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Thyrotropin-Releasing Hormone: Abundance in the Skin of

the Frog, Rana pipiens

Abstract. Thyrotropin-releasing hormone, a hypothalamic tripeptide that stimu-
lates the secretion of pituitary thyroid-stimulating hormone in mammalian species
and is widely distributed throughout the brain of vertebrates, is present in the skin of
the frog (Rana pipiens) in concentrations twice that found in the hypothalamus of this
amphibian. A skin extract shows biologic activity appropriate to its immunoreactive
content. Apart from the brain and spinal cord, immunoreactive thyrotropin-releasing
hormone is found only in the blood and retina in significant concentrations. The
results imply that frog skin is a huge endocrine organ that synthesizes and secretes

this hormone.

Thyrotropin-releasing hormone, pyro-
glutamyl-histidyl-prolinamide, is synthe-
sized in the hypothalamus of mammalian
species and plays an important role in
regulating the secretion of thyroid-stimu-
lating hormone (TSH) from the adeno-
hypophysis (/). In mammals more than
70 percent of thyrotropin-releasng hor-
mone (TRH) in the central nervous sys-
tem lies outside the hypothalamus in
brain and spinal cord (2), and none has
been reported in other organs. Although
TRH has no thyroidal action in species
lower than Aves (3), large quantities of
immunoreactive (IR) TRH are present in
the extrahypothalamic brain tissues of
the snake, frog, and fish (¢). That the ma-
terial found is, in fact, TRH is supported
by the finding that extracts of these tis-
sues give inhibition curves parallel to
those for standard TRH in the TRH ra-
dioimmunoassay and that an extract of
extrahypothalamic frog brain releases
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Fig. 1. Effect of an extract of skin from the
frog (Rana pipiens) on the release of TSH in
the rat in vivo. The skin was extracted in 90
percent methanol and the dried supernatant,
reconstituted in buffer, was assayed for IR-
TRH content. Skin extract containing 100 ng
of IR-TRH, made up to 1 ml with saline solu-
tion, was injected intravenously into each of
five Sprague-Dawley male rats, under Nem-
butal anesthesia, and blood was sampled at 2
and 5 minutes for TSH measurement. Each of
the five control rats received saline solution
alone. The results (means =+ standard errors
of the means) show the rise in serum TSH.
The skin extract exhibited biologic potency
appropriate to its content of IR-TRH. Saline-
treated controls showed no TSH rise.

TSH when injected into rats @). The
anatomic and phylogenetic distribution
of TRH and behavioral (5) and neuro-
physiojogic (6) studies in mammalian
species support a role for TRH in neu-
ronal function, possibly as a neurotrans-
mitter.

During the course of investigations of
the physiologic role of TRH in the am-
phibian, we found large quantities of IR-
TRH in the circulation of the leopard
frog (Rana pipiens) in concentrations of
100 ng or more per milliliter of whole
blood (7). For comparison, blood levels
in humans and rats are estimated to be
less than 30 pg/ml (8). Since the whole
brain of the frog weighs only 100 to 150
mg and contains approximately 100 ng of
TRH (7), we thought it unlikely that
TRH secretion from brain tissue could
be the source of the bulk of blood TRH.
Accordingly, we examined the tissue dis-
tribution of TRH in R. pipiens to deter-
mine whether there was an extraneural
site of TRH.

Four adult male frogs (9) were decapi-
tated. The blood was collected in chilled
tubes, 0.1-ml samples were quickly add-
ed to 1-ml portions of ethanol, and the
resulting samples were extracted for
TRH immunoassay (/0). Hypothalamus,
extrahypothalamic brain, spinal cord,
splanchnic nerves, and fragments of
heart, lung, tongue, stomach, intestine,
liver, spleen, kidney, gonad, muscle, and
skin were placed in 90 percent methanol
for subsequent extraction for TRH as-
say, as described previously ). Retinal
tissue from another group of six frogs
was similarly extracted. The protein in
each sample was determined by the
method of Lowry et al. (I1). Table 1
shows the TRH concentrations in vari-
ous organs. The concentration in blood
is given for reference. Apart from the hy-
pothalamus, brain, and spinal cord, the
only organs with elevated TRH concen-
trations are the skin and retina. The con-
centration in the skin is much higher than
that in the hypothalamus. The TRH lev-
els in the thoracic and abdominal organs
can probably be accounted for by con-
tained blood, with the possible exception
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of the tongue, which has a TRH concen-
tration at least six times greater than that
of any other gastrointestinal tissue.

To determine the biologic activity of
the skin IR-TRH, all the skin from a de-
capitated frog was removed and extract-
ed with 90 percent methanol. The dried
extract was dissolved in saline solution,
and a portion diluted in phosphate-buf-
fered saline (pH 7.5) was assayed for IR-
TRH. An extract of skin containing 100
ng of IR-TRH given intravenously to a
group of five male rats (Charles River)
produced a marked rise in serum TSH at
2 and 5 minutes after injection. Animals
injected with saline solution alone
showed no increase in serum TSH (Fig.
1). The rise in serum TSH with the skin
extract is comparable to that obtained
with 100 ng of synthetic TRH. Since skin
accounts for about 8 percent of the body
weight in R. pipiens (7), it is probable
that circulating TRH reflects mainly se-
cretion from the skin.

We examined the possibility that the
skin might trap TRH from the circula-
tion. After administration of [PH]TRH,
the concentration gradient from skin to
blood was 0.29 in one frog and less than
0.10 in another (/2). Since the concentra-
tion of endogenous TRH in the skin is 91
times that in the blood (Table 1), it seems
likely that most of the TRH present in
the skin is synthesized in situ. Uptake or
reuptake of TRH from the blood is not
excluded, however, and may contribute
a small proportion to the overall skin
TRH content.

The retina, which develops from the
optic stalk, part of the primitive fore-
brain, is an extension of the central ner-
vous system. It is thus noteworthy that
significant quantities of TRH are present
in the retina, which has important ana-
tomic and functional connections with,
as well as histological similarities to, the
pineal (13), for we have shown that pho-
toillumination affects the TRH content of
the frog pineal (/4).

The presence of large quantities of
TRH in the skin, which is embryologi-
cally related to the brain, suggests a pos-
sible role for this peptide in skin function
and metabolism and implies that the skin
of the frog is a huge TRH-secreting or-
gan.

Pearse (15) has pointed out that a num-
ber of frog skin peptides share amino
acid sequences with peptides found in
mammalian brain. These include caeru-
lein and phyllocaerulein (both related to
gastrin) and physalaemin (related to sub-
stance P). Interestingly, substance P,
which is located in the gastrointestinal
tract as well as the central nervous sys-
tem, has been reported to be immuno-
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Table 1. Concentration of TRH in various frog
(Rana pipiens) tissues removed from a group
of four animals. The blood TRH level is given
for comparison. Values are means * standard
errors of the means.

TRH (micro-
Organ grams per gram
of protein)

Hypothalamus 149 = 1.0
Extrahypothalamic brain 77 = 1.2
Spinal cord 23 = 1.1
Splanchnic nerve 0.072 = 0.03
Skin* 26.1 =154
Retinat 33 = 04
Heart 0.057 = 0.009
Lung 0.058 = 0.018
Tongue 0.28 = 0.13
Stomach 0.041 = 0.007
Intestine 0.023 = 0.004
Liver 0.019 = 0.005
Spleen 0.025 = 0.009
Kidney 0.019 = 0.007
Gonad 0.015 = 0.006
Muscle 0.021 = 0.010
Blood 0.045 = 0.007%

*The protein content of the skin is 15.7 £ 0.4 per-
cent, wet weight (N = 6). The mean skin-blood
concentration gradient of TRH is 91 : 1. tTissue
obtained from a separate group of six frogs.
tMicrograms per milliliter of whole blood.

histochemically stainable in sensory
nerves of mammalian skin (/6). Bombe-
sin, another amphibian skin peptide
known to be present in the human gas-
trointestinal tract, has been detected in
the rat brain, where it may have a physi-
ological role in its interaction with TRH
7).

Anuran cutaneous glands that synthe-
size the skin peptides are considered to
arise from specialized ectoderm related
to neural crest tissue (/5). We suggest
that TRH in frog skin may be derived
similarly: Further studies are required to
determine the phylogenetic distribution
as well as the factors regulating skin
TRH, but clearly the role of TRH, like
that of another hypothalamic releasing-
hormone, somatostatin (/8), is not limit-
ed to the central nervous system.

Note added in proof: After this report
had been submitted for publication, we
learned of the work of Yasuhara and
Nakajima (/9), who described the occur-
rence of a tripeptide, chemically charac-
terized as pyroglutamyl-histidyl-prolina-
mide, in an extract of skin from the Ko-
rean frog, Bombina orientalis Boulenger.
This finding provides further support for
the authenticity of the TRH, present in
frog skin, that we report here.
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