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Examples of the TSH responses to TRH that can be obtained in patients
with intrinsic pituitary disease. Left: A marked TSH increase ina
euthyroid subject with a large intrasellar mass. Center: A delayed
hypersensitive TSH increase in a hypothyroid subject with a large
intraseliar mass, but no suprasellar extension. Right: An almost fiat
TSHresponse in a euthyroid subject with a prolactin secreting
microadenoma. (From W.E. Cobb and I.M.D. Jackson, in preparation.)
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view has been provided by demonstiration that patients with ele-
vated TSH levels by radicimmunoassay (RIA) have TSH values
within the normal range by the cytochemical assay—a method
sensitive to biologic action.*® It is possible that concomitant
impaired GH secretion leads to the synthesis and secretion of a
TSH molecule that lacks full biologic expression in vivo (Table)
as well as in the cytochemical assay. If this hypothesis is cor-
rect, GH administration should normalize the T; response in
these subjects. However, such studies have not been reported.
More recently it has been reported that pulsatile injections of
TRH enhanced the biclogic.immunologic ratio of TSH in a pa-
tient with hypothalamic hypothyroidism.? The authors proposed
that endogenous TRH regulates not only TSH release, but also
the bioactivity of the molecule that is secreted.

Alternative possibilities for the elevated TSH level in some
cases of central hypothyroidism must be considered. in the nor-
mal rat it has been shown that passive immunization with anti-
somatostatin antiserum causes a marked elevation in basal
TSH level as well as the TSH response to TRH,” a finding rem-
iniscent of that found in some subjects with hypothalamic
disorders (Table). However, for hypothyroidism to occur in the
context of somatostatin deficiency, some impairment of TRH
secretion also needs to be present.® Finally, it should be noted
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Exampies of the TSH response to TRH that can be found in patients
with hypothalamic disease. Leff: The classic TSH response (also shown
in Figure 1, center). Center: A fiat TSH response in a subject with
borderline hypothyroidism. Right: A normal TSH response in a subject
with frank hypothyroidism. (From W.E. Cobb and I.M.D. Jackson, in
preparation.)

that primary hypothyroidism associated with hypothalamic-
pituitary disease could give rise to a simiiar picture.

Pituitary Hyperthyroidism (TSH Toxicosis). In contrast to
the usual findings in thyrotoxicosis of suppressed TSH, unre-
sponsive to TRH, there have been reports of patients with clini-
cal and chemical evidence of hyperthyroidism associated with
inappropriately elevated TSH leveis.?® These patients have
been subdivided into those with demonstrable pituitary tumors
showing no response to TRH administration, and a nontumor-
ous group in which TSH hyperresponse occurred on TRH
administration.® The latter group demonstrated TSH suppres-
sion with large doses of thyroid hormone.

These subjects appeared to have a state of resistance of the
pituitary to feedback thyroid hormone regulation. An initial pos-
tulate that such patients have excess hypothalamic TRH secre-
tion as an etiologic factor seems unlikely, since repeated
stimulation of the thyrotroph cell with TRH would lead to in-
creased thyroid hormone levels in the circulation that would
serve to turn off the TSH secretion and prevent the develop-
ment of thyrotoxicosis. Further, the receptors for TRH on the
thyrotroph cell would be down regulated, impeding their respon-
sivity to TRH.” A report has appeared of improvement in a pa-
tient with TSH toxicosis after treatment with bromocriptine (a
dopamine [DA] receptor agonist).®

Role of GH in the Response of the Pituitary Thyroid Axis to TRH Administration in Subjects
With Hypothalamic-Pituitary Disease (Modified from Cobb et al®)
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TSH Response to TRH in Depression and
Other Nonthyroidal llinesses

The TSH response to TRH is reduced in depression, renal fail-
ure, starvation, and alcohol withdrawal. With improvement of
the depression, the TSH response to TRH reverts to normal. A
common link in these disorders might involve altered neuro-
transmitter or neurochemical milieu leading to effects on the
encephalo-hypothalamo-pituitary axis.® Since disturbance of
central biogenic amine metabolism underlies the pathophysi-
ology of affective disorders, * much attention has been focused
on the hypothalamic-pituitary axis as a potential “window”
through which brain function might be studied.

Glucocorticoids, both exogenous and endogenous, may sup-
press the TSH response to TRH, ' and the high plasma levels of
cortisol in depression have been postulated o account for the
impaired TSH increase in some depressed subjects.’? More
recent studies, however, have failed to find a significant cor-
relation between the TSH response and cortisol secretion.*
Cortisol may suppress the pituitary-thyroid axis at the level
of the hypothalamus, possibly by inhibiting TRH secretion.*
The reduction in basal TSH following glucocorticoid admin-
istration thus could reflect either direct action on the thyrotroph
cell or indirect effects through the hypothaiamus.

As discussed earlier, there now is much evidence to indicate
that GH either directly® or via somatomedin C* can increase
somatostatin secretion via a shori-loop feedback, and by this
means inhibit pituitary TSH secretion. Although basal GH levels
are usually normal in primary endogenous depression, a para-
doxic increase in response to TRH does occur. Whether the
GH secretory rate, as distinct from the basal serum concentra-
tion, is increased in depression is not known. Circulating GH
levels are, however, increased in renal failure, and short-loop
feedback effects on somatostatin release may be responsible
for depressing the TSH response to TRH. Hypothalamic soma-
tostatin secretion nevertheless could be increased in depres-
sion and other nonthyroidal disorders as a result of altered
neurotransmitter regulation and/or neural peptide metabolism
without involving the GH feedback loop. In this context, it is of
interest that neurotensin, a tridecapeptide present throughout
the mammalian brain, inhibits TRH-induced TSH release in the
rat following intraventricular injection. This could occur as a re-
sult of stimulation of somatostatin release,* although inhibition
of TRH secretion is not excluded.

Starvation has been shown to blunt the TSH response to
TRH, but the responsivity of the thyrotroph cell is preserved
since potassium iodide administration, which lowers circulating
thyroid hormone levels through an effect on the thyroid, restores
the TSH response to normal.¥” Such findings indicate that fast-
ing induces metabolic effects that cause the thyroid hormone-
TSH interaction to be “shifted to the left,” and so inhibit a normal
TSH increase in response to the same or lower levels of circu-
lating thyroid hormone. This development in fasting may be a
teleologic response of the body that leads to suppression of the
pituitary-thyroid axis and prevents the catabolic consequences
of thyroid activation. The nature of the metabolic effects in
starvation affecting the TSH response to TRH is not known; but
certainly enhanced hypothalamic somatostatin or DA secretion
could give rise to such a pattern.

Starvation often is viewed as an experimental model for the
sick thyroid state {low T syndrome) in which there is enhanced
peripheral conversion of thyroxine (T,4) to the metabolically inac-
tive reverse Tj (rTz). Despite the low serum T3, the TSH re-
sponse to TRH in such sick patients usually is normal, although
both diminished and enhanced responses have been
described.” (See G.C. Schussler, THYROID TODAY,Voiume i,

Number 3, May/June 1880.) Unlike the situation in short-term
experimental starvation, only about one-half such sick patients
showed an enhanced TSH response to TRH following potas-
sium iodide administration.® This indicates that in illness the
basal serum TSH (which, when measured by a sensitive RIA,
has been found to be depressed in some subjects)® may not
show a normal increase when thyroid hormone leveis are low;
consequently, it inappropriately indicates a normal pituitary-
thyroid axis. A lowering of the basal TSH level, or its failure to
rise in the face of a falling T4, could result from (1) enhanced
intrapituitary formation of T; from T, as has been described in
the uremic rat,*" (2) down regulation of the pituitary nuclear T
receptor, (3) postreceptor alterations in the pituitary, (4) altera-
tions in the thyrotroph cell receptors for the hypothalamic
releasing factors, or (5) change in the secretion of one or more
of these substances (TRH ., somatostatin T, DAT).

The Role of DA and Somatostatin as Thyrotropin
inhibitory Factors

There is much evidence in favor of a physiologic role for DA in
the regulation of TSH secretion in humans. Administration of
the DA receptor blockers, metoclopramide, which crosses the
blood brain barrier, and domperidone, which does not, leads to
a significant rise in the serum TSH level* (Figure 4); infusion of
DA, which is excluded from the CNS, lowers the serum TSH
level and blunts the TSH response to TRH.*® Further, patients
with Parkinson’s disease who are receiving levodopa therapy
frequently have a blunted TSH response to TRH. Thyroid hor-
mone appears to modulate the dopaminergic inhibitory tone
on the thyrotroph cell. Hypothyroidism in general is associ-
ated with a greater TSH response to metoclopramide than is
euthyroidism; however, in patients with severe hypothyroidism,
the TSH response is less than when the hormone deficiency has
been partially treated with T,4.** Since DA receptors have
been identified on anterior pituitary tissue, and DA can inhibit
TSH secretion from isolated rat pituitary cells,* it is likely that
thyroid hormone regulates hypothalamic DA either by en-
hancing DA secretion or by modulating DA receptors on the
thyrotroph cell. As pointed out previously, experimental studies
of antisomatostatin antiserum in the rat point to a physiologic
role for this tetradecapeptide as a thyrotropin inhibitory
factor. In humans, somatostatin infusion inhibits basal TSH
secretion and the TSH response to TRH,* and, as discussed
earlier, somatostatin may modulate TSH secretion in ciinical
states of GH dysfunction.

It aiso is possible that thyroid hormone regulates TSH secre-
tion through effects on somatostatin secretion. The release of
somatostatin from the hypothalamus is reduced in hypothyroid-
ism and restored by T; administration.”” Such findings indicate
that a negative feedback of thyroid hormone on TSH secretion
at the level of the hypothalamus could be mediated directly
through stimulation of hypothalamic somatostatin secretion, or
indirectly via another hypothalamic neuropeptide such as
neurotensin, which enhances somatostatin release. Since
somatostatin has been reported to inhibit TRH release,” this is
a further mechanism through which thyroid hormone could feed
back on TSH secretion at the hypothalamus. Additionally, thy-
roid hormone also may influence the effect of somatostatin on
TSH secretion by altering the affinity or the number of soma-
tostatin receptors on the thyrotroph cell.

Overall, studies in humans and rats support the view that DA
and somatostatin are physiologic hypothaiamic release-
inhibitory factors whose activity is modulated by the amount
of thyroid hormone. The evidence indicates that DA and soma-
tostatin constitute an additional feedback mechanism by
which thyroid hormone reguiates TSH secretion.
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Responses of TSH to metociopramide (MET) (10 mg IV) and placebo at 11
AM and at 11 PM in euthyroid subjects. The TSH response is significantly
greater at 11 PM than at 11 AM (P<0.01). (From Scanlion MF et al: J Clin
Endocrinoi Metab 1980;51:1251-1256, with permission.)

Regulation of TRH and Other Hypothalamic
Releasing Factors

Hypothalamic neurons that secrete pituitary releasing hor-
mones are in turn regulated by monoamine neurotransmitters,
a situation that applies to TRH and somatostatin. Through the
action of monoaminergic neurons on the peptidergic neurons of
the releasing hormones, the brain can regulate TSH and other
anterior pituitary hormone secretion. While norepinephrine, DA,
histamine, and serotonin each have been reported by different
workers to directly stimuiate TRH release from the hypo-
thalamus,® in at least one physiologic system there is evidence
in favor of adrenergic regulation of hypothalamic TRH secretion.
Rats exposed to the cold for a short time have a sharp elevation
in serum TSH levels—an effect prevented by pretreatment with
a-adrenergic blockers, or by passive immunization with anti-
TRH serum, which presumably neutralizes the adrenergically
stimulated TRH in pituitary portal blood.®

In humans, the neuroendocrine reflex that mediates the TSH
response to cold is most readily evident in the neonate,® but
occasionally also can be elicited in the adult.® it is possibie that
with maturity the accompanying stress of cold induces concom-
itant hypothalamic secretion of somatostatin and blunts or in-
hibits the TSH increase.

in the mammal, the center for temperature regulation is local-
ized to the preoptic nucleus (PON) of the hypothalamus. A le-
sion restricted to the PON can abolish the increase in TSH seen
in response to cold without inhibiting basal thyroid function.®

There is additional evidence in humans supporting a role for
central monoamines in the regulation of the hypothalamic re-
leasing hormones concerned with TSH secretion. Patients suf-
fering from amphetamine abuse and paranocid schizophrenia
have been reporied to have hyperthyroxinemia, while the ad-
ministration of amphetamine to monkeys leads 1o an elevation
of TSH and T, levels.”" Amphetamine has a chemical similarity
to phenylethylamine, an endogenous brain amine implicated in
the etiology of chronic paranoid schizophrenia. Of interest, the
urinary excretion of this substance is much enhanced in normal
subjects following profound physical stress,* as well as in
chronic paranoid schizophrenics. it may be speculated that en-
hanced central activation of the pituitary-thyroid axis could be

induced by an endogenous biogenic amine, such as phenyi-
ethylamine, and may lead to hyperthyroxinemia—which has
been reported in a large proportion of patients with acute
psychiatric admissions.® The basal T; levels and TSH response
to TRH usually are normal in such patients®™; but this could be
explained by impaired intrapituitary and peripheral conversion
of T, to Tz. However, if the underlying diagnosis is unipoiar de-
pression, a blunted TSH response may be found.®

In humans, there is a circadian rhythm for serum TSH with
the peak value occurring between 9:15 PM and 5:30 AM and
the nadir between 4:20 PM and 6:50 PM."™ Superimposed on
this circadian rhythm are smaller peaks of TSH occurring every
two to four hours,™ which probably reflect the episodic secretion
of TRH and/or the other hypophysiotropic factors involved in
TSH release. In the rat, hypothalamic deafferentation abolishes
the diurnal rhythm of both TSH and cortisol,* presumably as a
result of severing neuronal connections from the rhythmic cen-
ter in the suprachiasmatic nucleus to neurons in the hypothala-
mus ultimately concerned with TSH regulation (Figure 5). Since
pharmacologic doses of glucocorticoids suppress the nocturnal
increase of TSH, and administration of metyrapone, an 11-8-
hydroxylase inhibitor of cortisoi synthesis, to normal subjects
increases serum TSH, it has been postulated that the circadian
rhythm of TSH is inversely entrained to that of cortisol.'** The
higher TSH levels in the evening are not, however, a conse-
qguence of diminished DA activity, since the administration of
metoclopramide, a DA receptor blocker, induces a greater TSH
response at 11 PM than at 11 AM (Figure 4). This secondary
increase in DA activity at 11 PM likely restrains the TSH level at
this time from rising even higher.*

Regulation of Anterior Pitultary
Thyrotropin Secretion
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Figure 5

Diagrammatic representation of mechanisms involved in controf of
adenchypophysial TSH secretion. Pathways of major physiologic
importance (imp)—thyrotroph celi inhibition by thyrold hormone and
stimulation by TRH—are shown In bold lines. Those of secondary
importance—central somatostatin (SOM) and dopamine (DA),
peripheral cortisol, and estrogen effects—are shown in thin lines.
Growth hormone (GH) secreted by pituitary somatotroph (S), either
directly or via somatomedin C (SOM C) stimulates hypothalamic SOM
secretion. Pathways of speculative physiologic significance are
indicated by interrupted lines. in the rat, neurctensin (NT), administered
centrally by intracerebroventricular injection, has been reported to
inhibit TSH secretion, possibly through effects on SOM; on the other
hand, peripheral infravenous injection of NT stimulates TSH reiease.



While there is evidence of a direct effect of thyrcid hormone
on somatostatin and DA, the effect of thyroid hormone directly
on the TRH neuron is controversial.® Depletion of hypothalamic
TRH content after thyroidectomy and repletion on thyroid re-
placement has been described in the rat.*® The same workers
aiso found that because thyroid hormone was ineffective by it-
self in hypophysectomized animals, hypothalamic repletion of
TRH reguires TSH as well as thyroid hormone. Such findings
provide evidence favoring a positive rather than a negative
feedback of thyroid hormone on the hypothalamic production of
TRH; they additionally suggest the presence of a short-loop
feedback of TSH on TRH release. Neither thyroidectomy nor
hypophysectomy was reported to modify extrahypothalamic
brain TRH content, indicating that TRH in this location is
not under the same hormonal feedback. it should be noted that
studies in other iaboratories have been unable to demon-
strate a consistent effect of thyroid status on hypothalamic
TRH content.®

Other Factors That May Be Involived in the Central
Regulation of TSH Secretion

Pituitary prostaglandin levels may be involved in TSH secre-
tion. Acetyisalicylic acid in doses sufficient to block prostaglan-
din synthesis reduces the magnitude of the TSH response to
TRH.*® In vitro and in vivo studies in experimental animals have
shown that prostaglandins potentiate the effect of TRH on TSH
release. These findings are consistent with a role for adenohy-
pophysial prostaglandins as intracellular messengers involved
in TSH release. it is not known whether hypothalamic prosta-
glandins play any direct role in TSH secretion.

Melatonin secretion from the pineal giand has been reported
to be a central inhibitor of the hypothalamic-pituitary axis in
hamsters and rats.”” There is no convincing evidence for a phys-
iologic role of the pineal gland in human thyroid function. There
is, however, some evidence that opiates have an inhibitory
effect on human thyroid function. it has been proposed that the
endogenous opioid peptides may be involved in the regulation
of TSH secretion by increasing the turnover of hypothalamic
serotonin, which has been proposed as an inhibitor of TRH
secretion.®® Finally, there are recent reports indicating that the
posterior pituitary hormones may affect TSH secretion. Argi-
nine vasopressin releases TSH in vitro and in vivo in the rat,®
while oxytocin attenuates TRH-induced TSH release from rat
pituitary cells. The latter findings raise the possibility that failure
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