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ABSTRACT

The hypothalamic-pituitary-thyroid axis operates to maintain
the circulating concentration of thyroid hormones. Thyrotropin re-
leasing hormone (TRH) is the major hypothalamic messenger controlling
the pituitary-~thyroid unit. However, the pituitary-thyroid unit
responses to various hodalities of TRH exposure are not well charac- .
terized. Also, interactions between the thyroid axis and other mam-
malian organ systems, specifically other hormone axes, to maintain the
organism's homeostatic state are not well characterized. This work
was designed to clarify the response of the pituitary-thyroid unit to
TRH and to assess the effects of physiological levels of the rat's
primary adrenal cortical hormome, corticosterone, on the thyroid axis.

Adult rats were given equal amounts of TRH by intravenous
(1.V.) bolus injection or constant intraperitoneal (I.P.) infusion.
Both methods resulted in significant increases in plasma thyroid
stimulating hormone (TSH), although the time course and peak plasma
value varied with the TRH dosage and administration method. Despite
the differences in plasma TSH elicited, the thyroid gland responses
were similar. Thus, the pituitary is sensitive to the rate and dose
of TRH administration. Also, the thyroid is sensitive to plasma
levels of TSH but reaches maximum stimulation at submaximal

circulating TSH levels.



ix

Adrenalectomized female rats, with I.P. and I.V. catheters,
were infused with corticosterone (B) to achieve plasma levels within
the rat's physiological range. Plasma samples were drawn before and
after submaximal TRH (250 ng/l100 g Body Weight) administration for
aggsay of TSH and B concentrations. B in the lower haif of its
physiological range significantly inhibited the increase in plasma TSH
observed 10 and 30 minutes after TRH administration. Also, direct
‘stereotaxic infusion of B (50 ng) followed by TRH (1 ng) into the
anterior pituitary inhibited the observed increase in plasma TSH.

These studies indicate that homeostatic thyroid axis hormone
concentrations are maintained by a feedback loop mechanism which is
modulated by adrenal hormones. Specifically, physiological levels of
corticosterone decrease pituitary sensitivity to TRH in the rat. In
addition, the pituitary and thyroid gland exhibit different response

patterns to hormonal stimulation.



CHAPTER 1
HISTORICAL REVIEW

"If we begin with certainties, we shall end in doubts; but
if we begin with doubts, and are patient in them, we shall end in
certainties." ‘
Sir Francis Bacon, 1561-1626

Introduction

The mammalian organism consists of specialized organ systems
which function in a coordinated manner to maintain a relatively
constant internal environment despite large fluctuations in external
conditions. The maintenance of a constant internal environment is
defined as homeostasis; it is a dynamic state wherein the
concentrations of many substances including metabolic substrates and
wastes are regulated. The organ systems function to produce the
necessary continual adjustments to changes in the external and
internal environments in order to maintain a homeostatic system and
to allow the organism to grow, reproduce and repair itself.

Two major communication systems operate within the organism
to maintain the coordinated functioning of the various organ
systems: the nervous system and the endocrine system. The nervous
system is a rapidly responding "wired" system. It transmits its
messages by electrical and chemical means throughout the organism
via specialized cells called neurons. It is a "wired" system in
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that for a message to be transmitted it must travel along a neuron
or neuron pathway. The endocrine system is a chemical communication
system. Its messengers are chemical substances, called hormones,
which travel in the circulatory system to reach the cells to which
the message is transmitted. Unlike the nervous system, the
endocrine system is a slow response system requiring minutes to
hours to change. Although the endocrine system responds more
slowly, its effects are often more diffuse and longer lasting.

Although the nervous and endocrine systéms are classically
defined as separate communication networks, they function in concert
to maintain homeostasis. The endocrine and nervous systems interact
to coordinate the response of the organism's systems to changes in
internal and exte?nél environmental conditions. In this manner a
dynamic homeostatic internal environment is maintained within the
limits compatible with the life of the organism. The importance of
this interaction between the nervous and endocrine systems will be
apparent in the subsequent discussion of one variable, energy, and
its regulation by the thyroid axis.

To maintain the homeostatic environment the organism is
constantly required to expend energy. This is required in a complex
organism to supply nutrients, remove wastes, and maintain a
temperature consistant with the reactions of cellular life.  Also,
this is necessary in that the external environment is constantly
changing and therefore to maintain a comnstant internal environment
the organism must react to outside changes. The communication

systems adjust the energy expenditure to maintain the internal












Figure 2. Schematic representation of the princ{pél circulating
| thyroid gland products.
The structures illustrated are: .

" 3,5,3',5'-tetraiodothyronine (thyroxine, Th)’
3,5,3'-triiodothyronine (T3), and
3,3',5'-triiodothyronine (reverse T3,vrT3), In
addition to thyroid gland production, both Ty and T,
are produced by monodeiodination of ‘1‘4 in the

peripheral tissues.
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Figure 2. Schematic representation of the principal circulating
thyroid gland products.



(Carpenter, 1972). The major nuclei consist of the lateral
hypothalamic, supraoptic, anterior, paraventricular, dorsomedial,
ventromedial and posterior nuclei. The hypothalamus receives
afferent nerve fibers from many different brain areas. These
include the medial forebrain bundle from the olfactory regions,
hippocampo~hypothalamic fibers from the hippocampus, cortico-
hypothalamic fibers from the frontal lobe, amygdalo-hypothalamic
fibers from the amygdaloid complex, thalamo-hypothalamic fibers from
the thalamic nuclei and fibers of the mammillary peduncle from the
midbrain (Carpenter, 1972). The hypothalamus is involved in
regulating many viseral autonomic nervous system functions as well
as endocrine system functions. This makes it am important
coordinating site for integrating nervous and endocrine functions in
the maintenance of homeostasis.

The principal hypothalamic component of the thyroid axis is
thyrotropin releasing hormone (TRH). TRH was the first of the
hypothalamic hormones to be isolated (see Review, Guillemin, 1978;
Schally, 1978). 1Its structure was identified by the separate
parallel works of Guillemin (Burgus et al., 1970) and Schally (Nair
et al., 1970). They identified TRH to be the tripeptide,
pyro-glutamyl-histidyl—-proline amide. The molecular structure
necessary for full activity requires the cyclization of the N
terminal glutamic acid to a pyro-glutamyl and amidation of the
carboxy terminal proline.

Although various hypothalamic nuclei have been identified as

responsible for secretion of hormones, the primary parvocellular



hypothalamic cells synthesizing and secreting TRH have not been
identified. Consequently, the actual intracellular synthetic
mechanism of TRH has not been established, although an enzymatic
mechanism has been proposed (Reichlin and Mitnick, 1973).

Electrical stimulation studies suggest that the TRH neurons lie in a
diffuse pattern throughout the hypothalamus (Kubek, Wilber and
George, 1979; Reichlin et al., 1972). Also, immunocytohistochemical
techniques have shown TRH to be distributed throughout the brain and
spinal cord (Terry and Martin, 1978). Although TRH is distributed
throughout the central nervous system its only identified function
is the stimulation of release of prolactin and TSH from the
pituitary (Hayward, 1977). Nevertheless, numerous functions have
been hypothesized for TRH. These include actions as a
neuromodulator and/or a neurotransmitter.(Hayward, 19773 Dufy

et al., 1979). 1In fact, TRH has been used clinically in therapy for
depression with varying success (Wilson et al., 1973; Prange et al.,
1972, 1973; Ehrensing et al., 1974; Mountjoy, et al., 1974; E;tigi,
Brown and Seggie, 1979). 1In additiom, the side effects of TRH
administration for endocrine testing, i.e., nausea and an urge to
micturate (author's observations), indicate that TRH may have CNS
effects. Also, TRH antagonizes the effects of sodium pentabarbital
anesthetic (Breese et al., 1975; Prange et al., 1974, 1975). The
¥elation, if any, of these central nervous system actions of TRH to
its function in the thyroid axis has not been established. Since
various hormones including those of the thyroid axis have well

established effects on the nervous system and behavior, it is not



inconceivable that a relationship does exist (Guillemin, 1978;
Maﬁberg, Nemeroff and Prange, 1979).

The endocrine effects of TRH occur after it is secreted into
the capillary tufts of the hypophyseal portal system in the median
eminence area of the hypothalamus. Secreted TRH is rapidly degraded
in plasma with a half life of three to seven minutes in humans
(Bennett and McMartin, 1979). It has been shown that ciréulating
plasma peptidases are involved in the dégradation of TRH (Bennett
and McMartin, 1979). Intact TRH is also found in urine indicating
that renal mechanisms are involved in the plasma clearance of TRH
(Bassiri and Utiger, 1973; Emerson et al., 1977). 1In addition,
intracellular enzymes have been found which degrade TRH in the
hypothalamus and pituitary (Griffiths and Kelly, 1979). The primary
mechanism of TRH degradation has not ‘been established bu; a
combination of these is sufficient for the rapid rémoval of TRH from

the plasma.

Pituitary Effect of TRH

The specialized vascular arrangement linking the
hypothalamus and pituitary originates with a primary capillary
plexus in the median eminence and infundibular stalk area of the
hypothalamus which receives arterial blood from the superior and
inferior hypophyseal arteries (Carpenter, 1972). These capillaries
coalasce into portal veins which break up to form another capillary
plexus in the pituitary before draining into the dural sinuses.
This specialized vascular system, termed the hypophyseal portal

vessel system, delivers hypothalamic secretions directly to their
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gite of action in the pituitary without the diluting effect that
would occur if the general circulation was involved.

Blood in the hypophyseal portal system flows from the median
eminence to the pituitary (Flerko, 1980; Tepperman, 1974; Carpenter,
1972).. However, recent (Oliver, Mical and Porter, 19775Vand earlier
data (see Review Flerko, 1980) indicate that retrograde flow from
the pituitary to the median eminence also occurs. This raises the
gogsibility that pituitary secretions can be transported directly to.
the h&pothalamus. Also, the anatomical arrangementé of the median
eminence make it is possible for pituitary secretions to reach the
cerebrospinal fluid by this retrégrade flow phenomenon. This
situation would allow for the rapid distribution of pituitary
secretions throughout.the central nervous system (CNS). Although no
definite function has been established for retrograde flow of TSH,
it is posgsible that a short loop inhibitory feedback mechanism is
functioning by these means (Roti et al., 1978; Kreiger and Liotta,
1979).

In the anterior pituitary, TRH is bound to specific cell
membrane receptors on the pituitary thyrotrophs. Thyrotrophs are a
distinctive cell type as determined b& special stains and electron
microscopy (Kourides, 1980). TRH bound to the thyrotroph receptor
stimulates the synthesis and release of TSH. This process is known
as stimulus—-secretion coupling. In brief it involves the binding of
a stimulatory molecule to the cell membrane. This event triggers a
series of membrane reactions which results in the formation of an

intracellular "messenger" molecule. In this case, TRH binding to
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et al., 1980; Besses et al., 1975). The exact effect of altered
dopamine metabolism on TRH secretion and pituitary TSH response to
TRH with altered hypothalamic and pituitary dopamine concentrations

will be difficult but enlightening work.

Pituitary Component

The pituitary gland is located at the base of the brain in a
boney depression, the sella turcica, and is connected to the median
eminénce by the infudibular stalk (Carpenter, 1972). The gland is
anatomically &ivided into three sections: the posterior,
intermediate and anterior pituitary (Tepperman, 1974).
Embryologically the posterior pituitary develops from neural
ectoderm and‘the anterior pituitarf develops from the pharyngeal
ectoderﬁ of Rathke's pouch (Snell, 1972). There are no direct
neural commections between the hypothalamus and the anterior
pituitary. As stated earlier, secretion of anterior pituitary
hormones is influenced by hypothalamic secretions which are
transported to the pituitary by the hypophyseal portal circulatory
system.(Flerko, 1980). The cells of the anterior pituitary consist
of several types which are classified according to their secretions,
and do not appear to form specific nuclei according to secretory
products but rather form a diffuse heterogenous columnar matrix
along the pituitary portal sinusoids. The pituitary thyrotroph is
one of the cell types identifiable by special stains located in this
matrix (Kourides, 1980).

The pituitary thyrotrophs synthesize and secrete

thyroid-stimulating hormone (TSH). TSH is a glycoprotein molecule
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with a molecular weight of approximately 28,000 daltons (Kourides,
19803 Tepperman, 1974; White et al., 1978a). It is composed of two
subunits, alpha and beta. The alpha subunit is virtually identical
with the alpha subunits of the pituitary gonadotropin hormones,i
luteinizing hormone and follicle stimulating hormone (Kourides,
1980; Tepperman, 1974). The beta subunits of the hormones are
unique and give the molecules their specificitf of action. Neither
the alpha or beta subunits alone exhibit activity (Catt, Dufau, and .
Tsuruhara, 1973). The subunits are synthesized independently,
glycosylated and then combined without covalent linkage to form the
active hormone, TSH (Weintraub and Stannard, 1978; Kourides,
Vamarkopoulos and Manrates, . 1979; Koufides, 1980; White et al.,
1978b)._

Within the normal pituitary a continuous basal synthesis of
TSH occurs, This TSH is either secreted from or digested within the
thyrotroph (Tepperman, 1974). The time frame of these events is
such that under "normal"™ conditions an excess of TSH exists in the
thyrotroph which is available for rapid release and can be thought
of as a stored pool. Under the influence of TRH the rate of TSH
synthesis and secretion increases (White et al., 1978a). The TSH
stored in the thyrotroph appears to be sequestered in at least two
pools. One pool is readily available for release. The other pool
contains TSH which is not readily released and may be newly
synthesized TSH (Scanlon et al., 1980). Repetitive administration
of pharmacological amounts of TRH to experimental animals and humans

has been shown to stimulate the release of decreasing amounts of TSH
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(Snyder and Utriger, 1973; Nakagawa, 1975). It appears that the
pituitary has a refractory period during which it will not release
equal amounts of TSH to equal TRH doses. This phenomenon appears to
be both dose and time dependent (Lifschitz, Defesi and Surks,
1978). Howevér, it needs to be studied under carefully controlled
conditions which take into account thyroid hormone feedback
effects. In addition, TRH has been shown to be involved in
regulating the number of effective TRH membrane receptors (Pollet
and Levey, 1980), This mechanism may also be involved in the
refractory period of the thyrotroph.

Clearance of the glycoprotein hormones, LH, FSH and the
one of interest here TSH, is a complex process. Early work by
Kassenaar, Laneyer and Querido (1956) and later work by Ridgway
et al. (1974) showed that TSH could be removed from the plasma by
renal mechanisms. Kuku et al. (1979) have extended this work to
indicate that renal mechanisms are involved with the clearance of
physiological levels of TSH in the rat. However, their work also
shows that the liver and thyroid take up radioactivity after a bolus
of radioactively labeled TSH is given. Silva and Larsen (1978) have
shown that the plasma radioactivity profile after a bolus of labeled
TSH is given is complex and contains fractions which are not
identical with intact TSH. Although renal mechanisms are probably
involved with the plasma clearance of TSH, the role of the liver as
well as other tissues in the plasma clearance of TSH warrants

further study.
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Thyroid Gland

The thyroid is a bilobed endocrine gland located in the neck
at the level of the larynx. The lobes are connected by an isthmus
of tissue across the trachea. The gland is richly vascularized to
facilitate secretion of its hormonal products into the circulatory
system (Copenhaver, 1964). The cells of the thyroid are arranged
along the capillaries in a manner such thag a follicle of stored
"hormone is surrounded by a group of cells. When the gland is
stimulated by TSH it releases 3, 5, 3', 5'-tetraiodothyronine
(thyroxine, T4) and 3, 5, 3' triiodothyronine (T3) (Fig. 2) into
the vascular system of the gland. The thyroid gland is also
innervated by the autonomic system (Melander et al., 1974; Melander,
Sundler and Westgren, 1975). The function of the innervation has
not been established, although electrical stimulation studies have
increased T4 and T3 release (Melander et al., 1974; Melander,
Sandler and Westgren, 1975). Whether this increase in hormone
release is due to direct cellular secretion or to a change in blood
flow through the gland as a result of nerve stimulation is unknown.
Either mechanism is viable and they are not mutually exclusive.

The two major hormones secreted by the thyroid gland are
'1‘3 and T4' In addition, various mono-, di-, and tri-iodinated
thyronines are found within the thyroid and in the plasma effluent
(Chopra et al., 1978). The most important of these appears to be 3,
3', 5'-triiodothyronine (reverse g, rT3) (Fig. 2) which has
altered circulating levels in different metabolic states such as

starvation (0'Brian et al., 1980).
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The metabolically active hormones T3 and T,s are
synthesized from tyrosine which is incorporated in a large
G\~§60,000 dalﬁons) protein molecule, thyroglobulin (White et al.,
1978b). Thyroglobulin contains 115 tyrosine residues. The
tyrosines destined to become T4 or T3 are iodinated by an
oxidation reaction involving hydrogen peroxide after which the
molecular shape of thyroglobulin is changed and iododinated
tyrosines are linked together to form T4 or T,. The molecular
mechanism of this process is not established and the total enzyme
involvement remains to be elucidated (Sterling and Lazarus, 1977).
When the thyroid gland is stimulated with TSH, the thyroglobulin
molecule is digested freeing the hormones for secretion (White
et al., 1978b). Thyroglobulin molecules are stored in .the large
" follicles until digested to release T3 and T4 (Sterling and
Lazarus, 1977). This maintains a large storage pool of hormone.
Iodine from the diet, which circulates in its ionmic form (1) is
necessary for thyroid hormone production.

Because iodide is necessary for thyroid hormone production,
the gland has transport mechanisms to trap iodide in thyroid cells
(Bastomsky, 1974). Thyroid cells are capable of maintaining a
35:1 ratio of intra- to extracellular iodide (Tepperman, 1974).
This mechanism insures that sufficient iodide is available for
hormone synthesis under normal homeostatic conditioms. Inside the
cell I” reacts with a peroxidase enzyme and hydrogen peroxide to
form a free radical iodine which reacts with a tyrosine incorporated

in thyroglobulin (Schimmel and Utiger, 1977).



-16-

In addition to Ty production by the thyroid, T, is
formed by monodeiodoination of '1‘4 in peripheral tissues (Chopra
et al., 1978). Inifact, in humans approximately eighty percent of
the‘T3 is produced by this mechanism (Utiger, 1974). This has led
to speculation that T4 is a prohormone form of Tqy the more
metabolically active of the thyroid hormones (Chopra, Solomon, and
Teéo, 1973). Other studies have shown that fa exerts effects
without conversion to T3 (Samuels, 1979); thus both forms may be
necessary for normal thyroid axis function. |

The kidney and liver appear to be the major sites of T4
deiodoination to T3. In addition, these organs are the major
sites of further metabolism of T4‘and T, to the iodine-free
tyrosines (To) as well as conjugation and excretion (Chopra
et al., 1978).

The yetabolites of T3 and T4 from the liver are secreted
into the bile and therefore undergo enterohepatic circulation
(Hiller, 1972a,b). This mechanism conserves iodide which is
important in the prevention of hypothyoidism in areas where the diet
is iodide deficient. Besides T3 the kidney and liver also produce
rT4. This metabolite is virtually devoid of metabolic activity
and is a competitive inhibitor of T3 action (Barker et al.,

1960). The production of T3 and rT3 appears to be regulated.
This is most dramatically seen in the newborn infant. 1In utero the
fetus has very low circulating T3 and high rT3 levels (Chopra,
Sack and Fisher, 1975; Harris et al., 1978). Within 48 hours after

birth the concentrations of these two hormones reverse approaching
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the normal physiological levels maintained throughout life (Fisher
et al., 1977; Byfield et al., 1979). The mechanism controlling this
shift is not defined but it may involve nutrient metabolism, as T3
concentrations decrease and rT3 concentrations increase in
starvation states as well as in non~thyroidal disease states (Takagi
et al., 1978; Kaplan, Schimmel and Utiger, 1977). This shift may
protect the organism from the potent catabolic effects of T3 while

maintaining a euthyroid state (Chopra et al., 1978).

TSH Control of the Thyroid Gland

In response to the appropriate stimuli, the pituitary
secretes TSH which acts on the thyroid gland to increase synthesis
and.secretion of thyroid hormones as well as to maintain cellular
integrity. The trophic action of TSH in maintaining cellular
integrity has been demonstrated in experiments Qhere intact and
hypophysectomized rats were pretreated with amounts of TSH which
yield no detectable change in hormone secretion. These amounts of
TSH however led to enzyme and cyclic AMP dependent protein kinase
activation with subsequent TSH administration (Friedman et al.,
1979). 1In addition the clinical observations seen with either
hyper- or hypo-secretion of TSH tend to support the idea that TSH
exerts tonic control over thyroid cell activity (Kourides, 1980).

TSH binds to membrane receptors of the thyroid cell and
exerts its effect via the second messenger mechanism of Sutherland
(Sutherland, Oye and Butcher, 1965) (Haynes, Sutherland and Rall,
1960). This mechanism entails an increase in cAMP production which

acts as the intracellular messenger to activate the enzymes involved
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in thyroid hormone synthesis and secretion. Under the influence of
TSH the stored thyroglobulin molecules are digested by proteolytic
enzymes from lysosomes or vesicular membranes, liberating T3 and

T, as well as mono and di-iodothyronines (White et al., 1978b).

The mono and di-iodothyronines undergo deiodination reactions and
the iodine molecules are recycled into thyroglobulin (White et al.,
1978b). This prevents the loss of free iodine from the gland and

. depletion of the iodine available for hormone synthesis (Taurog,
1978). The T, and T, liberated by the thyroglobulin digestion

is released into the blood to exert its metabolic effects.

Transport of T3 and T, in the Circulatory System

The thyroid hormones are carried in plasma bound to the
proteins thyroxine binding globulin (TBG), thyroxine binding
) prealﬁumin (TBPA), and albumin (A). T, binds to all three of
these proteins but normally the capacity of TBG and TBPA is
sufficient to carry virtually all of the circulating T4 (Davis,
Spaulding and Gregerman, 1970: Nicoloff, 1978). The affinity and
capacity of the proteins for T4 are: TBG high affinity, low
capacity; TBPA-moderate affinity, high capacity; A~low affinity,
very high capacity. T3 is also predominantly bound to TBG and to
some extent to albumin but differs from 'I‘4 by not being bound
. significantly to TBPA (Woeber and Ingbar, 1974). TBG, the most
specific thyroid hormone binding protein, binds T4 and T3 with

1 ana 5.4 x 108 !

association constants of 6.3 x 107 M~
respectively (Nilsson and Peterson, 1975). Approximately 99.95% of

the circulating T, is protein bound. Less of the T4 circulating
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activity (Bernal and Refetoff, 1977). Because of the ubiquitous
nature of this enzyme, changes in its activity can greatly affect
basal metabolic rate. The mechanism of action involved in
stimulating these various reactions has not been totally defined at
the molecular level. It is known that cells responsive‘to T3 and
'1‘4 have nuclear receptors for the hormones and that protein
synthesis is involved in the exertion of some of the metabolic
effects of these hormones (Bernal and Refetoff 1977; Sterling
1579a,b; Oppenheimer, 1979; Oppenheimer, 1973; Ida Chen and Hoch,
1977).

From what is known about the mechanism of action of T3 and

T, it follows that their feedback effects on the pituitary could

4
take a variety of forms. The evidence suggests that bpth T3 and

T4 are active at the pituitary in inhibiting TSH secretion

(Chopra, Carlson and Solomon, 1978; Connors and Hedge, 198la,b).
Howevér, it has not been established which hormone is dominant and
it has been suggested that the ratio of '1‘4 to T3 present in the
pituitary is a determining factor (Snyder and Utiger, 1972; Vice

et al., 19763 Reichlin, 19783 Sawin, Hershman and Chopra, 1977;
Wenzel, Meinhold and Schleusener, 1975). Whichever hormone or
hormone combination is dominant, the mechanism by which thyroid
hormones inhibit TSH secretion is multifaceted and involves both
altering the synthesis of TSH and the transduction of TRH signals to
TSH secretion via stimulus—-secretion coupling.

As discussed above T4 and T, exert an effect at the

pituitary to decrease TSH secretion (Reichlin, 1978). The effect of
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a hormone exerting an inhibitory effect on the secretion of another
hormone which stimulates its secretion is defined as negative
feedback (Hoskins, 1949). This appears to be the major control link
in keeping the axis in homeostatic balance.

The pituitary as the major feedback site appears to be the
central locus of thyroid axis control (Sterling and Lazarus, 1977).
Reichlin et al. (1972) hypothesized that hypothalamic TRH acts at
the pituitary in tonic and phasic modes. The tonic mode is that TRH
is secreted to maintain a basal thyroid axis activity level. “Since
TRH is involved in regulating the number of its pituitary receptors,
this tonic secretion may be involved in that function (Shino, 1979;
Hinkle and Tashjian,.1975). The phasic component is characterized
by a rapid increase in TSH secretion, which also decays rapidly,
presumably elicited by increased TRH concentrations reaching the
pituitary. This phenomenon occurs when rats are acutely exposed to
a decreased ambient temperature (Reichlin et al., 1972).
Superimposed on this situation is the feedback effect of T3 and

T, at the pituitary as experiments have shown that an organism in

4
a hyperthyroid state has a decreased response to TRH stimulation
(Synder and Utiger, 1972; Reichlin, 1975).

In summary the thyroid system is a feedback loop system
consisting of the hypothalamus, pituitary and thyroid glands. The
hormones if looked at as an isolated system would remain in balance
by the effects of feedback inhibition. In reality, in mammalian

organisms no one system operates isolated from the rest of the

organism. Rather, all of the systems operate in a controlled
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synergistic and antagonistic balance to maintain the dynamic
homeostatic state. 1In the case of the thyroid axis, the sex
hormones, glucocorticoids and metabolic state alter the control of

the system.

Factors Influencing the Thyroid Axis

Changes in sex hormone concentrations alter the thyroid axis
hormones indirectly by altering the binding protein concentrations.
The estrogens increase the plasma cﬁncentration of thyroid hormone
binding proteins,vwhereas the androgens decrease this concentration
(Engbring and Engstrom, 1959; Federman, Robbins and Rall, 1958;
Keitel and Sherer, 1957; Sakurada et al., 1967; Sanchez-~Franco,
et al., 1973; Morley, et al., 1981). Pregnancy is the most dramatic
example of this phenomenon (Hotelling and Sherwood, 1971; Rastogi
et al., 1974). As pregnancy advances estrogen levels increase which
in turn increase thyroid hormone binding protein concentrations.
This leads to a decrease in free circulating T3 and ‘1‘4 concen~
trations. Without thyroid axis compensation this would result in a
hypothyroid state. However, the axis responds by the feedback
mechanism. With decreased free T3 and T4 the feedback signal
decreases and TSH secretion increases, resulting in increased
thyroid gland activity and reestablishment of the correct free T3
and '1‘4 plasma concentrations.

In starvation and exercise states the thyroid axis plays a
role in maintaining the homeostatic balance (Spaulding et al., 1976;
Campbell et al.,, 1977; Croxson et al., 1977; Balsom and Leppo,

1975). The mechanisms whereby starvation and exercise influence the
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pituitary synthesis and secretion of adrenocorticotropin (ACTH).
This hypothalamic factor is referred to as corticotropin releasing
hormone (CRH) (Vale, Rivier and Brown, 1977). CRH was the first of
the hypothalamic releasing hormones to be hypothesized by Harris
(1955)., Exﬁerimental evidence supporting the existance of CRH is
extensive (Saffran and Schally, 1977a,b; Jones, Hillhouse and
Burden, 1976a,b). Basically these data consist of experiments which
presumably stimulate only the CNS but elicit pituitary release of
ACTH. For example, experiments have been reported in which discrete
areas of the hypothalamus were stereotaxically electrically
stimulated resulting in ACTH release (Yates and Maran, 1974; Dunn
and Critchlow, 1973; Bouille and Bayle, 1973). These studies in
combination with experiments where hypothalamic extracts infused
stereotaxically into the pituitary elicit ACTH secretion are
conclusive evidence that CRH exists (Saffran and Schally, 1977a,b).
Recently, a 4l-residue ovine hypothalamic peptide has been isolated
and characterized. This peptide stimulates the secretion of
corticotropin-like and endorphin-like immunoactivities in vitro and
in vivo. Although the authors note that it is premature to label
this peptide as CRH,‘its actions and anatomical location are
consistant with it being a regulator of pituitary ACTH secretion

(Vale, Spiess, Rivier and Rivier, 1981).

Pituitary Component

ACTH, a 39 amino acid polypeptide, exerts control over the
synthesis and secretion of glucocorticoids from the adrenal cortex

and is the primary pituitary component of this axis (Nelson,
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1980a). The functions of the adrenal axis have become more complex
with the recent discovery of the endorphins, enkephalins and
lipotropins in the pituitary (Snyder, 1977; Kreiger and Liotta,
1979; Nelson, 1980a). It hés been hypothesized that ACTH is
synthesized in a prohormone form containing endorphin and enkephalin
and hydrolyzed at secretion yielding the separate molecules (Mains
and Eipper, 1976; Eipper, Mains and Guenzi, 1976). Evidence for
this is the parallel secretion of ACTH, endorphin and enkephalin
(Vale et al., 1978; Mashiter et al., 1980). Endorphin and
enkephalin bind to opiate receptors and have been shown to have
myriad CNS effects (Olson and Olson, 1979). Some of the éffects
which these substances are implicated to be involved with are:
memory, attention, learning, pain and control of luténizing hormone
releasing hormone secretion (Cicero, Schainker and Meyer, 1979;
Oades, 1979; Kreiger, 1979; Kreiger and Liotta, 1979; Guillemin,
1978; Kendall and Orwall, 1980; deKloct and deWied, 1980; Morley,
1981). These substances can reach the CNS by retrograde portal flow
(Oliver, Mical and Porter, 1977). In addition, it seems likely that
they are synthesized and released locally in the CNS to act as
neuromodulators and/or neurotransmitters (Kreiger and Liotta, 1979;
Frederickson, 1977; Barchas et al., 1978). It has been hypothesized
that these endogenous opioids as well as the other hypothalamic
peptides, i.e., TRH, somatostatin, and possibly the recently
reported CRH, function in a peptidergic neuronal system (Scharrer,

1978; Watsom et al., 1978; Snyder and Inmnis, 1979). The functioning
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of this system as it relates to the behavior of the organism

presents an intriguing new area of physiological study.

Adrenal Component

ACTH stimulates the synthesis and secretion of adrenal
androgens and glucocorticoids (Nelsom, 1980b). The term
glucocorticoids refers to the group of chemically similar steroids
capable of promoting liver glycogen synthesis and other alterations
in glucose metabolism in adrenalectomized animals (Baxter and
Rousgseau, 1979; Nelson, 1980b). The major glucocorticoids are
corticosterone (B) in the rat and cortisol (F) in the huwan. In a
manner similar to that for the thyroid hormones, T3 and TA’ the
glucocorticoids are found in the blood in three states. They
circulate bound to corticosteroid binding globulin (CBG), bound to
albumin and unbound, i.e., free (Ballard, 1979). At normal body
temperature and in an "unstressed" condition, five to fifteen
percent of the circulating human cortisol level is unbound and about
33 percent of the cortisol is bound to albumin (Plager, Schmidt and
Stéubitz, 1966; Angeli, Frajria and Richiardi, 1977; Ballard,
1979). 1In the rat, two percent of the corticosterone is unbound
(Pardridge and Meites, 1979). Pregnancy increases the concentration
of steroid binding proteins (Westphal, 1971; Feldman et al., 1979)
as well as thyroid hormone binding proteins. This increase in
binding protein is compensated for by an increase in total steroid
concentration so that the free concentration of hormone remains at

the appropriate constant level. The mechanism by which hormone
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compensation occurs is via a negative feedback operating similarly
to the thyroid axis mechanism.

Cortisol is metabolized in the liver and the products are
excreted conjugated to glucuronic acid (Rosenfeld, Fukushima and
Gallagher, 1967; Nelson and Harding, 1952). The half life of
cortisol in humans is 60 to 90 minutes (Baxter and Rousseau, 1979;
Petersoh,.1959). This is much more rapid than fof T, and T,.

Also in contrast to the thyroid axis, which responds to stimulation
over a period of hours, the adremal system responds in a matter of
minutes (Sterling and Lazarus, 1977; Nelson, 1980b). Although the
system responds rapidly, the signal decays rapidly due to the short
half life of the adrenal steroids. These characteristics are ideal
for a system that adjusts the internél mileau to maintain
homeostasis in the face of a hostile external stimulus.

The adrenal steroids, glucocorticoids and mineralocorti-
coids, are necessary for the maintanence of homeostasis (life) in a
constantly changing environment (Nelson, 1980b). Among the effects
of the glucocorticoid steroids are altered glucose metabolism,
protein catabolism (Baxter and Rousseau, 1979) and membrane
stabilization (Gelehrter, 1979). The mechanisms by which these
effects occur is unclear. Corticosterone appears to work by at
least two different mechanisms. The first is the "classic" steroid
mechanism. In brief, this consists of the steroid diffusing through
the cell membrane to the cytoplasm where it binds to a specific
receptor. The receptor-steroid complex then migrates to the nucleus

where it binds to the DNA complex and initiates the
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steps in protein synthesis of transcription and translation (Chan
and 0'Malley, 1976a,b,c). The second mechanism operates in an as
yet unknown manner. The effect it has is an alteration in membrane
stability (Gelehrter, 1979; Nelson, 1980c,d). The possible
mechanism is that the steroid is incorporated into the membrane
which alters the structure changing its stability (Gelehrter, 1979;
Nelson, 1980c). Also, glucocorticoids have been shown to alter
guanylate cyclase activity and this action may be involved in the

diverse effects of these steroids (Vesely, 1980).

Stress and the Thyroid/Adrenal Axes

Throughout this discussion the concept of maintaining
homeostasis in the face of hostilé external stimuli has been a
linking factor. A hoéﬁile external stimulus can take many forms.
Examples are disease, injury, temperature changes aﬁd emotional
anticipation of pending events. All of these stimuli result in
changes in the functioning of the endocrine systems (Tepperman,
1974; Mason, 1968a,b). Because of this they are linked together
under the concept of stress. Stress can be defined as any external
environmental situation which results in a change in internal
environment to which the communication systems respond with the
purpose of maintaining homeostasis. As stated above endocrine
systems are internal communicators which adjust cellular reactions
to maintain a homeostatic state conducive with life. The mechanisms
by which the endocrine systems act in concert to effect this role
are largely undefined (Ivarie, Morris and Eberhardt, 1980). It can

be inferred teleologically though, that the systems must act in
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concert to maintain the dynamic homeostasis of life. The purpose of
the rest of this discussion will be to identify the sites and
possible mechanisms by which the adrenal axis may impinge on the
thyroid axis altering its function to compensate for a stress.

The thyfoid axis operates with a feedback mechanism to
maintain the metabolic effectors T3 and.T4 at constant levels.,
It has also been noted that the system is relatively slow in
responding to changes but has a large circuiating and stored reserve
of hormone. The adrenal axis hormones could act at least at five
sites to alter thyroid axis functioning. These sites are: 1) the
brain and specifically the hypothalaéic area 2) the pituitary 3) the
Ehyroid gland 4) alterations in binding proteins 5) alterations in
peripheral metabolism of T4 and T3.
Glucocorticoid Effects on the -Thyroid Gland,
Binding Proteins and Thyroid Hormone Metabolism

The studies of Vigneri et al., (1975) and Ingbar and
Freinkel (1956) indicate that pharmacologic glucocorticoids do not
have an effect on thyroid response to TSH. However, Malendowicz and
Filipeak (1975) showed morphologic and enzymatic changes in the
thyroid after adrenalectomy. This shows that '"normally" the adrenal
hormones influence thyroid activity in maintaining the dynamic
homeostatic state (Williams et al., 1975). Also, glucocorticoids
alteé binding protein affinity for and peripheral metabqlism of T4
and T, (Duick et al., 1974; DeGroot and Hoye, 1976; Chopra et al.,

1975). These studies indicate that dexamethasone decreases T3

concentrations (Chopra et al., 1975). Other studies indicate that
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the mechanism involved is a change in peripheral metabolism of Ia;
instead of T3 being formed, the inactive rT3 is formed (Burr
et al., 19765 Chopra, Carlson and Solomon, 1978). Because the
control of the metabolic pathways is not understood, this alteration
is interesting and can be used as a tool to investigate these
metabolic pathways. In addition to the altered deiodinationlstate
dexamethasome alters TBPA concentrations (Oppenheimer and Werner,
1966) which may also decrease T3 production due to a decfease in
available T4. Under these conditions the more "active" thyroid
hormone, T3, concentration is decreased and T4 total
concentration is unchanged. If glucocorticoids had no other
influences on the thyroid axis the result of this should be an
increased TSH response to TRH due to the decreased feedback of a
lowered T3 concentration. In actuality though the TSH response is
inhibited indiéating that glﬁcocorticoids have additional effects.
Glucocorticoid Effects on the Brain and the
Hypothalamic Component of the Thyroid Axis

Both the adrenal axis and thyroid axis hormones have effects
on central nervous system functioning (Leibson, 1979; Barchas
et al., 1978; Kreiger et al., 1980; Manberg, Nemeroff and Prange,
1979). The thyroid hormones are necessary for the "normal"
development of CNS function (Fischer, 1978). Glucocorticoids
applied directly to CNS neurons by microiontophoresis have been
ghown to alter firing patterns (Ondo and Kitay, 1972). 1In addition
glucocorticoids have been shown to affect neuromuscular transmission

(Leeuwin and Veldsema~Currie, 1979; Dengler et al., 1979; Wilson,
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Ward and Johns, 1974). Because the CNS is an extremely complex’
organ system which operates by mechanisms which are as yet largely
unknown, it is difficult to assess the interactions of the adrenal
and thyroid systems at this site. At this point in time the effects
of the central neurotransmitters dopamine, norepinepherine,
epinepherine, serotonin and histamine are all implicated in control
of both ACTH and TSH secretion from the pituitary (Weiner and
ngong; 19785 Scanlon et al., 1980; Reichlin, 1975; Frohman, 1972;
Scapagnini, 1974; Ganong, 1974). The roles of these
neurotransmitters in stimulating and inhibiting pituitary secretion
remain to be clarified, but presumably the mechanism involves
altered levels of TRH and CRF reaching the pituitary. In addition
the influences of adrenal and thyroid hormomnes in altering turnover
and secretion of these neurotransmittes are unclear. Again, these
effects would alter TRH and CRF secretion. There is evidence that
serotonin stimulates TSH release (Jordan et al., 1979) and that
dopamine inhibits TSH secretion (Krulich et al., 1977; Feek et al.,
1980). The mechanisms and sites of these effects remain to be
elucidated. Also acetylcholine has been shown to stimulate ACTH
release (Ganong, 1974). The glucocorticoids may influence the brain
levels and turnover rates of neurotransmitters thereby altering
thyroid axis activity (Diez, Sze and Ginsberg, 1970). The anatomic
and physiological mechanisms occurring in the brain involved in the
interactions of these endocrine axies remain to be elucidated.

The hypothalamus is a specific brain area involved in

control of autonomic nervous system function and endocrine function
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(Carpenter, 1972). The complications involved in studying endocrine
‘interactions at this brain site are the same as for the rest of the
brain. The adrenal hormones may have specific effects on the
thyroid axis at this site but as yet the experimental, tools
necessary to study this area separate from the rest of the brain are
not available. The attempts so far reported have used surgical
techniques to isolate the hypothalamus from the rest of the brain
(Kubek, Wilber and George, 1979; Langevin and Iversen, 1980; Sawyer
and Clifton, 1980; Kreiger, Liotta and Brownstein, 1977; Makara,
Stark and Palkovits, 1980; Brownstein et al., 1979). Even in this _
unphysiological state of hypothalamic isolation, the results are
upclear and await futher experimentation with more gpecific
pharmacological agents an& more sensitive assay methods to detect
small changes in endocrine function elicited by the cuts. Other
experiments testing glucocorticoid effects at this site have
involved exposing rats with altered glucocorticoid levels to cold.

A rat exposed acutely to a decreased ambient temperature responds
with increased thyroid axis activity (Gale, 1973; Sterling and
Lazarus, 1977). The mechanism has not been established but involves
an integrated CNS response to the peripheral nerve stimulus elicited
by the cold exposure resulting in increased TRH secretion (Szabo and
Frhoman, 1976; Reichlin et al., 1972). Many of these experiments
used dexamethasone to establish the different glucocorticoid levels
and have conflicting results (Ducommun, Sakiz and Guillemin,
1966a,b; Fortier et al., 1970; Koch et al., 1972; Brown and Hedge,

1973; Sakiz and Guillemin, 1965). Many of these conflicts can be
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resolved by taking into account the fact that dexamethasone has
opposing pituitary and hypothalamic effects which are dose and time
related (Ranta, 1975; Brown and Hedge, 1974a).
Glucocorticoid Effects on the Pituitary
Component of the Thyroid Axis

In addition to the major thyroid axis control mechanisms
operating at the pituitary the glucocorticoids influence the TSH
response to TRH stimulation (Brown and Hedge, 1973, 1974a). In the
laﬁe 1940's and early 1950's it was demonstrated that acute stress
increased adrenal axis activity and decreased thyroid axis activity
(Bogoroch and Timiras, 1951; Brown-Grant, Harris and Reichlin,
1954a,b). These experiments led to the development of a hypothesis
that ACTH and TSH sécretion were related in an inverse manner.
Although this relationship was shown not to always operate
(Guillemin, 1968) many investigations have been conducted to learn
if and then how the adrenal axis influences the thyroid axis. The
experiments conducted in these investigations used pharmacologic
doses of steroid or the artifical glucocorticoid, dexamethasone
(Bogoroch and Timiras, 1951; Brown-Grant, Harris and Reichlin,
1954a,b; Ducommen, Sakiz and Guillemin, 1966a,b; Sakiz and
Guillemin, 1965). The pituitary effects of these glucocorticoid
regimes were conflicting in that the changes induced in TSH
secretion were not comsistent (Fortier et al., 1970; Ducommun, Sakiz
and Guillemin, 1966a,b; Koch et al., 1972). At least part of this
conflict was resolved, when it was shown that dexamethasone had

biphasic dose and time effects om pituitary TSH secretion as well as
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effect not involving an inverse TSH relationship to ACTH secretion
as the feedback effect of the glucocorticoid blocks ACTH secretion
(Buckingham and Hodges, 1974; Cowan and Windle, 1978; Rotsztejn

et al., 1975; McEwen, 1977, 1979).

Summary and Statement of Research Purpose

The thyroid hormones, T3 and Th’ act in an organism as
major metabolic regulators of the dynamic homeostatic state. The
hypothalamic-pituitary~-thyroid axis operates by a negative feedback
mechanism to maintain the circulating T3 and T4 concentrations.

An external or internal stress on the organism alters the
homeostatic state and therefore the "need" for thyroid hormone
changes. Changes in an organism;s "need" for thyroid hormones is
compensatéd for by alterations in hypothalamic-pituitary activity
resulting in an increase or decrease in thyroid gland stimulation by
TSH. However, the complexity of the mammalian organism requires a
coordinated response of several organ systems to stréss. Endocrine
axes, as one of the organism's two major communication systems, are
involved in the coordinated response to stress.

| To fully understand how an organism maintains a homeostatic
state, two questions must be answered. The first of these is: how
do the individual organ systems (i.e., the thyroid axis) act to
maintain the homeostatic state? Secondly, how do the organ systems
interact in maintaining the homeostatic state? To answer these
questions, the results of controlled perturbations of the pitﬁitary
thyroid unit using TRH administration were studied. In additionm,

the effects on the thyroid axis of alterations within the
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hysiological range of the rat's native glucocorticoid
phy ’

corticosterone, were studied.
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be refractory to repetitive TRH adminisfration (Nakagawa, 1975).
Snyder and Utiger (1972) have attributed this refractory period to
the effects of T3 and T4 feedback. However, the pituitary TSH
‘and thyroid T3 and T4 responses to varying concentrations and
rates of TRH administration have not been evaluated with respect to
this refractory period.

This study examines the sensitivity of thé pituitary-thyroid
unit to equal amounts of TRH stimulation given by I.V. bolus

injection or constant infusion.

Materials an& Methods

Animal Care and Surgical Procedure

Female Sprague-Dawley rats from our own breeding colomny
(started from Charles River CD rats) weighing 180-260 g were used.
The animals received Purina rat chow and tap water ad libitum. They
were housed in temperature and humidity controlled quarters on a
cycle of 12 hours of light and 12 hours of dark. On the day of an
experiment, rats were anesthetized with sodium pentobarbital
(3.7 mg/100g body weight (BW) and a jugular catheter was inserted as
previously described (see Chapter 3) (Brown and Hedge, 1972b,
1973). 1In addition, a polyethylene catheter (P.E.-50, 0,58 mm I.D.,
0.965 mm OD, Scherer Scientific, Phoenix, Az.) filled with either
saline or varying amounts of TRH in saline was inserted through the
body wall into the peritoneal cavity. The incisions were sutured
around the catheters. Anesthesia was maintained by administering

0.1 ml pentobarbital (4.8 mg/ml) as needed throughout the experiment.
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Experimental Protocol

TRH stock solution (100 ng/mll Abbott Laboratories, North
Chicago, IL) was diluted with 0.9% saline to yield final
concentrations of 10, 2, 1.2 and 0.6 pg/ml for 0.5 ml bolus
injections via the jugular catheter. Aliquots of these solutions
were further diluted to final concentrations of 5, 0.6 and 0.3 ug/ml
for constant infusions at 0.5 ml/hour via the I.P. catheter using a
Sage Model 355 constant infusion syringe pump. For each experiment,
each rat received either a 0.5 ml TRH injection followed by 2 hours
of intraperitoneal saline infusion or a 0.5 ml saline injection
followed by a 2 hour infusion of TRH in saline. The infusion rate
was adjusted so that the total amount of TRH delivered over the two
hour period was equal to the amount administered in one bolus
injection. Blood samples were taken via the jugular catheter before
and 15, 30, 60, 120, 180 and 240 minutes after the bolus injections
and the onset of an infusion. Blood volumes removed were 1 ml at
times 0, 120 and 240 minutes and 0.4 ml at all other times. Blood
samples were centrifuged at 1000 xg and 4°C and the plasma stored
at -20°C until assayed. Red blood cells from each heparinized
sample were resuspended in saline and returned to the animal via the

jugular catheter.

Assay Procedures
TSH was assayed using radioimmunoassay materials provided by
the NIAMDD Rat Pituitary Hormone Distribution Program, and the data

are expressed as micrograms of TSH/d1l plasma using NIAMDD rat
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125

TSH-R.P.~1 (0.22 U/ml) as standard. Carrier free I (New

England Nuclear Corp., Boston, MA) was used for iodination of TSH
(assay and iodination were performed as discussed in Ch. 3).
Specific RIA's for T3 and T4 (Chopra, 1972a,b) were performed
using antisera provided by Dr. D. A. Fisher (Harbor General
(1251) (125

T3 and

purchased from Industrial Nuclear Co. (St. Louis, MO), and L-T,

Hospital, Torrance, CA). I) T, were

and L-T, were obtained from Calbiochem (La Jolla, CA). TFor the

4
T4 assay, standards ranging from 0.1 to 10 ng per tube were

assayed with the unknowns. In 12 x 75 mm disposable culture tubes
25 11l of unknown plasma sample was added to 175 ul of 1% rabbit
serum (NRS) (Miles Biochemical; Elkhart, IN) in barbital buffer (BB)
pH 8.6, 0.075 M (2.65 g Diethyl Barbituric Acid, 15.4 g Sodium
Diethyl Barbiturate in 1 liter distilled water). To this was added
100 ul of BB containing 1% NRS and 1.5 ng/ml 8—anilino—1-napﬁthalene
sulfonic acid (ANS) (K & K Labs, Irvine, CA). All tubes were
vortexed and incubated 30 minutes at room temperature. Then 100 ul

of 125

I—T4 (approximately 10,000 cpm) and 100 ul of appropri-

ately diluted first antibody (maximum binding of about 507% of total
counts) was added to each tube. The tubes were vortexed and
incubated an additional 60 minutes at room temperature. Second
antibody, which had been titered to determine the conconcentration
necéssary to reach maximal percent binding in the precipitate, was
then added. The tubes were vortexed and incubated at 4°C over-

night. The tubes were centrifuged at 4°C for 20 minutes at

1000 xg and the supernatant was removed by aspiration. Precipitates
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were counted to 10,000 counts on an NSI (Garland, TX) or Searle
(Tracor Analytic Inc., Elk Grove Village, IL) gammacounter.

The T3 assay was performed with a standard curve ranging
from 0.025 to 10 ng/tube. 250 ul unknown plasma samples were
incubated for 20 hours at 4°C with first antibody titered to
determine the concentration yielding 507 of maximum binding of total
counts 1251-T3 (10,000 cpm/100 Hl), ethylenediamine~tetraacetic
(Sigma, St. Louis, MO) (160 ul of 0.1 M), ANS (100 ul of 2.5 ng/ml)
and 1% NRS-BB (pH 8.6, 0.075 M) to a total volume of 600 ul/tube.
Second antibody was then added at 4°C and the tubes were vortexed
and incubated an additional 24 hours at 4°C. The tubes were
centrifuged at 1000 xg for 20 minutes at 4°C and the supernatant

was removed by aspiration. Precipitates were counted as in the T4

assay.

Data Analysis

RIA results were analyzed on a CDC 6400 computer using the
RIA data processing program (Rodbard, 1974) of Dr. David Rodbard,
NIH (Bethesda, MD), modified to be compatible with the University of
Arizona Computer. To eliminate interassay variation, samples from
each experiment were run in a single assay. Data from different
assays were combined only if the interassay variation was
sufficiently small as determined by the quality confrol parameters
(Rodbard et al., 1968). Statistical analysis was done using paired

and unpaired t-tests where appropriate.
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Results

TSH Responses to TRH Stimulations

Figure 3 shows the TSH responses to TRH stimulation by I.V.
bolus injection or constant I.P. infusion. Both methods of ‘{RH
admini;tration resulted in significant increases in plasma TSH
concentration although the time courses and/or peak values varied
with the dosage used. The animals which received TRH by bolus
injection had significantly greater peak levels of plasma TSH than
thogse animals which received TRH by I.P. infusion. In addition, the
peak levels of TSH occurred 15 minutes after the TRH injection
whereas the infusion groups did not reach their peaks until 1 or
2 hours after starting the infusion except at the lowest dose
(0.3 ug/rat) which had only slight but significant (p < 0.05)

changes in plasma TSH concentration.

Thyroid Response to TRH Stimulations

Degpite the large variation in plasma TSH concentrations
elicited by the different TRH dosages and administration methods,
plasma '1‘4 and T3 concentrations showed only small changes
(Figs. 4 and 5). Also, only at the 1.0 ug TRH/rat dose was there a
significant difference in the '1‘4 response to the different TRH
administration methods (Fig. 4). Although significant plasma T3
concentration changes occurred (see Fig. 5), there were no
differences in the T, response elicited by the different TRH

administration methods.
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Discussion

Differences in TSH Response to TRH Stimulation Modalities

These results show that administration of TRH by both I.V.
bolus and I.P. infusion is an effective stimulator of pituitary TSH
secretion. Bolus injection of TRH resulted in a rapid TSH response
which peaked 15 minutes after the TRH injection. In cﬁntrast, the
TSH response to TRH infusion was delayed and less promounced
although the plasma TSH levels were elevated above baseline for a
longer period of time. Despite the differemnces in plasma TSH levels
induced by the different TRH administration routes, the thyroidal

response for a given TRH dose level was minimal.

Thyroidal Response fo TRH Stimulation Modalitiés

The thyroidal T3'and T4 responses were similar to those
previously reported by Azizi et al. (1974). The data show that T,
changed before ’r4 and to a greater extent than T4 did. This is
consistant with the data of Studer and Greer (1965) and Greer and
Rochie (1969) which showed that TSH stimulates the thyroid to
release more newly synthesized T3 than TA' Even though the TSH
responses to the different modes of TRH stimulation were very
different, the thyroid gland responded similarly in both cases
suggesting that the thyroid gland responds slowly to a fixed amount
of TSH. 1In addition, these data demonstrate that the thyroid does

not amplify the TSH signal by releasing large amounts of '1‘3 and

T4. This is consistent with known thyroid autoregulation which is

mediated by iodine available for hormome synthesis (Ingbar, 1978;
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Sterling and Lazarus, 1977). These data are therefore consistent
with the report of Uller, Van Herde and Chopra (1973) which showed
that thyroidal autoregulation operates to modify the effects of
endogenous as well as exogenous TSH.
Pituitary Response is Not Refractory To
or Primed by Constant Exposure to TRH Via I.P. Infusion
Considerable data exist showing that the pituitary is
refractory to repeated TRH stimulation (Nakagawa, 1975; Rabello,
Synder and Utiger, 1974; Synder and Utiger, 1972; Redding and
Schally, 1967). Data also exist showing that LHRH has a priming
effect on the pituitary causing tﬂe release of a greater amount of
LH for the same LHRH stimulation (Gordon and Reichlin, 1974; Aiyer,
Fink and Greig, 1974). This priming effect is biphasic in that a
refractory period exists after the release of LH (Blake, 1976a,b).
Neither a priming nor a refractory period was seen in the rats
infused with TRH in this study. This is consistent with the data of
Blake (Blake, 1977) who infused TRH for 6 hours I.V. It is possible
that these experiments were not of a long enough duration to see a
refractory period. Snyder and Utiger (1972) using repetitive TRH
bolus stimulation attributed the refractory period to a feedback
effect of T3 and T4 on the pituitary. As in no case was a
decrease in TSH seen, either during the infusion or below the
baseline value after TRH injection, it was concluded that the
pituitary is not refractory to TRH stimulation under these
conditions. It is possible that TSH secretion was inhibited at

later times which were not sampled. Previous reports of long
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term TRH infusion have shown a bimodal pattern of TSH release
(Spencer et al., 1980; Bremmer et al., 1977). This phenomenon has
also been observed in hypothyroid patients receiving TRH infusions
(Wartofsky ét al., 1976). In these reports TSH levels plateaued
between 2 and 4 hours after TRH infusion was begun and dipped

8-10 hours after beginning the infusions. Because this penomenon
was also seen with hypothyroid patients, it is attributed to a (
direct pituitary effect and not to a feedback effect of T3 and

T This could be due to either exhaustion of a stored release-

4.
able hormone pool or to a down regulation of TRH receptors (Bremmer
et al., 1977; Tashjian et al., 1977). However, the effects could
also be explained by a decrease in endogenous TRH secretion as

Spencer et al. (1980) have shown that TSH diurnal variation is not

inhibited by low dose TRH infusion.

Conclusion

The data presented in this study show that both bolus
injection and IP infusion -of TRH result in significant TSH
stimulation. Although the pattern of TSH response differs
significantly depending on the method of TRH administration,
thyroidal activation is similar for both methods. From this, it is
concluded that testing of the pituitary thyroid unit activity by
either a bolus injection or an infusion of TRH yields similar

results.



CHAPTER 3

INHIBITION OF PITUITARY TSH SECRETION
BY PHYSIOLOGICAL LEVELS OF CORTICOSTERONE IN THE RAT
Introduction
There is abundant evidence that glucocorticoids affect thé
secretion of several anterior pituitary hormones in addition to
ACTH. These include gonadotropins (Smith et al., 1971, Euker,
Meites and Riegle, 1975), prolactin (Euker, Meites and Riegle, 1975,
'Harms, Langlier and McCann, 1975) and the omne of interest in this
study, TSH. Studies in both man and laboratory animals have
documented the effects of glucocorticoids on the hypothalmo-
pituitary-thyroid axis. Much of this work has been done using rats
and it seems to have sprung from studies of the so-called "inverse
relationship" between ACTH and TSH secretion (Guillemin, 1968).
Virtually all of these studies suffer from the fact that they are
strictly pharmacological. Moreover, there are numerous apparent
discrepancies among these findings. Such studies have often made
use of dexamethasone to suppress ACTH secretion prior to assessment
of TSH secretion, and it has been reported that such treatment would
enhance TSH secretion in response to cold exposure (Ducommun, Sakiz
and Guillemin, 1966a,b) or to a hypothalamic extract containing TRH
activity (Sakiz and Guillemin, 1965). However, both of these claims

have been disputed by others (Fortier, et al., 1970, Koch, et al.,

49—
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Materials and Methods

Animal Care, Surgical Procedures
and Experimental Protocols

Female Sprague~Dawley rats from our own breeding colony
(started from Charles River CD rats) weighing 180-260 g were used
throughout these experiments. The animals were fed Purina rat chow
and given tap water, ad libitum before surgery. After
adrenalectomy, the rats were given 0.97 saline ad libitum. They
'were housed in temperature and humidity controlled quarters on a
cycle of 12 hours of light and 12 hours of dark. In all but the
last experiment (Fig. 6), the rats were surgically prepared by the
implantation of a chronic jugular catheter (described in detail
elsewhere Brown and Hedge, 1972b, 1973) concurrent with an
intraperitoneal catheter. The jugular catheterization procedure
consisted of isolating the vein by blunt dissection and placing
ligatures around it. The vein was tied off distal to the heart and
a small puncture was made with a 22 gauge needle. A silastic tubing
(Dow Corning, Corning, NY) catheter was introduced and advanced
3.3 cm which put the tip at approximately the right atrium. Patency
was -checked by withdrawing‘blood'and flushing the catheter with
heparinized saline (150 IU/ml) (Robin Winters Pharmaceuticals,
Richmond, VA). Then an incision was made and the skull exposed.
The catheter was run subcutaneously, to the skull and attached to
size #0 flat head brass wood screws which were fixed in the skull
bones. Concominantly, a 15 cm P.E. 50 intramedic polyethylene

tubing catheter (Clay Adams, Parsippany, N.J.) was fixed to the
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skull screws and run subcutaneously to an incision in the right
flank. The tip was then inserted through the muscle layers into the
peritoneal cavity. The neck and flank incisions were sutured and
the skull incision and screws were covered with dental cement.
(L.D. Caulk Co., Milford, DE). The next day the animalé were
adrenalectomized. Two days later the rats were used in experiments
in which corticosterone (Calbiochem, LaJolla,, CA) was infused via
the I.P. catheter using a Sage Model 355 syringe pump (Sage
Instruments, Cambridge, MA) at 0.5 ml/hr and various concentrations
to establish physiological blood levels. Two hours after the
infusion and sampling catheters were attached to the rats, a blood
sample was taken. The rats were then infused with corticosterone
for two hours and administered TRH (Abbott Laboratories, Chicago,
IL) (250 ng/100 g BW) via the jugular catheter. A 0.5 ml blood
sample was taken just prior to injecting the TRH via the jugular
catheter and subsequent samples were taken 10 minutes and 30 minutes
after the TRH injection. This procedure was repeated two hours
later, i.e., four hours after the corticosterone infusion was
begun. After the second TRH stimulation was completed, i.e.,
4.5 hours after beginning the corticosterone infusion, the infusion
was stopped. The results from these two TRH stimulations were
pooled after finding no difference between the two responses either
in magnitude or duration.

The twelve-hour corticosterone infusions were carried out in
animals prepared as for the 4.5 hour infusions described above.

Corticosterone was infused at 4.17 ug/minutes in this experiment.
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Twelve hours after beginning the corticosterome infusion, a blood
sample was taken and TRH was administered (250 ng/100 g BW) via the
jugular catheter. Subsequent blood samples were taken 10 minutes
and 30 minutes after the TRH injection. After the last blood sample
was taken, 30 minutes after the TRH injection, the infusions were
stopped and the catheters were disconnected. Twelve hours later

(2 hrs after reattaching the sampling catheters) another TRh

. stimulation test was performed. \

Animals chronically prepared with catheters as described
above were used in the cold exposure experiment. Two days before
the experiment the animals were injected with 25 uCi 1251 and
placed in an envirommental chamber. On the day of the experiment,
sampling and infusion catheters were attached. Two hours later a
pre-infusion blood sample was taken and then the corticosterone
(4.17 ug/min) or vehicle (0.97 saline) infusions were started
(0.5 ml/hr). Two hours later, the room temperature control was
reset to 4°C for 45 minutes, after which it was returmed to
normal, 21°c. The room temperature decreased to 10°¢C at the end
of the 45 minutes, after the thermostat was reset to 21°¢. Blood
samples were taken at four hours and five hours after the initiation
of cold exposure. The data are expressed as a response index that
is calculated by expressing 1251 counts per minute of the 4 hour
samples as a percentage of those of the pre~infusion sample.

In the last experiment, adrenalectomized rats received

intrapituitary injections of TRH by a stereotaxic method which has
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been described in detail elsewhere (Hedge, et al., 1966; Brown and
Hedge, 1972a). In brief, a small (200-333 ;1 o.d.) glass cannula was
placed into the anterior pituitary from the dorsal aspect under
pentobarbital anesthesia (4.5 mg/100 g BW). The rate of injection
was always 2 ul/minute, and each injection was followed with a
similar injection of toluidine blue dye to assist in the assessment
of the extent of the distribution of the TRH. In no case was dye
detectgd anywhere except within the anterior pituitary. Although
the possibility of retrograde flow of the injected material cannot
be totally excluded on the basis of dye distinction, it is not
likely that the primary site of action of the material is anywhere
other than the anterior pituitary. When using doses that are
inactive upon'systemic administration, previous studies from this
laboratory have found that a synthetic releasing hormone is more
potent in stimulating pituitary hormomne secretion when injected
directly into the anterior pituitary than when injected into the
medial basal hypothalamus (Brown and Hedge, 1972a). In contrast,
éertain other substances (e.g., vasopression) are more potent in
altering pituitary secretion when injected into the latter site than

when injected into the former site (Hedge et al., 1966).

Corticosterone and TRH Solutions

Corticosterone for infusion was obtained from Calbiochem and
dissolved in 100% ethanol which was diluted to 5% ethanol with 0.97
saline for infusion at 0.5 ml/hr. For the microinjections 5 ﬁg of.

corticosterone were dissolved in 100 ml saline and 1 ul (50 ng/ul)






~56-

125.1 was purchased from New England Nuclear Company for iodination

of TSH by the method of Greenwood, Hunter and Glover (1963). A
specific radioimmunoasséy for thyroxine (T45 (Chopra, 1972a) was
performed as described earlier (see Chapter 2). A fluorometric assay
was used to document the plasma corticosterone level in each rat in
all experiments. These assays were performed by the method of
Glick, Von Redlich and Levine (1964) with minor modification
(Fortier et al., 1970). Briefly this consisted of extrécting 50 ul
plasma samples to which 50 ul of deionized distilled water had been
added with 600 pl of chloroform (Mallinckrodt, Los Angeles, CA) in
glass—stoppered 1 ml volumetric flasks (Corning, Santa Clara, CA)
Zero, 25, 50 and 75 ug/l00ml corticosterone standards were processed
with the samples.. All tubes were centrifuged at 1000 xg for

5 minutes. Five hundred ul of the chloroform layer were transferred
to a pyrex 12 x 75 mm disposable culture tube containing 2 ml of
fluorescence reagent which was made fresh daily and consisted of

35 ml of absolute ethanol diluted to 100 ml with ACS grade sulfuric
acid. The tubes were vortexed and incubated 75 minutes. They were
then read on a Turner fluorometer with the excitation wavelength set
at 462 nm and emission set at 518 nm. Unknown concentrations were

determined from a linear regression plot of the standard curve.
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Data Analysis

Radioimmunoassay results were analyzed on a CDC 6400
Computer, using the radioimmunoassay data processing program of
Dr. David Rodbard, NIH, Bethesda, Maryland (Rodbard, 1970) which was
modified to be compatable with the University's computer. In each
experiment, control and experimental samples were run in the same
assay. Data from separate assays were pooled only if the interassay
variation was sufficiently small as determined by the quality
control parameters of Rodbard (Rodbard et al., 1968; Rodbard,
1974). Results were analyzed by linear regression and by comparison
of means using Student's t-test to establish the levels of

significance of differences between groups.
Results

4.5 Hour Corticosterone Infusion Experiments

The first series of experiments was performed using rats
with chronic indwelling catheters for corticosterone infusion and
blood sampling. This sampling procedure is not stressful since
endogenous corticosterone levels in intact rats are not elevated by
repeated sampling (Brown and Hedge, 1972b). Corticosterone was
infused at different concentrations to establish various blood
levels within the physiological range (Fig. 6).

At the low level of corticosterone infusion (2.46 pg/min),
significant inhibition of the TSH response to TRH at 10 minutes and
30 minutes after TRH, as shown on the left panel of Figure 7 was

observed. The right half of Figure 7 shows these same results



Figure 6.

Plasma corticosterone levels established by infusion.
Plasma corticosterone levels established by infusion
(0.5 ml/hr) of various comcentrations of corticosterone
(B). In this and subsequent figures, the vertical
brackets depict + SEM and the number of animals in each

group is given by n.






Figure 7.

Plasma TISH response to TRH in animals receiving 2.46 ug
corticosterone/minute.

Left panel, significant (p < 0.05) inhibition of the TSH
response to TRH at 10 and 30 minutes in animals receiving
2.46 pg corticosterone (B)/minutes. Right panel,
negative correlation between TSH response to TRH and

corticosterone level at the time TRH was injected.
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expressed as a correlation between peak TSH response to TRH and the
documented corticosterone level at the time the TRH was injected.
This shows a significant (p < 0.02) correlation, and a negative
slope indicating inhibition. Since these results were very critical
to the overall conclusions, this experiment was repeated and the
same phenomenon was observed. Although in this case there were no
individual corticosterone measurements for use in regression
analysis, the difference between the TSH responses of the two groups
at 10 and 30 minutes (p < 0.02 and p < 0.0l respectively) were even
more significant than in the first experimment presented in Figure 7.

The medium and high levels of corticosterone infusion
(3.28 and 4.17 ug/min, Fig. 6) caused no inhibition of the TSH
response to TRH (Fig. 8). The left panel of this Figure shows the
time course of the TSH response at the medium corticosterone level,
and the right panel shows it at the high corticosterone level.
Regression analysis of these data was also performed, and in neither
case was there significant correlation between peak TSH response and
the measured corticosterone level. There is no explanation for the
fact that the control group for the rats receiving the medium dose
of corticosterone (Fig. 8, left panel) gave a mean response that was
considerably less than those of the control groups for the other two
rates of steroid infusion (Fig. 7, left panel and Fig. 8, right
panel).

Figure 9 analyzes the data from all of the infusion dose
levels used. When all of the data were combined in this manner

there was no correlation between the plasma corticosterone level and



Figure 8.

Plasma TSH response to TRH in animals receiving

3.28 ug/minute and 4.17 utg/minute of corticosterone.
TSH response to TRH (250 ng/l100 g BW, I.V.) of rats
infused with the medium dose of corticosterone (B;

3.28 ug/min; left panel) and those infused with the high
dose of corticosterone (4.17 yg/min; right panel). No

significant differences were observed.






Figure 9.

Regression analysis of all 4.5 hour corticosterone
infusion data.

This figure shows no correlation between the plasma
corticosterone level and the TSH response to TRH when all
of the data points are considered (r = 0.17,

slope = 0.71). When only the points below 40 Hg/dl
corticosterone are considered a trend towards inhibition
is established though it is not statistically significant

(r = 0.401, slope = =5.344).
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Figure 9. Regression analysis of all 4.5 hour corticosterone
infusion data.
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the TSH response to TRH. However, over the range of corticosterone
levels (up to 40 ug/dl) studied in the low dose infusion experiment
the combined data again suggest that corticosterome inhibits TSH
secretion over the lower portion of its physiological range.
Although the correlation was not significant (r = 0.401, p < 0.05)
the slope was negative indicating that corticosterone levels up to

40 ug/dl had an inhibitory effect on TSH secretion.

12 Hour Corticosterone Infusion Experiment

To test for a duration effect of corticosterone ;xposure on
the thyroid axis, TSH response to TRH stimulation was assesged
twelve hours after the initiation of corticosterone (4.17 ug/min) or
vehicle infusiéh. In addition, TSH responses to TRH stimulation
were tested in these animals 12 hours later, i.e., 24 hours after
the corticosterone infusions were begun (Figure 10). There were no
statistically significant differences in the responses of the
control or vehicle animals at either stimulation time. The
corticosterone infused animals had plasma corticosterone levels of
42.5 + 10 ug/dl after 12 hours of infusion. The vehicle infused
rats had plasma corticosterone levels of 10 + 5 ug/dl at the 12 hour
point. At the time of the 24 hour stimulation both the control and

experimental animal groups had plasma corticosterone levels of

5 + 2.5 pg/dl.

Cold Exposure Experimental Results
In order to determine if corticosterone effects hypothalamic

activation of the thyroid axis, adrenalectomized (control group) and



Figure 10.

Plasma TSH response to TRH after 12 hours of
corticosterone exposure.

The left panel shows the TSH response to TRH

(250 ng/100 g B.W., I.V.) following 12 hours of
corticosterone infusion (4.17 ug/min). The right panel
of the Figure documents the TSH respomse to TRH 12 hours

after the corticosterone infusion was stopped. 1In

neither case were statistically significant differences

seen between the groups. (o=---o Vehicle-infused rats;

e——e corticosterone~infused rats, n = 6).
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Figure 10. Plasma TSH response to TRH after 12 hours of continuous
exposure.
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adrenalectomized rats infused with corticosterome (4.17 Ug/min) were
exposed to cold, a known hypothalamic stimulator of the thyroid
axis. The left panel of Figure 11 shows the response index data for
the coid exposed rats. Both vehicle and corticosterone infused rats
responded to the cold exposure with no statistically significant
differences between the groups. The right panel of the Figure
documents the plasma corticosterone levels in each of the t&o groups
of animals.. The short term cold exposure was used in these
experiments because in longer cold exposure experiments a

significant number of the vehicle infused animals died.

Pituitary Microinjection of Corticosterone

To determine if corticosterone directly affects pituitary
TSH secretion, corticosterone, or its vehicle, followed immediately
by TRH was.stereotaxically microinjected directly into the anterior
pituitary. In this case, significant inhibition by corticosterone
of the TSH response to TRH (left panel, Fig. 12) was found. The
other panels document that the systemic corticosterone levels
remained low after intrapituitary injection of corticosterone, and

that 'l‘4 levels were normal in both groups.
Discussion
TSH/ACTH Inverse Relationship and Steroid-induced
Alterations in Thyroid Hormone Economy
In the present study the possibility was examined that

physiological levels of the rat's native glucocorticoid,

corticosterone, might be one determinant of the rate of TSH



Figure 11.

Effect of corticosterone on the suprapituitary thyroid
axis activator, cold exposure.

The left panel shows the response index (%) four hours
after exposure to cold. n is indicated by the number
inside the bars. The right panei documents the

corticosterone levels established in the two groups.






Figure 12. Plasma TSH response to TRH stereotaxically injected into
the anterior pituitary.
Plasma TSH response to TRH (1 ng) stereotaxically
injected into the anterior pituitary was significantly
inhibited (p < 0.05) by an injection of corticosterone
(B; 50 ng) immediately before TRH, as shown in the left
panel., The number of rats in each group is indicated on
the bars. The lower ends of the bars represent TSH
levels before TRH injection, and the upper ends
represent TSH levels 15 minutes after TRH injection.
The right panel shows that corticosterone levels were
low due to adrenalectomy and did not change
significantly with the pituitary corticosterone
injection., The middle panel documents that the T,
levels are in the normal range and not different from

each other.
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Figure 12. Plasma TSH response to TRH stereotaxically injected into

the anterior pituitary.
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secretion. Since there is considerable evidence that TSH secretion
is inversely coupled to ACTH secretion (Guillemin, 1963), the
possibility was considered that any effect seen could be secondary
to the known inhibition of ACTH secretiom by corticosteronme.
However, the major finding was that low doses of this steriod have
an inhibitory effect on TRH-induced TSH secretion. Clearly, this
cannot be attributed to the inverse relationship between these two
tropic hormones since the secretion of TSH was inhibited under
conditions which were also inhibitory to the secretion of ACTH,

The possibility that the inhibition of TSH secretion by
corticosterone could be secondary to a steroid-induced alteration in
thyroid hormone economy was also considered. Thyroid hormone (T4)
levels were measured in only one of the present experiemnts, but no
changes due to the corticosterone were observed. Such measurements
were not made in the other experiments since it was important to
minimize the amount of blood drawn at each of the sequential
sampling points. However, this laboratory has previously shown that
circulating T4 levels are not changed by the more potent
glucocorticoid, dexamethasone over a four hour period (Brown and
Hedge, 1974a), which was the duration of the present experiments.

It is also of interest that glucocorticoids (specifically
dexamethasone) have been shown to inhibit the extrathyroidal
conversion of T, to T, (Chopra et al., 1975). Because of the
greater potency of T3,'such inhibition would effectively reduce

the negative feedback and increase responsiveness to TRH . Thus, if

this phenomenon were mediating an effect of corticosterone, one
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would predict that the steroid would enhance secretion of TSH. In

fact, the opposite was observed.

Adrenalectomized Versus Intact Rat TSH Response to TRH

In this study, the effect of low doses of corticosterone on
pituitary responsiveness to TRH relative to adrenalectomized
controls was assessed, but this particular series did not include
experiments using intact control rats. However, the normal
responsiveness to TRH has been measured in this laboratory in many
other experiments and it is worth noting that such responses are
generally less than seen in the present adrenalectomized control
rats not receiving corticosterone. This is true whether the TRH is
given intraveneously as in Figures 7 and 8, or injected directly
into the antefior pituitary as in Figure 12 (see Thompson and Hedge,
1976, and Brown and Hedge, 1974b, respectively, for comparisons).
This observation is consistent with the suggestion that basal levels
of corticosterone exert a moderate inhibitory effect onvpituitary
responsiveness to TRH.
Plasma TSH as an Index of Secretion and
Hypothalamo-pituitary Ba;ance

The plasma levels of TSH were used as an index of TSH
secretion. Obviously, changes in concentration could as easily be
due to changes in the removal rate of TSH. However, it is felt that
this is unlikely since, at least in the human (Re et al., 1976),
even pharmacological doses of dexamethasone do not alter the
clearance of TSH. Thus, it was concluded that the concentration of

TSH in plasma does indeed reflect the secretion rate of this hormone.
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Reichlin et al. (1972) have suggested that the long term
balance of the hypothalamo-pituitary unit is primarily maintained by
thyroid hormone feedback, whereas acute responses (such as elicited
by cold exposure) are due to pituitary activaﬁion by the
hypothalamus via TRH. If this is true, then the present findings
suggest that low levels of corticosterome can alter the TSH
secretion induced by TRH, but has little or no effect on the
regulation by thyroid hormones. This is illustrated by the fact
that basal TSH levels were completely unaffected by the

corticosterone treatment.

Effects of repeated TRH Stimuiation

In the 4.5 hour infusion experiments each animal was
stimulated twice.with TRH, with a two hour interval between these
injections. Nakagawa (1975) has reported that TSH responsiveness
decreases with repeated TRH stimulation. On the other hand, Snyder
and Utiger (1973) have found that repetitive stimulation with TRH
does not result in a decrease in TSH responsiveness in humans unless
T, and T4 rise as a result of these stimulations. 1In light of
these apparently conflicting reports all of these data were examined
for evidence that a given response to TRH might change the
sensitivity to a subsequent stimulation by TRH. Having found no

such evidence, the data from first and second stimulations with TRH

were combined.
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12 Hour Corticosterone Infusion Effect

Other reports from this laboratory (Brown and Hedge, 1973,
1974a) using the synthetié glucocorticoid dexémethasone have shown
time and dose related effects on TSH secretion. Because the
dexamethasone work showed a reversal of effect 12 to 18 hours after
the dose was given, the long term effects of corticosterone infusion
were tested. The results pregsented here demonstrate that at the
corticosterone dose and the times used there was no effect on TSH
secretion. This does not preclude the fact that a different
experimental design of time or dose would not find an effect. This
is supported by the evidence that corticosterone feedback-inhibition
of ACTH secretion shows both a rapid-inhibitory phase followed by a
latent period of no effect followed by a relatively long lasting
feedback effect (Jones, Hillhouse and Burden, 1977; Dallman and
Yates, 1969). Though other doses studied in this time frame also
showed no effect, it is possible that the inhibitory effect is also
related to changing plasma corticosterone concentrations and not the
constant levels which were maintained by the infusions used in these

experiments.

Suprapituitary Effect of Corticosterone

Since the site of action of TRH is known to be the anterior
pituitary (Brown and Hedge, 1972a), and since corticosterone was
found to inhibit the response to TRH, it seemed logical to conclude
that the steroid was exerting its effect directly at the anterior

pituitary. Although unlikely, it was still possible at this point
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that the steroid was acting at a suprapituitary site resulting in a
change in the rate at which endogenous TRH was reaching the
pituitary. To test for this possibility the generally accepted
thyroid axis suprapituitary stimulus, cold exposure, was used
(Reichlin et al., 1972; Sterling and Lazarus, 1977). Our finding of
no effect of corticosterone in this experiment is also consistant

with the site of corticosterone action being at the pituitary.

Direct Pituitary Effect of Corticosterone

As more direct evidence for the contention that the
corticosterone can act directly at the anterior pituitary in an
inhibitory manner, this steroid or its vehicle, followed by TRH, was
microinjected directly into the pituitary. Under these conditioms,
an immediate inhibitory effect of the corticosterone on the
responsiveness to the subsequent TRH was observed. Although the
commonly recognized mode of steroid action is to alter protein
synthesis via nuclear events, the effect that was observed is much
too early for these events to have taken place. It should be
pointed out, however, that glucocorticoids have been shown to have
rapid membrane stabilizing effects (Weissmann, 1976). Also,
dexamethasone has an immediate inhibitory effect on the firing rate
of hypothalamic neurons after its local administration by
microiontophoresis (Ruf and Steiner, 1967). This very early effect
of corticosterone is also reminiscent of the "fast feedback" effect
of this steroid on ACTH secretion (Dallman and Yates, 1969) which

has recently been shown to occur both at the level of the
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hypothalamus and the anterior pituitary (Jones, Hillhouse and
Burden, 1977).

Physiological Levels of Corticosterone

are Inhibitory to the Thyroid Axis

It is well established that the synthetic glucocorticoid,
dexamethasone can act at several sites to exert multiple time and
dose related effects on TSH secretion in the rat (Brown and Hedge,
1973, 1974a, Ranta, 1975). For example, a given dose of this
steroid causes an early inhibition of pituitary responsiveness to
TRH which is followed by an enhancement of such responsiveness.
Simultaneously, dexamethasone exerts opposite effects at some
suprapituitary site(s), that is, potentiation followed by
inhibition. This study is the first to report that constant
physiological levels of the rats' native glucocorticoid can affect
TSH secretion. There is, however, an eaflier study involving
periodic steroid administration and an indirect index of TSH levels
which suggested that this might be true (Malendowicz and Filipiak,
1975). It was found that adrenalectomy increased TSH secretion (as
judged by thyroid histology), and that small daily amounts of
hydrocortisone reversed this change.

The data indicate that low doses of corticosterone are
inhibitory to TSH secretion in response to TRH at the pituitary
level. To strengthen this conclusion all of the data were
subjected to regression analysis. When this was done the inhibitory
trend was again seen at plasma corticosterone concentrations ranging

up to 40 1g/dl., The finding that corticosterone inhibits
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TRH~induced TSH secretion at low but not high concentrations is
reminiscent of the frequent pharmacological observation that a
dose-response curve displays a descending limb rather than a plateau
as the doée increases beyond a certain point. The effect of
dexamethasone on TSH secretion noted above is of particular
interest; not only the magnitude of its effect, but its polarity as
well, have been shown to be dose dependent. Thus, all other factors
being identical, one dose of thé steroid enhances cold-induced TSH
secretion (Brown and Hedge, 1973, 1974a). Brown-Grant, Harris and
Reichlin (1954a,b) have observed a very similar phenomenon in their
study of the effects of various doses of cortisone on TSH secretion
(as judged by thyroidal release of 1311-labe1;ed hormone).

Regarding the preseﬁt findings, one possible mechanism by which TSH
secretion may "escape" from the inhibitory effect of corticosterone
in the upper portion of the physiological range is related to the
well known inverse relationship between the mechanisms regulating
the secretions of ACTH and TSH (Guillemin, 1968). As the
corticosterone concentration increases it exerts greater feedback
inhibition of ACTH secretion, which via the inverse relationship,
would favor TSH secretion and thus mask the inhibitory effect of the
corticosterone on TSH. Such an escape mechanism could be of value
in that it would allow the operation of this regulatory mechanism
under cénditions of little or no stress, but the thyroid axis would
not be completely incapacitated by the very high level of activity

in the pituitary-adrenal axis that is induced by exposure to major

stress.
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Conclusion

The results of this study certainly do not dispute the
primary regulation of TSH secretion by TRH and thyroid hormone
feedback. They do, however, provide evidence that the secretion of
this hormone can also be modulated to some extent by physiological

levels of the native adrenal hormone, corticosterone.



APPENDIX
RADIOIMMUNOASSAY: TERMINOLOGY AND ASSESSMENT OF FUNCTION

Introduction

Inherent in applying scientific methods to the studying of a
problem is the ability to measure changes which occur. This makes
it possible to quantitate the changes which occur and therefore

.
derive information about how the system functions. This extension
of our senses allows us to study in greater detail the changes in a
system caused by carefully controlled perturbatioms. With-the
development of any new scientific method certain criteria have to be
met. In the case to be discussed here, radioimmunoassay (RIA), the
criteria are precision, sensitivity, specificity, accuracy,
reproducibility, and validity.

In the ideal aséay system all of these criteria would be at
their maximums. Unfortunately very few things occurring in nature
can be measured under ideal conditions and.compromises of some
criteria maximums must be made in order to obtain the most realistic

quantities,

Terminology

The development of the radioimmunoassay technique around
1960 (Ekins, 1960; Yalow and Berson, 1960) was a major

methodological advancement for it allowed direct quantitation of
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small amounts of circulating hormones. Along with the development
of any new methodology comes the required plethora of new terminol-
ogy. As RIA is now twenty years old, most of the terminology is
accepted as common and the terms stated above will be defined as
they are commonly applied.

1). Precision as defined by Midgley (Midgley, Niswender,
and Regar, 1969) is "the extent to which a given set of measurements
of the same sample agrees with the mean of that "“set". By this
definition precision depends on changing bound to free ratios with
small changes in antigen concentration.

2). Sensitivity again defined by Midgley (Midgley,
Niswender and Regar, 1969).is "the smallest amount of unlabeled
antigen that can be distinguished from no antigen."

3). Specificity is the degree to which the assay is free
of substances interfering with the measurement of the intended
substance.

4). Accuracy is the extent to which the measured value
reflects the true value of the substance.

5). Reproducibility is the ability of the assay to reflect
the same concentration of a sample assayed within that assay
(constant precision within an assay) and between assays.

6). Validity is another reflection of accﬁracy in that an
assay must be assessed and shown to measure the substance it is
intended to measure. The difference between the two 1s that

accuracy reflects an ideal assay whereas validity reflects the
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performance. By applying both of these methods within and between
assay variance can be assessed and rejection of an assay as "out of
control"” can be done rapidly.

This discussion for monitoring reproducibility has not taken
into account the other criteria which must be met to assume an assay
is valid. The assessment of accuracy can be done in each assay
uéing a quality control plasma pool which has had all of the
endogenous hormone removed and then had a measured quantity of
exogenous hormone added back to it. As this quantity is known, the
potency estimate derived from the standard curve should, within
statistical error, equal this value. If the potency estimate
differs significantly the assay accuracy should be reasgessed.
Sensitivity can be monitored by maintaining a record of changes in a
particular point on the standard curve. Rodbard (1974) recommends
the 50% intercept because this point should be in the middle and
therefore the most accurate portion of the curve. Precision can be
monitored as Skelley, Brown and Besch (1973) pointed out by the
slope of the standard curve. However, because it is the potency
estimates of hormone concentration and the changes which occur in
these estimates due to perturbation of the system which is the most
important, the reproducibility of the estimates both within and
between assays requires the most qcringeﬁt acceptance levels. This
is because the investigator is basing ;onclusions about the system
on this data and must therefore be sure that they are real and not a

property of the inherent variance within and between assays.
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