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ABSTRACT 

The pars intermedia of adult Rana pipiens white and 

black background adapted for 14 days (M.I. indices 1.0-1.5 

and 4.5-5.0, respectively) were studied by electron 

microscopy. Both the stellate and parenchymatous secretory 

cells of the pars intermedia were observed for ultra-

structural changes after this adaptation. Observations 

support the previous proposal that the stellate cell is 

mainly sustentacular in nature. Cytoplasmic granules of 

varying size (150my-300my) and electron density appear 

in far greater numbers in the secretory cells of the white-

adapted animals than in those of black-adapted. The 

latter contain only small (150-200my), more electron dense 

granules in association with the Golgi apparatus. The 

rough endoplasmic reticulum (rER) of the black-adapted 

frogs is dilated and contains a filamentous precipitate, 

while the rER of the white frogs is reduced in amount and 

lacks this material. The secretory cells of the black-

adapted frogs are characteristic of cells synthesizing 

and releasing a protein product, while the cells of the 

white-adapted animals are non-secreting cells packed with 

granules. 

ix 
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In the rER cisternae of the black-adapted frogs 

and to a lesser extent in those of the white-adapted, are 

found large, l-2y, droplets. These colloidal yesicles 

have been previously proposed to be stored hormone or 

hormone which is being synthesized faster than it is re

leased. These vesicles are considered in this study. 

Since microtubules and microfilaments have been implicated 

in the secretory process in other endocrine glands, the 

observation of a quantitative difference in these organelles 

in pars intermedia secreting versus non-secreting cells is 

an interesting one. The secretory cells of the 14 day 

black-adapted frogs show these organelles much more fre

quently than those of the 14 day white-adapted. 

The neurointermediate lobes of frogs maintained 

on black for 14 days were transplanted into the anterior 

chamber of the eye of black-adapted frogs which were then 

maintained on black for 3 days (M.I. 4.5-5.0). The ultra-

structure of most of the secretory cells of both trans

planted and intact pars intermedia appear similar to that 

of a white-adapted animal. Approximately 85-9 0% of the 

cells show cytoplasm packed with granules and a reduction 

in the rER. In a second experiment, 18 frogs were black-

adapted with nine serving as donors and the remaining nine 

as recipients of the intraocular transplants. The nine 

hosts were white-adapted for 3 days and showed skin 



xi 

darkening CM.I, 4.5-5.0). This darkening indicates the 

transplanted glands are not under hypothalamic control and 

are releasing MSH. The transplanted glands contain cells 

similar to those found in the black-adapted frog, while the 

cells of the intact pars intermedia are comparable to those 

of a white-adapted frog. 

Finally, six frogs were black-adapted and were in-

-7 jected with 1ml of porcine a-MSH (1 x 10 g/ml) every 2% hr 

for 3 days. Glands of these animals are similar to those 

of black-adapted frogs containing transplants; they contain 

many cytoplasmic granules. It appears that the extra 

amounts of MSH, either of transplanted or injected origin, 

inhibit the release of granules which have been theorized 

as stored MSH. It seems that MSH is acting at the pituitary 

level rather than at the hypothalamus to produce inhibition 

of release. The intact pituitary remains under hypothalamic 

control, but the transplanted one does not. These results 

suggest a direct feedback in which circulating MSH affects 

further release of MSH at the pituitary level. To what 

extent this direct feedback effect operates in the normal 

background adaptive responses of frogs is not known. 



INTRODUCTION 

Adaptive coloration in amphibians is effected by 

pigment cells in the skin called chromatophores, These 

cells in the main are controlled by a circulating hormone, 

melanocyte-stimulating hormone (MSH), which is released 

from the pars intermedia of the pituitary gland. These 

cells of the pars intermedia responsible for this hormone 

are small and basophilic. Their appearance in the electron 

microscope has been described by various investigators. 

Saland (1968) adapted Rana to white and black 

backgrounds. In the black-adapted animal, which is pre

sumably releasing MSH (Burgers, Imai and van Oordt, 1963; 

Thornton, 1971), she noted distinct characteristics for 

the MSH secretory cell. There was a proliferation of rough 

endoplasmic reticulum (rER), which appeared as whorls or 

expanded parallel cisternae filled with filamentous material 

and large (l-2y), electron dense droplets. Also an apparent 

increase in number of very dense, membrane-bound granules 

associated with the Golgi region occurred, Ito (1968) 

examined the pars intermedia of Rana nigromaculata whose 

hypothalamo-hypophysial tract (HH tract) had been transected 

for 7 days. The results indicated a numerical reduction in 

cytoplasmic secretory granules (150-550my), assumed to be 

1 
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MSH, and an increase in rER. From Saland's discussion, it 

appears that she did not observe the reduction in cyto

plasmic granules that Ito did. Rodriguez (1971) confirmed 

the observation of a decrease in cytoplasmic granules 9 days 

after HH tract transection in Rana pipiens; 6 hr after 

transection most of the granules were pale or empty. 

Imai (1969) adapted Xenopus laevis to black or white 

backgrounds for 7 days. His results showed a definite de

crease in number of granules except for the very dense, 

membrane-bound ones; this agreed with Ito1s findings in 

the transected HH tract Rana. The cells of the white-

adapted animals were filled with larger, filamentous 

granules, which were round or oval in shape. Hopkins 

(1970a) confirmed Imai's observation of many large (250-

275my) granules in the white-adapted Xenopus. Also present 

were 5 to 7 smaller (150-250mii) , more electron dense, and 

membrane-bound granules in each cell. In the black back

ground group, the number of these granules increased ten

fold. Although Hopkins (1970a, 1972) observed no continuity 

between the electron dense granules and the larger, fila

mentous granules, he did not exclude Imai's suggestion that 

the two forms may represent phases in the development of 

the same granule. 

It is well known that the release of MSH from the 

pars intermedia is under inhibitory control of the 
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hypothalamus. Using the techniques of IIH tract trans

action and autotransplantation, Etkin (1941, 1962) demon

strated the darkening of the skin in amphibians. There 

are three possible mechanisms for this inhibition. One 

proposal is that the hypothalamus controls the secretion 

of MSH by way of neurosecretory nerves leading into the 

pars intermedia. Into the intermediate lobe penetrate 

fibers which are stainable with chrome-alum-hematoxylin 

and with aldehyde fuchsin and belong to the HH tract. 

Mazzi (1954) indicated that neurosecretory fibers of this 

tract are responsible for the inhibitory control of MSH 

release. 

Other researchers indicate that the inhibitory 

control of the pars intermedia from the hypothalamus is by 

ordinary nerves. If the pars intermedia function were con

trolled by ordinary nerves, the re-establishment of control 

after denervation would be slow and not necessarily complete. 

This hypothesis was supported by denervation of the inter

mediate lobe of X. laevis and Bufo bufo (J^rgensen and 

Larsen, 1963). Iturriza (1964), studying the ultrastruc-

ture of the amphibian pars intermedia, showed the presence 

of nerve endings and suggested that their synaptic vesicles 

contained norepinephrine. Iturriza (1966, 1969) theorized 

that catecholamines from the adrenergic neurons terminating 

in the pars intermedia are the substances which affect the 
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hypothalamic control. Enemar and Falck (1965), using the 

florescence technique, demonstrated the presence of cate-

cholamine-containing nerve endings in the pars intermedia. 

Recent ultrastructural investigations of the am

phibian pars intermedia have supported the presence of both 

neurosecretory and adrenergic fibers. Cohen (1967), 

Saland (1968) , Ito (1971), and Hopkins (1971) demonstrated 

that the neurosecretory fibers are confined to the periphery 

of the pars intermedia, close to the border of the pars 

nervosa. Although the adrenergic fibers are demonstrated 

throughout the gland, they also predominate at the periphery. 

Nakai and Gorbman (1969), using R. pipiens, demonstrated 

the two different types of neurons synapsing within the 

pars intermedia. Only once did they observe the neuro

secretory and adrenergic fibers synapsing on an individual 

parenchymal cell. 

Although the above discussion indicates some type 

of neuronal control of MSH release, data from other re

searchers suggest that the control mechanism is more com

plex. Kastin and Schally (1966) postulated the presence of 

MSH inhibitory factors in the rat. Ralph and Sampath 

(1966) showed inhibition of MSH from R. pipiens pituitaries 

with frog and rat brain extracts; the hypothalamus contained 

more of the inhibitor. Bercu and Brinkley (1967) also 

demonstrated an MSH inhibitor in the hypothalamus of R. 
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pipiens. Taleisnik and Tomatis (1967) suggested that in the 

rat the hypothalamus supraoptic nucleus is the possible 

source of the MSH release inhibiting factor (MIF). Possibly 

this is transported to the pars intermedia in a hypothalamo-

pars intermedia portal system as described by Cruz (1959) 

or Rodriguez and Piezzi (1967). 

Data have appeared in the literature indicating the 

isolation and structure of MIF. Nair, Kastin and Schally 

(1971, 1972) have isolated from bovine hypothalamic ex

tracts a tripeptide and a pentapeptide referred to as MIF I 

and MIF II, respectively. Kastin, Schally and Viosca 

(1971) and Nair et al. (1972) claimed inhibition of MSH 

release with MIF I and II in their lesioned frog assay. 

Celis, Taleisnik and Walter (1971) suggested that the rat 

median eminence contains enzymatic activity to convert 

oxytocin to the MIF tripeptide. However, Bower, Hadley 

and Hruby (1971) have shown that tocinoic acid, the ring 

structure of oxytocin, inhibits MSH release from the rat 

pituitary in vitro. Also, Hruby et al.. (1972) reported 

MSH release inhibition with tocinoic acid and tocinamide 

in the rat, hamster, the amphibians, Bufo marinus and Rana 

catesbeiana, but not Rana pipiens. 

It has been suggested that MSH modifies its own 

release, possibly via the hypothalamus. The autoregulation 

constitutes a type of short feedback (Kastin and Schally, 
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1967). Intravenous injections of exogenous JMSH caused an 

elevation of pituitary content of MSH. The authors con

cluded that the most probable explanation was that adminis

tration of exogenous MSH caused an increase in the levels of 

hormone in the plasma of the rat, which, in turn, led to 

inhibition of the release of pituitary MSH. The relation

ship between pituitary secretion of MSH and the plasma 

levels of hormone may operate by a negative feedback at the 

hypothalamus, which regulates the pituitary secretion by 

elaborating MIF, 

However, more recent data indicate that at least 

some of the feedback may be at the pituitary level (Kastin, 

Arimura et al., 1971). This mass action-type of direct 

feedback control was shown in vitro in three ways: (1) rat 

pituitaries were incubated for 15 min; groups in which the 

medium was changed every 5 min released 81% more MSH; (2) in

cubation of pituitaries in a larger volume resulted in in

creased total MSH release; (3) addition of highly purified 

MSH equal to that released by the incubated pituitaries re

sulted in a reduction of the MSH released. Thus, in rats 

there appears to be a direct feedback action in which the 

concentration of MSH bathing the pituitary affects further re

lease of the hormone by a mass action feedback control at the 

pituitary level. A similar mass action feedback control 

at the pituitary level has been suggested in rats for 



release of prolactin (Spies and Clegg, 1971) and luteinizing 

hormone (Hirono, Igarashi and Matsumoto, 1971). 

The mass action-type direct feedback control is 

proposed as a third feedback system. The classic feedback 

system is one in which the controlling signals are hormones 

produced by the peripheral target organs such as the adrenal 

cortex or the thyroid gland. A second feedback, the short, 

auto, or internal feedback mechanism is one in which the 

controlling signals are the pituitary hormones themselves. 

It is particularly relevant that short systems are involved 

in the control of secretion of prolactin, growth hormone, 

and MSH. These hormones do not have the classic target 

organs which produce hormones for a feedback to the hypo

thalamus, but there appear to be sensitive receptors in the 

hypothalamus which are stimulated by these hormones them

selves. In the third type of feedback control, it is pro

posed that intrapituitary receptors are sensitive to these 

hormones. Since the target organs of MSH, the chromato-

phores, do not release a feedback hormone, there is a 

possibility that this third type of control in which MSH 

acts at the pituitary level does exist. 

From electron microscopical studies an additional 

control of MSH synthesis and release has been suggested. 

This cellular mechanism was first suggested by Saland 

(19 68) based on her background adaptation experiments and 
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the information reported by Ito (1968) in his transection 

of the HH tract studies. Since she did not observe the 

reduction in cytoplasmic granules that Ito did, Saland 

suggested that in background adaptation the need for hormone 

may be met without excessive depletion of cytoplasmic 

granules. On the basis of data from black to white-

adapted animals, Saland speculated that neuronal inhibition 

of the pars intermedia appears to occur first at the level 

of hormone release. As unreleased hormone accumulates, 

synthesis is slowed down, and the characteristic condition 

of the MSH secretory cell from a white-adapted animal is 

seen. Thus, Saland suggested the possibility that control 

of synthesis is mediated by a feedback mechanism activated 

by amounts of MSH stored in the gland. 

Ito (19 71), in an experiment in which he extirpated 

the median eminence of R. nigromaculata, postulated that 

the neural control of the MSH cell first operates on the 

release of the hormone. The cytological characteristics 

of the MSH cells of the 1 and 2 day postoperative animals, 

in regard to the cells upon which degenerated synapses 

end, indicated that the release of MSH preceded its syn

thesis. Cytological changes in the cell up to 6 months 

after the operation suggested that synthesis depended on 

the amount of unreleased hormone in the cells and not on 

degeneration or regeneration of the synaptic nerve endings. 
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Therefore, Ito proposed that the synthesizing activity is 

mediated by the MSH stored in the cells. When Masur (19 69) 

studied the fine structure of the autotransplanted pituitary 

in Notophthalmus viridescens, she noted that "the early 

period of disinhibition" resulted in extreme decrease in 

granules from the MSH cells but there was no alteration 

in the "granule-producing organelles". Masur concluded 

that the regulation of MSH secretion is primarily at the 

level of release of stored hormone. 

Because of Saland's and Ito's suggestions that the 

control of MSH synthesis is mediated by a feedback mechanism 

activated by amounts of MSH stored in the cells themselves, 

the question of what are the effects of extra amounts of 

MSH administered to amphibians arose. What would be the 

ultrastructural characteristics of the MSH secretory cells 

if both an animal's in situ and a transplanted pars inter

media were releasing MSH? To attempt to answer the ques

tion of effects of extra amounts of MSH, I introduced into 

R. pipiens MSH by two different ways. In one experiment 

the MSH was supplied by a neurointermediate lobe trans

planted into the anterior chamber of the eye; in the second 

the extra MSH was given as injections of porcine a-MSH. 

In this project it was also possible to consider the mass 

action-type direct feedback as proposed by Kastin, 

Arimura et al. (1971). 
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To begin this study, it was necessary to establish 

the ultrastructural criteria for a secreting/synthesizing 

versus a non-secreting/non-synthesizing MSH cell. To do 

this, adult R. pipiens were black and white background 

adapted. Since there are differences in the literature 

concerning the characteristics of such cells, a purpose of 

this research was to determine these cytological char

acteristics and compare them to those obtained by Saland 

(1968) and Ito (1968, 1971). Therefore, the research 

allowed me to determine these characteristics and to use 

this as a basis of comparison in the remaining portion of 

the study. After determining the initial information, 

it was possible to proceed and investigate the ultra-

structural effects of extra amounts of MSH. 



MATERIALS AND METHODS 

Description of Experimental Procedures 

Adult Rana pipiens of both sexes, obtained from 

Southwestern Scientific Supply, Tucson, Arizona, and 

Steinhilber and Co., Oshkosh, Wisconsin, were used in 

this study. The frogs were adapted to either white or 

black backgrounds by maintaining them in white or black 

plastic pans, which were covered with large mesh wire and 

placed under a fluorescent light source 47cm above the water 

level of the pan. During the experiments the animals were 

maintained at 21 C and v/ere not fed. They were allowed to 

background adapt for 14 days; then the melanophore index of 

the melanophores in the web of the foot was determined by 

the Hogben and Slome (1931) index. The nine black or nine 

white-adapted frogs provided pars intermedia showing the 

typical ultrastructural characteristics of secreting or 

non-secreting MSH cells, respectively. 

For the initial part of the study to determine the 

influence of extra amounts of MSH, 18 frogs were black 

adapted under the same conditions as previously described. 

After the adaptation, nine of the frogs served as donors 

of neurointermediate lobes placed into the anterior chamber 

of the eyes of the remaining nine frogs which served as 

11 
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hosts. Each host was narcotized with MS222 Sandoz; without 

being narcotized the donor was decapitated, and the 

pituitary gland removed by cutting and lifting out the 

parasphenoid bone. After the pituitary gland was trans

ferred to a drop of amphibian Ringer's, the neurointermediate 

lobe was carefully separated from the pars distalis. Using 

the technique used by Iturriza (19 67), a horizontal opening 

was made with a razor blade in the corneoscleral junction 

and the transplant placed in the eye with a pair of fine 

forceps. To determine if the transplants were secreting 

MSH, the host frogs containing a pars intermedia transplant 

were placed in white pans for 12-24 hr in order to see if 

they remained dark in color. After this period of time, 

those blackened by the transplant were returned to a black 

background and remained there for three additional days. 

They were then decapitated and the intact and transplanted 

neurointermediate lobes were fixed for electron microscopy. 

The leg and thigh skins were quickly removed and prepared 

for light microcopical examination of the degree of 

chromatophore responses. 

Next 18 frogs were again black adapted with nine 

serving as donors and the remaining nine as recipients of 

intraocular transplants. These nine hosts were then placed 

on white until they darkened within 12-24 hr and were 

allowed to remain there three additional days. At this time, 
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these very black animals were decapitated, and both the 

in situ and transplanted neurointermediate lobes were re

moved and fixed for electron microscopy. Skin mounts were 

prepared from the leg and thigh skins of these animals. 

To ascertain whether the administration of purified 

mammalian MSH could duplicate the results of transplanta

tion, animals were black adapted for 14 days; subsequently 

they were maintained on black background for 3 days during 

which time they received 1 ml injections (dorsal lymph 

_7 sacs) of porcine a-MSH (1 x 10 gm/ml) every 2h hr. The 

a-MSH was obtained from Dr. Aaron B. Lerner and prepared 

as a lactose standard as described by Novales et al. 

(1962). At the end of the experiment, the animals were 

decapitated, and the neurointermediate lobes were removed 

and fixed for electron microscopy. Again, skin mounts were 

prepared from the leg and thigh skins. For the prepara

tion of skin mounts, the tissue was quickly removed from 

the animal and fixed in FAA (2 parts formaldehyde, 1 part 

acetic acid, 17 parts 70% ethanol) for approximately 2 hr. 

The skins were dehydrated through increasing concentrations 

of ethanol and then mounted in Permount on microscope 

slides. This procedure appears to cause no visible altera

tion in the morphology of melanophores or iridophores 

(Hadley and Bagnara, 1969). 
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Preparation of Tissue for Electron Microscopy 

The animals were decapitated; the intact pituitaries 

were quickly exposed by removing the parasphenoid bone, and 

the intraocular transplants were exposed by making a hori

zontal cut in the cornea. As soon as the glands were ex

posed they were flooded with glutaraldehyde; then the 

intact glands were dissected free of the pars distalis and 

placed in fresh fixative along with the transplanted glands. 

The neurointermediate lobes were doubly fixed; the 

initial fixation was carried out at room temperature for 

3-4 hr with 1.5% glutaraldehyde in 0.05M sodium cacodylate 

buffer (pH 7.0-7.2). The tissues were stored overnight at 

4 C in 0.13M cacodylate buffer (pH 7.0-7.2) to which 

sucrose had been added to maintain the osmolality near that 

of the fixative. Postfixation was carried out for 1-1% hr 

in cold 1% osmium tetroxide in 0.10M phosphate buffer (pl-l 

7.1-7.3). The phosphate buffer was composed of 0.10M 

sodium orthophosphate and 0.10M potassium orthophosphate in 

the ratio of 9.5 to 0.5. Following postfixation, the 

specimens were rinsed in phosphate buffer, dehydrated by 

passing them through a graded series of ethanol, and then 

transferred to propylene oxide. Infiltration in Epon 812 

(Luft, 1961) was carried out with Epon-Propylene oxide 

(PO) mixtures of Epon-PO (1:1) for 1 hr, Epon-PO (2:1) 

for 2 hr, and Epon only for overnight. Following the 
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final Epon infiltration, the tissues were embedded in fresh 

Epon in gelatin capsules and placed in a 60 C oven for 2h 

to 3 days for polymerization. 

One micron sections were cut with glass knives 

using a Porter-Blum MT-2 ultramicrotome; these were stained 

for light microscopy with 0.1% solution of toluidine blue 

dissolved in aqueous 1% borax. Light gold to silver thin 

sections, cut with a DuPont diamond knife, were mounted on 

uncoated copper grids. The sections were stained for 

10-15 min in 4% uranyl acetate in absolute ethanol (Stempak 

and Ward, 1964) followed by 15-30 sec staining in 0.1% 

lead citrate (Venable and Coggeshall, 1965). The grids 

were examined in a Philips EM 200 electron microscope 

operating at 60 KV. 



RESULTS 

Observations of Specimens Adapted to Black 
and White Backgrounds for 14 Days 

Light Microscopical Observations 

The Rana pipiens maintained on a white background 

for 14 days were quite light and had dermal melanophore 

indices (M.I.) of 1.0-1.5 (Figure 1) while the dermal 

melanophores of the 14 day black background adapted frogs 

were dendritic (M.I. 4.5-5.0) (Figure 2). In such black-

adapted animals, the melanosomes fill the melanophore 

processes to the extent that it is not possible to see the 

punctate iridophores. In Figure 1 the white-adapted con

dition is characterized by the presence of punctate melano

phores and dendritic iridophores. 

Observations on one micron thick sections of the 

neurointermediate lobe of R. pipiens adapted to a white or 

black background for 14 days are as shown in Figures 3 

and 4, respectively. Two cell types are distinguished in 

the pars intermedia. At the border between the pars 

intermedia and pars nervosa are cells which have long 

cytoplasmic processes which appear to extend into the gland 

and between the other cell type. This round cell is the 

more common of the two types, and its nucleus takes on a 

16 



Figure 1. Skin mount from 14 day white-adapted 
Rana pipiens. 

Note the punctate dermal melanophores and dendritic 
iridophores; the M.I. of the dermal melanophores is 
1.0-1.5. X338 

Figure 2. Skin mount from 14 day black-adapted 
Rana pipiens. 

Note that the dermal melanophores with M.I. of 4,5-5.0 
cover the punctate iridophores. X338 



Figure 1. Skin mount from 14 day white-adapted 
Rana pipiens. 

Figure 2. Skin mount from 14 day black-adapted 
Rana pipiens, 



Figure 3. Thick section of neurointermediate 
lobe from 14 day white-adapted Rana pipiens. 

Both pars intermedia (PI) and pars nervosa (PN) are shown. 
Note the dense droplets (D) located in the pars inter
media at the boarder with the pars nervosa. X500 

Figure 4. Thick section of neurointermediate lobe 
from 14 day black-adapted Rana pipiens. 

Note the dense droplets (D) and the capillary lumen (C) 
at the border of the pars intermedia (PI) with the pars 
nervosa (PN). X400 
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Figure 3. Thick section of neurointermediate lobe 
from 14 day white-adapted Rana pipiens. 

Figure 4. Thick section of neurointermediate lobe 
from 14 day black-adapted Rana pipiens. 
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rounded appearance while the nucleus of the other cell type 

is angular. Also present in the pars intermedia are large, 

dense droplets located at the border with the pars nervosa. 

Many of the droplets are concentrated around the capil

laries between the pars nervosa and pars intermedia, but 

they are never seen in the capillary lumen. This observa

tion of droplets is typical of the black background 

adapted animals. Although these droplets are also present 

in white-adapted frogs, their number is always smaller, 

and a few of the droplets are often scattered in the 

peripheral regions of the gland. In cells of all animals 

studied, the size of the droplets varies, but the largest 

ones appear approximately 5\i in diameter. In each thick 

section of the pars intermedia of the black-adapted animals 

examined, one or two of the round cells contain dense 

granules (l-2y) which fill that portion of the cytoplasm 

not occupied by the nucleus. 

Electron Microscopical Observations 

The pars intermedia of adult R. pipiens contains 

two types of cells, a secretory cell and a non-secretory 

cell. The latter appears to be a kind of supporting cell 

in the gland and is less numerous than the secretory. The 

non-secretory cells, referred to as stellate cells, form 

a thin capsule around the secretory cells. Beneath the 

endothelium of the capillaries between the pars intermedia 
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and pars nervosa lies a narrow envelope of stellate cells 

which have long processes that extend down into the inter

cellular spaces between the secretory cells. The nuclei 

of the cells may be in the part of the cell closest to the 

endothelium, but more often the angular shaped nuclei are 

found in the cytoplasmic processes themselves; these nuclei 

are smaller than those of the secretory cells (Figure 5). 

The morphology of stellate cells and their relation

ship to the secretory cells are emphasized in relatively 

low magnification electron micrographs (Figure 30, and 

S^, p. 52). The cytoplasm of the stellate cell differs 

from that of the secretory cell by the lack of secretory 

granules; moreover, only rarely are lysosome-like bodies 

seen in these cells (Figure 5). These stellate cells have 

little rough endoplasmic reticulum (rER); the saccules 

of reticulum are found near the nucleus as are the mito

chondria. Also there are free ribosomes in the cytoplasm 

of the cell. Microfilaments generally run parallel to the 

long axis of the cell process and a few microtubules are 

similarly arranged. The Golgi complex consists of several 

flattened cisternae and small vesicles; there are no vesi

cles containing granular material or any other evidence 

of forming secretory granules (Figure 6, ER and G). In 

addition to the observations of no secretory granules, 

there are no developmental changes in the cellular 



Figure 5. Stellate cell between pars intermedia 
secretory cells. 

Stellate cell (S), with microfilaments (MF) and angular 
shaped nucleus (N,), lacks electron dense granules (G) 
associated with tne secretory cells with round nuclei 
(N2)• Note nerve fibers (arrows) which are probably 
adrenergic (type B). X13,666 
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Figure 6. Stellate cell process between secretory 
cells. 

Process shows rER (ER) as saccules near the nucleus (N), 
and the Golgi complex (G) has flattened cisterns with no 
secretory granules. Microtubules (arrows) are scattered 
in the cell process. X14,055 
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organelles or changes in the shape or size of these cells 

during the phases of MSH secretion. 

The majority of the pars intermedia cells are the 

secretory type; they show a round or ovoid nucleus, varying 

amounts of rER, a Golgi complex with secretory granules, 

mitochondria, lysosome-like bodies, and lipid bodies. The 

cytoplasmic characteristics of these cells vary with the 

background adaptation. There are three main characteristics 

that distinguish a secretory cell in the pars intermedia 

of a black background adapted R. pipiens from that of a 

white background adapted animal. Typical of the black 

background secretory cells is first of all an increased 

amount of rER, which appears in a parallel layered (Figure 

7, ER) or whorled (Figure 8, ER) pattern. The reticulum 

shows a rich array of attached ribosomes. Secondly, a 

filamentous precipitate is found in the dilated cisterns 

of the rER, which is distributed in the greater part of 

the cytoplasm (Figure 7). Thirdly, there are round, electron 

dense, membrane-bound granules, varying from 150-200m)j 

in diameter, associated with the Golgi complex. Although 

most of these granules are confined to the Golgi regions, 

some are distributed singly throughout the cytoplasm 

(Figure 5, G and Figure 7, G). Also present in cells with 

well developed rER are many small vesicles which are possibly 

junctional vesicles (Jamieson and Palade, 19 67) arising 
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Figure 7. Pars intermedia secretory cells from 14 
day black-adapted Rana pipiens. 

Cells show increase in parallel layered rER (ER) with a 
filamentous precipitate (P) in the dilated cisterns; 
electron dense secretory granules (G) are around the 
Golgi complex (GC). Note the lipid droplets (L). 
X13,016 



Figure 8. Whorled pattern of rER. 

Whorled rER (ER) seen adjacent to the nucleus (N) in 
an active secretory cell. X16,221 

Figure 9. Golgi complex with secretory product. 

Golgi complex seen to contain secretory granules (G) 
within cisternae; possible junctional vesicles (arrow) 
are between Golgi complex and rER (ER). L indicates 
a lipid droplet, X18,323 



Figure 8. Whorled pattern of rER. 

Figure 9. Golgi complex with secretory product. 
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from the rER cisternae and lying between them and the Golgi 

complex. Electron dense material is seen within the dilated 

Golgi cisternae and appears to be released as concentrated 

secretory product (Figure 9, G and arrow). These secre

tory cells are typical of those MSH cells from a frog 

black background adapted 14 days. 

As indicated in the light microscopical observations, 

occasionally the secretory cells contain dense granules 

which fill the cytoplasm. When studied by electron micro

scopy a few secretory cells appear as shown in Figure 10. 

Presumably these are the secretory cells and granules which 

were observed with light microscopy. The dilated rER 

cisternae are expanded to occupy a large portion of the 

cell; the cisternae are filled not only with a filamentous 

material but also with electron dense droplets l-2y in 

diameter. These droplets, referred to as colloidal vesi

cles (Iturriza, 1964), appear to have no limiting membrane 

surrounding them (Figure 10, V). Although Iturriza indi

cated that the small colloidal vesicles fused to form 

longer ones, such fusion is not noted in the present study. 

Also within the rER cisternae are less dense bodies which 

appear to be lipid droplets (Figure 10, L). No fusion is 

seen between these and the colloidal vesicles. Although 

there appears to be no fusion between the colloidal vesi

cles, both large, 4y, and small, 0.5y, vesicles are seen 



Figure 10. Secretory cell with dense droplets. 

The dense droplets, colloidal vesicles (V), and fila
mentous precipitate (P) fill the dilated cisternae of 
the rER (ER). There are no membranes enclosing the 
vesicles, which are never seen to fuse with other 
colloidal vesicles or with lipid droplets (L). 
XI2,4 0 0 



Figure 10. Secretory cell with dense droplets. 
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in the reticulum cisternae of the same cell. Again the 

dilated cisternae are filled with a filamentous material 

(Figure 10, P). Presumably these large colloidal vesi

cles are the dense droplets observed in the light micro

scopical sections of the pars intermedia. Although the 

colloidal vesicles appear in the reticulum cisternae, they 

are not associated with the Golgi complex nor seen free 

in the cytoplasm. 

When animals are maintained on a white background 

for 14 days, the secretory cells of the pars intermedia 

show characteristics v/hich are very much different from 

those of black-adapted specimens. The major characteristic 

is the presence of many granules which fill the cytoplasm 

(Figure 11, G). The secretory cell granules vary in size 

(150-300mu), electron density, and shape. The larger 

granules (200-300mp), which are more abundant, are more 

ovoid in shape and less electron dense. Although they are 

enclosed by a membrane, it is not always continuous. The 

small granules, having a continuous membrane, are mostly 

associated with the Golgi complex, but a few are seen 

scattered throughout the cytoplasm. These small granules 

number 5 to 10 per cell in the white-adapted animals 

while the black-adapted show up to 10 times that number 

(Figure 7, G and Figure 12, G). The rER is reduced in 

amount in the white-adapted animals, and the cisternae 



Figure 11. Typical secretory cell from 14 day 
white-adapted Rana pipiens. 

The cytoplasm is filled with granules (G), the rER (ER) 
is reduced in amount, and the filamentous precipitate (P) 
is absent. Also note ovoid nucleus (N), dense body (D), 
and lipid droplets (L). S indicates a stellate cell. 
Xll,935 



Figure 12. Golgi complex and granules from 14 day 
white-adapted Rana pipiens. 

Cell shows granules (G) of varying electron density and 
shape and size, coated vesicles (CV), smooth vesicles 
(SV), and dense bodies (D). X22,946 



lack much of the precipitate present in the reticulum of 

the black-adapted animals. The reticulum is arranged in a 

parallel layered pattern, but it also occurs as non-

connecting saccules (Figure 11, ER). Ribosomes which 

probably would be associated with the membranes of the 

reticulum are free in the cytoplasm and are located between 

the granules. Although many of the cytoplasmic granules 

are in direct contact with one another, there appears to 

be no fusion between them (Figure 12). An example of the 

Golgi complexes from white-adapted animals is shown in 

this micrograph. Although the Golgi complexes remain well 

developed and the secretory product is presumed to be re

leased from the cisternae, the number of small, membrane-

bound, and electron dense granules associated with the 

complexes and dispersed in the cytoplasm is fewer than in 

the black-adapted animals. 

In the cytoplasm and most often located near the 

Golgi apparatus are dense bodies (450-700my) which appear 

lysosome-like. The contents of these bodies are finely 

granular, and they are not as electron dense as the small, 

membrane-bound secretory granules seen in association with 

the Golgi apparatus. Although they are found in the cyto

plasm of the black-adapted animals, they are typified both 

in form and in location in the cells of the white-adapted 

animal as shown in Figure 12, D. Contents of these bodies 



vary from a finely granular appearance to one that includes 

lamellar residues or circular vesicles. Figure 12 also 

illustrates a situation seen twice; there appears to be 

fusion not only between the dense bodies but also between 

the dense body and the cytoplasmic granules. Also as

sociated with the Golgi region are small vesicles which 

appear to be of the coated and the smooth variety. Al

though no fusion is observed between these small vesicles 

and the dense bodies, the possibility of fusion can not be 

completely ruled out because of the closeness of the two. 

Figure 13 is an enlargement showing the relationship be

tween the dense bodies (D), cytoplasmic granules (G) and 

smooth vesicles (SV). 

Present in cells of both black and white-adapted 

animals are larger dense bodies not necessarily associated 

with the Golgi complex. These dense bodies are hetero

genous in content; some contain lipid droplets or portions 

of rER (Figure 14, L and Figure 15, arrow). 

Since these various experiments presented excel

lent opportunities for studying organelles associated with 

synthesis and release of a protein hormone, an examination 

of the secreting versus the non-secreting MSH cell was made 

concerning the presence of microtubules and microfilaments. 

Both of the organelles are seen in the MSH secretory cell 

type. Although microtubules are seen in cells which appear 



Figure 13. Relationship between dense bodies, 
granules, and small vesicles. 

Note the contact between the smooth vesicles (SV) and the 
dense body (D) and the possible fusion between the two 
dense bodies and between the dense body and granule (G). 
X32,781 

Figure 14. Large 
dense body with lipid 
droplets. 

Figure 15. Dense 
body containing possible 
saccules of rER. 

Three lipid droplets (L) 
appear to be fusing with 
the dense body (D). 
X22,909 

Note that the saccules 
(arrow) appear to be fusing 
or have fused with the dense 
body (D). X22,050 



Figure 14. Large 
dense body with lipid 
droplets. 

Figure 15, Dense 
body containing possible 
saccules of rER. 



not to be secreting granules, they appear much more fre

quently in those cells which have all the described char

acteristics of a cell synthesizing and releasing MSH. 

The microtubules are not restricted to a particular area 

of the cell, but are scattered throughout the cytoplasm 

(Figures 16 and 17). Figure 18, G and arrows, shows two 

secretory granules in contact with the cell membrane and 

a cross section of two microtubules adjacent to these 

granules. In none of the secretory cells examined is a 

microtubular structure seen connecting the cell membrane 

and a secretory granule. Since the microtubular structure-

granule relationship has been described for other endocrine 

tissue and exocytosis has been observed in the pituitary 

gland, it was reasonable to expect both of these phenomena 

to occur in this study of the pars intermedia. 

As with the microtubules, microfilaments are more 

common in the cells that appear to be synthesizing and re

leasing granules than in those that appear inactive. Al

though many microfilaments are present in these active 

cells, there appears to be no specific location for them. 

Figures 19 and 26 show them concentrated adjacent to the 

cell nucleus, while in Figure 20 they are extending into 

a cellular process away from the nucleus. Although a 

microfilamentous web, located at the cell periphery, has 

been described in the beta cells of the pancreas (Orci, 



Figure 16. Microtubules in a pars intermedia se 
creting cell. 

Microtubules (arrows) are scattered in the cytoplasm of 
the cell. Note that there is no microtubular structure 
connecting a secretory granule (G) and the cell membrane 
X28,641 



Figure 17. Microtubules in a process of an active 
secretory cell. 

Microtubules (arrows) show no particular relationship to 
the other cellular organelles. X31,0 08 

Figure 18. Microtubules and microfilaments in an 
active secretory cell. 

Cell shows two secretory granules (G) in contact with the 
cell membrane and a cross section of two microtubules 
(arrows). MF indicates microfilaments. X46,620 
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Figure 17. Microtubules in a process of an active 
secretory cell. 

Figure 18. Microtubules and microfilaments in an 
active secretory cell. 
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Figure 19. Microfilaments adjacent to the nucleus 
of an active secretory cell. 

Note the microfilaments (MF) scattered in the cytoplasm; 
arrows indicate the microtubules. N indicates the nucleus. 
X26,802 



Figure 20. Microfilaments present in a cellular 
process extending away from the nucleus. 

Microfilaments (MF) appear to be located in no specific 
part of the cell; many are scattered throughout this par
ticular process. Dense bodies (D), mitochondria (M), and 
lipid droplets (L) are shown. X21,390 
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Figure 21. Rana pipiens with an intraocular 
neurointermediate lobe transplant. 

Note that the cornea is clear; therefore, there is no dif
ficulty in observing the transplant (T) within the anterior 
chamber of the eye. X5 



Figure 22. Typical secretory cells of in situ 
pars intermedia from transplanted frog maintained 3 days 
on black. 

Many granules (G) fill the cytoplasm, and the rER (ER) is 
in saccules and reduced parallel layered pattern. Compare 
the number of granules with the number in Figure 26. Round 
nucleus (N) is obvious. X10,992 



Figure 23. Rough endoplasmic reticulum with lack 
of filamentous precipitate. 

Compare presence of cisternal precipitate (P) with that in 
the rER cisternae of a secreting cell in Figure 7. Note 
granules (G) in this non-secreting cell. X12,957 

Figure 24. Golgi complex with granules. 

Granules (G) stored in cell; this Golgi complex (GC) 
probably releasing granules although many complexes show 
a reduction in activity. Note the microtubules (MT) 
and microfilaments (MF). X20,387 



Figure 23. Rough endoplasmic reticulum with lack of 
filamentous precipitate. 

Figure 24. Golgi complex with granules 



Figure 25. Non-secreting cell of the transplanted 
pars intermedia from frog maintained 3 days on black. 

Cell characteristics same as non-secreting cells in Figure 
22. Note the number of granules (G), the amount and 
arrangement of the rER (ER), and the small Golgi complex 
(GC). N indicates the nucleus. Xll,387 



Figure 26. Active secretory cell of the in. situ 
pars intermedia from transplanted frog maintained 3 days 
on black. 

Present are all the characteristics of an actively se
creting cell; note the well developed rER (ER) with 
filamentous precipitate (P) and the small, electron 
dense granules (G). MF indicates microfilaments, and 
N indicates adrenergic nerve fibers. X10,488 



Figure 26. Active secretory cell of the in situ 
pars intermedia from transplanted frog maintained 3 days 
on black. 



44 

Gabbay, and Malaisse, 1972) , no network of fine filaments 

is seen beneath the cell membrane in the MSH secretory 

cells. Overall the microfilaments seem to appear as 

bundles but with no specific location or orientation. 

Thus, microtubules and microfilaments are present, but 

they are not seen in the specific location or relationship 

as described for them in the beta cells of the pancreas 

by Lacy et al. (1968). 

Observations of Specimens Receiving Extra Amounts of 
MSH by Intraocular Transplants or Injections 

Light Microscopical Observations 

Eighteen frogs black background adapted as previously 

described showed a melanophore index range of 4.5-5.0. Nine 

of these served as donors of a neurointermediate lobe which 

was transplanted intraocularly into each of the remaining 

nine animals which were subsequently placed in white pans 

for 12-24 hr until darkening began. The M.I. readings 

averaged 4.0; therefore, it was known that the transplants 

were functional glands. When the animals were then trans

ferred to a black background for three additional days, the 

final M.I. readings were 4.5-5.0. Since the cornea of the 

eye containing the transplant was clear, the transplant was 

easy to observe (Figure 21). As the gland was removed from 

the eye, it was noted that it had become somewhat attached 

to the iris. During the period of transplantation, the 



45 

glands were pale in color except for small red spots which 

could be seen distributed on the sides of two of the glands. 

Probably the active circulation of the surrounding parts of 

the iris was just beginning to penetrate the gland; this sug

gests that early vascularization appears between the third 

and fourth day after the transplantation. The one micron 

thick sections of the gland did not show blood vessels pene

trating the tissue; the tissue appeared as shown in Figures 

3 and 4. 

In the experiments involving hormone injections, the 

six frogs were very dark and showed a M.I. range of 4.5-5.0 

resulting both from adaptation to a black background and 

from administration of MSH for 3 days. The thick sections 

of the pars intermedia showed cells as seen in the black-

adapted animals except that the colloidal vesicles were not 

as numerous. Since the number of colloidal vesicles seemed 

so similar to that in the cells of the white-adapted frog, 

no actual count was made. 

Electron Microscopical Observations 

When the transplanted tissue is examined with elec

tron microscopy, there is noted to be only minimal damage to 

the surface cells; a few of the cells are ruptured and show 

dense cytoplasm. Overall the cells of the transplant appear 

normal in every respect. The examination of the intact and 

transplanted glands reveal a very remarkable similarity in 



the secretory cells. Both the intact and transplanted 

gland secretory cells appear very similar to those cells 

found in a pars intermedia of a 14 day white background 

adapted R. pipiens. A survey of the secretory cells in

dicated that 85 to 90% of the MSH secretory cells show 

characteristics of non-secreting cells while only 10-15% 

are the type classified as very active MSH cells. Figure 

22 is typical of the cells in the intact pituitary; note 

the many granules scattered throughout the cytoplasm. As 

in the white-adapted animal, there are saccules of endo

plasmic reticulum dispersed among the granules which aire 

near the nucleus. While there is a definite parallel 

pattern of rER located near the nucleus, it is not as ex

tensive as that seen in the black-adapted frogs. Also in 

addition to the decrease in development of the reticulum, 

many cells show a lack of or reduction in the filamentous 

precipitate in the cisternae (Figure 23, P). As in the 

white-adapted animals, the Golgi complexes are releasing 

packaged granules (Figure 24), but many of the complexes 

in the cells of the intact and transplanted glands appear 

reduced in si.:e and possibly activity. Figure 25 illus

trates the characteristics of a non-secreting MSH cell in 

the transplanted gland. Again the rER is reduced in amount 

and is in the formation of both parallel cisternae and non-

connecting saccules dispersed around the nucleus. Also 

Figure 25 illustrates how the cytoplasm is packed with 



granules. Overall the secretory cells in both pituitaries 

exhibit the characteristics of a non-secreting MSH cell. 

Although the majority of these cells appear as described 

above, a few, 10-15%, demonstrate all the characteristics 

of an actively secreting MSH cell (Figure 26). The dif

ference in the granules is most impressive; the granules 

not only are fewer in number but also are the typical, 

membrane-bound granules associated with a secreting cell. 

The electron micrograph also illustrates the well developed 

rER that is present in a secreting cell. Thus, only a few 

of the secretory cells appear to be actively secreting MSH 

granules while the great majority of cells are accumulating 

granules. 

The cells of the pars intermedia from those frogs 

receiving injections of MSH while they were maintained on 

a black background appear as in Figure 27. Again the con

dition of the MSH secreting cells is very similar to that 

of a 14 day white-adapted R. pipiens. The secretory cells 

are packed with granules of varying diameter and electron 

density. Although the rER cisternae are dilated, the 

reticulum is much reduced in amount. A Golgi apparatus 

is seen releasing condensed granules. Note that the 

stellate cell remains unchanged; the lack of granules is 

most obvious. Mitochondria are near the angular nucleus. 

This electron micrograph is typical of the pars intermedia 



Figure 27. Secretory cell of iii situ pars inter
media from jyiSH injected Rana pipiens. 

Secretory cell (S^) has all the characteristics of an 
inactive cell as in the white-adapted frog. Note the many 
granules (G) and the reduction in amount of rER (ER). The 
stellate cell (S~) is obvious; compare the shape of nuclei 
N-^ and N2« Xl3,b41 



Figure 27, Secretory cell of in situ pars inter
media from MSH injected Rana pipiens. 
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cells of these six animals. .It is not possible to differ

entiate these cells from those in the pars intermedia of a 

white-adapted animal. Thus, it appears that extra amounts 

of MSH, either of transplanted or injected origin (1 x 

-7 . 10 g/ml ct-MSH injected every 2\ hr for 3 days) , inhibit 

the release of granules which have been theorized as 

melanophore-stimulating hormone. 

Observations of Black-adapted Transplanted 
Specimens Placed on a White Background 

Light Microscopical Observations 

Eighteen frogs black background adapted as previously 

described showed a melanophore index range of 4.5-5.0. The 

nine hosts were each given an intraocular neurointermediate 

lobe transplant and were placed in white pans for 12-24 hr, 

for the initial darkening reaction. These animals with a 

M.I. index of approximately 4.0 were in the white pans for 

three additional days, and the final M.I. readings were 

4.5-5.0. Figure 28 shows one of the frogs darkened by the 

intraocular transplant; note how much darker it is than a 

normal 14 day white background adapted animal. In Figure 

29 it can be seen that this same darkened frog is as dark 

or even darker than a normal frog maintained on a black 

background for 14 days. The melanophore indices were read 

from skin mounts like those shown in Figures 1 and 2. 



Figure 28. White-adapted Rana pipiens compared 
to transplanted, white-adapted specimen. 

The M.I. of the intraocular transplanted, white-adapted 
frog is 5.0 while the white-adapted frog has punctate 
melanophores in the range of 1.0-1.5. 

Figure 29. Black-adapted Rana pipiens compared to 
transplanted, white-adapted specimen. 

Note that the transplanted frog is as dark or darker than 
the normal 14 day black background adapted. 
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Figure 28. White-adapted Rana pipiens compared to 
transplanted, white-adapted specimen. 

Figure 29. Black-adapted Rana pipiens compared to 
transplanted, white-adapted specimen. 
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Examination of one micron sections of the trans

planted gland revealed results similar to those in the 

initial transplantation experiment, in which intraocular 

transplants were made and the hosts maintained on black 

background. As in the initial experiment, the tissue 

appears normal, and there appears to be no invasion of 

blood vessels. 

Electron Microscopical Observations 

Again, the transplanted tissue shows only minimal 

damage to the surface cells, and this is probably due to the 

mechanical handling of the tissue. The intact pars inter

media is strikingly similar to the ones removed from 14 day 

white-adapted frogs. The low magnification electron micro

graph (Figure 30) illustrates this typical picture. Most 

obvious are the many granules which fill the cytoplasm; as 

seen in the other sections of a non-secreting MSH cell, the 

granules vary in electron density and size and shape. 

These differences in granules are more obvious in a higher 

magnification micrograph (Figure 31). Also Figure 30 

demonstrates the reduced development of rER and the lack 

of the cisternal precipitate. Indeed, it appears that 

synthesis and release of cytoplasmic granules have been 

inhibited, A very different situation is seen in the 

transplanted gland (Figure 32). The rER is well developed; 

the reticulum has a parallel l£iyered pattern with a few 



Figure 30, In. situ pars intermedia from trans
planted frog maintained 3 days on white. 

Note similarities in secretory cells (S^) and (S2) and 
in those inactive cells in Figures 22 and 25. All these 
inactive cells are packed with granules (G). Observe 
the stellate cells (S~) and S.) and their processes in 
relation to the secretory cells. X7,284 



Figure 30. In situ pars intermedia from trans
planted frog maintained 3 days on white. 



Figure 31. High magnification electron micrograph 
of non-secretory cell showing differences in granules. 

In this type of cell the granules (G) vary in size, shape, 
and electron density and are not continuously enclosed 
with a membrane. Also note the different dense bodies 
(D2) and (D2). X20,518 
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Figure 31. High magnification electron micrograph 
of non^secretory cell showing differences in granules. 



Figure 32. Secreting cell of a transplanted pars 
intermedia from a frog maintained 3 days on white. 

All the characteristics of an active secretory cell are 
present; observe the rER (ER) and the electron dense 
granules (G). Compare this micrograph with Figure 30. 
X14,133 



Figure 32. Secreting cell of a transplanted pars 
intermedia from a frog maintained 3 days on white. 



isolated saccules. Also the difference in numbers of 

granules is noticeable at first examination. The cell 

has all the characteristics of a cell secreting MSH, and 

presumably, it is doing so because the host animal is 

blackened. In this experiment and in the others in which 

MSH secretory cells appear active and the host is dark, 

no extrusion of granules is ever seen. Although exo-

cytosis is possibly the mechanism of release in this por

tion of the pituitary as it probably is in the pars 

distalis, this process was never observed in the present 

study. 

Summary of Results 

Table 1 is a summary of the observed changes in 

R. pipiens resulting from black and white background 

adaptation, neurointermediate lobe transplantation, and 

MSH injection experiments. 



Table 1. Summary of changes in 14 day black and white background adapted Rana 
pipiens compared to pars intermedia transplanted and MSH injected 
Rana pipiens. 

Melanophore 
index (M.I.) 
of dermal Ultrastructural appearance of pars inter-

Experimental animal melanophores media MSH secretory cells 

14 day black-adapted 4.5-5.0 Characteristics of secreting cells: 
(9 frogs) Increase in amount of rER 

Filamentous precipitate in dilated rER 
Small (150-200mU), membrane-bound, 
electron dense secretory granules 

Numerous colloidal vesicles 
Numerous microfilaments and microtubules 

1.0-1.5 Characteristics of non-secreting cells: 
Decrease in amount of rER 
Reduction or lack of precipitate in rER 
cisternae 

Fewer small (150-200ml-i), electron dense 
secretory granules 

Many large (200-300my), less electron 
dense cytoplasmic granules 

Reduction in number of colloidal 
vesicles 

Reduction in number of microfilaments 
and microtubules 

14 day white-adapted 
(9 frogs) 



Table 1. (Continued) 

Melanophore 
index (M.I.) 
of dermal Ultrastructural appearance of pars inter-

Experimental animal melanophores media MSH secretory cells 

14 day black-adapted, 
transplanted, 3 day 
black-adapted 
(9 frogs) 

in situ and trans
planted pars inter
media 

4.5-5.0 Both pars intermedia have same char
acteristics : 
85-90% of cells with characteristics of 
non-secreting cells (as in white-
adapted animals) 

10-15% of cells with characteristics of 
secreting cells (as in black-adapted 
animals) 

14 day black-adapted, 4,5-5.0 
transplanted, 3 day 
white-adapted 
(9 frogs) 

in situ pars inter
media 

transplanted pars 
intermedia 

14 day black-adapted, 4.5-5.0 
3 day black-adapted 
with MSH injections 
(6 frogs) 

Characteristics of non-secreting cells 
(as in white-adapted animals) 

Characteristics of secreting cells (as in 
black-adapted animals) 

Characteristics of non-secreting cells (as 
in white-adapted animals) 



DISCUSSION 

Although other humoral agents, indoles and cate

cholamines, are involved in pigment cell responses (Bagnara 

and Hadley, 1969) , melanocyte-stinmlating hormone (MSH) 

from the pars intermedia is the major hormonal substance 

affecting the chromatophores in amphibians. The action 

of MSH upon the chromatophores allows amphibians to change 

color as they adapt to changes in environment. It is well 

known that the release of MSH from the pars intermedia is 

under inhibitory control of the hypothalamus and the pos

sible mechanisms for this inhibition are neurosecretory, 

adrenergic, or a peptide inhibiting factor. Maintaining 

frogs on dark or light colored backgrounds seems to stimu

late or inhibit, respectively, the release of MSI-I. Thus, 

by the use of background adapted Rana pipiens it is pos

sible to determine the cytological characteristics of the 

pars intermedia cells in a secreting or a non-secreting 

stage. 

Specimens Adapted to Black and White 
Backgrounds for 14 Days 

Stellate Cells of the Pars 
Intermedia 

From light and electron microscopical observations 

in the present investigation, it is known that there are 

58 
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two types of cells in the pars intermedia of R. pipiens. 

Although the less common type was proposed as a degenera

tive cell in the rat (Kobayashi, 1965) , Barginann, Lindner 

and Andres (1967) and Saland (1968) suggested that in the 

cat and frog, respectively, this cell type is glial in 

nature. The present study shows that the cell has three 

primary characteristics which distinguish it from the 

secretory cell type: (1) a lack of secretory granules; 

(2) several cellular processes which are long and extend 

between the secretory cells; (3) both cell and nucleus 

are angular shaped and are small in comparison to the 

secretory cell. Since there are no cytoplasmic granules 

in the stellate cells and because of their arrangement 

within the gland, the suggestion that this cell has a 

sustentacular role is confirmed in this study. Not only 

do stellate cells contact the secretory cells but also 

line the perivascular space between the pars intermedia 

and pars nervosa. Cardell (1969), studying the stellate 

cells in the pars distalis of the salamander, Notophthalmus 

viridescens, found more evidence for a supportive role 

than a secretory role. These cells did not have the 

morphology generally associated with secretion; moreover, 

in addition to little rER and small Golgi complexes, the 

cells had very few secretory granules, varying from their 

complete absence to the presence of only one or two. 



Although the stellate cells in the rabbit pars distalis 

have been interpreted as a non-secretory supportive cell 

type, the possibility that they play an additional role as 

a source of adrenocorticotrophic hormone has not been 

eliminated completely (Schechter, 1969). 

Forbes (1972a) proposed a function of transport 

for the stellate cells of the pars distalis of the lizard, 

Anolis carolinensis. When thyroidectomy cells formed, the 

stellate cells associated with them underwent enlargement 

and the number of stellate cell micropinocytotic vesicles 

increased. Forbes suggested that these vesicles may 

transverse the cells and release their contents at points 

bordering the thyroidectomy cells. Forbes (1972b) observed 

enlargement of processes, vesiculation, and formation of 

junctions between the stellate cells in Anolis pars inter

media stellate cells when the lizards were subjected to 

environmental conditions which should inhibit hormone 

secretion. Although Forbes (1972a,-b) commented on the 

possible relationship between the hypertrophic changes 

and the transmission of the MSH hypothalamic inhibitory 

mediator of the pars intermedia, he also supported the 

sustentacular role for this cell in Anolis. Weatherhead 

(1971) suggested that the small lucent vesicles in the 

stellate cells of the reptile, Sphenodon, possibly 
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transport MSH to the capillaries of the plexus intermedius 

and carry precursors to the secretory cells. 

The data presented in this investigation with JR. 

pipiens support Cardell's proposal that the stellate cell 

has more of a supportive role than secretory. Not only do 

these cells lack well developed organelles for protein 

synthesis but also are devoid of a secretory product. 

Also changes in size of the cell and its processes and the 

differential formation of micropinocytotic vesicles are 

not observed in the pars intermedia stellate cells when 

R. pipiens are background adapted for 14 days. Since it 

is known that there is no nervous innervation of the 

reptilian pars intermedia (Nayar and Pandalai, 1963; 

Rodriguez and La Pointe, 1970; Weatherhead, 1971), it is 

possible to speculate that the small lucent vesicles of 

Sphenodon pars intermedia stellate cells transport a neuro-

humor or neurohormone from the capillaries of the plexus 

intermedius. Rodriguez (1971) suggested that in the lizard 

active principles from the neural lobe neurosecretory and 

ordinary fibers move across the vascular septum to the pars 

intermedia. Also the neurointermediate circulatory plexus 

to Anolis pars intermedia (Meurling and Willstedt, 1970) 

could allow for transport from the neural lobe such 

mediators which are then transported by the stellate cells 

to the secretory cells. Although it is only a speculation, 



possibly this transport function of the stellate cell is 

not needed in the amphibians because the pars intermedia 

is penetrated directly by both neurosecretory and adrener

gic neurons. 

Secretory Cells of Pars Intermedia 

The majority of the amphibian pars intermedia cells 

are the parenchymatous secretory type which produce granules 

presumed to be MSH. As the literature indicates, the cyto

plasmic characteristics of the secretory cells vary de

pending upon the presence or absence of hypothalamic con

trol. As indicated above, the variations in the literature 

concerning the cytoplasmic characteristics found in the 

MSH secretory cells in a secreting versus a non-secreting 

pars intermedia make it worthwhile to compare the results 

found in this study with previous ones. For secreting 

cells Saland (19 68) proposed that the expanded rER with 

cisternae filled with filamentous material suggested pro

tein synthesis. Saland (1968), Ito (1968), Imai (1969), 

and Hopkins (1970a) all agreed upon augmentation of the 

secretory cell rER after 7 to 14 days adaptation upon 

black background or HH tract transection. Saland stressed 

the appearance of a whorled rER. It has been theorized 

that the whorled bodies correlate directly with the syn

thetic activity of cells producing a neurohormone (Brawer, 

1971). The present study supports these previously 
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reported results although the whorled pattern of rER is 

not noted as frequently as a parallel layered pattern. 

The major difference seen in this investigation 

concerns the cytoplasmic granules present in the secretory 

cells. As seen in this and also in previously mentioned 

studies, the uninhibited secretory cell shows an increase 

in number of the small, round, electron dense, and membrane-

bound granules most often associated with the Golgi ap

paratus. But different results have been noted concerning 

the larger, ovoid, and less electron dense granules. Ito 

(1968) observed that transection of the I-IH tract of Rana 

nigromaculata produced not only a decrease in assayable 

pituitary MSII but also a decrease in the number of cyto

plasmic granules in the secretory cells. When the median 

eminence was extirpated in R. nigromaculata, a decrease in 

cytoplasmic secretory granules occurred and reached a 

maximum 10 days after the surgery (Ito, 1971). Saland 

(1968) noted that the cytoplasmic secretory granules were 

"prominent in all animals" in her black and white back

ground adaptation study. She suggested that possibly, in 

background adaptation, the need for MSH can be met without 

the excessive loss of cytoplasmic granules. However, in 

such cases as Ito's HH tract experiment, the release of 

hormone may be faster than the rate of synthesis necessary 

to replace the hormone. 
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When Imai (19 69) black background adapted Xenopus 

laevis for 7 days, he confirmed the numerical increase in 

the small, dense secretory granules which Saland saw 

associated mainly with the Golgi apparatus. But, in the 

white background adapted Xenopus secretory cells he 

characterized granules which were larger, ovoid, less 

electron dense, and filamentous. Hopkins (197 0a) and 

Weatherhead, Thornton and Whur (1970) confirmed the 

presence of these larger granules in Xenopus following 

white background adaptation. The present investigation 

shows the appearance of these larger granules in the MSH 

secretory cell of the 14 day white-adapted R. pipiens 

while these are not found in the secretory cells of the 14 

day black-adapted frogs. Although the small, electron 

dense granules are seen, they are very few in number. 

Therefore, it appears that in R. pipiens black background 

adaptation for 14 days not only brings about an increase 

in the number of these small, membrane-bound, electron 

dense secretory granules but also produces a decrease in 

the number of the larger, less electron dense granules. 

From the studies with Xenopus laevis (Imai, 19 69; Hopkins, 

19 70a) and now from these data for R. pipiens, it appears 

that background adaptation is a physiological condition 

which will deplete the store of MSH cytoplasmic granules 

as does transection of the HH tract or extirpation of 



65 

the median eminence as shown in R. nigromaculata (Ito, 

1968, 1971) . 

Concerning the mode of release of the secretory 

granules, Saland (1968) did not observe the release of 

the granules by exocytosis; therefore, she theorized that 

MSII is released in a molecular form. Hopkins (1970a) is 

the only investigator who has suggested the larger, fila

mentous granules fuse with the plasma membrane and release 

their contents into the extracellular space. Because this 

process has not been observed in the other amphibian pars 

intermedia ultrastructural studies nor in this 14 day 

adaptation study, it is interesting to speculate on the 

reason and to consider other methods of release. It must 

be considered that in all the background adaptation studies, 

the pars intermedia were fixed for electron microscopy 

after a period of days. Possibly exocytosis could be ob

served if the amphibians were adapted to a white back

ground and then placed on black and sacrificed after short 

periods of time. Also, if only a small number of MSH 

molecules is necessary to stimulate chromatophores, the 

possibility of seeing release in thin sections representing 

such a small part of the whole pars intermedia is slight. 

Si^ice intracy toplasmic lysis of secretory granules has now 

been reported as mechanism of release in the adenohypophysis 
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of Bufo bufo (Mira-Moser, 1970, 1971), this is a possi

bility which can not be completely eliminated. 

Specialized Structures of the 
Pars Intermedia Secretory Cells 

Although colloidal vesicles were observed with 

light and electron microscopy by Ortman (1956) and Iturriza 

(1964), respectively, the function of these colloidal 

vesicles found in the cisternae of the rER of MSII secretory 

cells still remains unclear. Using histochemical tests, 

Iturriza and Koch (1964a,-b) proposed that these vesicles 

are droplets of a storage form of MSH in which the amino 

acids are bound to a glycolipoprotein which could be a 

carrier substance. Although Ito (1967) found that the 

droplets increased in number when R. nigromaculata were 

placed on a black background and decreased when the frogs 

were on white background, his earlier bioassay (Ito, 1965) 

showed more MSH to be present in the pituitaries of white-

adapted animals. He concluded that the droplets were a 

storage form of MSH whose activity is masked. Imai (1969) 

and Saland (19 68) observed the droplets in the rER cisternae 

in only black-adapted amphibians. Saland proposed that 

these were a direct condensation of MSH within the cis

ternae. In an in vitro study to follow MSH synthesis in 

3 
Xenopus, Hopkins (1972) used glycine- H and observed that 

the radioactive label remained in the intracisternal 
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droplets for an extended period of time. Hopkins sug

gested that the formation of these droplets is similar to 

that described for those droplets found in the expanded 

rER of thyroidectomy cells (Farquhar, 1971). With the 

increased synthesis of secretory product the material 

does not move from the rER cisternae fast enough to pre

vent condensation in the cisternae. 

In the present study with background adaptation of 

R. pipiens, these colloidal droplets are seen in the 

cisternae of black-adapted animals and to a smaller extent 

in those of the white-adapted animals. Since a fila

mentous material is also present within the dilated rER 

cisternae of these secretory cells, possibly the increased 

secretory activity leads to a backup of this material, 

and it precipitates as the colloidal droplets. How these 

droplets are removed from the reticulum is not known. 

Fusion with other colloidal droplets or lipid droplets 

present is never observed. Since vesiculation of portion 

of the reticulum is never seen, there are no data to sup

port the idea that lysosomal formation could account for 

their release. This idea has been suggested for the 

thyroidectomy cells (Farquhar, 1971). 

Located in the cytoplasm near the Golgi apparatus 

are dense bodies which appear lysosome-like. As indicated 

above, these finely granular, dense bodies are more often 
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present in the white-adapted animals while the larger dense 

bodies with heterogenous contents are found in the cyto

plasm of the black and white-adapted animals. Since it 

has been proposed that lysosomes are concerned with con

trolling the number of secretory granules when prolactin 

release from mammotrophs of the mammalian pituitary is 

suppressed (Smith and Farquhar, 19 66), it is worth commenting 

upon the dense bodies of R. pipiens white-adapted for 14 

days. As indicated above, the finely granular, dense bodies 

are seen often, but the arrangement of the bodies with one 

another and the secretory granules as pictured in Figures 

12 and 13 is only rarely seen. It appears that there is 

fusion of the bodies not only with one another but also 

with the secretory granules. If the secretory granules do 

enter these dense bodies, which may possibly be pre

existing lysosomes, it is interesting to speculate that the 

small vesicles in contact with the dense bodies are re

charging them with hydrolytic enzymes. This possibility 

has been discussed for small vesicles associated with dense 

bodies and which showed the lead phosphate reaction product 

(Farquhar, 1969) . Since no acid phosphate test was carried 

out in the present study, any suggestions concerning pos

sible fusion of the granules with dense bodies recharged 

by way of the small vesicles are made only on the basis of 

the location and arrangement of these organelles. Still, 
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it is impossible to rule out completely these rare observa

tions as data to support a mechanism for removal of MSH 

granules not being released. 

Although the small dense bodies are seen more often 

in the secretory cells of the 14 day white-adapted R. 

pipiens, the larger dense bodies with heterogenous contents 

are also present, and there seems to be no increase in 

their numbers according to the type of background adapta

tion. These large bodies are seen to fuse with lipid 

droplets and portions of the rER. Hopkins (1970a,-b) not 

only noted an increase in number and in variety of contents 

of these dense bodies after Xenopus were maintained on a 

black background but also observed an increase in acid 

hydrolase activity. 

The organelles which have caused much speculation 

concerning their role in secretion are microtubules and 

microfilaments. Although microtubules and microfilaments 

have been shown in electron micrographs of pituitary 

secretory cells (Masur, 1969; Coates, 1969; Mira-Moser, 

1970) , only a preliminary note (Pelletier and Bornstein, 

1972) has indicated any correlation between their presence 

or absence and the process of secretion. Pelletier and 

Bornstein (1972), studying the effect of colchicine in 

the rat anterior pituitary, demonstrated an accumulation 

of secretory granules associated with the disappearance 
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of microtubules. Since it has been postulated that these 

organelles are part of a contractile system which could 

move granules to the cell surface or could be involved in 

the release mechanism of insulin from the beta cells of 

the pancreas (Lacy et al., 1968; Malaisse et al., 1971; 

Malaisse-Lagae et al., 1971), why could this not be true 

in secretion in the pituitary gland? A role has been 

proposed for microtubules in the secretory process in the 

adrenal medulla (Poisner and Bernstein, 1971) and the 

thyroid gland (Williams and Wolff, 1970, 1972). 

Using cytochalasin B as a blocking agent, Williams 

and Wolff (1971) proposed that microfilaments are also 

involved in the secretory process in the thyroid gland. 

Schofield (1971) suggested that cytochalasin B prevented 

movement of growth hormone granules up to the membrane to 

replace granules liberated in the initial response to 

secretogogue stimulation. Orci et al. (1972) showed a 

web of microfilaments beneath the cell membrane of the 

pancreatic beta cells. Using cytochalasin B, they demon

strated that alteration of the web is associated with an 

enhancement of glucose-induced secretion of insulin. 

Because of the strong support for a microfilament 

and microtubule hypothesis in these endocrine tissues, it 

is intriguing to question their role in the pituitary 

gland. In her electron microscopical examination of the 



rat pars distalis, Coates (personal communication) observed 

the presence of these organelles in the secretory and 

stellate cells but not in overwhelming numbers. Although 

she did not look for a correlation between the presence 

of microtubules and secretory granules, there did not 

appear to be the kind of microtubular-microfilamentous 

granule relationship that Lacy et al. (1968) described 

for the beta cells of the pancreas. Also, Pelletier and 

Bornstein (1972) stated that the microtubules were not 

abundant and were never seen linking secretory granules 

to one another or to the plasma membrane. Similarly, as 

was found in the present investigation, there is no apparent 

microtubular-microfilamentous granule relationship visible 

in the pars intermedia secretory cells of R. pipiens. 

However, a correlation is noted between the number of micro

tubules present and the state of secretory activity of 

the pars intermedia cells. In those cells not under hypo

thalamic control, there are more microtubules present; 

the observation is also true for the microfilaments. Thus, 

there appears to be a direct correlation between secretion 

and the number of these organelles. Since microtubules 

and microfilaments have been implicated in the secretory 

process in other endocrine tissues, the observation of a 

quantitative difference in these organelles in secreting 

versus non-secreting MSH cells is an interesting one. 
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This observation is supported by Pelletier's unpublished 

data that highly stimulated pituitary cells have an in

crease in their microtubule content (Pelletier and Born-

stein, 1972) . 

Specimens Receiving Extra Amounts of MSH by 
Intraocular Transpiants or Injections 

After carefully examining the ultrastructure of 

both secreting and non-secreting pars intermedia to es

tablish clear parameters to assess these two physiological 

states, it is possible to use this knowledge to answer 

many endocrine questions. One such question concerns the 

effect of extraordinary MSH levels on the secretory and 

synthetic activity of the pars intermedia. This was ac

complished by supplying an additional MSH source to frogs 

already black background adapted and presumably secreting 

MSH. This question is an important one because of the two 

suggestions concerning control of release of MSH. The 

mass action-type feedback control proposed by Kastin, 

Arimura et al. (19 71) involves MSH acting at the pituitary 

level to inhibit its further release. In their in vitro 

experiment with rat pituitaries, they increased by three 

different ways the amount of MSH bathing the pituitary and 

showed that this decreased the further release of MSH 

from the gland. Thus, they concluded that a direct feedback 
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mechanism acts at the pituitary to cause inhibition of 

release. 

The second proposal has been suggested from electron 

microscopical studies. Saland (1968) first speculated on 

the idea that the control of synthesis of MSH is mediated 

by the amount of MSH stored in the pars intermedia cells 

themselves. Saland suggested that neural inhibition of 

the pars intermedia operates at the level of hormone re

lease. Then as the release is inhibited the hormone 

content of the cell increases and the rate of synthesis 

is reduced. Thus, secretory granules accumulate in the 

MSH secretory cell. When Ito (1971) extirpated the median 

eminence of R. nigromaculata, he confirmed Saland's sug

gestion. He stated that synthesis depends exclusively on 

the amount of unreleased MSII in the cells and not on the 

degeneiration or regeneration of the synaptic nerve endings. 

Because of these proposals that the synthetizing activity 

is regulated by an intracellular feedback mechanism, it is 

most interesting to see the results of extra amounts of 

MSH given to R. pipiens. 

Two methods were selected to introduce the extra 

MSH into the animals. The intraocular transplant of a 

neurointermediate lobe provided a source of amphibian 

MSH, and the injection of porcine a-MSH provided a puri

fied hormone of known composition. The purified mammalian 
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MSIi was used to ascertain whether it would have the same 

effect and to be sure that the observed effects were in

deed attributable to MSH released from the transplant. 

Etkin (1962), in a review concerning hypothalamic inhibi

tion, discussed transplanting the pituitary to the anterior 

chamber of the eye and the ventral surface of the brain 

of hypophysectomized Rana- The site of the graft did not 

seem to influence the pigmentary response of the host; in 

all the successful transplantations "permanent" darkening 

resulted. Although Etkin did not use the Hogben and Slome 

M.I. staging system, he used one comparable to it. In a 

graph he showed that those animals with eye transplants 

began darkening and darkened to a "dark", which corres

ponded to a M.I. of 4.0, after about 6 days and after about 

5 days to an index of about 5.0. In the present study, 

R. pipiens with neurointermediate lobe intraocular trans

plants were placed on a white background immediately after 

transplantation. They began to darken, and after a period 

of 12-24 hr their M.I. readings were 4.0. Thus, it was 

concluded that the pars intermedia was functional, and the 

animals were transferred to a black or allowed to remain 

on the white background, depending on the experiment. 

Iturriza (1967), using Bufo bufo, carried out 

intraocular autotransplantations of the neurointermediate 

lobe. Two days after the transplantation, the toads 



showed a M.I. reading of 1.0; it was suggested that the 

"bleaching" was due to the nonfunctioning of the trans

plants. Fifteen days after transplanation the M.I. readings 

were 3.0; this indicated then functional autotransplants. 

The present study does not support this loss of function 

in the secretion of MSH; this is demonstrated by the per

sistence of dendritic melanophores even on frogs maintained 

on a white background. Iturriza considered that the re

sults of his experiment supported adrenergic control as the 

hypothalamic inhibitory mechanism of the pars intermedia. 

After cervical sympathectomy of a group of intraocular, 

autotransplanted toads, Iturriza noted M.I. readings of 

5.0; therefore, he concluded that catecholamines were no 

longer present in the aqueous humor to inhibit the release 

of MSH. 

In the present experiments, the morphology of the 

transplanted tissue appears normal. The transplant is 

present in the eye only for 3-3% days and this is probably 

not sufficient time for invasion of adrenergic fibers. 

When transplanted or in situ pars intermedia of frogs 

maintained on a black background are examined with electron 

microscopy, an amazing similarity is noted between the 

secretory cells of the intact and the transplanted pars 

intermedia. Moreover, it is not possible to distinguish 

the great majority of these cells from the pars intermedia 



secretory cells from a 14 day white background adapted 

R. pipiens. Only approximately 10-15% of the cells from 

both locations appear as secreting MSH cells. The majority 

of the secretory cells have the characteristics of cells 

which are not synthesizing and releasing a protein product. 

The rER is composed of both isolated saccules and the layered 

paralled pattern; also it is reduced in amount. The fila

mentous material which is so prominent in the secretory 

cells appears absent or reduced in amount. But, the most 

distinguishing characteristic is the presence of the many 

secretory granules. As was pointed out earlier in this 

investigation, when R. pipiens are placed on a black back

ground for 14 days, one should expect a great reduction in 

the number of cytoplasmic secretory granules. Obviously, 

there is some reason for this increase in granules, which 

suggest that synthesis and release of MSII are inhibited. 

Although overall these secretory cells of the intact and 

transplanted pars intermedia exhibit the characteristics 

of a non-secreting MSH cell, the other 10-15% of the cells 

of both glands have all the characteristics of an actively 

secreting MSH cell. The granules are few in number, and 

they are the small, dense, membrane-bound secretory granules 

associated with an active secretory cell. More than likely 

the darkening of these dark background adapted frogs 
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containing transplants is due to MSH produced and released 

from these few cells which remain functional. 

It is interesting to speculate on why the majority 

of the cells appear non-secreting while a few are the se

creting type. Possibly the extra amounts of MSH in the 

circulation are acting to inhibit the synthesis and release 

of MSH granules, but for unknown reasons all the colls are 

not inhibited. Possibly the pars intermedia cells have 

different thresholds of inhibition. 

To see if extra amounts of purified mammalian 

MSH would have the same effect, porcine a-MSI-I was injected 

into darkened frogs while they remained on a black back

ground. The cells of the pars intermedia appear as those 

of a non-secreting MSH cell; all the characteristics of the 

inhibited cell are present, including the presence of the 

granules. In other words, they appear much like those of 

frogs maintained on a white background or like those of 

either the in situ or the transplanted pars intermedia in 

transplanted frogs maintained on a black background. It 

should be noted that during these experiments in which the 

animals received extra amounts of MSH by injection or 

transplantation, there was no observation of morphological 

changes in the stellate cells. This tends to support 

their role as sustentacular cells. From the observation 

of the secretory cells after introduction of extra amounts 



of MSH, either by transplantation or injection origin, it 

appears that the synthesis and/or release of granules, 

theorized to be the MSH, is inhibited. Because of the mass 

action-type feedback control for MSH proposed by Kastin, 

Arirnura et al. (1971), and Saland's (1968) and Ito's (1971) 

suggestion of an intracellular feedback inhibitory mechanism, 

it is intriguing that MSIi appears to be inhibitory when 

present in extra amounts in the circulatory system. 

In an attempt to determine if this apparent in

hibition of MSH synthesis and/or release could be caused 

by hypothalamic inhibition, blackened frogs with intra

ocular transplants were allowed to remain on a white 

background for 3 days. Since at sacrifice the ultra-

structural characteristics of the in situ pars intermedia 

are those of a white background adapted frog pituitary, 

it appears that the gland is under hypothalamic inhibitory 

control. But the cellular characteristics of the pars 

intermedia secretory cells of the intraocular transplant 

are those of a 14 day black-adapted R. pipiens. The cells 

show organelles well developed for protein synthesis, and 

since the host is blackened, presumably, the cells are 

secreting MSH. Thus, it appears that while the intact 

pars intermedia is under hypothalamic inhibitory control 

the intraocular pars intermedia is not. Also it appears 

that the hypothalamic inhibitory substance cannot reach 



the intraocular transplant to bring about inhibitory action. 

Therefore, it is probable that the results in the original 

transplantation experiment, in which frogs were maintained 

on black backgrounds, are caused by MSII acting at the 

pituitary level rather than at the hypothalamic level to 

produce inhibition of synthesis and/or release of MSH. 

That the circulating level of MSH can have an effect 

on the iri situ pars intermedia and essentially cancel an 

aspect of hypothalamic control of MSH release is demon

strated by comparing the effects of the intraocular trans

plant on white-adapted and black-adapted frogs. In the 

former, the in situ pars intermedia apparently remains 

under hypothalamic control and does not appear to be 

secreting. In contrast, the in situ pars intermedia of the 

latter also appears not to be secreting, although one might 

expect that it should be on the basis of observations made 

on black-adapted frogs which are without an intraocular 

transplant. 

Comparison of the differential effects of the 

transplant on black-adapted and white-adapted frogs also 

gives some idea about the relative amount of circulating 

MSH that is necessary to inhibit MSH release at the level 

of the pars intermedia. Ultrastructural data show that the 

transplanted pars intermedia of white-adapted frogs seem 

to be secreting MSH while both the transplanted and in situ 



pars intermedia of black-adapted animals do not seem to be 

in a secreting state. Thus, it appears possible that the 

level of MSH necessary to inhibit further MSH synthesis 

and secretion from the pars intermedia is higher than that 

produced by one maximally synthesizing gland but less than 

that of two such glands. Perhaps a gross estimate of the 

actual amount of MSH involved in the direct feedback in

hibition can be ascertained from experiments involving the 

injection of purified MSH preparations. 

In the present experiments the injections of porcine 

a-MSH into black-adapted frogs had about the same effect 

on the in situ pars intermedia as did the presence of an 

intraocular transplant. Accordingly, from the present 

experiments, one might assume that a near maximally func

tioning pars intermedia is producing an amount of MSH 

-7 equivalent to 1 x 10 g every 2% hours. Unfortunately, 

the MSH injection series of these experiments utilized 

animals adapted to a black background. Thus, they were 

presumably producing their own MSH. Possibly this complica

tion could be precluded by the use of white-adapted frogs 

with intraocular transplants. By the injection of progres

sively higher doses of purified MSH into such frogs, it 

might be possible to ascertain a closer estimate of the 

amount of MSH necessary to inhibit the pars intermedia 

directly. In any event, it seems evident that the level 



of MSH necessary to act directly on the pars intermedia 

to inhibit MSH synthesis and release is higher than is 

produced by one functional pars intermedia. The question 

remains as to what role the direct feedback inhibition 

mechanism plays in the normal physiological control of 

color change. 



SUMMARY 

1. The pars intermedia of adult Rana pipiens 

show both the stellate cell and the parenchymatous secretory 

cell. Since no ultrastructuml changes are observed in the 

stellate cell after 14 day black or white background adapta

tion, it appears that this cell is sustentacular in nature. 

2. The secretory cells show characteristic changes 

after 14 day black background adaptation (M.I. 4.5-5.0) of 

frogs. The rER, in a parallel layered or whorled pattern, 

is dilated, and the cisternae contain a filamentous pre

cipitate. The small (150-200my), electron dense granules 

increase in number and are most often associated with the 

Golgi region. Thus, they appear as active synthesizing and 

secreting cells. 

3. The secretory cells of the 14 day white-

adapted (M.I. 1.0-1.5) animals are characterized by many 

cytoplasmic granules of varying size (150-300my) and electron 

density. The rER of these cells is reduced in amount and 

lacks the filamentous material. Thus, they appear as non-

synthesizing and non-secreting cells. 

4. In the rER cisternae of the black-adapted frogs 

and to a smaller extent in those of the white-adapted are 

the droplets called colloidal vesicles. Possibly these 

82 
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are stored MSH or MSH which is synthesized faster than it 

is released. 

5. Microtubules and microfilaments are observed 

scattered in the cytoplasm of the secretory cells; a quan

titative difference in these organelles is seen in the cells. 

The secretory cells of the 14 day black-adapted frogs show 

these organelles much more frequently than those of the 

14 day white-adapted. No microtubular-microfilamentous 

relationship between secretory granules and the plasma 

membrane is observed. 

6. The neurointermediate lobes of frogs black-

adapted for 14 days were transplanted into the anterior 

chamber of the eyes of black-adapted frogs which were then 

black adapted 3 days. The ultrastructure of the great 

majority of the secretory cells of both the transplanted 

and in sibu pars intermedia appears similar to that of a 

white-adapted animal. 

7. Black-adapted frogs received intraocular neuro

intermediate lobe transplants and then were maintained on 

white for 3 days. The transplanted glands have secretory 

cells similar to those of the black-adapted frog, but the 

cells of the in situ pars intermedia are like those of a 

white-adapted frog. 

8. Black-adapted frogs were injected with 1 ml of 

_7 porcine a-MSH (1 x 10 g/ml) every 2h hr for 3 days. Pars 
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intermedia of these animals are similar to those of black-

adapted frogs containing transplants; they appear as non-

synthesizing and nou-secreting cells. 

9. Analysis of the data from the background 

adaptation, the transplantation, and the injection of MSH 

experiments indicates that extra amounts of MSH inhibit the 

synthesis and release of MSH granules from the pars inter

media. Also, it appears that MSH is acting at the pituitary 

level rather than the hypothalamic to produce this inhibi

tion . 

10. Thus, these ultrastructural data suggest a 

direct feedback in which circulating MSH affects further 

release of MSH. What role this feedback inhibition plays 

in the normal physiological control of color change is 

not known. 
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