sodium chloride injected
centrally regained the righting reflex in the control time of
111.5 min (Table 1). The various doses of TRF (12.5 100
ug/rat) shortened sleeping time, but not dose-relatedly
(Table 1). The wide range of sleeping times and behavioral
responses to TRE were characteristic. Rats anesthetized
with amobarbital are flaccid and still until regaining the
righting reflex: within 2 min of injection, TRFE induced
shivering, shaking of the head and body as though wet,
scratching,  spontancous  tail movements, piloerection,
hyperventilation, blinking, tearing and a rapid return of
body tone. Upon return of the righting retlex, the rats
exhibited about 30 min of mild ataxia characterized by
staggering gait and arched back. Sedation slowly improved
and one hour later the rats resumed normal behavior. The
body temperature of amobarbital-anesthetized rats nor-
mally fell 2.87°C in 60 min (Table 1). Sodium chloride had
no effect on body temperature, At all doses (12.5 100
pg/rat). TRF antagonized the amobarbital-induced hypo-
thermia and rapidly returned it to normal values: higher
doses elevated body temperature above control values
(Table 1). No deaths were recorded in these groups of rats
even at doses of TRF as large as 200 ug/rat. The prior
injection of TRF did not delay the onset of narcosis.

In naive rats. the simultaneous injections of TRE (5.0
dgfrat) and dibutyryl cyclic AMP (25 ug/rat) produced a
behavioral pattern similar to that induced by TRF alone.
However, all symptoms were enhanced and of longer
duration (1 2 hr). No rats of this treatment group died.
Besides frequent grooming, marked hyperventilation, blink-
ing and tearing, TRE (12,5 pg/rat) and dibutyryl cyclic
AMP (100 pg/rat) produced 10 min of severe clonic-tonic
convulsions during which one third of the rats died. The
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TABLE 1

EFFECT OF TRH (15 ul) ADMINISTERED INTRACEREBRO-
VENTRICULARLY ON THE DURATION OF AMOBARBITAL-
INDUCED NARCOSIS (80 mg/kg)

Slevping Time '

min ¢+ S.EM,

Rectal Temperature
"CoSUEM,

Treatment N

(Control -

Saline [0.9°/]) 10 PLELS + 125 287 - 021
TRIFC12.S ug) 10 69.5 ¢+ 138 % 1.25 - 018
IRI€2S5 pg) 10 69.9 + 15.0 % +0.20 - 0.06
TRI- (50 ug) 10 624 120+ +0.87 - 0.25
TRIT (100 py) 10 65.7 1 158+ +1.88 + 0.19

fRectal temperature (°C) measured 30 min atter amobarbital
administration.

FBased on the Mann-Whitney U testy statistically  significant
ditference at 005 level of significance when compared with control
sroup.

survivors of these convulsions experienced an intense and
long-lasting syndrome of locomotor incoordination and
hyperactivity marked by severe spasms and fasciculations of
the limb muscles and a toe spreading that caused an ataxic
gait exaggerated to the point of belly crawling, with rolling,
twisting movements of the torso and slapping of the tail
from side to side. The locomotor incoordination lasted well
over one hour, diminishing gradually with time. After
several hours of deep sedation. the rats resumed normal
behavior and did not show any sequellae thereafter. Within
minutes, TRF (25 pg/rat) and dibutyryl cyclic AMP
(100 200 mgirat) produced intermittent short periods of
deep sedation and convulsions characterized by high jumps,
phonation, Straub tail phenomenon with high speed vibra-
tions of tail and whiskers, exophthalmia, salivation, pilo-
erection and tearing. Within 30 to 60 min, all the rats of
this group died with instant marked rigor mortis.

In the naive rats, dibutyryl cyclic AMP (25 ug/rat) did
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FIG. 2, Comparison of sleeping times in rats anesthetized with 1P
administered amobarbital (80 mg/kg) and subsequently treated ICV
with dibutyryl cyclic AMP alone or simultaneous injections of
dibutyryl cyclic AMP and TRE. At the 3 concentrations of
dibutyryl cyclic AMP and dibutyryl cyclic AMP combined with
TRE, all paired comparisons of the mean sleeping times are
statistically significant in comparison to the control sleeping time at
the 0.0 level of signiticance using the Student-Newman-Kreuls test.
At the 0.05 level of significance the mean sleeping time of the
dibutyrvl cyclic AMP treated group is not significantly diffcrent
when compared with the mean slecping times of the groups treated
simultancously with dibutyryl cyclic AMP and TRI. Each group
contains 10 rats.

not alter the elevation of body temperature induced by
TRF alone. Severe convulsions produced by higher dosages
of TRF in solution with dibutyryl cyclic AMP did not allow
the recording of body temperature.

The simultaneous administration of various doses of
TRF (12.5-50 pg/rat) and dibutyryl cyclic AMP (100 200
ug/rat) shortened amobarbital-induced narcosis (80 mg/kg)
but not further than dibutyryl cyclic AMP alone (Fig. 2)
and produced the same behavioral symptoms as those
induced by TRF alone, but these symptoms were much
more pronounced. Upon the return of the righting reflex,
the rats experienced an acute locomotor cerebral syndrome
characterized by twisting gyrations of the body, severe
ataxia of the hind limbs, loud tail slapping, fasciculations
and muscle spasms of the front limbs and paws, spreading
of the toes, random, aimless wandering over the entire
bench top, bumping into objects or falling off the bench
that lasted for at least 3 hr. When the initial gyrations
ended, the rats belly crawled, and after a slow recovery of
usage of the hind legs, walked on tip toes. While pinching
the tail revealed that spinal reflexes were intact, the rats
were unable to swim when placed in a water tank and sank
to the bottom. The period of hyperactivity was followed by
long sedation. Amobarbital protected against the lethal
combination of the nucleotide and the neurohormonal
factor; no convulsions or death occurred in these groups of
rats. The following morning the rats behaved normally
without any locomotor sequellae. The prior simultaneous
injection of TRF and dibutyryl cyclic AMP did not block
the onset of narcosis. Like TRF alone, TRF and dibutyryl
cyclic AMP antagonized the amobarbital-induced hypo-
thermia,

DISCUSSION
The neurochemical determinants of narcosis and sleep
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are poorly understood. In the rat, dibutyryl cyclic AMP
regulates narcosis induced by amobarbital [13] and 7 other
chemically unrelated compounds [11]. The regulatory
property of dibutyryl cyclic AMP, “the second messenger”,
suggested that a neurotransmitter or hormone may serve as
a first messenger. The catecholamines, biogenic amines or
hormones. shown in vitro to elevate brain levels of cychic
AMP, failed to shorten in vivo narcosis [6.9]. Likewise, the
analeptic drugs, with the exception of picrotoxin, were
unsuccessful in shortening narcosis [6]; but all concentra-
tions of picrotoxin produced severe toxicity and mortality.

Workers who reported the antianesthetic properties of
TRF suggested that TREF may be the first messenger of
cyclic AMP [31]. Our data confirm the antianesthetic
property of TRF administered intracerebroventricularly.

However, supporting the report of other investigators
{36]. we found that the intraperitoneal or intravenous
injection of TRF did not shorten pentobarbital-induced (50
mg/kg) narcosis, The failure of peripherally administered
TRF to antagonize the barbiturate may be explained by the
facts that TRF 1) does not freely cross the cerebrospinal
fluid barrier {15, 26, 39]: and 2) has a very short half life
in plasma and brain tissue {14,16]. The failure of minimal
amounts of exogenously administered TRF to enter the
central nervous system may account tor the failure to
reverse pentobarbital overdosage in rats [5] and tor the
conflicting results in the TRF treatment of depression in
man [2,30]. While we were unsuccessful in treating
amobarbital overdosed rhesus monkeys with intravenously
injected TRF, centrally injected TRF effectively prevented
cardiovascular collapse [12].

Notable differences between dibutyryl cyclic AMP and
TRF are evident: 1) unlike dibutyryl cyclic AMP, which
shows clear-cut dose relationship at all concentrations, ICV
administration of TRF produces widely variable ranges of
sleeping times (Table 1); 2) following the ICV administra-
tion of dibutyryl cyclic AMP, anesthetized rats remain
flaccid and very still until regaining the righting reflex. In
contrast, anesthetized rats treated ICV with TREF almost
instantancously shiver, shake heads and bodies as though
wet, scratch, move piloerect, hyperventilate, blink and tear;
3) in the naive rat the intracerebroventricular injection of
dibutyryl cyclic AMP produces severe generalized convul-
sions [17]. In contrast, the central administration of TRF
leads to intermittent short periods of hyperactivity and
sedation but no convulsions [6] .

The primary thrust of the present study was to obtain in
rivo evidence of an interaction between TRFE and dibutyryl
cyclic AMP in the central nervous system. The data thus
gained do not support any simple additive or synergistic
interaction. However unclear the specific actions of TRF in
the brain, it is clear that TRF is involved in a wide range of
behavioral cevents. For example. TRF increased locomotor
activity in pargyline-L-DOPA pretreated rats [28,29].
Similar data were reported in rats pretreated with
pargyline-SHT [19}. Such findings suggest that the cate-
cholamines and/or serotonin are involved in the TRF
regulation of locomotor behavior. Increased evidence has
been reported that the release of TRF is controlled by the
catecholamines [32]. Although we have tound that dop-
amine is involved in the TRF regulation of rotational
behavior in the rat [10], and other investigators reported
that TRF alters dopamine brain content in pargyline-L-
DOPA pretreated rats [S]. the actions of TRF on the
central nervous system are too numerous to be related to
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any single neurotransmitter. We have reported that TRF
and phentolamine produce tight head to tail rotations | 6],
and will report that simultineous administration of
dibutyryl cyclic AMP and phentolamine does not induce
rotations. Conflicting data have been reported by investiga-
tors who found that TRF did not affect the brain content
of dopamine, norepinephrine or serotonin or the turnover
of norepinephrine [4,33], while other studies showed
increased turnover of norepinephrine in rat brain [18,21].
Evidently, more work is needed before the interaction of
the adenyl cyclase system, the nceurohormonal factor and
the catecholamines is fully understood.

Thermorcgulation was previously believed to be con-
trolled only by the putative neurotransmitters, ¢.g. dop-
amine, norepinephrine or serotonin. Increasing evidence
shows that the neurohormones TRFEF [6. 25, 31} and
somatostatin [6,7) regutate body temperature antagonis-
tically. While dibutyryl cyclic AMP does not reverse
amobarbital-induced hypothermia, TRF antagonizes the
temperature fall and somatostatin produces severe and
prolonged hypothermia with temperatures dropping as low
as 28°C. However, in rats treated with TRF, the duration of
narcosis was not related to body temperature [7].

Although the dissimilaritics between the actions of
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dibutyryl cyclic AMP and TRF do not support a hypo-
thetical first messenger role for TRF in the regulation of
narcosis, locomotor activity and temperature, we have
demonstrated that TRF is a modulator of many behavioral
events: in agreement with other investigators [31], we have
reported that T3, T® and TSH do not alter the regulation of
narcosis, locomotor activity and temperature or cause
unusual behavioral symptoms [ 6] : that thyroidectomy does
not alter the behavioral actions of TRF: confirming our
belief that TRF acts in the brain at sites other than the
pituitary-thyroid axis.

We have found that somatostatin, luteinizing hormone
releasing hormone and substance P also regulate behavioral
events in the central nervous system and prolong narcosis
[8]. The prevalance of TRFE in brain structures and its
involvement in behavioral events suggest that the direct
effect of TRE on the central nervous system may prove as
important as its hormonal role.
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