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ABSTRACT 

In vitro studies on the control of melanophore 

stimulating hormone (MSH) release were carried out on a 

variety of vertebrate species. Isolated pituitaries of 

the amphibia, reptiles and mammals studied freely release 

an MSH-like substance into the incubation medium. The 

localization of this activity to the pars intermedia 

suggests that this darkening action can be ascribed to 

MSH. 

Tocinoic acid, the ring structure of oxytocin 

(L-Cys-L-Tyr-L-Ile-L-Gln-L-Asn-L-Cys-OH) and its amide, 

tocinamide are potent inhibitors of MSH release from the 

rat and hamster pituitary. Tocinamide is effective at 

-20 concentrations as low as 10 M on the mammalian pituitary. 

These same peptides are devoid of any MSH release in

hibitory activity on the frog (Rana pipiens) pars inter

media and yet they are inhibitory to MSH release in some 

amphibians, the bullfrog (Rana catesbeiana) and the toad 

(Bufo marinus). A similar in vitro inhibitory activity 

could not be demonstrated with the synthetic tripeptide 

side chain of oxytocin (L-Pro-L-Leu-Gly-I1^) in any of the 

species studied. These results, therefore, are in conflict 

with other investigations which have suggested that this 

vii 
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tripeptide is the vertebrate MSH release-inhibitory factor 

(MRIF). The specificity of the peptides on MSH inhibition 

is demonstrated by the fact that oxytocin, lysine vaso

pressin and pressinoic acid and pressinaraide (ring struc

tures of the vasopressins) are devoid of such MRIF action. 

Aqueous extracts of the hypothalamus, employed as 

pituitary incubation medium inhibited MSH release. 

Similarly, aqueous extracts of the cerebrum, spinal cord, 

muscle and liver also resulted in reduced MSH activity in 

the incubation media. This was shown to be due to a prob

able enzymatic degradation by the extract of the released 

MSH since boiled hypothalamic extracts were devoid of this 

enzymatic action. 

2+ + The absence of the Ca or K ion from the incuba

tion medium causes a near total inhibition of MSH release. 

High (5X) K+ failed to increase the rate of MSH release 

2+ 
in either normal or Ca -deficient media. Long term (8 hr) 

2+ 
incubation of frog or rat pituitaries m a Ca -deficient 

medium did not decrease the level of pituitary MSH over 

that of pituitaries incubated for similar lengths of time 

2+ 
in normal media. Excess (10X) Ca failed to stimulate 

MSH release from frog or rat pituitaries over that released 

into normal media. 

Ouabain reversibly blocked the release of MSH 

from frog (R. pipiens), toad (Bufo marinus) and rat 



pituitaries, A reversible MSH inhibition from the frog 

was also observed in a Li+-Ringer or an isotonic sucrose 

medium. Rat pituitaries showed no inhibition of MSH 

+ 
release in a Li -KRB medium, but when placed m amphibian 

Li+-Ringer, release was strongly inhibited. As with the 

frog, release was restored to normal levels when glands 

were returned to control Ringer. These ionic studies 

suggest that MSH release from pars intermedia cells may 

be regulated by a Na+-K+ pump (active transport) mechanism, 

2+ Although Ca is ultimately necessary for MSH release (in 

all species studied) its role may be secondary to that of 

an initial MRIF action on cellular permeability to the K+ 

and/or Na+ ion. 



INTRODUCTION 

It is well established that the melanophore-

stimulating hormone (MSH) of the pars intermedia is under 

hypothalamic control. Studies (Etkin, 1935; Etkin and 

Rosenberg, 1938; Etkin, 1941) involving either hypothalamic 

lesioning or ectopic transplantation of the pituitary, led 

to darkening in the frog and suggested that MSH release is 

normally inhibited by the hypothalamus. Cytological in

vestigations indicated a possible MSH release-inhibition 

by neurosecretory neurons (JjzJrgensen and Larsen, 1963) . 

Jjzfrgensen and Vijayakumar (1971), employing hypothalamic 

transection techniques in the frog, described a dual control 

of pars intermedia function and proposed one neuron as 

stimulatory and the other inhibitory to MSH release. 

Electrical stimulation of the hypothalamus of the frog 

(Dierst and Ralph, 1962), as well as brain injections of 

neurotransmitter substances (Dierst-Davies, Ralph and 

Pechersky, 1966) indicated that MSH release might be under 

an inhibitory neuronal control which was possibly adrenergic 

in nature. This latter suggestion was further substantiated 

by the histochemical identification of an adrenergic plexus 

in the pars intermedia of the amphibian (frog, Enemar and 

Falck, 1965; toad, Enemar, Falck and Iturriza, 1967) and 
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the mammal (pig and rat, Bjorklund, 1968; mouse, Bjorklund, 

Enemar and Falck, 1968). Also, electron microscopic studies 

of the amphibian pars intermedia (Iturriza, 1964, 1969? Saland 

1968; Nakai and Gorbman, 1969) demonstrated a rich supply of 

nerve fibers and synaptic terminals throughout the gland 

which resembled both neurosecretory and monoaminergic 

neurons. The adrenergic neurons were found throughout the 

gland while neurosecretory type neurons were numerous only 

in the region near the pars nervosa. From ultrastructural 

evidence, Knowles (1965) described a dual control of pars 

intermedia cells in the dogfish. It was proposed that nerve 

fibers make intimate contact with each pole of these cells 

with a neurosecretory neuron regulating synthesis (apical 

pole) and the fiber at the terminal pole (possibly cate

cholamine in nature) controlling storage and release of 

the hormone. 

Electrophysiological studies imply a role for the 

lateral eyes in the release of MSH. A neural pathway 

(Dawson and Ralph, 1971) linking the lateral eyes with the 

pars intermedia is suggested as the normal route by which 

the pars intermedia cells receive photic information. 

Oshima and Gorbman (1969) had previously described a doubly 

innervated pars intermedia cell and indicated the presence 

of a light sensitive neuron as inhibitory to a light-

indifferent (possibly adrenergic) neuron. Although both 
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morphological and physiological data support a direct 

neuronal regulation of the pars intermedia cells, the in

dividual contributions of neurosecretory, adrenergic or 

possibly cholinergic neurons is not clearly established. 

Besides the possible direct neuronal control of the 

pars intermedia, hypothalamic inhibiting and releasing 

factors have been implicated in the regulation of MSH 

release. Extracts of the hypothalamus have been shown to 

inhibit the release of MSH from the rat (Kastin and 

Schally, 1966; Taleisnik and Tomatis, 1967a) and the frog 

(Ralph and Sampath, 1966) pars intermedia suggesting an 

MSH release-inhibiting factor (MRIF). At the same time, 

Taleisnik, Orias and Olmos (1966) suggested the presence of 

an MSH-releasing factor (MRF) in the median eminence of the 

hypothalamus of both the rat and the frog. Two separate 

research groups (Celis, Taleisnik and Walter, 1971a; Nair, 

Kastin and Schally, 1971) presented evidence that the 

structure of the MRIF was that of the sidechain of oxytocin, 

L-Pro-L-Leu-Gly-NH2. In contrast, other workers (Bower, 

Hadley and Hruby, 1971; Hruby et al., 1972) have suggested 

that the ring structures of oxytocin (tocinoic acid, 

L-Cys-L-Tyr-L-Ile-L-Gln-L-Asn-L-Cys-OH, or its amide, 

tocinamide) might possibly be the vertebrate MRIF. Celis, 

Taleisnik and Walter (1971b) have also suggested the 

structure of the MSH-releasing factor (MRF) as that of a 



4 

pentapeptide fragment of oxytocin, H-Cys-Tyr-Ile-Gln-Asn-OH. 

How these brain factors might reach the secretory cells of 

the gland is not presently understood nor is there an 

answer to the question of whether the control is under 

neurosecretory or adrenergic type neurons. Obviously, 

there are widely divergent opinions as to the actual means 

of control of MSH release, as well as, variable suggestions 

regarding the structure of the proposed inhibitory factor. 

Along with the above unresolved questions, little is 

known in relation to the possible cellular mechanisms by 

which MSH release is controlled. It has been suggested by 

Rasmussen (1970) that peptide hormone secretion is based on 

the same cellular control which regulates synaptic trans

mitter release. It is proposed that the basic intracellular 

elements of this control mechanism include the calcium ion, 

adenosine 3', 51-monophosphate (cyclic AMP), secretory 

vesicles, intracellular microtubules and microfilaments, 

and phosphorylating enzymes. The calcium ion has received 

considerable attention since it has been suggested to func

tion as a coupling factor between excitation and contraction 

in muscle, and excitation-secretion coupling at the nerve 

endings and in endocrine glands. The studies of Douglas 

(1963) and associates (Douglas and Rubin, 1961; Douglas and 

Poisner, 1964a,-b) clearly implicate a role for calcium in 

hormone release mechanisms. Sodium and potassium (Hales 
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and .Milner, 1968) haye likewise been suggested to be im

portant in the release of hormones. Little is understood, 

however, regarding the ionic mechanisms operative in hormone 

release at the pituitary level (Takagi and Yamamoto, 1969). 

Also, what inter-relationships might exist among the neuronal 

elements, the hypothalamic factors and the ionic parameters 

are not yet known. 

The present study is an attempt to partially 

clarify the role of the hypothalamic inhibitory control of 

MSH release. A comparative in vitro approach was under

taken to determine the effects of hypothalamic extracts and 

synthetic neurohypophysial hormone structures on pitui-

taries of various amphibian and mammalian species. In 

addition, ionic parameters of MSH release were investigated 

in order to possibly gain a clearer understanding of the 

mechanisms of hormone release and inhibition of release. 



METHODS AND MATERIALS 

Generally, the bioassay for melanophore-stimulating 

hormone (MSH), the methods of pituitary removal and incuba

tion and the preparation of brain extracts and various 

incubation media followed procedures already established by 

other workers. 

Bioassay 

Measurement of MSH from pars intermedia in vitro 

was carried out according to a modification of the frog skin 

photometric reflectance bioassay for MSH as originally 

described by Shizume, Lerner and Fitzpatrick (1954) and 

Wright and Lerner (1960). Leg and thigh skins of Rana 

pipiens were removed, placed in amphibian Ringer (pH 7.4) 

and allowed to equilibrate for a 2-hour period. Skins were 

subsequently fitted over aluminum rings and held in place 

by overlapping plastic rings. The skins from each animal 

were randomly arranged so'as to provide one skin to each of 

four experimental groups. Generally, at least eight frogs 

were used to provide skins for the bioassay. Stimulation of 

dermal melanophores results in a movement of melanin 

granules (melanosomes) which causes darkening (melanin 

granule dispersion) or lightening (melanin granule aggrega

tion) that can be recorded as reflectance changes from the 
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skin. Following equilibration (melanosoroe aggregation), the 

mean reflectance value for each group of skins is given a 

value of 100%. The succeeding average reflectance values, 

following hormonal stimulation, are recorded as the percent 

change in reflectance (darkening) from the initial base 

value. Since skin darkening is always maximal by 60 minutes 

and does not reverse before this time, only the 60-minute 

reflectance readings are reported. 

When using purified porcine alpha MSH (obtained from 

Drs. S. Lande and A. Lerner) on frog skins, a dose-response 

darkening of the skins by the hormone could be seen (Fig. 

1). Different workers have used various animals for the 

bioassay of MSH, and the lizard, Anolis carolinensis, 

frequently serves as a source of skins for such studies. 

We have found, however, that Anolis skins are much less 

sensitive to MSH than are frog skins and fail to give a 

clear dose-related response to the hormone (Fig. 2). Frog 

skins, on the other hand, clearly differentiate between 

subtle changes in MSH concentrations. Since the incubation 

media from each experimental group of pituitaries is 

tested on eight or more skins, it was of interest to examine 

the variability of the darkening response of individual 

groups of skins. As shown in Fig. 3, variation between 

groups is not significant. Therefore, it can be concluded 



Fig. 1. In vitro frog skin bioassay for MSH. 

Purified porcine alpha MSH was tested on frog skins at the 
various dilutions noted. Control skins were maintained in 
amphibian Ringer in the absence of the hormone. A clear 
dose-related darkening by the MSH can be seen. Values rep
resent the mean (±S.E.) darkening response of eight skins 
used at each hormone concentration for the bioassay. Since 
the following studies involved assaying the MSH-like activity 
of pituitaries in vitro, the frog skin response to the puri
fied MSH served as a reference for comparison. 
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Pig. 1, In vitro frog skin bioassay for MSH. 



Fig. 2. Comparative in vitro bioassay of 
released MSH, 

When using skins of the lizard, Anolis carolinensis 
(cross-hatched bars) or the frog, Rana pipiens (open bars) 
a dose-related MSH effect can be seen. Values represent 
the mean (±S.E.) darkening response of the lizard (12) 
using methods similar to Goldman and Hadley (1969) or 
frog (16) skins to various ilutions of MSH released (2-hr 
incubation) from eight R. piyiens pars intermedia. Com
pared to the frog, lizard skins lack both sensitivity 
and precision relative to their response to MSH. 
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Fig. 3. Determination of inter-group variation in 
the frog skin bioassay. 

The darkening response of four groups of skins (eight skins/ 
group) to the same concentration of MSH. Four rat pitui-
taries were pooled and homogenized. Dilutions of this 
homogenate (1ml pituitary homogenate per 9600ml or 19,200ml 
Ringer) were used as the source of MSH. There was minimal 
variation between experimental groups at each of the two 
dilutions employed. 



1/9600 1/19,200 

PITUITARY HOMOGENATE/ml RINGER 

Fig, 3, Determination of inter-group variation in 
the frog skin bioassay. 
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that this frog (R. pipiens) skin bioassay is highly satis

factory for measuring the presence of MSH. 

The earlier work of Burgers, Imai and van Oordt 

(1963) on the toad, Xenopus laevis? Kastin and Schally 

(1966), and Howe and Thody (1970) on the rat, showed that 

most of the MSH-like activity of the pituitary is to be 

found in the pars intermedia and that the intrinsic MSH-

like activity of corticotropin may only account for about 

1-2% of the MSH-like darkening effect. Since the pars 

distalis is many times larger than the pars intermedia, 

and is without any appreciable MSH-like activity, a con

tamination of pars intermedia by pars distalis is clearly 

ruled out. 

The isolated pars intermedia and pars distalis of 

both the rat and the frog release an MSH-like substance 

in vitro. Using the frog skin bioassay for the measurement 

of MSH, one can obtain a clear dose-response to the re

leased darkening substance (Fig. 4). Since it has been 

clearly established (Parker, 1948) that the pars intermedia 

is the source of MSH, it can be concluded that in the 

following experiments this hormone rather than the adrenal 

cortical stimulating hormone (ACTH, which is localized 

within the pars distalis) is being measured. This is further 

substantiated by the fact that bioassays of pars distalis 

homogenates of the frog, when measured at similar dilutions 



Fig. 4. Bioassay of pituitary MSH-like activity. 

In vitro four-point dose response bioassay of an MSH-like substance released 
from either the pars intermedia (open bars) or the pars distalis (cross-
hatched bars) of the rat and the frog. Each value represents the mean (±S.E.) 
darkening response of 16 skins to dilutions of MSH released from either the 
pars intermedia or pars distalis of eight rats or frogs during a 2-hr incuba
tion. 
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to pars intermedia homogenates (Table 1) contain little if 

any MSH-like activity. These same bioassay procedures 

employing homogenates, however, could detect as little as 

1/80,000th of a rat or 1/20,000th of a frog pars intermedia. 

Our results on R. pipiens are comparable to the above 

mentioned workers and also to Reinhardt et al. (1952) who 

found the ratio of MSH-like activity in the pars distalis 

and pars intermedia of this frog to be about 1:60. It is 

quite likely, therefore, that the present study measured 

the MSH-like activity of the pars intermedia rather than 

ACTH or some other MSH-like molecule. 

Animals 

The frogs used in the study, Rana pipiens (120-

190g), Agalychnis dacnicolor (30-45g), Rana catesbeiana 

(117-180g), Bufo marinus (200-280g) were obtained from 

Southwestern Scientific Supply Company (Tucson, Arizona) 

which obtained these amphibians from sources in Mexico 

(Guasave, Sinaloa), The lizards, Anolis carolinensis 

(5-8g) were purchased from the Snake Farm (Laplace, 

Louisiana). Albino rats (140-230g) were reared in our own 

facilities as well as obtained from Simonsen Laboratories 

(Gilroy, California). Laboratory mice (25-40g) and the 

hamster (Mesocricetus auratus, 100-180g) were purchased 

at the Arizona Pet Farm (Tucson, Arizona). With the 

exception of the rat and the hamster, both sexes of each 



14 

Table 1. MSH-like activity of the pars intermedia and the 
pars distalis homogenates. 

Eight pars intermedia or pars distalis from the 
frog, Rana pipiens, were separated, pooled and 
homogenized in amphibian Ringer. Dilutions (see 
below) of the homogenates were made by the addi
tion of an appropriate amount of Ringer. Pars 
intermedia homogenates gave a strong MSH-like 
darkening of skins at all concentrations utilized. 
At comparable dilutions of the distalis, no such 
darkening occurred. 

CONCENTRATIONS PERCENT DARKENING 
(pituitary lobe/ml) Pars Intermedia Pars Distalis 

1/1200 62 + 2.5 2 + 2.3 

1/2400 56 + 2.7 0 + 1.0 

1/4800 53 + 3.5 0 + 1.1 

1/9600 48 + 3.9 0 ± 1.0 

v 
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experimental animal were used in each experiment. Both 

sexes of the rat and the hamster were utilized in separate 

experiments. 

Removal and Incubation of Pituitaries 

Animals were sacrificed by decapitation with a 

guillotine and their pituitaries removed and placed in the 

incubation media (see below). The pars intermedia-nervosa 

(hereafter referred to as pars intermedia) was separated 

from the pars distalis of the frog or toad and incubated 

separately. A similar separation was made for the rat in 

the initial experiments, but subsequent experiments using 

the rat, the mouse, or the hamster, involved incubation of 

whole pituitaries. Pituitaries, or pars intermedia were 

2+ removed and placed in Ca -free medium for a 30-minute 

preincubation since it was found that MSH release (in vitro) 

did not occur in the absence of calcium. This procedure 

allowed for a synchronization of hormone release from all 

glands utilized in each individual experiment as the time 

lapse encountered in removal of the glands could not be 

avoided. The glands were then rinsed several times in 

normal medium and transferred to the control or experimental 

solutions for a 2 or 4 hour incubation. Four pituitaries 

were incubated together in each beaker. 

Rat and mouse pituitaries were incubated in a 

Krebs-Ringer bicarbonate (KRB) solution plus Trizma. 
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Amphibian Ringer plus Trizma was used for incubation of 

either frog or toad pars intermedia. Incubations were 

carried out in a shaker unit under gas (95% oxygen, 5% 

carbon dioxide). Calcium-free solutions were prepared by 

omitting the CaC^ and adding either ethylenediaminetetra-

acetic acid (EDTA) or ethyleneglycol-bis-(S-aminoethyl 

ether) N,N'-tetraacetic acid (EGTA) (Sigma Chemical Co.) 

_3 
at a 10 M concentration. The pH of all media was 

maintained between pH 7.2-7.5. Incubations always utilized 

one ml of medium per pituitary or pars intermedia and were 

generally of 2 or 4 hr duration. Subsequent dilutions of 

the incubation media for bioassay were made with frog 

Ringer. Since in addition to MSH, some experimental incu

bation media contained either EDTA, EGTA, ouabain, sucrose, 

LiCl, etc., a similar amount of these agents was added 

to the control solutions to be bioassayed. 

Preparation of Hypothalamic Extracts 

Following decapitation, hypothalamic tissue was 

removed and placed immediately into either Krebs- or frog-

Ringer (whichever was appropriate for the pituitaries used 

in the incubation) in an ice bath. The hypothalami were 

homogenized and then centrifuged at 2500 rpm for 15 minutes. 

Care was taken to keep the extracts cold at all times 

previous to incubation. The supernatant was utilized as 
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incubation medium at a ratio of 3 hypothalami per pars 

intermedia or pituitary except where a dose-response with 

hypothalamic extract was desired (Fig. 5). Hypothalamic 

extract of each species employed was tested upon its own 

pituitary. In addition, reciprocal crosses were made 

between each of the species utilized in the study. 

Preparation of Experimental Media 

Krebs-Ringer bicarbonate (KRB) solution (according 

to van der Vies, 1957) was prepared fresh on the day of 

use. Stock amphibian Ringer was prepared and utilized over 

a period of about seven days. Following preliminary 

studies on pH fluctuations in the solutions under incuba

tion conditions (gassing with 95% oxygen, 5% carbon dioxide 

at 35°C)t Trizma buffers were added to both the amphibian 

and mammalian Ringer to maintain a constant pH. 

Neurohypophysial polypeptide structures (prepared 

by Drs. V, du Vigneaud and V. Hruby) were lyophilized 

(2mg per 998mg beta lactose) to prevent breakdown. Pure 

beta lactose was similarly subjected to lyophilization to 

-5 
serve as a control. Therefore, lOmg (which is 2X10 g of 

the material) when added to 200ml Ringer, would give a 

—7 —7 10 g/ml preparation. A serial dilution (10ml of the 10 g/ 

— 8 
ml added to 90ml Ringer gives a 10 g/ml concentration, 

-9 
10 ml of the latter dilution to 90ml Ringer gives 10 g/ml 

and so on) was employed to obtain the various concentrations 



Fig. 5. Effect of hypothalamic extracts on MSH 
activity of incubation media. 

Hypothalami of rats and frogs (27 each) were used to pro
vide an incubation medium of crude (saline) hypothalamic 
extract. Pituitaries were incubated in a control medium 
(KRB), rat; amphibian Ringer, frog; and a medium plus brain 
extract (at a ratio of 3,2, or 1 hypothalami per pituitary). 
Each value represents the mean (±S.E.) darkening response 
of eight frog skins used for the bioassay of the MSH re
leased from three pituitaries under each experimental con
dition. A dose-response to MSH activity can be seen. 
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Fig. 5. Effect of hypothalamic extracts on .MSH 
activity of incubation media. 
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of the polypeptide desired. The solutions were then 

utilized as incubation media. When preparing the solutions 

directly from the crystalline form of the polypeptide, the 

crystals were first dissolved in 2 or 3 drops of acetic 

acid (0.2N) to which a cooled solution of boiled (to lower 

microbial contamination) saline was added. For example, 

2mg crystalline tocinoic acid (MW 740) plus 2 drops of 

acetic acid would have 4ml saline added to give a concentra-

-4 -4 
tion of 10 g. Two-tenths (0.2ml) of the 10 g con-

~6 
centration when added to 99.8 ml Ringer would give a 10 g/ 

ml concentration. Lower concentrations were obtained by 

serial dilution. 

In the preparation of solutions for ionic studies, 

2+ + 
in which the Ca or K ion in the Ringer was omitted or 

varied, isotonicity was maintained by altering the molarity 

of NaCl. Other materials used in these studies were: 

lithium chloride (Baker Chemical Co., Phillipsburg, New 

Jersey) and sucrose which was obtained from Allied Chemical 

(Morristown, New Jersey). The cardiac glycosides, ouabain 

and strophanthin K, as well as, the calcium chelators, 

ethylene-glycol-bis (3-amino-ethyl-ether) N, N'-tetra 

acetic acid (EGTA) and ethylene-diamine tetra acetic acid 

(EDTA) were purchased from Sigma Chemical Company (St. 

Louis, Missouri). 



RESULTS 

Numerous investigators utilizing crude brain ex

tracts of the rat (Kastin, 1965), the toad (Taleisnik and 

Tomatis, 1967b), and the frog (Brinkley and Bercu, 1965; 

Ralph and Sampath, 1965) presented evidence that the hypo

thalamus contains an MSH release-inhibiting factor (MRIF). 

Data from these latter workers also indicated an MRIF 

action in extracts of the cerebrum. While it seemed 

apparent that a vertebrate hypothalamic MRIF did exist, 

few investigations to examine the effects of this brain 

extract on a variety of vertebrates had been performed. 

Therefore, experiments were designed to determine how uni

versal this inhibitory activity was among the different 

vertebrate species and to test whether hypothalamic ex

tracts of one species would inhibit the release of MSH 

from pituitaries of other animals. 

Hypothalamic Extracts 

Removal of the pituitary gland from its normal 

morphological relationship with the hypothalamus results 

in a spontaneous release of MSH. This autonomous hormone 

release provides an in vitro system in which the tonic 

inhibitory control of MSH can be studied. Such a release 
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of MSH from the isolated pituitary of a variety of verte

brates can be seen in Table 2. 

From previous in vitro data (Kastin, 1965; Bercu 

and Brinkley, 1967; Ralph and Sampath, 1966), it was noted 

that the glands that had been incubated in crude extracts 

of their own hypothalamus release considerably less MSH 

when compared to glands incubated in a control medium. 

In an attempt to determine the localization of this 

apparent inhibition of MSH, extracts of various brain 

tissues were prepared and tested. Median eminence tissue 

(caudal hypothalamus) exhibited an effect similar to that 

of the anterior hypothalamus (Fig. 6). Extracts of these 

two regions were also diluted and tested directly on the 

fiDg skins for an intrinsic MSH-like darkening. As previ

ously shown by Ralph and Peyton (with R. pipiens, 1966) 

stalk median eminence, anterior hypothalamus and cerebrum 

extracts indicated a strong (approximately equivalent to 

3 X 10 ^yg^MSH for median eminence tissue) to minimal 

(cerebrum) MSH-like activity with extracts of the anterior 

hypothalamus falling in between. Results presented here 

(Table 3) are in agreement with the above workers on the 

darkening activity of median eminence tissue of the frog. 

A similar extract from the rat, however, exhibited no MSH-

like response. Also, in contrast to the above workers, the 

present data utilizing anterior hypothalamic extracts (from 
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Table 2. MSH release from incubated pituitaries of various 
vertebrate species. 

The MSH released from four pituitaries (of each 
of the species below) was bioassayed following 
a 2-hr incubation. The glands when removed from 
their inhibitory control released MSH which, when 
bioassayed at the dilutions noted below, gave a dose-
response darkening of frog skins. Therefore, in 
all subsequent experiments used in this study, 
similar submaximal dilutions were employed to 
allow for a clear differentiation between experi
mental and control MSH release. Values represent 
the mean (+S.E.) darkening response of eight 
frog skins for each dilution tested. 

SPECIES 
CONCENTRATION 
(MSH release/ml) 

PERCENT 
DARKENING 

Mouse 

B. marinus 

Rat 

Hamster 

R. catesbeiana 

R. pipiens 

1/200 
1/400 

1/200 
1/400 

1/100 

1/200 
1/100 

1/200 
1/100 

1/200 
1/100 

1/200 

60 + 1.5 

46 ± 2.5 

60 ± 1.0 

42 + 2.2 

59 ± 1.8 

46 ± 2.7 

49 ± 2.3 

41 + 2.7 

45 1 2.9 

37 + 3.8 

50 + 1.7 

38 ± 3.2 

Alpha (porcine) MSH* 10 ^g/ml 66 ± 1.0 

*For the purpose of comparison, a maximal darkening 
response can be seen in the frog skin with the use of puri
fied porcine alpha MSH, 



Fig. 6. Effect of brain extracts on MSH activity 
of incubation media. 

Brain tissue of the frog (R. pipiens) was removed and 
separated into the caudal "(median eminence) hypothalamus 
and the anterior hypothalamus. Similar tissue samples 
were pooled, homogenized and centrifuged with the super
natant used as incubation medium (3 brain tissues per 
pituitary) for pituitaries. A dose response can be seen 
in the controls at a 1/50, 1/100, 1/400 dilution of the 
incubation media. Extracts of both brain regions ex
hibited a similar effect on the released MSH in the 
media. 
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Table 3. Intrinsic MSH-like activity of frog brain tissue. 

Brain tissue was removed and separated as de
scribed in Figure 6. Extracts were prepared, 
diluted and bioassayed directly on the frog 
skins. Median eminence extracts showed a dose-
response MSH-like darkening while extracts of 
the anterior hypothalamus were devoid of any 
such activity. 

PERCENT DARKENING 
CONCENTRATION Median Eminence Hypothalamus 

1/50 23 + 2.0 0 + 1.0 

1/100 13 + 1.4 0 + 1.0 

1/200 6 + 2.1 0 + 1.2 

1/400 2 + 1.5 0 + 1.0 
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either the rat or the frog) indicated no intrinsic darkening 

effect at the dilutions employed. Extracts of the cerebrum 

were not tested for their MSH-like activity. The above 

results, along with data of previous workers showing in

hibition of MSH release by various brain tissue extracts, 

began to suggest a non-specific inhibitory-like action. 

In vitro incubations utilizing extracts of the frog 

cerebrum showed an apparent MSH release-inhibition equal 

to the other brain tissues tested (as was previously shown 

by Bercu and Brinkley). The question arose, therefore, as 

to whether the apparent inhibition was common to all central 

nervous system tissue (CNS), or could it also be found in 

tissue outside the CNS. This question was answered when 

crude extracts of spinal cord, liver and striated muscle 

caused a drop in MSH activity similar to that seen with the 

brain extracts (Table 4). It is well known that liver, 

muscle and brain tissue are high in enzyme activity. 

Therefore, these results might be suggesting an enzymatic 

breakdown of the MSH in the media with the various extracts, 

rather than an inhibition of hormone release. Experiments 

were then designed to answer this possibility. Two groups 

(4 glands each) of pituitaries were incubated in control 

Ringer to allow for a normal release of the hormone. 

Following a normal 2-hr incubation period, the incubation 

medium of both groups was pooled and subsequently divided 
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Table 4. Effects of various tissue extracts on pituitary 
MSH release. 

Crude aqueous extracts of the various tissues 
were prepared in a manner similar to that used 
for brain tissue. Four pars intermedia per 
extract were incubated for two hours. Less 
MSH activity was seen from glands that were 
exposed to the extracts then from glands in 
control media. 

SPECIES EXTRACT PERCENT DARKENING 

Rana pipiens Control 52 ± 3.8 

Hypothalamus 

Spinal Cord 

17 ± 4.3 

18 ± 1.2 

Control 51 ± 3.1 

Hypothalamus 

Liver 

2 2  ±  2 . 0  

5 ± 2.7 

Bufo marinus Control 

Spinal Cord 

Striated Muscle 

55 ± 1.4 

8 + 2.4 

21 + 3,5 
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into two 4 jml aliquots. One aliquot served as a control 

while the other aliquot was used to homogenize freshly 

removed hypothalamic tissue. Both aliquots were then 

placed in the metabolic shaker for a second 2-hr incubation. 

Subsequent bioassays of these homogenates (Fig. 7A) support 

the possibility of an enzymatic breakdown of the released 

MSH. In contrast, when hypothalamic extracts were boiled 

(at 100°C for 10 min) and bioassayed as in the previous 

experiment, the MSH activity was maintained (Fig. 7B). 

Also, such boiled extracts, when used as pituitary incuba

tion medium, show no inhibition of MSH release (Fig. 7C). 

These results demonstrate an enzymatic breakdown 

of MSH within the hypothalamic extracts, rather than an 

MSH release-inhibition. Furthermore, they provide a common 

basis for the non-specificity of the apparent universal 

inhibitory effect previously seen with these extracts 

(Table 5) on a variety of vertebrate species. At the same 

time, however, these data do not rule out the additional 

possibility of a hypothalamic MRIF. Although they provide 

no direct evidence for the presence of an MRIF, the 

pituitary MSH elevation results (in vivo studies by 

Schally and Kastin, 1966) following hypothalamic extract 

injection, offer indirect support for a vertebrate MRIF 

or perhaps a stimulator of MSH synthesis. Direct support 

for the existence of such an inhibitory factor comes from 



Fig, 7, Comparison of boiled and non-boiled 
hypothalamic extracts on MSH activity of incubation 
media. 

As described in the text, hypothalamic extracts when 
added to released MSH and incubated, evidence a total 
destruction of the MSH darkening activity (A). When 
the hypothalamic extracts were boiled (B) and then 
used as in A, no significant decrease in MSH activity 
is evident. Similar boiled extracts also fail to indi
cate any MRIF activity (C) when used as pituitary incu
bation medium. 
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Table 5. Inhibition of .MSH activity by hypothalamic 
extracts from various species. 

Hypothalamic extracts were prepared as described 
previously and used as incubation media for 
pituitaries of the same species as well as for 
glands from other species. In all animals 
studied, pituitaries that had been incubated 
in hypothalamic extracts showed a strong decrease 
in MSH activity when compared to control darkening. 
Values represent the percent inhibition (+S.E.) 
of MSH activity as compared to control release 
taken as 100%. 

PITUITARY HYPOTHALAMIC EXTRACTS 
SOURCE Rat Hamster Rana 

pipiens 
Bufo 
marinus 

Rana 
catesbeiana 

Rat 75 77 89 88 69 

Hamster 60 82 73 

Rana 
pxpiens 86 73 63 

Bufo 
marinus 81 79 

Rana 
catesbeiana 30 40 
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the in yitro investigation of Kastin (1965). Using boiled 

hypothalamic extracts as incubation medium for rat pitui-

taries, a decrease in MSH activity was shown, while control 

extracts of the cerebral cortex and the kidney exhibited 

no such inhibitory action. 

Neurohypophysial Polypeptide Structures 

While the results of other studies using hypothala

mic extracts might support the presence of an MSH inhibiting 

factor, the exact chemical nature of this hormone remains 

unclear. Experimental evidence (Celis, Taleisnik and 

Walter, 1971a) suggested that an enzymatic action in the 

median eminence of the rat was capable of forming a factor 

which was inhibitory to the release of MSH. On the basis 

of structure-activity studies utilizing the synthetic 

peptides, this inhibiting compound was proposed to be the 

sidechain of oxytocin, L-Pro-L-Leu-L-Gly-NH2. At the same 

time, other workers (Nair et al., 1971) isolated an active 

peptide from bovine hypothalamus and presented evidence 

that the vertebrate MRIF was this same tripeptide sidechain 

of oxytocin. 

This synthetic tripeptide became available (courtesy 

of Dr. Victor J. Hruby) for study and was subsequently 

tested for its inhibitory activity. Numerous in vitro 

experiments utilizing both the amphibian and mammalian 

pituitary failed to indicate any decrease in the release 
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of MSH by this tripeptide (Table 6). However, when using 

the ring structure of oxytocin, tocinoic acid (Bower et al., 

1971) L-Cys-L-Tyr-L-Ile-L-Gln-L-Asn-L-Cys-OH, a potent 

inhibition of MSH release was exhibited in the rat at less 

than nanogram levels (Fig. 8). Although less sensitive, 

hamster pituitaries were also inhibited by the polypeptide 

(Table 7), While the mammalian glands appeared to be 

clearly responsive to tocinoic acid, when using this poly

peptide on amphibian pars intermedia, a variation in 

response among species was noted. Rana pipiens failed to 

show any MSH release-inhibition to tocinoic acid. The 

other anurans showed differing levels of sensitivity 

(Table 8). Since Celis et al. (1971a) employed the bi

sected rat pituitary in their work, experiments were 

designed to duplicate this technique in order to eliminate 

any difference in results that might be ascribed to a 

variation in methodology. Pituitaries were removed from 

rats of equal weight, bisected and incubated in either 

tocinoic acid or the tripeptide, with their corresponding 

halves serving as controls. Again, tocinoic acid was an 

effective inhibitor of MSH release (Fig. 9) while the 

tripeptide was not. 

Since it appeared that tocinoic acid (or a closely 

related structure) might be a likely candidate for the 

vertebrate MRIF, its amide, tocinamide (the ring structure 
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Table 6, Pituitary incubation in L-Pro-L-Leu-Gly-NH2. 

Glands were remoyed and incubated in the tri
peptide (L-Pro-L-Leu-Gly-NH^) at the various 
concentrations noted for a 3-hr period. There
fore, the data represent the mean (+S.E.) 
darkening responses to the MSH released during 
the second 2-*-hr incubation. Eight or more frog 
skins were used for each bioassay. In all cases, 
differences between the controls and tripeptide 
groups were non-significant. 

SPECIES PITUITARIES PERCENT DARKENING 
Control Tripeptide 

Rat f-
1 X 10 g/ml (16) 40 ± 2.5 38 + 2.5 

1 X 10~7 ( 8) 39 ± 2.3 44 ± 2.4 

Hamster q 
1 X 10~° ( 8) 47 ± 3.7 40 ± 4.7 

R. pipiens 

1 X 10"6 (12) 50 ± 1.9 48 ± 2.1 

R. catesbeiana 

1 X 10"6 ( 8) 51 + 2.2 52 ± 3.2 

B. marinus 

1 X 10"6 ( 8) 51 ± 3.1 48 ± 3.9 



Fig, 8, Inhibitory activity of tocinoic acid on 
MSH release from the rat pituitary, 

Numerous experiments utilizing tocinoic acid at the con
centrations noted, indicate a significant (P < 0.05) 
inhibition of MSH release. Following decapitation, rat 
(male and female) pituitaries were removed and placed in 
a Ca2+-free media (see METHODS AND MATERIALS) then rinsed 
several times in normal Ringer and transferred to control 
(KRB) or experimental (tocinoic acid) solutions for a 
4-hr incubation. Glands were transferred to fresh media 
after the first 2-hr incubation. Therefore, the values 
shown at each concentration indicate the percent inhibi
tion (controls taken as 100%) of MSH release during the 
second 2-hr incubation period. 
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Fig. 8. Inhibitory activity of tocinoic acid on 
MSH release from the rat pituitary. 
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Table 7, Activity of tocinoic acid on MSH release from the 
hamster pituitary, 

Pituitaries (4 per experimental condition) of 
the hamster were removed and incubated as de
scribed previously. Inhibition of MSH release 
by the peptide occurred with each concentration 
employed. Values represent the mean (+S.E,) 
darkening response of eight frog skins used 
for bioassay. 

EXPERIMENT PERCENT DARKENING P 

A. 
Control 

o
 • 

CN +1 

Tocinoic acid 

10*"5g/ral 28 ± 3.2 0.05 

10~6g/ml 30 ± 3.6 0.01 

B. 
Control 50 ± 2.3 -

Tocinoic acid 

10~8g/ml 37 + 3,1 0.01 
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Table 8, Tocinoic acid inhibition of MSH release from 
amphibian pituitaries. 

Comparative in vitro demonstration of the MRIF-
like activity of tocinoic acid. Four pars 
intermedia were incubated at each experimental 
condition noted. Incubations were 4-hrs long 
with the glands changed to fresh media after the 
first 2-hr period. Therefore, values represent 
the percent inhibition (controls taken as 100%) 
of MSH release during the second 2-hr incubation. 

SPECIES TOCINOIC ACID 
Percent Inhibition P 

Bufo marinus 

1 X 10 ^g/ml 37 + 2.4 0.01 

1 X 10~6 31 + 1.7 0.01 

49 + 2.0 0.01 

Rana catesbeiana 

1 X 10"6 29 + 2.1 0.05 

45 + 2.5 0.01 

1 X 10"8 0 + 1.3* NS 

Rana pipiens 

1 X 10~5 0 + 2.8 NS 

1 X 10~6 0 + 1.8 NS 

*Zero inhibition represents experimental groups 
where release of MSH was equal to or greater than the 
control. 



Fig. 9. Comparative effects of the side chain 
(tripeptide) and the ring structure (tocinoic acid) of 
oxytocin on MSH release. 

An inhibition (50%) of MSH release is seen with glands 
incubated in tocinoic acid (TA) while the tripeptide (T) 
(both at 10~6g/ml) incubation showed no change in MSH 
release. Data were obtained from single bisected male 
rat pituitaries for each experimental condition. P values 
for the inhibition of MSH release by tocinoic acid were 
significant (P < 0.01). 
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of oxytocin terminating in a carboxamide group, L-Cys-L-Tyr-

L-Ile-L-Gln-L^Asn-L-Cys<-NH2) , was subsequently studied for 

its MRIF-like activity. It is interesting that, in the 

mammal, this compound is about equally effective at any of 

the various concentrations employed (Fig. 10). While 

tocinamide is equally potent, it is less effective in in

hibiting MSH release from the hamster (Fig. 11) than from 

the rat pituitary. Since the amphibian response was 

variable to tocinoic acid, one might again expect to see 

differences in their response to tocinamide. This is 

indeed the case. The toad (Bufo marinus) pars intermedia 

is consistently responsive to the inhibiting action of this 

amide. The bullfrog (Rana catesbeiana) varies from experi

ment to experiment in its sensitivity. Tocinamide (as 

noted previously with tocinoic acid) showed no MSH inhibi

tion in the frog, Rana pipiens (Table 9). 

A determination of the specificity of these neuro

hypophysial peptide structures was made. The MRIF-like 

activity of oxytocin, lysine vasopressin, its ring struc

tures, pressinoic acid (L-Cys-L-Tyr-L-Phe-L-Gln-L-Asn-L-Cys-

OH) and its amide, pressinamide, was examined. Neither the 

mammalian nor the amphibian pituitaries (Table 10) were 

inhibited (in vitro) by any of the above related struc

tures. Therefore, these latter compounds might be regarded 

as unlikely candidates for the possible vertebrate MRIF, 



Fig. 10, The MSH release-inhibitory activity of 
tocinamide. 

This polypeptide at less than picogram levels 
(10""20g/mi) exhibited potent MRIF activity. 
Pituitaries were treated in the same manner as 
when testing for tocinoic acid (Fig. 8) activity. 
Each bar represents results obtained from four rat 
pituitaries per incubation. All P values were 
statistically significant (P < 0.05), 
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Pig. 11, Effects of tocinamide on MSH release 
from hamster pituitaries. 

Again, as seen with tocinoic acid, MSH release from 
hamster glands, although less sensitive than the rat 
pituitary, is clearly inhibited by tocinamide. At the 
higher concentrations a dose-response inhibition of 
MSH is shown followed by a stabilizing of the inhibi
tion at lower doses of the peptide. 
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Table 9. Tocinaraide inhibition of MSH release from 
amphibian pituitaries. 

Pars intermedia were incubated in tocinaraide at 
the various concentrations noted. Treatment of 
the glands was the same as employed in Table 8, 
Values represent the percent inhibition (con
trols taken as 100%) of MSH release during a 
second 2-hr incubation. 

SPECIES TOCINAMIDE 
Pituitaries Percent Inhibition 

Bufo raarinus 

1 X 10 ^g/ml 

1 X 10 
-7 

1 X 10 
-9 

1 X 10 
-11 

( 4) 

(12) 

(12) 

(12) 

68 + 1.4 

41 ± 2.5 

27 + 3.4 

25 + 2.9 

0.001 

0,001 

0.05 

0.05 

Rana catesbeiana 

1 X 10 

1 X 10 

-5 

- 6  

1 X 10 
-9 

( 4) 

( 4) 

( 4) 

70 ± 1.6 

20 ± 4.6 

13 ± 3.3 

0.001 

NS 

NS 

Rana pipiens 

.-5 
1 X 10 

1 X 10 
-7 

(  8 )  

(  8 )  

0 ± 2.1* 

0 + 1,7 

NS 

NS 

*Zero inhibition represents experimental groups 
where release of MSH was equal to or greater than the 
control. 



41 

Table 10. Pituitary incubation in various neurohypophysial 
compounds. 

Four pituitaries at each experimental condi
tion were incubated in the yarious neurohypo
physial compounds as previously described. 
No significant inhibition of MSH release occurred 
with any of the related compounds. Values repre
sent the mean (+S.E.) percent inhibition (con
trols taken as 100%) of MSH release. 

SPECIES PERCENT INHIBITION 
Oxytocin Lysine Pressinoic Pressinamide 

Vasopressin Acid 

Rat r 
10 g/ml 0+3.4* 0+2.8 

2+3.6 2 ± 2.9 

23 + 2.1 15 ± 1.6 

10_7g/ml 

0 + 1.9 

15 ± 2.4 

15 ± 1.7 

0 + 5.3 

0  ±  2 . 6  

0 ± 2.9 

Rana 
pipiens 

10"6g/ml 0+2.0 0 ± 2.3 4 ± 2.5 0 + 3.0 

*Zero inhibition represents experimental groups 
where release of MSH was equal to or greater than the 
control. 
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When considering other neurohypophysial hormone structures 

that might be present in these species employed in this 

study, both vasotocin and mesotocin (present in amphibians 

and reptiles) have the same ring structures as that found 

in oxytocin. The only remaining naturally occurring verte

brate neurohypophysial hormones known are isotocin (present 

in teleosts) and glumitocin (present in elasmobranchs). 

Data from preliminary investigations utilizing their 

cyclic compounds, [4 serine]-tocinoic acid (L-Cys-L-Tyr-L-

Ile-L-Ser-L-Asn-L-Cys-OH), and its corresponding amide, 

were found to be inconclusive. 

The question arose as to the reversibility of the 

release-inhibition. It was apparent that a total reversal 

of the tocinamide and tocinoic acid inhibition could be 

obtained (Fig. 12). However, the cellular mechanism by 

which the oxytocin ring structures might be preventing the 

release of MSH was not understood. Since it has been 

suggested that some hormones may act by altering the 

cellular ionic environment, an initial study of some of 

the ionic parameters effecting the release of MSH was 

undertaken. 

Ionic Parameters 

The calcium ion has been implicated as being neces

sary for the release of pituitary tropic hormones in re

sponse to hypothalamic stimulation. With the isolated 



Fig. 12. Reversal of MSH release-inhibition. 

-.7 Tocinoic acid or tocinamide (both at 10 g/ml) exhibited 
a potent (70% and 67% respectively) inhibition of MSH 
release from incubated rat pituitaries. However, when 
these same glands were then rinsed and returned to normal 
KRB (in the absence of these agents) for another 2-hr 
incubation, a normal MSH darkening response, as compared 
to control glands, was evident. Each value represents 
the results obtained from four pituitaries. 
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Fig, 12. Reversal of MSH release-inhibition. 



neurohypophysis, vasopressin release has been shown to be 

dependent upon calcium. An enhanced release of the hormone 

occurred when elevated levels of the K+ ion were used in 

the medium (Douglas and Poisner, 1964a). Only one previous 

study (in the frog; Hopkins, 1970) has been done to de

termine the ionic requirements for MSH release from the 

pars intermedia. Therefore, a comparative study of some 

ionic requirements for MSH release from the vertebrate 

(mammalian, amphibian, reptilian) pars intermedia was 

undertaken. An attempt was made to determine how these 

ionic requirements might relate to the mechanism of action 

of the MRIF. 

2+ + 
Removal of the Ca or K ion from the Krebs-

Ringer bicarbonate (KRB) or frog-Ringer solutions results 

in an inhibition of the release of MSH from both the rat 

and the frog pars intermedia (Fig. 13). Inhibition of 

2+ 
MSH release is more complete in the absence of the Ca 

ion than in the absence of the K+ ion, and this is possibly 

due to the fact that any residual calcium is removed by 

the chelating agent (EDTA). The lack of a similar com-

plexing agent for monovalent ions make such a complete 

removal of K+ or other univalent ions impossible. The 

inhibition of MSH release can. be reversed if the pituitaries 

are removed from the ion-deficient media and placed in 

normal media. These results indicate that EDTA and ionic 



2+ + 
Pig. 13. Ca and K requirement for MSH release, 

Pituitaries incubated in a medium in which the calcium 
(cross-hatched bars) or potassium (strippled bars) ion 
had been removed exhibited an inhibition of MSH release. 
Values represent the mean (+S.E.) darkening response of 
16 skins used for the bioassay of the MSH released (1/400 
dilution, rat; or 1/200 dilution, frog) under each experi
mental condition. Data were obtained from the combined 
results of two separate experiments employing a total of 
eight rat or frog pituitaries for each experimental con
dition. All P values were statistically significant 
(P < 0.001), 
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substitutions are not themselves injurious and in that way 

inhibitory to MSH release. 

Similar results using two other species of amphibi

ans (the toad, Bufo marinus and the frog, Agalychnis 

dacnicolor, a lizard, Anolis carolinensis, and the laboratory 

mouse have been obtained (Table 11). Only in B. marinus 

and the mouse has a K+-free Ringer failed to inhibit MSH 

release. An elevated (5X) K ion concentration failed to 

increase MSH release from either rat, R. pipiens, B. marinus, 

or Anolis pituitaries, or from rat or R. pipiens pituitaries 

2+ 
maintained in a Ca -free medium (Table 12). Conversely, 

2+ 
high Ca (10X) also failed to increase the release of MSH. 

Experimental evidence (Hopkins, 1970) suggested that 

2+ 
tht Ca ion was necessary for MSH synthesis as well as 

release with an irreversible inhibition of synthesis 

occurring within 2 hours. Bioassay of homogenates of 

2+ 
pituitaries incubated (2 to 8 hrs) in Ca -deficient media 

did not indicate levels of MSH different from those of 

control pituitaries incubated for similar lengths of time 

in normal media (Table 13A). To ascertain whether, indeed, 

2+ 
the Ca ion is specifically required for MSH release 

2+ 
rather than the other divalent cation, Mg , present in 

2+ 
the KRB incubation medium, EGTA (a rather specific Ca 

chelator; Sillen and Martell, 1964) was used in place 

of EDTA. EGTA was as effective as EDTA in preventing MSH 
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Table 11. Comparative in vitro demonstration of the cal
cium and potassium ion requirement for MSH 
release. 

SPECIES PERCENT DARKENING 

Control Ca^+-free K+-free 

Anolis 
carolinensis 

(8) 42 + 2.3a 10 + 1.2 23 ± 3.9 

Bufo 
marinus 

(4) 24 + 1.6 - 9 + 1.9 34 ± 1.6 NS' 

(4) 49 + 2.1 9 + 2.6 19 ± 1.4 

(4) 39 + 5.8 — — 45 ± 5.5 NS 

(4) 31 + 2.7 — — 34 ± 5.2 NS 

Agalychnis 
dacnicolor 

(8) 39 + 1.5 5 + 1.7 20 ± 2.4 

Mouse (4) 62 + 3.0 36 + 3.7 61 ± 2.9 NS 

(4) 62 + 2.4 46 + 2.9 59 ± 2.0 NS 

(4) 42 + 3.5 28 + 4.0 38 ± 2.4 NS 

a. Each value represents the mean (+S.E.) of the 
darkening response of eight or more skins to a 1/200 dilu
tion (reptile and amphibians) or a 1/400 dilution (mammal) 
of MSH released from the pars intermedia under each experi 
mental condition. Number of animals (pituitaries) used in 
parentheses. 

b. Except where noted (NS, not significant) all P 
values were statistically significant (P < 0.001), except 
for the mouse where statistical significance was P < 0.05. 
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Table 12, MSH release in the presence of elevated potassium 
or calcium. 

SPECIES PERCENT DARKENING 

Control K+ (5X) Ca2*-free Ca2+ (10X) 
+ K (5X) 

Rat 
(4) 42 + to

 
« 

£D
 

50 + 1. 5b 1 + i-
1 • to
 0
 

1 j 

(4) 32 + 2.2 40 + 2.4 

Rana 
pipiens 

(4) 47 + 2.3 52 + 3.4 7 ± 2.3 

(4) 61 + 1.4 47 + 2.8 

(4) 48 + 5.5 35 ± 7.9 

(4) 60 + 3.4 59 ± 2.9 

Bufo 
mannus 

(4) 39 + 3.4 55 + 
* 

2.0 

(4) 62 + 2.1 59 + 2.3 

Anolis 
carolinensis 

(4) 41 + 2.3 36 ± 3.0 

(4) 42 + 1.8 34 + 3.1 

a. Refer to Table 11, a. 

2+ b. MSH release in the presence of elevated K+ or 
Ca was not statistically different from the controls 
(* except in two instances where it was either decreased 
or increased). 

c. P values for the Ca2+-free plus K+ (5X) MSH 
release compared to the controls were statistically signifi
cant (P < 0.001). Elevated K+ in the absence of Ca^+ did 
not stimulate MSH release. 
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Table 13. Measurement of MSH after prolonged incubation 
in Ca2+-free media. 

SPECIES PERCENT DARKENING 
ct b 

Release Homogenate 
2+ 2+ 

Control Ca -free Control Ca -free 

(Group A, EDTA) 
Time (hrs) 

Rat (2) 42 + 1. 8C 4 + 1. 2 21 + 1. 3 28 + 2. 4 NSd 

Ran a 
pipiens 

(4) 57 + 3. 7 7 + 1. 0 32 + 2. 8 33 + 2. 1 NS 

(4) 40 + 4. 5 8 ± 1. 9 30 + 3. 7 38 + 2. 0 NS 

Agalychnis 
dacnicolor 

(4) 39 + 2. 0 4 ± 2. 0 37 + 1. 9 28 + 2. 4 NS 

(Group B, EGTA) 

Rat (8) 57 ± 2. 4 2 ± 1. 0 59 + 2. 0 53 + 1. 8 NS 

Rana 
pipiens 

(8) 49 + 2. 8 11 ± 4. 0 34 + 2. 3 51 + 3. 5 

admeasurement of MSH released during a 2-hr incuba
tion in Ca -free (Group A, EDTA; Group B, EGTA) media. 

b. MSH (pars intermedia homogenates) levels fol
lowing Ca2+-free incubations at the various times (2 to 8 
hrs) indicated. 

c. Refer to Table 11, a. 

d. Except where noted (NS, not significant) all P 
values were statistically significant (P < 0.001). 



release from the pituitaries of the species studied (Table 

13 B), As before, these pituitaries secrete MSH when 

transferred to a normal incubation medium, Hopkins (1970) 

also suggested that of the inorganic ions present in his 

incubation medium (modified Krebs-Ringer bicarbonate) only 

2+ 
the Ca was essential for MSH release from the frog 

(X. laevis) pars intermedia. Incubation of frog (R. 

pipiens) pars intermedia in a sucrose medium (240 mM) 

lacking the inorganic ions results in a lowered level of 

MSH release (as was also observed by Hopkins). The addi-

2+ + 
tion of either Ca (1 mM), K (2 mM), or a combination 

of similar concentrations of both these inorganic cations 

to the sucrose medium (Table 14 A) failed to significantly 

increase the rate of secretion over that of glands incu

bated in the sucrose medium alone. However, when a small 

amount of Na+ (2 mM) was added in the presence of the other 

cations there was a significant increase in release over 

that from glands incubated solely in sucrose (Table 14 A). 

No significant difference in release is noted between the 

+ 2+ 
Na supplemented medium and glands in sucrose plus Ca 

and K+. However, only 2 mM of sodium was added to this 

group while normal Ringer contains 111 mM sodium. There

fore, it is worth noting that only the sodium supplemented 

medium showed an MSH release which approached the control 

(Ringer) release. These same pars intermedia released 
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Table 14, Effects of sucrose and lithium on MSH release. 

SPECIES PERCENT DARKENING 

Media Release3 Release*3 

(Group A, Sucrose) 

Rana 
pipiens 

(8) Ringer 59+2,1° 53 ± 2.2 

Sucrose 30 + 4.4 0.05^ 52 ± 3.0 NS 

+ CaCl2 35+3.4 NS 55+2.8 NS 

Qnpvnco 
+ KCl 41 ± 3.2 NS 51+3.3 NS 

Sucrose 
+CaCl9 
KCl Z 43+4.1 NS 57 + 1.3 NS 

Sucrose 
+ CaCl-
KCl 
NaCl 49+2.4 0.05 54+2.2 NS 

(Group B, Lithium) 

Rat 
(8) KRB 49 ± 1.9 60 + 1.6 

Li+-KRB 48 ± 1.8 NS® 58 ± 2.5 NS 

Ringer 51 ± 3.2 54 ± 0.8 NS 

Li+-Ringer 16 + 2.6 0.001 49 ± 1.8 NS 

Rana 
pipiens 

(8) Ringer 58+1.9 53 ± 1.8 NS 

Li+-Ringer 24 + 2.7 0.001 42 ± 2.2 NS 

a. MSH released during the second 2-hrs of a 4-hr 
incubation. 

b. MSH released after glands had been returned to 
normal media. 
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Table 14. (Continued) 
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c. Refer to Table 11, a. Dunnett (1964) multiple 
comparison applied to Group A. 

d. MSH release in sucrose media decreased to about 
half that of the control level. Sucrose media containing 
the cations (CaCl-, KC1, or both together) when compared 
to sucrose alone, showed no significant increased release 
of MSH (except when NaCl was present). 
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normal amounts of .MSH v/hen transferred to a normal Ringer 

medium. When studying the role of the sodium ion, lithium 

is commonly used as a monovalent ion substitute. MSH 

release from frog (R. pipiens) pars intermedia was strongly 

inhibited in a Li+-Ringer solution but release was restored 

to near normal levels when the glands were then incubated 

in normal media (Table 14 B). Rat pituitaries showed no 

inhibition of MSH release in a Li+-Kreb's medium, but when 

placed in amphibian Li+-Ringer, release was strongly in

hibited. As with the frog, release was restored to normal 

levels when the glands were returned to control Ringer. 

Since low K+ was inhibitory to MSH release, we 

considered the possibility that this might be due to an 

effect on a sodium-potassium pump mechanism. Using ouabain 

to test this hypothesis, we demonstrated that this cardiac 

glycoside was a potent inhibitor of MSH release in both 

R. pipiens and the rat (Fig. 14). We were able to demon

strate a clear dose-response inhibition of MSH release. 

This inhibition could be removed by transferring the 

pituitaries to normal media (Fig. 14). Ouabain, at high 

-3 
concentrations (10 M), failed to inhibit MSH release from 

the mouse pituitary, the one species which was similarly 

unresponsive to a lack of K+ ion in the medium in earlier 

experiments (refer to Table 11). Further study on the toad, 

Bufo marinus (which in initial studies showed a variable 



Fig. 14. Ouabain inhibition of MSH release. 

Rat or frog (R. pipiens) pituitaries were incubated (for 4 hrs) in ouabain 
at the various concentrations noted. A dose-related inhibition of MSH 
release is evident in the presence of ouabain. However, this inhibition 
can be reversed (stippled bars) when the glands are rinsed and returned 
to control Ringer for a 2-hr incubation. Data were obtained from the 
combined results of two separate experiments employing a total of eight 
pituitaries for each experimental condition. All P values were sta
tistically significant (P < 0.05). 
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MSH inhibition in a K+-free medium), consistently indicated 

a near total inhibition of MSH release in a K+-free medium 

at a pH of 7.1 (Table 15). Earlier investigations had used 

a pH of 7.3 to 7.5. An equal sensitivity to a K+-deficient 

media can be seen with this toad and with the frog, R. 

pipiens. When pituitaries from these same species were 

incubated in cardiac glycosides (ouabain and strophanthin 

K at a pH of 7.1) a similar total inhibition of MSH release 

was exhibited (Table 15) in ouabain. Strophanthin K was 

more effective in preventing MSH release from the frog 

pituitary then from the pituitary of the toad. Additional 

investigations utilizing the pituitary of the mouse (to 

determine an optimal pH) will be necessary before it can 

be determined whether this mammal might possess an active 

transport mechanism for the control of MSH release. 



56 

-f 
Table 15. Effects of cardiac glycosides and K -free media 

on jMSH release. 

Pars intermedia (four per experimental condi
tion) were removed and incubated in a cardiac 
glycoside (or a K+-free medium) in amphibian 
Ringer at a pH of 7.1 for 4 hr. Following the 
first 2-hr incubation, the glands were trans
ferred to fresh media. Therefore, values 
represent the amount of MSH released into the 
incubation medium during the second 2-hr incu
bation. The cardiac glycosides exhibited an 
MSH release-inhibition in all cases. A similar 
inhibitory action could be seen when using a 
K+-deficient medium. 

SPECIES EXPERIMENTAL PERCENT DARKENING 
MEDIA 

R. pipiens Control 39 + 3.1 

Ouabain (10 3M) 9 + 1.2 

Control 48 + 2.2 

K+-free 5 + 1.0 

Strophanthin K (10"3M) 7 + 1.1 

(10~4M) 3 + 1.0 

B. marinus Control 42 + 2.6 

Ouabain (10 3M) 11 ± 2.5 

Control 48 + 2.0 

K+-free 11 + 1.8 

Strophanthin K (10~3M) 26 + 3.1 



DISCUSSION 

Central nervous system control of the pars inter

media by the hypothalamus is well documented. The darkening 

of frogs by hypothalamic damage, pituitary transplantation, 

or median eminence lesions (Etkin, 1962a,-b; Kastin and 

Ross, 1965), itself constitutes good evidence for hypo

thalamic control of melanophore stimulating hormone (MSH) 

release. In vitro experiments (Kastin, 1965) demonstrated 

that hypothalamic extracts of the rat were capable of pre

venting pituitary release of MSH into the culture medium. 

Injections of a hypothalamic extract into the rat (Schally 

and Kastin, 1966) resulted in an elevation of MSH within 

the gland. Other workers (Brinkley and Bercu, 1965; 

Ralph and Sampath, 1966) using extracts of the hypothalamus 

and the cerebrum as pituitary incubation media found an 

MSH release-inhibition by both brain tissues. On the basis 

of these experiments, as well as experimental evidence re

lated to the control of prolactin (an anterior pituitary 

hormone under hypothalamic inhibition; Meites, Nicoll and 

Talwalker, 1963), it appears that the hypothalamus of both 

the rat and the frog contains an MSH release-inhibiting 

factor (MRIF). 

57 
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To determine the universality of such a hypothalamic 

MRIF among the vertebrates, saline extracts of brain tissue 

(hypothalamus minus median eminence) were tested on their 

own pituitaries as well as pituitaries of other species. 

Such crude hypothalamic extracts of all species examined 

did indeed appear to inhibit MSH release as was previously 

shown by other investigators with the rat and the frog. 

However, boiled extracts indicated that this result was 

due to enzymatic destruction of MSH in the medium, rather 

than to the presence of an MRIF. Therefore, in conflict 

with previous investigations (Brinkley and Bercu, 1965; 

Ralph and Sampath, 1966) the present results offer no direct 

evidence for the existence of a hypothalamic MRIF. Kastin 

(1965), however, used boiled extracts (in vitro) and ob

served an MSH inhibitory activity. To the contrary, 

boiled extracts in our hands were ineffective in preventing 

MSH release. At the same time, one must recognize that 

boiling of the extract could destroy the MRIF along with 

the enzymatic activity. 

The chemical nature of the hypothalamic MRIF is 

not, however, resolved by the extract data. Previous in 

vitro experiments (Ralph and Sampath, 1966) utilizing common 

neurohormones such as acetylcholine, epinephrine, nor

epinephrine, serotonin and histamine failed to indicate any 

MRIF activity in the frog. On the other hand, results 



from the microinjection of a variety of pharmacological 

agents into various brain regions (Dierst-Davies et al., 

1966) implicated both a cholinergic (acetylcholine) and 

an adrenergic (norepinephrine) link in the control of the 

amphibian pars intermedia. Investigations on the toad, 

Bufo arenarum (Iturriza, 1966), support the suggestion 

that a catecholamine, at least in amphibians, might play 

a role in the inhibitory control of MSH release. However, 

on the basis of evidence from the purification of crude 

beef hypothalamic extracts by gel filtration (Schally and 

Kastin, 1966), the MRIF was shown to be of small molecular 

weight, but different from acetylcholine, histamine, 

y-aminobutyric acid, serotonin, norepinephrine and adenosine 

monophosphate. Whereas Iturriza has presented in vitro 

data (personal communication) that a catecholamine, epineph

rine (toad), dopamine (rat), exhibits inhibition of MSH 

release, other workers have not been able to obtain similar 

in vitro results. It is only fair, however, to agree with 

Iturriza that one must be sure that the catecholamine does 

not break down in the incubation medium. In the analogous 

hypothalamic inhibitory control system of prolactin, 

variable data also exists. MacLeod (1969) suggests an 

in vitro inhibition of prolactin release by epinephrine, 

while other investigators (Koch, Lu and Meites, 1970) 

indicate biphasic effects on prolactin release through 
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catecholamine influences that are dose dependent. There

fore, no clear understanding of the control mechanism for 

either of the tonically inhibited hormones (prolactin and 

MSH) has yet been achieved. 

It becomes difficult then to affirm the presence 

of an inhibiting factor specific to the hypothalamus 

(Etkin, 1962a; Guillemin and Vale, 1970). At the same 

time, by analogy with the mechanism proposed for the con

trol of the pars distalis of mammals, it can be speculated 

that MSH inhibition is affected by a secretion from the 

hypothalamus. Furthermore, the increase in pituitary MSH 

following injections of hypothalamic estracts (Schally 

and Kastin, 1966) although indirect, does support the 

existence of an inhibitory substance in the hypothalamus. 

Also, similar MRIF activity was demonstrated by Kastin's 

initial in vitro study (1965) employing heat treated 

extracts. However, further, more sophisticated hypothalamic 

studies, involving the purification and characterization 

of such an MRIF are needed to conclusively establish the 

structure and location of the MSH control factor. 

During the past year experimental evidence on the 

MRIF activity of various synthetic neurohypophysial peptide 

structures has been accumulating. It became apparent that 

the results from different laboratories employing these 

compounds were not in agreement. The in vitro MRIF 
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activity seen with the tripeptide sidechain of oxytocin, 

L-prolyl-L-leucylglycinamide by Celis et al. (1971a) could 

not be demonstrated in this laboratory. Iturriza obtained 

similar negative in vitro results when utilizing the tri

peptide on the rat and the toad (unpublished data). While 

such a peptide structure might be cleaved by enzymatic 

activity in the median eminence (as has been proposed by 

the Celis1 group), its functional significance remains 

unclear. 

With equal probability, the remaining part of the 

oxytocin molecule which makes up the ring structure of 

the hormone, might also be expected to be in the neuro

hypophysial system. It was clear, when testing the oxytocin 

ring compounds, that a potent inhibitory action on MSH 

release occurred. Numerous experiments utilized both the 

tripeptide and tocinoic acid or its amide, tocinamide (the 

ring structures of oxytocin) in the same experiment. 

Results from such investigations always evidenced a strong 

MRIF action by the ring compound while the tripeptide was 

devoid of any such inhibitory activity. Certainly the con

centration at which tocinamide is active in the mammal is 

similar to, or less than, that found for other hormones 

(du Vigneaud, 1969; Lerner, 1959; Nicherson et al., 1954) 

or hypothalamic releasing factors (Schally et al., 1971; 

Bowers et al., 1970). 
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When examining the effects of the various related 

neurohypophysial structures tested (RESULTS, Table 10), a 

clear specificity of action by tocinoic acid and tocinamide 

becomes apparent. It had previously been reported (Ralph 

and Sampath, 1966; Kastin, Schally and Viosca, 1971) that 

oxytocin and L-vasopressin were devoid of any .MSH in

hibitory action. The present study is in agreement with 

the fact that these two hormones could not be the verte

brate MRIF. At the same time, the ring structures of 

vasopressin (pressinoic acid and pressinamide) were also 

shown to be inactive in the control of MSH release. Surely 

the concentrations at which tocinoic acid and tocinamide 

are active (less than nanogram levels) would not suggest 

an artifact in inhibition through a pharmacological action. 

It would appear then that either or both of these oxytocin 

ring compounds might be likely candidates for the mammalian 

MRIF and that a closely related structure might be the 

MRIF of amphibians. 

The variability of the MRIF activity of tocinoic 

acid or tocinamide observed in the amphibians might sug

gest that a different molecular structure is present in 

the anurans or possibly that a different means of MSH 

control exists for this group of animals. Through further 

comparative neurohypophysial structure-activity studies, 

it seems probable that we will learn more about the 
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amphibian .MRIF. Such additional information might also 

contribute to our understanding of the variations seen 

with the ring structures in these species. 

While considerable evidence appears to support a 

vertebrate inhibitory control for MSH, at the same time, 

data exists that might suggest an MSH control by stimula

tion. In vivo experimentation (Taleisnik and Orias, 1965) 

utilizing the rat, indicated a drop in pituitary MSH 

levels following injections of median eminence extracts. 

Further investigations (Taleisnik et al., 1966) cited the 

paraventricular nuclei as the possible source of this 

releasing factor. As the result of structure-activity 

studies, Celis et al, (1971b) proposed a pentapeptide 

fragment of oxytocin (H-Cys-Tyr-Ile-Gln-Asn-OH) as the 

melanophore-stimulating hormone-releasing factor. An 

analogous stimulatory control for prolactin (Nicoll and 

Fiorindo, 1969) has also been postulated. Since MSH and 

prolactin are hypothesized to be under a tonic inhibitory 

control, what physiological significance such a stimulatory 

mechanism plays is not understood. 

Rasmussen (1970) has advanced the hypothesis that 

neuronal transmission and many parts of the endocrine 

system share a common control mechanism at the cellular 

level. The basic elements of this system consist of two 

interrelated intracellular messengers, calcium and adenosine 
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3',5'-monophosphate, The first of these elements, calcium 

(along with other ionic parameters) was investigated for 

its effects on MSH release (Bower and Hadley, 1972). 

Previous experiments (reviewed by Geschwind, 19 69, 

1970; Burgus and Guillemin, 1970; Rubin, 1970) have demon-

2+ 
strated the role of Ca for the release of a number of 

cellular secretions, Douglas and Rubin (19 61) demonstrated 

2+ a Ca requirement for catecholamine secretion from the 

adrenal medulla in response to acetylcholine. Then, Douglas 

(1963) and Douglas and Poisner (1964a) demonstrated a 

2+ 
similar Ca requirement for vasopressin release from the 

2+ 
isolated rat neurohypophysis. The Ca ion is also re

quired for the release of all adenohypophysial hormones. 

2+ 
Hopkins (1970) was the first to demonstrate a Ca require

ment for MSH release from the frog (X. laevis) pars inter

media. We have confirmed his results on a number of other 

amphibians and have extended them to the mammal (mouse and 

rat) and a reptile (A. carolinensis). 

Douglas and Poisner (1964a) showed that an increase 

in the concentration of K+ in the medium led to an enhanced 

release of vasopressin from the rat neurohypophysis in 

vitro. Samli and Geschwind (1968) obtained a similar 

release of an adenohypophysial hormone, the luteinizing 

hormone (LH), by increasing the K+ level in the incubation 



medium, Elevated K* will also cause a release of other 

adenohypophysial hormones (FSH, GH, TSH, reviewed by 

McCann and Porter, 1969). High K+ appears to mimic the 

effects of hypothalamic releasing factors which are 

stimulatory to hormone release. We failed to obtain a 

release of MSH from the frog or rat pars intermedia in 

response to high K+. These results are similar to those 

obtained by Parsons (1970) in the female rat. Since both 

MSH and prolactin are normally inhibited by hypothalamic 

factors (MIF; and prolactin inhibiting factor, PIF) it 

might be expected that the absence of K from the incuba

tion medium could result in an inhibition of hormone re

lease. Such an effect has been clearly demonstrated in 

our experiments with MSH. With the exception of the 

variable results in the toad, Bufo marinus, and the nega

tive results in the mouse, there was demonstrated in the 

other species studied a definite inhibition of MSH release 

in the absence of external K+ in the medium. To our 

knowledge these are the first demonstrations of such a 

requirement for hormone release. 

These results differ from those of MacLeod and 

Fontham (1970) and Parsons (1970) who found that low K+ 

had no direct effect on prolactin or growth hormone re

lease, A lack of the K+ ion did, however, cause an 

inhibition of the synthesis of both these hormones 



(MacLeod and Fontham, 1970), In our work, high (5X) K* 

had no effect on MSH release from control pars intermedia, 

and, as in other studies (see review cited above), had no 

2+ 
stimulatory effect in the absence of the Ca ion. The 

results reported here differ from those of Hopkins (1970) 

who could not demonstrate a K+ requirement for MSH release 

from the pars intermedia of the frog, X. laevis. Possibly, 

X. laevis, like the mouse, is unresponsive to such experi

mental manipulation, Hopkins stated that the presence of 

2+ Ca in the sucrose medium was solely sufficient for MSH 

release. He also suggested that in the "absence of other 

2+ 
inorganic ions, but the presence of Ca ", the rate of MSH 

release is significantly greater than when the glands are 

incubated in complete media. While we did not use X, 

laevis in our study, we found that MSH secretion in a 

2+ 
sucrose medium containing Ca as the only inorganic ion 

was not significantly greater than when the glands were 

incubated in sucrose alone. While we have no ultrastruc-

tural data (as was presented by Hopkins) showing that the 

pars intermedia cells look normal, it is evident they are 

physiologically normal since each experimental result was 

reversed upon reversal of experimental conditions (e.g., 

pituitaries washed and placed in control Ringer for another 

2-hr incubation). Hopkins, on the other hand, found that 

2+ 
not only did a Ca -free media inhibit MSH secretion but 

that this inhibition was also irreversible. 
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Although Geschwind (1970) has stated that the 

"effect of K+-deficiency is strangely variable" the results 

of the present study reveal a clear and consistent effect 

of K+ deprivation on inhibition of MSH release from the 

pars intermedia of a number of vertebrate species. In 

the mouse, where such an effect could not be demonstrated, 

2+ 
it was also shown that a complete lack of the Ca ion was 

only partially effective in inhibiting .MSH release. 

It has been suggested that hormone release by high 

K+ results from an initial depolarization of the cell mem-

2+ 
brane followed by the entrance of Ca which is then more 

directly responsible for hormone release (Douglas and 

Poisner, 1964a). Although high K+ does reverse the polarity 

of adenohypophysial cell membranes (Milligan and Kraicer, 

1970), this does not itself lead to hormone secretion in 

2+ 
the absence of extracellular Ca (Douglas, Kanno and 

Sampson, 1967). This relationship between cell membrane 

depolarization and a calcium-dcpendent secretory response 

has been referred to as "stimulus-secretion coupling" and 

has been likened to the "excitation-contraction coupling" 

of muscle (Douglas and Poisner, 1964b). 

Parsons (1970) has suggested that female rat 

lactotrophs may be maximally active in vitro and therefore 

be unresponsive to increased K+ concentration. This may 

indeed be the case for MSH secretion from the pars intermedia 
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in vitro which is no longer under hypothalamic inhibitory 

control. Parsons (1970) has suggested that these lacto-

trophs may depolarize spontaneously when removed from a 

site of direct hypothalamic influence. If such is also the 

case for the pars intermedia cell, then, it is quite 

possible that the absence of K+ is responsible for hyper-

polarization of the cell and therefore inhibitory to .MSH 

release. Somlyo, Haeusler and Somlyo (1970) showed that 

hyperpolarization of the smooth muscle membrane by iso

proterenol or theophylline in combination with dibutyryl 

cyclic AMP is dependent upon low concentrations of potassium. 

This result suggests that one mechanism of hormone action 

may actually involve membrane hyperpolarization as con

trolled by a regulation of K+ fluxes into or out of the 

cell. Possibly MRIF, or other MSH-release inhibiting 

factors may regulate the pars intermedia by a similar 

membrane mechanism. McCann and Porter (1969) have theorized 

such a possibility for the mammotrophs of the pars distalis. 

The present study is the first to demonstrate the 

effect of a cardiac glycoside (ouabain, strophanthin K) 

on the release of a pituitary hormone. By inference, 

therefore, such a result might suggest that a sodium-

potassium transport mechanism may be involved in the 

control of hormone release. It might be expected that a 

similar sodium-potassium transport mechanism may regulate 



the release of other pituitary hormones, particularly 

prolactin, since it is also regulated by a hypothalamic 

inhibitor as is MSH. Indeed, Takagi and Yamamoto (.1969) 

+ + have extracted a Na -K -activated ATPase from the rat 

anterior pituitary. This enzyme was inhibited by ouabain 

at concentrations similar to those used in the present 

study. It was suggested that this pituitary ATPase may be 

one of the target enzymes of the negative feedback hormones. 

The enzyme activity was depressed in vitro by adreno-

corticoids or thyroxine but was stimulated within the 

glands by adrenalectomy or thyroidectomy. Theoretically, 

then, as suggested by the present experiments, inhibition 

of MSH release by hypothalamic factors such as MRIF, might 

be expected to be associated with an inhibition of the 

Na+-K+ active transport system. 

Ouabain apparently causes a loss of intracellular 

K+ from tissues (Moe and Farah, 1970) which may lead to 

cellular hyperpolarization and, in the case of the pars 

intermedia cell, the inhibition of MSH release. In our 

experiments the absence of K+ from the incubation medium 

resulted in a decrease in MSH release and this may have 

been due to an inhibition of the Na+-K+ pump. Although 

the removal of a comparatively small amount of K+ from 

the incubation medium dramatically emphasizes the role of 

K+ and an active transport mechanism in MSH release 



control, these studies also demonstrate a possible require

ment of the sodium ion in hormone release. MSH is strongly 

inhibited in either a sucrose or Li+-Ringer medium. Such 

results may therefore, indicate a sodium requirement for 

MSH release. Other workers using ouabain have noted an 

increased release of hormone (insulin, Hales and Milner, 

1968; adrenal catecholamines, Banks, 1967; Banks et al., 

1969; vasopressin, Dicker, 1966) in the presence of this 

cardiac glycoside. Since these agents cause an increased 

accumulation of intracellular Na+ due to inhibition of 

active transport, it has been suggested (for catecholamines, 

Banks et al., 1969; insulin, Hales and Milner, 1968) that 

Na+ may play an active role in hormone secretion. Also, 

2+ 
since a Ca -dependent secretion of catecholamines is 

enhanced by elevated intracellular levels of Na+ the ques

tion has been raised (Banks et al., 1969) as to "whether 

2+ a sodium-dependent Ca influx is involved m the response 

of other types of secretory cell to stimulation". The 

present results using ouabain fail to support such a thesis 

for the pars intermedia cell since the glycoside at the 

concentrations employed in these studies is inhibitory to 

MSH release. The failure of ouabain to inhibit MSH release 

from the mouse pituitary may indicate, as suggested by 

Repke, Est and Portius (1965), that species variation in 

response to cardiac glycosides (Skou, 1965) may relate to 



species differences in sensitivity to the different trans

port ATPases possessed by the various species. 

Certainly, these results suggest a role for a 

"f* • 
Na -K active transport system for the control of MSH 

release. How this system is linked to an additional (but 

2+ 
secondary) Ca requirement for MSH release is unresolved. 

Obviously the functional activity of the active transport 

2+ 
system is prerequisite for the manifestation of a Ca 

requirement for hormone release. It remains to be de

termined whether and how MRIF or other MSH-release in

hibiting factors may regulate this active transport system. 

Also of interest in this context, is the mechanism by which 

the postulated melanophore stimulating hormone-releasing 

factor (MRF) (Taleisnik et al., 1966) might regulate pars 

intermedia function. The present ionic results shift 

2+ 
the emphasis of hormone action from one of a primary Ca 

role for hormone release to one wherein the function of 

2+ 
Ca is secondary to an initial action of MSH release-

inhibitors on the cell membrane, possibly involving K+ 

and/or Na+ fluxes. 



SUMMARY CONCLUSIONS 

The present experiments have presented no data to 

support the existence of an MSH release-inhibiting factor 

(MRIF) in the vertebrate hypothalamus. These data do, 

however, clarify possible erroneous results by previous 

investigators utilizing crude brain extract preparations. 

The present study has also shown that certain ring 

structures of neurohypophysial hormones (e.g., tocinoic 

acid and tocinamide, ring structures of oxytocin) are potent 

inhibitors (in vitro) of MSH release from some vertebrate 

(mammalian and amphibian) pituitaries. Such results might 

suggest that these or closely related molecules may repre

sent the natural vertebrate MRIF. Much more experimenta

tion is needed, however, to verify such a suggestion. 

Some mechanisms regulating MSH release have been 

clarified. Both calcium and potassium have been clearly 

implicated as being necessary for MSH release. The addi

tional observation that cardiac glycosides inhibit MSH 

release strongly supports a sodium pump (active transport) 

mechanism in the regulation of MSH release. 

It is hoped that the present studies have added 

some information that will result in a better understanding 

of the hypothalamic regulation of the pars intermedia and 
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MSH release. At the same time, they leave totally un-

clarified any role which might be played by a neuronal 

control mechanism. 



PERSPECTIVES 

Currently, considerable conflicting evidence exists 

regarding the control of MSH release from the vertebrate 

pituitary. Further investigation, as well as, a critical 

examination of the presently existing data is needed. 

Accompanying such an analysis, many new questions will be 

raised that will, hopefully, result in some clarification 

of the steps involved in this control mechanism. 

Certainly, it is agreed that the hypothalamus 

directs the regulation of MSH release. It is not unlikely 

that this control will be shown to consist of either or 

both a neurosecretory (peptide factor) and a neuronal 

(monoaminergic) link in some vertebrate species. It will 

be important to determine whether these specific neuro

genic elements operate at the level of the pars intermedia 

cell, or are in fact, bringing about their influence 

through the hypothalamic nuclei. 

Since microtubules and microfilaments have been 

implicated as morphological correlates in the movement of 

secretory granules (Lacy et al., 1968; Orr, Hall and Allison, 

1972; Orci, Gabbay and Malaisse, 1972; Thoa et al.,1972) , it 

will be of interest to determine whether they play an 

essential role in the release of MSH. At the same time, 
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one would like to examine whether contractile filament 

events (if such correlates are shown to be pertinent to 

MSH release) as well as other steps in the release-

control system are energy dependent. Such information 

for other pituitary hormones is at present unclear (Gesch-

wind, 1970). It would appear from available information 

that hormone release is indeed an energy dependent process, 

however, the identification of the specific energy requiring 

steps has met with considerable difficulty. Another cellu

lar aspect of secretion, the elevation of the second 

messenger, cyclic 3',5' AMP, has been shown to accompany 

secretory processes (Sutherland, Robison and Butcher, 

1968) . It might, therefore, be expected that the pars 

intermedia, when removed from its morphological connections 

and tonic inhibitory control by the hypothalamus, might 

show elevated cAMP activity while freely secreting MSH. 

It would also follow that when MSH release is inhibited 

by tocinoic acid or its amide (as well as under other in-

2+ 
hibitory systems such as the cardiac glycosides; Ca 

free media, etc.) a decreased level of cAMP might con

ceivably exist and be amenable to measurement. Much work 

remains before an elucidation of the interrelationships 

of these various cellular parameters in the control of 

MSH release will be reached. 
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The present study has clearly indicated that the 

in vitro system for pars intermedia investigation is ex

tremely sensitive to subtle environmental changes (e.g., 

2+ + 
Ca or K -free medium, pH, etc.). Inhibition of MSH 

release by the various synthetic neurohypophysial peptide 

structures, along with the other inhibitory agents used to 

examine the control of MSH release, may likely be shown to 

function optimally at a relatively specific pH. 

In the last analysis, the final control event in 

MSH regulation at the pars intermedia cell level may indeed 

be the availability of the calcium ion. If such should 

be the case, then the tonic inhibition by the hypothalamus 

may center on a factor that effects calcium ion fluxes 

and/or intracellular vesicular or cytosol calcium pools. 
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