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Early studies suggested that peptides from the pitui-
tary gland might have affects on the central nervous
system (CNS). Murphy and Miller [17 and Miller and
Ogawa [2] showed that administration of corticotro-
pin (ACTH) resulted in resistance to extinction of a
conditioned avoidance response. De Wied [3] used
this test involving electrical shock to demonstrate that
melanocyte-stimulating hormone {(MSH]} can have the
same effect as ACTH and that the active sequence
is ACTH/MSH 4 10 [4). Approaching the problem
for the first time from a direct interest in MSH,
several different behavioral tests in the rat and man
as well as studies of clectrical activity (EEG) in the
brain of these species were initiated in 1966 by Kastin
and colleagucs. The results from these investigations
arc consistent with the hypothesis that MSH results
in improved visual memory and sustained levels of
attention 5. 6. These studies differed in approach
from the previous ones of Krivoy et al. [7.8], who
examined the spinal cord and electrical discharge. and
from those of Ferrari er «l. [9,10], who tested
stretching activity and yawning.

In an unrclated series of investigations, Wilson et
al. [117 were investigating the interactions of tricyclic
antidepressants and thyroid hormones. Their early
findings suggested that the time of onset of anti-
depressant activity was shortened by the use of thyroid
hormone [117 (T, tri-iodothyronine) as well as thyro-
tropin (TSH) [ 12]. a pituitary hormone whose release
is stimulated by TRH (thyrotropin-releasing hor-
mone).

Thus, the stage was set for the next logical series
of studies to determine whether the relatively newly
identified and isolated hypothalamic releasing fac-
tors [ 13]. MIF-1 (melanocyte-stimulating hormone
release inhibiting factor. Pro-Leu-Gly-NH,} and
TRH, had direct effects in the central nervous system.
Later, other hypothalamic hormones like growth hor-
mone release inhibiting hormone (GH-RIH) and
gonadotropin-releasing hormone (GnRH) were also
tested.

MSH-release inhibiting factor-1 (MIF-I

Since Cotzias er al. [14] reported that MSH
appeared to aggravate the symptoms of Parkin-
sonism. and Kastin ¢t al. [135.16] demonstrated that
MSH release was caused by phenothiazines, com-
pounds which can cause extra-pyrammdal effects, it
seemed logical to determine whether MIF-I might
reduce these effects. The animal models that we
employed to identify potential anti-Parkinsonian acti-
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vity included Dopa potentiation [17], oxotremorine
antagonism [18], and reserpine reversal [19]. How-
ever, as a result of the work showing central actions
of MSH, we looked for a direct effect of MIF-1 on
the brain in these same tests by using hypophysecto-
mized animals. MIF-I was active in all these systems
and the presence of the pituitary gland was not
required. This was the first clear demonstration of
extra-endocrine effects of any hypothalamic peptide,
in this ¢ase MIF-T (independent of a change in MSH
release from the pituitary). It has been confirmed by
Huidobro-Toro et al. [20]. In subsequent studies, we
found that there were no alterations in the activity
of MIF-I on the brain in the Dopa test in adrenalec-
tomized, ovariectomized. castrated, pinealectomized,
spleenectomized, thyroidectomized. parathyroidecto-
mized. nephrectomized or thymectomized ani-
mals [21]. This substantiated the extra-endocrine
effects of MIF-1 in the Dopa test [21].

The marked activity of MIF-1 in potentiating Dopa
was further demonstrated by its activity in potentiat-
ing the behavioral effects of apomorphine on moun-
ting [22]. Yet, no change in the levels of biogenic
amines i the brain was found [21] nor was there
any alteration of dopamine turnover rates (as mea-
sured directly [23, 24] or indirectly by HVA [217) in
the striatum. However. using incorporation rates of
tyrosine, Friedman et al. [25] observed increased syn-
thesis of dopamine in the striatum. Perhaps it would
be informative to measure turnover rates of labeled
dopamine itself in different areas of the brain and
also to determine whether differences in the strain
of rat can be a varying factor. There are preliminary
data which indicate that MIF-I may cross the blood-
brain barrier and that it exerts a post-synaptic effect
[231

On the clinical side, early studies indicated that
MIF-1 appeared to reduce the symptoms of Parkin-
sonism [26-28]. Since two of our major tests (Dopa
potentiation and reserpine reversal) are also animal
models for clinical depression, MIF-1 was also eva-
luated for potential antidepressant activity. Prelimi-
nary studies suggested that MIF-I may have slight
effects in reducing symptoms of depression [29].

Thyrotropin-releasing hormone (T RH)

The original motivation for studying the effects of
TRH in the brain was the observation that tri-iodo-
thyronine (T3) [11] and TSH [12] could potentiate the
effects of imipramine in depressed patients. In animals
we found that TRH potentiated Dopa centrally in
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intact, hypophysectomized and thyroidectomized ani-
mals [30, 31]. This finding cstablished. as in the ear-
lier case of another tripeptide MIF-1 that TRH was
effectivecentrallyand was not dependent upon the pitui-
tary (TSH) or thyroid (T;. T,). It has been confirmed
by Huidobro-Toro cf al. [20]. In other studies [32],
it was shown that TSH, T; and T, were also effective
in the Dopa test. suggesting that in the intact animal
there may be interactions between TRH. TSH. T, and
T, in potentiating Dopa. In contrast to MIF-1. TRH
was found ineffective in reducing symptoms induced
by oxotremorine [33), In addition, TRH but not
MIF-1 was found to potentiate the central cffects of
serotonin. These results emphasize the differences in
the neuropharmacological profile between MIF-] and
TRH.

The neurochemical mechanism of action of TRH has
been ascribed. in part. to increases in brain nore-
pincphrine turnover rates by some investigators [ 34]
but not others [35,36]. However, animals pretreated
with large doses of Fla-63. a dopamine beta-hydroxy-
lasc inhibitor, and subsequently used in the Dopa test
have still responded to TRH. This finding suggests
that TRH may be acting through dopaminergic sys-
tems.

Inttial clinical reports suggested that TRH may
have antidepressant activity]37-39]. However. morc
recent studies have not confirmed the earlier reports
[40-427. Nevertheless. it would appear that certain
patients exhibit pronounced improvement in certain
components of behavior, like motivation and inter-
est {43]. At the same time. @ number of depressed
patients appear to show a blunted or depressed TSH
response to TRH [37. 38). There is one intriguing pre-
liminary report [44] that TRH appears to potentiate
the antidepressant effects of imipramine in patients
resistant to imipramine alone. Perhaps TRH may be
found vseful as an adjunct to tricyclic antidepressant.
However. in another study [45]. TRH administered
once or twice 4 week with amitriptyline was not dil-
ferent from amitriptyline alone. Perhaps daily treat-
ment with TRH together with the tricyclic antidepres-
sant agents may be necessary.

Another new area of development is the finding
that TRH can antagomize the sedative effects of alco-
hol or barbiturates in animals [46]. It remains highly
speculative to consider whether TRH may eventually
be found to have some use in the treatment of alcoho-
lism.

Growth hormone release inhibiting hormone (GH-RIH)

In a ncuropharmacological profile study. we
obscrved that the tetradecapeptide GH-RIH poten-
tiated Dopa centrally but did not potentiate serotonin
or antagonize audiogenic Seizures., oxotremorine or
{footshock-induced fighting in mice [47]. Clinically.
there have been suggestions that GH-RIH may exhi-
bit some activity as a mood elevator or tranquilizer.
Ganadotropin-releasing hormone (GnRH or LH-RH)

GnRH. like MIF-L TRH and GH-RIH, 1s active in

the Dopa potentiation test [33]. However, GnRH and
GH-RIH require at least 2mg/kg for marked activity,

*N. P. Plotnikoll. W. White. A, J. Kastin and A, V.
Schallv. manuscript submitted for publication.
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whereas MIF-1 and TRH arc much more potent in
this test (doses of 01 and 05 mg/kg respectively).
GnRH slightly reduced spontancous motor activity.
A small tendency toward reduction in the frequency
of audiogenic seizures in specially bred mice but no
change in footshock~induced fighting behavior or the
symptoms caused by oxotremorine was noted after
administration of this decapeptide.*

Porspectives

The discovery of effects in the CNS of MSH. MIF-1,
TRH. GH-RIH and GnRH all Icad one to suspect
that there are complex feedback systems between the
hypothalamic releasing factors. pituitary hormones
and the brain. Whether such cffects hold promise as
clinical and therapeutic agents in the trcatment of
psychiatric and ncurological disorders will depend
upon new developments.  Already, there 15 a
report [48] of an unusually active TRH analog that
is at least five times more potent than MIF-1 in reduc-
ing thc symptoms of oxotremorine in rodents.
although TRH itself is inactive in this test ol potential
anti-Parkinsonian agents. Clinically, MSH and its
active corc MSH 4-10 have been shown to improve
the attention span of normal volunteers [6.49. 507.
The clinical tests of MSH or MSH 4-10 in senile
patients and mental retardates might provide uscful
mnformation. One could even speculate about the
possible use of TRH in the management of certain
stages of alcoholism.

Probably thc most dramatic developments await
the systematic development of a scrics of chemically
related peptides. 1t is quite possible that new analogs
will have more specific clinical effects with thera-
peutic utility. However. in the meantime. studies of
the hypothalamic peptides should provide a sound
basis for {uture investigations.
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