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TRH Protection Against Memory Retrieval
Deficits Is Independent of Endocrine Effects
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STWERTKA, S. A., G. P. VINCENT, E. R. GAMZU, D. A. MacNEIL AND A. G. VERDERESE. TRH protection against
memory retrieval deficits is independent of endocrine effects. PHARMACOL BIOCHEM BEHAV 41(1) 145-152, 1992.—An
electrobrainshock (EBS)-induced memory retrieval deficit was produced in normal and hypophysectomized mice. In normal mice,
thyrotropin-releasing hormone (TRH) (0.1 to 30 mg/kg) protected against this EBS disruption of memory after intraperitoneal but
not oral (1.0 to 100 mg/kg) administration. In hypophysectomized mice, TRH (0.3 and 3.0 mg/kg) also protected against the
retrieval deficit induced by EBS. The memory protection afforded by TRH was unrelated to its ability to elevate plasma levels of
triiodothyronine (T) and thyroxine (T,), nor was TRH’s memory protection mediated through an anticonvulsive mechanism. These
results support the notion that TRH may play an important role in memory modulation and may have therapeutic value in certain

disease states in humans.
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PATHOLOGICAL and experimentally induced dysfunctions in
the processes of memory storage and retrieval have been associ-
ated with the changes in the activity of a number of different
neurotransmitters. For example, there is extensive literature im-
plicating cholinergic systems in learning and memory in general,
and particularly in the cognitive impairments of Alzheimer’s
disease, where there are decreased levels of cholinergic markers
(3,4). Furthermore, impaired dopaminergic function has been
correlated with losses in primate learning ability (16,35), whereas
impaired adrenergic function has been shown to disrupt learning
in rodents (48). Significant reductions in the levels of these two
neurotransmitters have also been reported in Alzheimer’s disease
(1, 2, 9, 47). Additionally, there is decreased serotonergic func-
tioning in the brains of Alzheimer’s patients as measured by [*H]
ketanserin binding (34). In view of the involvement of multiple
transmitter pathways in memory processes, a pharmacological
agent that could modulate activity of a number of these relevant
CNS neurotransmitters would be of considerable interest as a
potential therapeutic entity for pathologies affecting learning and
memory.

There are substantial biochemical and neurophysiological data
to support the idea that thyrotropin releasing hormone (TRH) and
its degradation-resistant analogs might be considered for this
purpose. Potentiating effects of TRH and its analogs have been
demonstrated for cholinergic, noradrenergic, serotonergic and
dopaminergic systems (15, 16, 23, 31). TRH has been shown to
facilitate cholinergic neurotransmission (44—46). Iontophoretic
application of TRH onto populations of cortical neurons has been

reported to potentiate excitation produced by acetylcholine (5,
37, 44). In striatal slices, TRH increases the uptake and conver-
sion of choline into acetylcholine (28). TRH can also shorten
barbiturate-induced sleep, an effect that is antagonized by atro-
pine (25). TRH and its analogs also potentiate monoaminergic
neurotransmission by increasing the turnover and release of do-
pamine (26,42) norepinephrine (19,21) and serotonin (33). The
potentiating activity of TRH in many of the neurotransmitter
systems implicated in memory storage and retrieval suggests that
it might be effective in ameliorating some forms of memory dis-
ruption. TRH and its analogs have been reported to reverse be-
havioral impairments induced by: septohippocampal lesions in
rats (17); cycloheximide, CO,, or basal forebrain lesions in mice
(27); and behavioral deficits in senescence-accelerated mice (43).

To assess the possible therapeutic potential of TRH-like pep-
tides in cognitive disorders, we chose to evaluate the effects of
TRH in an animal test of disrupted memory retrieval. The test
employed the delivery of a brief subconvulsive electrobrainshock
(EBS) to mice in order to disrupt retrieval of an avoidance re-
sponse. This test has been shown to be sensitive to the memory-
protective effects of a number of nootropic compounds including
piracetam and aniracetam (11). In order to determine whether
any protective effects of TRH in this procedure were mediated
directly through the nervous system or indirectly through the pi-
tuitary/thyroid axis, experiments were performed in both normal
and hypophysectomized mice. Plasma levels of the thyroid hor-
mones triiodothyronine (T;) and thyroxine (T,) were measured
in all the experimental groups in order to evaluate any relation-
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ship between levels of these hormones and the observed behav-
ioral effects.

EXPERIMENT 1

The first study evaluated the memory-protective effects of
TRH in mice subjected to a disruptive electrobrainshock (EBS)
administered just prior to retrieval testing for an avoidance re-
sponse.

METHOD

Subjects

Male albino mice, CF1 strain, weighing 19 to 25 grams were
housed in groups of 10 for one to two weeks prior to the start
of testing.

Apparatus and Procedure

The testing apparatus consisted of a standard Coulbourn
mouse chamber complete with a stainless steel grid floor. The
procedure required separate training and testing days. Each ani-
mal was placed onto an elevated platform supported by a retract-
able lever mounted 7.5 cm above the grid floor, and immediately
a house light and a masking noise were presented. After one
minute, the platform was released by the retraction of a sole-
noid, the mouse was dropped onto the grid floor, and the plat-
form was returned to an upright position. A loud tone and
clicking noise were also presented at this time and served as part
of the conditioned stimulus (CS). During the next 15 seconds,
the animal could avoid a scheduled footshock by returning to
the platform before the onset of shock (i.e., avoidance re-
sponse). Following the CS period, shock (1.3 mA) was admin-
istered for 30 seconds (unconditioned stimulus—US), along with
the tone and the clicking noise. During this period, the mouse
could escape from the shock by jumping onto the platform. In
order for an avoidance or an escape response to be scored as
such, the animal had to remain on the platform for four sec-
onds. The tone and clicking noise were turned off for four sec-
onds as soon as the mouse jumped onto the platform, but came
back on if the mouse failed to stay on the platform for the full
four seconds. If the animal did not avoid or escape shock, an
escape failure was recorded. Following shock, there was a 10-
second safety period during which the tone and the clicking
noise were inoperative; this was followed by the initiation of the
next trial. The operation and recording of all jumps onto the
platform (i.e., closures of the platform microswitch) were fully
automated through programming of a BRS Interact and Data
General computer system.

Brain shock was delivered transcorneally via stainless steel
electrodes covered with saline-soaked cotton pads. A Grass S88
stimulator and a constant current unit delivered a 200-ms train
of square-wave unipolar DC pulses (10 ms of 10 mA constant
current at 60 Hz). Control animals receiving a sham shock were
treated identically, but the power to the stimulator was discon-
nected.

Training

All mice were given two five-trial training sessions (five tri-
als given between 9:00 a.m. and noon; five trials given between
1:00 p.m. and 4:00 p.m.) on the first day. For each animal, the
morning and afternoon training sessions were separated by ap-
proximately a four-hour period.
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Testing

On Day 2, approximately 22 hours after the last training ses-
sion, the mice were randomly assigned to one of the treatment
groups. Two vehicle control groups (n=15 and 13) received an
injection of physiological saline 30 minutes prior to testing. The
first control group of mice received a sham shock (SHAM),
whereas the second control group of mice received EBS
transcorneally 5 minutes before testing (EBS). The remaining 8
groups (n=15) of mice were given EBS plus one of eight differ-
ent doses of TRH (0.03, 0.1, 0.3, 1.0, 3.0, 10, 30 or 100 mg/
kg) 30 minutes before testing (25 minutes before EBS). The drug
was dissolved in physiological saline and administered intraperi-
toneally. All mice were tested for 10 trials using the same pro-
cedure described for training. An identical experiment was run
using doses of 1, 10 and 100 mg/kg TRH administered by gav-
age 60 minutes before testing, with five mice in each group.

Statistical Analysis

Statistical significance of the results was evaluated on the
mean number of avoidance responses for all the groups that were
exposed to EBS (sham control animals were not included), us-
ing a one-way analysis of variance (41) for overall evaluation of
the drug effect. If the results of this analysis were significant at
the p<<0.05 level, an additional analysis of each of the individ-
ual dose groups versus the vehicle treated EBS group was con-
ducted using a Dunnett t-test (p<<0.05) (41).

In addition, to facilitate cross drug and cross experiment
comparisons, we also used the mean number of avoidance re-
sponses in each dose group to compute the percent recovery of
function (%RF) according to the formula:

_ Drug — EBS
%RE = Sham — EBS X 100

RESULTS

All mice receiving EBS prior to testing exhibited a Straub
tail and were quiescent for up to 45 seconds following the ad-
ministration of the EBS. In this state, the animals would move
if touched and the Straub tail would be lost. After these initial
effects of EBS had disappeared, the animals appeared normal for
the remaining period before being introduced to the testing
chambers. During testing, all mice were able to avoid or escape
the footshock once it was initiated, even though in some treat-
ment conditions, the number of avoidance responses was low
(i.e., EBS group and for inactive doses of TRH). The ability of
mice to make an avoidance response suggests that their motor
performance was not impaired by the EBS. Figure 1 illustrates
the mean number of avoidances and the %RF for the sham EBS
group, EBS group, and each of the TRH treatment conditions.
Intraperitoneal administration of TRH prior to EBS resulted in a
significant increase in avoidance responding, F(8,44)=3.31,
p<0.01, during testing. The post hoc Dunnett ¢-test analysis in-
dicated that all doses of TRH between 0.1 and 30 mg/kg were
significantly different from the vehicle-treated EBS group (p<<0.05
for the dose of 3 mg/kg; p<<0.01 for the doses of 0.1, 0.3, 1.0,
10, and 30 mg/kg). Although TRH did not completely restore
the level of avoidance behavior of EBS-exposed mice to that of
sham EBS mice, there was a considerable recovery of function
which peaked at 64 %RF at the dose of 0.1 mg/kg. The overall
inverted U-shaped dose-response profile of TRH (see Fig. 1) is
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FIG. 1. Mean (xSEM) number of avoidances for mice in the sham
EBS, vehicle plus EBS, and each of the TRH plus EBS treatment con-
ditions. The percent recovery of function is shown for each of the TRH
plus EBS-treated groups. Vehicle or TRH was administered IP 30 min-
utes prior to the 10-trial testing sessions. EBS occurred 5 minutes before
testing.

characteristic of compounds active in this procedure.

TRH given orally produced only a small elevation in the
mean number of avoidance responses exhibited by mice during
the testing session (mean: 1.6, 2.4, 3.6, and 3.6 for the vehicle
EBS, and 1, 10, and 100 mg/kg for the TRH groups, respec-
tively). When compared to the vehicle EBS control values, these
differences were not statistically significant, F(3,16)=1.26,
p>0.05.

EXPERIMENT 2

While the results of Experiment 1 indicate that TRH can pro-
tect against the EBS-induced memory retrieval deficit, it is un-
clear whether the effect is the result of TRH’s direct action in
the central nervous system or whether the protection is mediated
through its endocrine activity. TRH is known to affect the thy-
roid axis beginning with release of thyrotropin stimulating hor-
mone (TSH) from the pituitary gland. Therefore, we chose to
compare normal and hypophysectomized mice for TRH protec-
tion of retrieval in our procedure. Since there is always the pos-
sibility that hypophysectomized animals will not respond to
behavioral paradigms in the same way that normal animals do,
the second experiment was designed to ascertain whether the use
of hypophysectomized animals in this paradigm was feasible. In
this experiment, we compared the response of three groups of
mice to the behavioral testing described in Experiment 1. The
three groups of mice included hypophysectomized mice, mice
with a sham operation, and normal unoperated mice of the same
strain, age, and weight.

METHOD
Subjects

The subjects were male albino mice, CF1 strain, weighing
19-25 grams. They were housed in groups of 10 for one to two
weeks prior to the start of testing. All animals in the three ex-
perimental groups were provided with 5% glucose in water in
addition to their solid food for the duration of the experiment in
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order to insure adequate nutrition for the hypophysectomized
animals.

Surgery

Hypophysectomies (hypox) and control hypophysectomies were
performed by Charles River Inc. The technique employed was a
parapharyngeal approach described in detail by Waynforth (40).
The animals were given two weeks recovery from surgery be-
fore training or testing.

Apparatus and Procedure

The testing apparatus and procedure were as described in Ex-
periment 1, with the exception that no drug or vehicle was given
prior to the testing session. There were 10 mice in each group.

Statistical Analysis

In this experiment, two separate analyses were conducted. A
one-way analysis of variance as described for Experiment 1 was
conducted on the three control groups that received the sham
shock. A separate analysis of variance was conducted on the
three experimental groups that received the EBS prior to the
testing.

RESULTS

The three groups were very similar in response to both be-
havioral training and testing. The unoperated, hypox, and sham-
operated groups, that received the sham shock prior to testing,
had mean numbers of avoidance of 6.4, 6.4, and 7.3, respec-
tively. An analysis of variance showed that there were no differ-
ences between these groups, F(1,18)=0.71, p>0.05. The EBS
exposure disrupted the avoidance behavior of the three different
experimental groups to the same degree, with the mean avoid-
ance for the unoperated, hypox, and sham-operated groups be-
ing 2.5, 1.8, and 1.5, respectively. Again, there were no significant
differences among the groups, F(1,18)=0.21, p>0.05.

EXPERIMENT 3

It is evident from the results of Experiment 2 that hypophy-
sectomy does not impair the ability of mice to learn the avoid-
ance task nor does it alter their susceptibility to the disrupting
effects of the EBS. Inasmuch as there were no differences be-
tween the three experimental groups in Experiment 2, we used
unoperated controls instead of sham-operated mice in subsequent
experiments.

To establish a time frame for assaying thyroid hormone lev-
els in subsequent experiments, we performed the following time
course study of blood level of T; and T, after a single injection
of TRH in normal mice.

METHOD
Subjects

The subjects were male albino mice, CF1 strain, weighing
19-25 grams. They were housed in groups of 10 for one to two
weeks prior to the start of testing.

Procedure

Mice were injected intraperitoneally with 3.0 mg/kg TRH
dissolved in saline and sacrificed after one of the following time
intervals: 0, 15, 30, 45, 60, 90, 120, or 180 minutes. All treat-
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FIG. 2. Mean (=SEM) T, and T, blood serum concentrations for dif-
ferent groups of mice sampled at various time intervals following ad-
ministration of TRH (3.0 mg/kg).

ment groups contained 5 animals with the exception of the
groups sacrificed at 0, 45 and 120 minutes after TRH adminis-
tration; these groups contained 4 animals. After the appropriate
time elapsed, animals were sacrificed by first rendering them
unconscious with CO, and then drawing blood directly from the
heart through the chest cavity with a 25-gauge needle and sy-
ringe. Blood samples were transferred to separator tubes (Micro-
tainer) which were kept on ice until the plasma was separated
by centrifugation at 7,000 X g for five minutes. The plasma was
stored at —20°C until assayed.

Levels of T; and T, were determined using commercially
available radioimmunoassay kits (Amerlex). Samples and stan-
dards were assayed in triplicate. The sensitivity of the assays
was 0.1 ng/ml for T and 0.3 pg/100 nl for T,.

Data Analysis

A separate one-way, repeated-measures analysis of variance
was performed on the changes in T, and T, blood serum con-
centrations over the time intervals sampled. The mean plasma
levels of T, and T, at the zero time point were compared to
each of the other respective time points using a Dunnett ¢-
test (41).

RESULTS

Blood plasma T, and T, concentrations became significantly
elevated 60, F(7,28)=8.56, p<0.01, and 90, F(7,28)=3.63,
p<0.01, minutes, respectively, after TRH administration. As
can be seen in Fig. 2, plasma T, and T, remained at relatively
constant baseline levels of 0.8 ng/ml of T, and 6.4 pg/dl of T,
until approximately one hour after TRH injection. Levels of T,
at approximately 1 hour increased to 8.0 pg/dl, with the last in-
terval sampled at three hours showing a T, level of 9.9 png/dl.
In contrast, T, levels were significantly elevated at 60 minutes
postinjection of TRH (1.1 ng/ml) and remained elevated until the
last sampled interval at 3 hours following TRH administration
(1.3 ng/ml). A maximum blood plasma concentration of T; was
reached 90 minutes following injection (1.4 ng/ml). Conse-
quently, in the subsequent studies, mice were sacrificed two
hours after TRH administration to maximize the ability to detect
any TRH-related endocrine changes.
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EXPERIMENT 4

Having determined the time course of blood plasma levels of
T, and T, after TRH injection, we next compared the memory-
protective effect of TRH in normal and hypophysectomized
mice. Three doses of TRH were evaluated, one of which had
been inactive in the first experiment. For both groups of mice,
levels of T, and T, were assayed after behavioral testing.

METHOD
Subjects

The strain and weights of mice used were the same as de-
scribed in the previous experiments. Ten groups of animals were
used, with each group containing 10 mice. One-half of the mice
(5 groups) had undergone hypophysectomy as described in Ex-
periment 2. The 50 remaining mice served as unoperated
controls.

Apparatus and Procedure

The apparatus and procedure used in this experiment were
identical to that described in Experiment 1, with the exception
that only three doses of TRH (0.03, 0.3, and 3.0 mg/kg, IP)
were used. Seventy-five minutes after the termination of the be-
havioral testing (corresponding to 120 minutes after TRH admin-
istration), the animals were rendered unconscious, blood plasma
samples were collected, and levels of T, and T, were assessed
as described in Experiment 3.

Statistical Analysis

A separate one-way analysis of variance was performed on
the number of avoidance responses for the four groups of hy-
pophysectomized mice and for the four unoperated groups re-
ceiving EBS and vehicle or TRH (sham control animals were
not included). Since both of these analyses resulted in signifi-
cant F values, Dunnett ¢-test (as described above) post hoc com-
parisons were used to assess the effects of the different doses of
TRH.

In order to evaluate the performance of the mice during the
10-trial testing session, a separate analysis was performed on the
number of trials to the first avoidance response. If an animal
failed to make any avoidances during testing, it was assigned a
score of 11, assuming that it might have avoided on the 11th
trial if it had occurred.

A one-way analysis of variance was performed on the T, and
T, blood plasma concentrations for the five treatment groups.
Significant differences in main effects were analyzed using Dun-
nett z-tests.

RESULTS

The effects of TRH on EBS-induced disruption of memory
retrieval are shown in Fig. 3A, B. TRH produced significant
protection against EBS in both hypox and unoperated control
groups. In unoperated control mice, TRH was shown to have
protected against the memory-disrupting effects of EBS relative
to vehicle-treated animals, F(3,36)=7.28, p<<0.01. The doses of
0.3 and 3.0 mg/kg IP of TRH were active in unoperated con-
trols (p<<0.01 and p<<0.05, respectively), whereas the dose of
0.03 mg/kg was inactive (p>0.05). In the hypox mice, there was
also a protective effect of TRH against the EBS-induced mem-
ory disruption, F(3,36)=8.14, p<0.01. As was the case in the
unoperated control mice, post hoc Dunnett r-test analysis indi-
cated that the dose of 0.03 had no effect on the avoidance be-
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FIG. 3. (A) Mean (= SEM) number of avoidances for nonhypophysec-
tomized mice receiving treatments of sham EBS, vehicle plus EBS, or
one of the three doses of TRH and EBS. The percent recovery of func-
tion is shown for each group administered TRH. (B) Mean (£ SEM)
number of avoidances for hypophysectomized mice given sham EBS,
vehicle plus EBS, or one of three doses of TRH.

havior, whereas the doses of 0.3 and 3.0 significantly elevated
the number of avoidances compared to the vehicle controls
(p<0.05 and p<0.01, respectively). Thus both the behavioral
effects of EBS and their reversal of TRH were equivalent in
normal and hypophysectomized mice.

The results from analyzing the number of trials to the first
avoidance response for all animals (including sham-control mice)
in the unoperated and hypophysectomized groups are summa-
rized in Table 1. In both groups, EBS significantly increased the
number of trials for animals to make the first avoidance in com-
parison to sham-treated mice [unoperated: F(4,45) =4.45, p<0.01;
hypox: F(4,45)=6.31, p<0.01]. Therefore, mice receiving EBS,
without TRH treatment, are capable of avoiding footshock.
However, the avoidance responses are found to occur later in
the 10-trial testing session. The increase in the number of trials
to avoid footshock in EBS-treated mice was attenuated by TRH
at doses 0.3 and 3.0 mg/kg in unoperated and hypox mice. The
lowest tested dose of 0.03 mg/kg was inactive on this behav-
ioral measure in these two treatment groups.

The T; and T, blood plasma levels for sham EBS, EBS and
TRH groups for hypophysectomized and unoperated mice are
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TABLE 1

EXPERIMENT IV: NUMBER OF TRIALS TO 1ST AVOIDANCE RESPONSE
IN UNOPERATED AND HYPOPHYSECTOMIZED MICE

Treatment/Dose Mean Number
(mg/kg) N Trials +SEM
Unoperated
Sham 10 2.0 0.37
EBS 10 6.11 0.98
EBS+TRH
0.03 10 6.11 1.12
0.3 10 2.9 0.48
3.0 10 4.4 1.13
Hypophysectomized
Sham 10 2.3 0.37
EBS 10 7.3% 1.40
EBS+TRH
0.03 10 7.6% 1.20
0.3 10 4.3 0.65
3.0 10 34 0.69

*p<0.05; + p<0.01, compared to sham-EBS group.

shown in Fig. 4A, B. Vehicle-treated control groups had equiv-
alent blood plasma levels of T, and T, hormones, regardless of
whether they had received EBS or sham EBS, indicating that
EBS alone does not alter levels of these hormones [T;: F(4,45)=
1.05, p>0.05; T,: F(4,45)=0.82, p>0.05]. In addition, levels
of T; and T, in the hypophysectomized group of mice were un-
changed by TRH administration (0.03, 0.3 or 3.0 mg/kg, IP).
In contrast, TRH administration to nonhypophysectomized ani-
mals resulted in a significant elevation of blood plasma levels of
T, and T, relative to the sham EBS and EBS-treated controls
(T,: F(4,45)=13.88, p<0.01; T, F4,45)=17.41, p<0.01].
These data are illustrated in Fig. 4B. Post hoc analysis revealed
that all differences were at a level of significance of p<<0.01,
with the exception of the comparison of T, values between sham
EBS mice and mice given 0.03 mg/kg TRH, which resulted in a
significance level of p<<0.05.

The overall evaluation of behavioral and endocrine data would
suggest that the memory-protective effects of TRH can be ob-
served in the absence of changes in T, and T, levels. Moreover,
the elevated T, and T, levels seen in the unoperated controls
receiving 0.03 mg/kg of TRH were not sufficient to result in
any behaviorally protective effect. Thus the behavioral proper-
ties of TRH in this paradigm are independent of the effect of
TRH on levels of T, and T, thyroid hormones.

EXPERIMENT 5

Although the intensity of EBS used in the previous studies
did not induce convulsions, it was still possible that the protec-
tive effect of TRH against EBS-induced memory disruption was
mediated by a mild anticonvulsant action (22). This could possi-
bly explain the protective effect of TRH obtained in the previ-
ous experiments. Anticonvulsive activity is a potential mechanism
of action for some but not all compounds (38). To rule out this
possibility, we evaluated the effect of TRH on tonic and clonic
convulsions produced by maximal electroshock. The procedure
employed here is similar to that described by Swinyard (39) and
has been shown to be a reliable screening method for anticon-
vulsant drugs (20).
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FIG. 4. (A) Mean (+SEM) T, and T, blood serum concentrations for
hypophysectomized mice treated as sham EBS controls, given EBS plus
vehicle, or given one of the doses of TRH and EBS. (B) Mean (+ SEM)
T, and T, blood serum concentrations for nonhypophysectomized mice
treated as sham controls, EBS plus vehicle, or one of three doses of
TRH plus EBS.

METHOD
Subjects

The subjects were as described for Experiment 1.

Apparatus and Procedure

The transcorneal shock apparatus described in Experiment I
was again used, with the exception that the shock level was in-
creased to 25 mAmps. Doses of 0.03, 0.3, 3.0 and 30 mg/kg of
TRH were administered intraperitoneally 30 minutes prior to ex-
posure of the animals to this maximal electroshock. A vehicle-
treated control group was also included. Ten mice were evaluated
in each treatment condition. Mice were observed for the pres-
ence of tonic and clonic convulsions, and the percentage of mice
protected was determined.

RESULTS

TRH did not protect at the doses tested against electroshock
induction of tonic and clonic convulsions. All mice, regardless
of treatment condition, exhibited tonic and clonic convulsions
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immediately following the administration of EBS.

DISCUSSION

Although the mechanism of action by which EBS produces
its effects is not known, the EBS-induced retrieval deficit proce-
dure seems to represent a reliable model of the phenomenon of
memory retrieval loss. An animal model such as the one used
here is of particular relevance given the fact that retrieval of in-
formation is the most commonly reported problem in the elderly
(6) and a major factor in cognitive memory loss in Alzheimer’s
disease (10). Moreover, the protection against EBS-induced mem-
ory loss has been shown to be relatively specific to nootropic
and other antiamnestic agents (11, 13, 14).

TRH and some of its analogs have been claimed to produce
significant improvement against spinocerebellar degeneration (36)
and a variety of organic brain dysfunctions (30). The data pre-
sented here would suggest that TRH also has a beneficial effect
on memory processes, as indicated by its protection against the
EBS-induced retrieval deficit. Orally administered TRH pro-
duced no protection against the EBS-induced retrieval deficit,
most likely due to degradation of the molecule by gut peptid-
ases. However, over a wide dose range, intraperitoneally admin-
istered TRH produced a significant protection against EBS-
induced disruption of retrieval of a learned avoidance response
in mice. It was demonstrated that this protective effect was not
mediated through an anticonvulsive mechanism. Additional sup-
port for this was given by observation that TRH failed to block
the induction of the Straub tail that is normally seen immedi-
ately following the application of EBS in this procedure. In con-
trast, low doses of the anticonvulsant phenobarbital, which do
not impair performance in this procedure, do block the induc-
tion of Straub tail (unpublished finding). This finding further
supported our conclusion that the activity of TRH was not medi-
ated by an anticonvulsive mechanism. We have also shown the
protective effect of TRH in hypophysectomized mice; therefore,
its activity is not dependent on a pituitary-mediated hormonal
response. This conclusion is also supported by the finding that
both hypophysectomized and nonhypophysectomized mice showed
equivalent memory retrieval protection when administered TRH,
even though T, and T, plasma levels were found to be elevated
in the nonhypophysectomized mice. Conversely, although the
dose of 0.03 mg/kg of TRH significantly elevated both T, and
T, levels in nonhypophysectomized mice, it did not protect
against the EBS-induced retrieval deficit, which further dem-
onstrates that the protective effect of TRH is nonhormonally
mediated.

TRH has been characterized as an *‘ergotropic’’ or CNS-acti-
vating substance functioning either as a neurotransmitter or as a
facilitative neuromodulator (24). This characterization is based
primarily on the peptide’s analeptic properties and ability to re-
verse the sedation and hypothermia induced by pentobarbital,
ethanol, and diazepam (7,8). One possible mechanism of TRH’s
regulatory effect may be to increase the quantity of neurotrans-
mitter released at the synaptic cleft (23). Evidence for this claim
has been obtained in the peripheral nervous system, where it has
been shown that TRH is able to induce contraction of the guinea
pig ileum through release of acetylcholine from neurons in the
myenteric plexus (12). Furthermore, direct neuroexcitatory ef-
fects of TRH in the frog spinal cord have been reported by
Nicoll (29). These properties of neurotransmitter regulation and
modulation of excitability shown by TRH might be of clinical
importance in various CNS disease states characterized by syn-
aptic transmission failure (46), and merit further pharmacologi-
cal and clinical attention.
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