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A significant amount of preclinical and human data indicate that thyrotropin-releasing
hormone (TRH) has antidepressant effects. Although early studies showing these effects using
intravenous TRH were not consistently replicated, it has been suggested that this could be
explained by its poor blood-brain barrier penetration. For this reason we compared the
antidepressant effect of intrathecal and intravenous TRH administered in a double-blind
design to 2 treatment-refractory patients with bipolar 1l disorder. Each experienced a robust
antidepressant response by both routes; subsequent open trials of intravenous TRH also were
effective until apparent tolerance developed. Intrathecal TRH was readministered and both
subjects again experienced robust antidepressant responses. These preliminary data suggest a
differential mechanism of tolerance to the two routes of administration and raise the possibility
that a subgroup of patients may be responsive to the antidepressant effects of TRH independent
of its route of administration. © 1997 Society of Biological Psychiatry
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Introduction

Thyrotropin-releasing hormone (TRH) is a neuropeptide
that, in addition to its role in the regulation of thyroid
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function, has a variety of extrahypothalamic effects. Two
thirds of the total brain content of TRH is localized outside
of the hypothalamus (Winokur and Utiger 1974), and TRH
receptors are widely distributed throughout the central
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nervous system, with particularly high density in limbic
regions (Manaker et al 1986). In the central nervous
system TRH acts as both a neurotransmitter and a neuro-
modulator, producing a wide range of behavioral effects
that are mediated independently of peripheral thyroid
function (Plotnikoff et al 1972; Nemeroff et al 1978). The
manifestation of many of these effects varies in relation-
ship to the organism’s physiologic state of arousal (Stan-
ton et al 1981).

Although early studies using intravenous TRH for the
treatment of depression were positive (Kastin et al 1972;
Prange et al 1972), subsequent studies using oral and
intravenous TRH did not replicate these findings (Coppen
et al 1974; Ehrensing et al 1974; Hollister et al 1974;
Mountjoy et al 1974; Kiely et al 1976; van den Burg et al
1976; Karlberg et al 1978). Also, due to the fact that TRH
has minimal blood~brain barrier penetration (Metcalf et al
1981; Brooks et al 1988) and is rapidly degraded in the
periphery (serum half-life is approximately 5 min) (Bassiri
and Utiger 1973), many concluded that its utility as a
therapeutic agent was limited. Consequently, despite con-
vergent empirical and clinical observations suggesting the
antidepressant efficacy of intravenous TRH, enthusiasm
waned for further exploration of its potential as a treatment
modality.

Given the controversy regarding the central effects of
peripherally administered TRH as well as the demonstra-
tion of the safety of direct administration into cerebrospi-
nal fluid for treatment of amyotrophic lateral sclerosis
(Munsat et al 1987b), we explored its antidepressant
efficacy in treatment-refractory depressed patients using
an intrathecal route of administration (Marangell et al in
press). Interest in this approach was bolstered not only by
preclinical studies showing that TRH and its analogues
have potent, rapid-onset antidepressant activity in many
homologous animal models of depression (Metcalf 1982),
but also by observations of a blunted TSH response to
intravenous TRH (Loosen 1985) and increased cerebro-
spinal fluid TRH levels (Kirkegaard et al 1979; Banki et al
1988) in some depressed patients. These findings raise the
possibility that TRH hypersecretion may occur in a sub-
group of patients with affective disorders. Post and Weiss
have suggested that such increases in TRH could represent
a homeostatic or compensatory adaptation to the depres-
sive state rather than a primary pathophysiological process
(Post and Weiss 1992); this led to the hypothesis that
exogenous TRH, administered by an intrathecal route,
would have positive effects on mood.

The robust antidepressant responses that were observed
in subjects who received intrathecal TRH in our single-
dose study have been previously described (Marangell et
al in press). In this report we describe the acute antide-
pressant effects of intrathecal and intravenous TRH ad-
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ministered in a double-blind design to 2 treatment-refrac-
tory depressed patients with bipolar II disorder as well as
their subsequent clinical courses during an open therapeu-
tic trial of repeated intravenous or subcutaneous TRH.
Each experienced a robust antidepressant response follow-
ing a single administration of TRH by both routes;
interestingly, duration of response was longer following
intravenous TRH. Loss of antidepressant response to
chronic peripherally administered TRH occurred in both
subjects after several months; however, it is noteworthy
that each remained highly responsive to intrathecal TRH at
these times. We discuss the differential pattern of behav-
ioral tolerance that was observed and speculate on the
implications of our findings for future therapeutics involv-
ing TRH-related systems.

Methods and Materials

Two patients who met criteria for bipolar II disorder by
DSM-IV criteria, confirmed by Life Charting Methodol-
ogy (Post et al 1988), were admitted to the inpatient
affective disorders unit at the National Institutes of Health
(NIH). Both were free of comorbid medical and neurolog-
ical illness, had normal thyroid function tests and negative
antithyroid antibody screens, and were medication-free for
at least 2 weeks at the time that all procedures were
performed. Informed consent was obtained prior to all
procedures.

Intrathecal TRH

TRH (500pg) administered intrathecally via lumbar punc-
ture and a sham lumbar puncture, separated by a period of
1 week, were performed in a double-blind, randomized
crossover design as previously described (Marangell et al
in press).

Intravenous TRH

TRH (500 pg) was injected intravenously over a period of
1 min at 9 aM. Blood samples for measurement of
thyroid-stimulating hormone (TSH), prolactin (PRL), tri-
iodothyronine (T3), tetraiodothyronine (T4), and free T4
were collected at 8:30 AM and 4:00 M and at 15, 30, 60,
and 90 min postinjection and at 8:30 aM and 4:00 pMm 1 day
prior and 1 day after the procedure. A Hamilton Depres-
sion Rating Scale (Hamilton 1960) was performed by a
blinded physician at 8:30 aM, 12 noon, and 4:00 PM on the
procedure day. Items that could not be assessed due to
protocol conditions were excluded; the primary outcome
measure consisted of items 1-3, §-10, 15, 17, 19-21, and
23. In addition, patients completed mood analog and side
effect inventory scales at 8:30 AM, 12 noon, and 4:00 PM
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Figure 1. Patient 1: mood and endocrine response to double-blind IT and TV TRH, comparison to control procedures. HRSD, Hamilton

Depression Rating Scale.

on procedure days. The above instruments (except side
effect scale) also were administered at 8:30 aM and 4:00
PM 1 day prior to and 1 day following the procedures.

Case 1

Patient 1 was a 50-year-old married white woman with a
history of bipolar II disorder. She had previously experi-
enced two isolated episodes of depression (one while in
college and one that occurred following the birth of her
first child); both resolved within 2-3 months without
treatment. In addition, she experienced extended periods
of time when she manifested increased energy, decreased
need for sleep, increased creative abilities, and excessive
involvement in social and community activities. At the age
of 43 she experienced her third episode of major depres-
sion. She was treated with several antidepressant agents
but had unsatisfactory responses; desipramine was inef-
fective, bupropion was partially effective but caused
severe agitation, and both fluoxetine and tranylcypromine
were associated with hypomania and a continuous rapid-
cycling course characterized by incapacitating depressions

lasting weeks to months. Adjunctive treatment with lith-
ium, valproate, levothyroxine, and verapamil were of little
benefit and, although electroconvulsive therapy was par-
tially effective, she experienced severe cognitive impair-
ment that precluded maintenance therapy. During this
8-year period she required seven hospitalizations and had
one suicide attempt.

Double-Blind Intrathecal and Intravenous TRH
Challenges

Intrathecal (IT) TRH induced a dramatic but short-lived
(less than 5 hours duration) mood improvement compared
to a sham procedure. This is illustrated for comparison to
subsequent intravenous procedures (Figure 1). Several
months later, a double-blind randomized challenge was
performed using IV TRH 500 pg versus IV procaine
(which can produce subjective somatic and psychosensory
side effects) (Kellner et al 1987; Ketter et al 1996) as an
active control. The two conditions were separated by a
period of 1 week. A similarly dramatic clinical response
occurred within several hours following IV TRH that was
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manifested by improved mood, a sense of cognitive
clearing, increased energy and motivation, as well as a
decrease in anxiety, hopelessness, and suicidal ideation.
Side effects occurred within seconds and consisted of
transient nausea, urinary urgency, and a metallic taste.
Interestingly, despite a more transient endocrine response
than with IT TRH, antidepressant response lasted for two
and a half days; however, upon awakening on the morning
of the third day after the TRH injection she had relapsed
into a moderate state of depression. In contrast, procaine
produced subjective side effects that included transient
visual distortions, anxiety, and restlessness but had no
effect on mood (Figure 1).

Sustained Mood Improvement with Repeated
Peripheral TRH

In light of her positive mood response to blinded IV TRH,
a 3-week therapeutic trial of TRH, 500 j.g IV administered
at 9:00 AM on Monday, Wednesday, and Friday was
begun. During the first 2 weeks of treatment a marked
improvement in mood was observed; however, following
the second week of treatment her mood began to deterio-
rate on Sunday afternoon and progressively worsened by
Monday morning. Although mood improvement resumed
with reinstitution of therapy during week 3, a deterioration
in mood again occurred on the following Sunday. Due to
the need for more frequent treatment as well as the
cumbersome nature of IV injections, subcutaneous (SC)
TRH injections were instituted, given the fact that similar
absorption of TRH administered by IV and SC routes had
been reported in the literature (Brooks et al 1988). A trial
of TRH 500 pg SC administered daily at 9:00 AM was
begun, and over the next week the patient experienced a
stepwise improvement in mood manifested by a decrease
in severity of depression each moming and, accordingly, a
progressively smaller degree of clinical change following
each TRH injection. Her mood plateaued at this level of
clinical improvement for approximately 3 weeks (with
continued daily injections). Although self and nurses’
mood ratings were slightly below euthymia during this
time, both the patient and her family reported that her
mood was consistently better than at any time in the
previous 8 years.

Development of Tolerance to Subcutaneous TRH
Administration

Over the next 2 weeks the patient began to experience a
progressively shorter duration of mood response to daily
SC TRH. Despite continued positive mood response fol-
lowing each injection of TRH, depressive symptomatol-
ogy began to return each evening, and then progressively
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earlier each day such that the antidepressant effect dimin-
ished substantially by midafternoon. Interestingly, she
continued to report subjective improvement in cognition,
energy, and psychomotor slowing following each injection
that did not dissipate throughout the day. In an attempt to
treat her depressive relapses, a second TRH injection was
added at 1:00 PM each day. Amelioration of depressive
symptomatology was observed for approximately 1 week;
however, her mood again deteriorated over a period of 5-7
days, and she subsequently relapsed into a full-blown de-
pression despite twice daily subcutaneous TRH injections.

Response to Intrathecal TRH despite Tolerance to
Peripheral TRH

In the face of apparent tolerance to the antidepressant
effects of peripherally administered TRH, a second IT
infusion was performed. This procedure was considered
important not only to determine whether mood improve-
ment could be attained by central administration of TRH
despite the development of tolerance to peripheral admin-
istration, but also as an initial step to assess the potential
utility of an intrathecal pump to deliver TRH on a
continuous basis. Despite the fact that she had become
refractory to the antidepressant effect of twice daily
subcutaneous TRH, she experienced a dramatic antide-
pressant response to an equivalent dose of TRH adminis-
tered by an intrathecal route. It is noteworthy that this
response occurred in the context of a markedly blunted
TSH response to TRH (Figure 2).

Case 2

Patient 2 was a 53-year-old married white man with a
25-year history of bipolar II disorder. His first episode of
depression occurred at age 28. At that time he was treated
with amitriptyline and diazepam with good effect; these
were discontinued after several months. He remained well
for the next 6 years before experiencing a recurrence of
depression. Amitriptyline was begun; this resulted in a
rapid switch into mania. Trifluoperazine and lithium were
started; these interventions were quite effective in control-
ling the patient’s mania. He remained well on a regimen of
lithium for the next 12 years before a third depressive
episode occurred. At this time T3 was added, which was
Initially very effective; however, within several months he
relapsed again. During the next 2 years nortriptyline,
desipramine, fluoxetine, sertraline, and trazodone (both
alone and in combination) were added to his preexisting
lithium regimen; however, these interventions as well as
electroconvulisive therapy were ineffective. In addition,
double-blind trials of both carbamazepine and nimodipine
failed to alleviate his severe depressive symptomatology.
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Figure 2. Patient 1: mood and endocrine response to intrathecal TRH after chronic subcutaneous TRH treatment.
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Figure 3. Patient 2: mood and endocrine response to intrathecal TRH after chronic intravenous TRH treatment.
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response lasted for the entire day but completely disap-
peared by the following morning and he returned to his
previous state of severe depression.

To assess the potential longer-term efficacy of repeated
IT and IV TRH administration, a protocol was designed in
which the patient was randomly assigned to receive an IV
TRH injection or an IT TRH infusion on two occasions,
separated by a period of 2 days. One week later he was to
be crossed over to the other condition. In an effort to
ensure that the patient, physicians (except for the physi-
cian performing the procedure), and nursing staff were
blind to the route of TRH administration, an IV saline
injection was to be given simultaneously with the IT TRH
infusion and a sham IT infusion was to be performed
simultaneously with the IV TRH injection. After the first
procedure of this protocol was performed (later revealed to
have been an IV TRH injection and sham IT infusion), a
dramatic degree of sustained improvement was observed.
The second part of the protocol was therefore canceled,
since the patient was euthymic. As previously observed
with IT TRH, mood improvement occurred upon awaken-
ing 1 day after receiving IV TRH; however, the patient
remained euthymic for more than 4 weeks without addi-
tional treatment. He subsequently experienced a rapid
deterioration in mood over a period of approximately 5
days, at which time he relapsed into a state of severe
depression.

In light of his depressive relapse, the original protocol
design was reattempted. The patient experienced a sub-
stantial clinical improvement (from severe to mild depres-
sion) 1 day after what was subsequently revealed to have
been an IV TRH injection and sham IT infusion. Two days
later the second IV TRH injection was performed; clinical
improvement again occurred 1 day later and was of
sufficient magnitude for the patient to reach euthymia;
however, he remained well for only 2 weeks before
relapsing over a period of 3-5 days into a state of severe
depression.

At this time the crossover phase of the blind IV vs IT
TRH protocol was performed. Following the first proce-
dure (IT TRH infusion and IV saline injection), the patient
experienced a marked improvement in mood (with a 1-day
delay) from a state of severe to minimal depression. Two
days later, the second IT TRH infusion IV saline injection
was done; on the following day the patient’s mood reached
euthymia. This time he remained euthymic for only 10
days before rapidly deteriorating into a severe depression
over a period of approximately 3 days.

At this point the decision was made to begin a thera-
peutic trial of daily peripheral TRH. In light of the
excellent response of patient 1 to subcutaneous TRH
administration, a 1-week trial of TRH 500 pg SC admin-
istered at 9:00 aM daily was instituted; however, minimal
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mood improvement was observed. Intravenous TRH 500
g was therefore resumed; again the patient experienced a
significant improvement in depressive symptoms 1 day
later.

Development of Tolerance to Intravenous TRH

Intravenous injections were continued at 9:00 AM daily for
10 days and then on an every other day basis for 20 days.
During this time the patient experienced a sustained
antidepressant effect for approximately 3 weeks; subse-
quently, his mood precipitously worsened to a state of
profound depression despite continued q.0.d. IV TRH
injections. To assess whether the patient would respond to
centrally administered TRH, a blind IT TRH infusion was
performed. Once again, a marked improvement in mood
occurred 1 day following the infusion; however, this
response lasted for only 3 days before a precipitous relapse
into severe depression occurred (Figure 3).

Discussion

The acute antidepressant response of these two treatment-
refractory patients to intravenous TRH was as robust as
that achieved with intrathecal administration of the same
dose and was of longer duration. This finding raises the
question of the mechanism by which peripherally admin-
istered TRH produces its central nervous system (CNS)
effects. It has been suggested that intravenous TRH may
induce central effects by entering the cerebrospinal fluid
through the choroid plexus (Zlokovic et al 1985); how-
ever, the distance of the brain regions thought to be
involved in its neuropharmacologic effects as well as the
relatively lengthy time period required for the diffusion of
hydrophilic substances through neuronal tissue argue
against this (Munsat et al 1987a). Indeed, animal studies
have shown that less than 0.2% of an intravenously
administered dose of TRH enters the brain (Mitsuma and
Nogimori 1983), while humans studies have shown brain
TRH levels of less than 10 ng/mL following rapid intra-
venous injection of large amounts (500 mg) of TRH
(Mitsumoto et al 1986). These findings suggest that the
antidepressant effect of peripherally administered TRH
may be initiated at other areas of the neural axis. Both the
nucleus tractus solitarius and the dorsal motor nucleus of
the vagus nerve possess functional TRH receptors (Ragen-
bass et al 1990); it is possible that activation of these areas
caused physiological processes to occur in forebrain re-
gions, which resulted in psychotropic effects. Such a
process is thought to occur with the neuroactive peptide
cholecystokinin (CCK); that is, its anorexigenic effect
following either intraperitoneal or intraventricular admin-
istration involves activation of limbic regions by periph-






