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ADSTRACT 

Various ultrastruotural studies were performed on the pars 

intermedia of the vertebrate pituitary gland. These involved the 

histochemical localization of adenosine triplaosphatase, examination of 

neurointermediate lobes maintained in long term organ culture, and 

freeze-fracture studies to locate morphological evidence of exocytosis 

and intercellular communication. 

ATPase localizations were carried out with the V/achstein-Meisel 

technique in the pars intermedia of the frog (Rana berlandieri forreri), 

rat (Sprague-Dawley), lizard (Anolis carolinensis). and snalce 

(Thamnophis sp.). In all tissues examined, reaction product v/as almost 

always localized betv/een membranes of non-parenchymal cells and paren

chymal cells, between two non-parenchymal cell membranes, or in other 

intermembrane spaces bounded on at least one side bj' a non-parenchymal 

cell. In the frog, non-parenchymal cells are scattered throughout the 

pars intermedia and have glial-like processes that may partially encase 

or separate the secretory cells. In the rat pars intermedia, non-

parenchymal cells surround the individual lobules and comprise the pos

terior epithelial lining. 

Since the reaction product could be partially inliibited by 

ouabain, it is suggested that non-parenchymal cells contain an ATPase, 

possibly a Nb'^'k"''ATPase, which might then allow these cells to serve as 

regulators of the extracellular environment. Furthermore, since ouabain 

or removal of potassium is inhibitory to melanophore stimulating hormone 

ix 
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(MSH) secretion from isolated pars intermedia in vitro, it is also pos

sible that these cells may play a functional role in the control of MSH 

secretion. 

Additional preliminary studies v/ith the more specific potassium 

dependent paranitrophenyl phosphatase (K^-pNPPase) localization were 

carried out on the frog pars intermedia. However, the procedure had to 

be modified to obtain a reaction product and the resulting localizations 

were inconclusive. 

In the organ culture studies, neurointermediate lobes from the 

frog pituitary were maintained in media with and without serum for up to 

six months. The cultured -tissue was examined periodically by light 

microscopy and transmission electron microscopy, and the culture medium 

was bioassayed for the presence of MSH. Microscopic observations 

revealed a high degree of preservation of the pars intermedia at four 

weeks, with isolated areas of some tissue maintaining histological 

integrity over the six-month time course. Bioassays showed the glands 

to be continuously secreting MSH; however, larger yields of hormone were 

obtained in media lacking serum. Thus, organ culture of the vertebrate 

neurointermediate lobe may provide a unique method for the production of 

large quantities of MSH and for studying other melanotropic and opiate 

peptides as they may be synthesized and secreted by the pars intermedia. 

The possibility of exocytosis occiorring in the pars intermedia 

was studied by preparing freeze-fracture replicas of the frog neuro

intermediate lobe. Examination indicated the presence of clearly 

defined morphological structures characteristic of such a secretory 

process. These structures include cleavage planes through plasma 
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membranes of parenchymal cells, with frequent bulges devoid of inter-

membrane particles or regions of continuity between corresponding E or 

P faces of the plasma and granule membranes where fusion has occurred. 

The question of intercellular communication in the pars inter

media was also studied by examining the freeze-fracture replicas of the 

neurointermediate lobe. Initial attempts to find ultrastructural evi

dence of intercellular communication in thin sectioned material both 

with and without lanthanum hydroxide had proven unsuccessful. Hov/ever, 

cleavage planes through plasma membranes revealed single strands of 

closely packed intermembrane particles similar to the "diminutive" gap 

junction previously described in the endocrine pancreas. Thus, the 

presence of such structures along with the available electrophysiolog

ical data indicates coupling betv;een cells of the pars intermedia. 

Replicas also contained morphological structures characteristic of tight 

junctions and desmosomes along v;ith small aggregations of intermembrane 

particles vrtiose functional significance remains unclear. 



CHAPTER 1 

INTRODUCTION 

The pars intermedia of the vertebrate pituitary has long been 

known as the soxirce of a hormone that acts on melanophores to cause 

darkening of the skin. In amphibians and reptiles this hormone has been 

identified as melanophore stimulating hormone (MSH) and its physiologi

cal role in response to environmental parameters is well defined (Hadley 

and Bagnara, 1975, for references). In mammals, hov/ever, both the iden

tification of MSH and the definition of its functional significance have 

remained in question. 

Morphological studies of the pars intermedia have revealed much 

variation among the vertebrate classes as to the general organization 

and ultrastructure of the various cell types. In the frog, the pars 

intermedia is basically uniform in appearance and consists primarily of 

two cell types (Ferryman, 1975). The parenchymal cell is characterized 

by rough endoplasmic reticulum and secretoiry granules in varying propor

tions depending upon the level of secretory activity. The non—paren

chymal cell is characterized by the lack of secretory granules and a 

star-like morphology similar to the astrocytes of the neixro-glial sys

tem. Projections fi'om these stellate or glial—like cells extend among 

secretoi^ cells forming a network of processes throughout the pars 

intermedia. There is also a layer of -ttiese cells directly below the 

basal lamina of the capillary network in the area of the neiirointerme-

diate junction and at the periphery of the gland below the fibroblasts. 

1 
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The parenchymal cell, v^en stimulated to synthesize and release 

MSH, contains extensive rou^ endoplasmic reticulum, well developed 

Golgi profiles, numerous microtubules and microfilaments, prominent col-

loidial vesicles and lipid-like bodies, but only a limited number of 

secretory granules. Stimulation occurs when the inhibitory influence of 

the hypothalamus is removed by severing the hypothalamic connection 

(Ito, 1971) or by placing the animals on a dark background for extended 

periods (Saland, 1968). In contrast, the non-secreting cell shows a 

marked reduction in rough endoplasmic reticulum, a decreased Golgi pro

file, decreased microtubules and microfilaments, less prominent colloid-

ial vesicles and lipid-like bodies, but an enormous increase in the 

number of membrane-bound cytoplasmic particles. Inhibition occurs when 

the animals are placed on a light background. 

Plasma membranes of the parenchymal cells do not show any inddtar-

tion of exocytosis, such as granule fusion with the membrane, partially 

exocytosed granules, or membrane re-uptake. There are, however, many 

examples of granules in close apposition to the plasma membrane, but no 

actual connection between the two membrane systems is apparent. 

Intercellular junctions such as desmosomes (Ferryman, 1975) and 

tight junctions (Ferryman, personal communication) have been described 

in thin sections of the frog pars intermedia. However, de-tailed exami

nation of plasma membrane systems throughout the tissue show no evidence 

of gap junctions. Intermembrane spaces of 10-20 nm are uniformly found 

between membrsines of two parenchymal cells, two non—parenchymal cells or 

between a parenchymal cell and a non—parenchymal cell. There are iso

lated examples where the membranes of two parenchymal cells appear in 



3 

close apposition, althou^ there is no evidence of any intermembrane 

connection between them. 

The morphology of the rat pars intermedia is far more complex 

than the frog and is more difficult to characterize ultrastructurally. 

This is due to a lack of uniformity within the pars intermedia, the in

creased number of cell types and the confusing and sometimes contradic

tory descriptions found in the literature. The gland is divided into 

lobules containing several layers of parenchymal cells (Naik, 1972) and 

appears to be surrounded by a layer of parenchymal, glial-like cells 

(Back, Recharat and Partanen, 1976). The non-parenchymal cells do not 

show immunohistochemical staining for any of the peptides normally found 

in the parenchymsil cells such as MSH, adrenocorticotropic hormone (ACTH) 

or corticotropin like hormone (CLIP), and appear to have different 

esterlytic properties (Naik, 1973; Back et al., 1976). Processes from 

the non-parenchymal cells appear to extend among the secretory cells, or 

they may overlap into a series of interdigitating folds. V/ithin the 

lobxile, the parenchymal cell is polygonal with a large cytoplasmic vol

ume, well-developed Golgi and extensive rough endoplasmic reticulum. 

Various authors have also described a "dark cell" (Moriarty and Halmi, 

1972), an ACTH cell (Stoeckel et al., 1973), and an angular or stellate 

cell (Howe and Maxwell, 1968) which appears unrelated to the non-paren

chymal stellate cell described in the frog. The morphological and phys

iological relationship between these various cell types in the rat pars 

intermedia remains unclear, \tfithin the lobule between the cells, there 

appear to be numerous extracellular dilatations vrtiich may represent 

expanded parts of a system of interconnecting extrsuiellular channels. 



4 

These dilatations appear to arise when the plasma membranes of adjacent 

cells and some cytoplasm are thrown into folds or processes tlat inter-

digitate extensively (Howe and Max\'/ell, 1968). However, the identifica

tion of the cells (i.e., parenchymal or'non-parenchymal) which gives 

rise to these processes has not been determined and remains unclear. 

The rat pars intermedia also contains a so-called "sandv/ich 

zone" (Howe and Maxwell, 1968) which lies along the hypophyseal cleft. 

This zone or posterior epithelial lining (Vanha-Perttula and Arstila, 

1970) appears to consist of a basal lamina adjacent to the pars inter

media parenchymal cells and one to three layers of flattened or cuboidal 

epithelial cells. Previous authors have also described multiple basal 

laminae (Howe and Maxwell, 1968) and various arrangements of capillar

ies, neurons and cilia in this region (Vanha-Perttula and Arstila, 1970; 

Stoeckel et al., 1973; Ciocca and Gonzales, 1978). These cells also do 

not stain for the peptides normally found in the secretory cells (Naik, 

1972) and exhibit different levels of esterase activity (Back et al., 

1976). 

The reptilian pars intermedia, as represented by the lizard, 

consists of parenchymal cells arranged in numerous cords with a central-? 

ly located capillary (Forbes, 1972a). Non-parenchymal cells similar in 

appearance to those described in the frog pars intermedia are distrib

uted -throughout each cord. 

The function of these non-parenchymal cells in the pars inter

media remains an enigma, althou^ various lines of evidence indicate 

that they may be either sustenacular, structural, phagocytotic or in

volved in a transport process (Cardell, 1969; Hopkins, 1970; Dingmans 
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and Feltkamp, 1972). Information from experiments designed to correlate 

ultrastructural changes in these cells with changes in the cellular con

trols of secretion have been inconclusive and contradictory. Saland 

(1968) reported no differences in the non-parenchymal cells of actively 

secreting and non-secreting frogs, while Forbes (1972b) described en

larged non-parenchymal cell processes in the pars intermedia of the 

lizard when hormone secretion was inhibited. Similar examples of ultra-

structviral correlates between the two states have been reported in other 

species (Weatherhead, Thornton and Whur, 1970; Olsson and Gorbman, 1973; 

and Hopkins, 1971). 

Vasculature varies from the well developed system of the lizard 

(Forbes, 1972a) with cells of the pars intermedia arranged in cords 

around individual capillaries, to the relatively non-\ascularized gland 

of amphibians and some mammals. In these species the only vasculature 

appears to be a plexus intermedius located midway between pars nervosa 

and pars intermedia (Nakai and Gorbman, 1969). The rat, however, also 

appears to have a system of extracellular channels between the cells of 

the pars intermedia and in continuity with dilatations of the extracel

lular space. These channels are believed to consist of plasma membranes 

from the parenchymal cells that form into interdigitating folds and pro

cesses (Howe euid Maxwell, 1968). 

Additional ultrastructural studies on the pars intermedia have 

been suggested by the information available on the physiological mech

anisms controlling MSH secretion. For example, secretion from the pars 

intermedia of the isolated frog or rat pituitary glands in vitro is sen

sitive to changes in the ionic environment or any perturbation affecting 
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energy substrates.(Bower and Hadley, 1972; Hadley and Bower, 1976). 

Thus it appears that cells of the pars intermedia may contain an active 

ion transport system, such as a sodium-potassium-activated adenosine 

triphosphatase (Na'*'K"''-ATPase). This is fiorther supported by the finding 

that MSH secretion can be inhibited by cardiac glycosides, such as 

ouabain or strophanthin K (Bower and Hadley, 1972). 

To demonstrate the presence of an ATPase at the ultrastructural 

level, histochemical studies were carried out on the pars intermedia of 

the frog and the rat. This involved low level fixation of the isolated 

pars intermedia, followed by incubation in a modified Wachstein-Keisel 

medium (Wachstein and Meisel, 1957) containing buffer, ATP substrate, 

lead and various ions. The material v;as then prepared for routine elec

tron microscopy and examined for the presence of an electron opaque lead 

phosphate precipitate indicating the site of an ATPase. Similar prelim

inary studies were subsequently carried out on the pars intermedia of 

the snake and the lizard. 

Since the Wachstein-Meisel procedure is non-specific for the 

different ATPases, additional studies were carried out with para nitro-

phenyl phosphatase (pNPP), which provides a more specific localization 

+ 
of Na K -ATPase than the Wachstein-Meisel technique. The procedure 

involves the strontium or lead capture of free phosphate cleaved by a 

potassium-stimulated ouabain-sensitive phosphatase component of Na^K"*"-

ATPase (Dahl and Hokin, 1974). Thus using pNPP as a substrate local

izes K'''-pNPPase activity which has been biochemically and ultrastruc-

turally correlated with Na^K^-ATPase (Ernst, 1972a, 1972b). 
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Initial experiments with K —pNPPase localization in the frog 

pars intermedia were unsuccessful and resulted in either destruction of 

the tissue fi'om inadequate fixation or loss of enzymatic activity from 

too much fixation. Thus a series of experiments v;as initiated to modify 

the procedure so as to maintain enzymatic activity and yield a reaction 

product without destroying the tissue. This involved experimentation 

with different combinations of fixatives, designing of a system for per

fusing the animals and development of special techniques for quick 

freezing and thick sectioning the material. 

The release of MSH from the parenchymal cells of the pars inter

media is under tonic inhibitory control of the hypothalamus. Conse

quently, high levels of MSH secretion can be induced by removal of the 

inhibitory influence. Severance of the hypothalamic connection, removal 

of the neurointermediate lobe to an ectopic site or incubation ̂  vitro 

results in an immediate and continuous secretion of hormone (Jorgensen 

and Larsen, 1963; Iturriza, 1967; Kastin and Ross, 1965). Ito (1971) 

fomd that with extirpation of the median eminence of the frog pars 

intermedia, this secretion continued for at least t\io weeks or until the 

re-establishment of the inhibitory hypothalamic influence. 

When examined at the ultrastructural level, parenchymal cells 

from the pars intermedia induced to secrete MSH show the characteristic 

morphology previously described for actively secreting cells. These 

include abundant endoplasmic reticulum, active Golgi profiles and a dis

tinct lack of secretory granules (Castel, 1972). 

Prolactin secretion fl'om the pars distalis of liie pituitary is 

under a similar inhibitory control by the hypothalamus. As for MSH, 
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spontaneous and sustained secretion of prolactin results after removal 

of the inhibitory influence of the brain (McCann and Porter, 1969). 

Other pituitary hormone secretions are not similarly enhanced after such 

manipulations. 

Since MSH secretion continues at increased levels follov;ing 

removal of this inhibitory influence, it v/ould seem that the pars inter

media could be maintained and even continue to secrete hormone in long 

term organ culture. Such attempts to culture pars distalis indicate 

that only lactotrophs retain cellxolar morphology and that prolactin pro

duced by these cells continues to be secreted at enhanced levels (Tixier-

Vidal, Gourdji and Tourgard, 1975). Most organ cultures of pars dis

talis have been carried out in the presence of servun; hov;ever, Kohomoto 

(1975) recently reported isolation of prolactin from mouse pituitary 

organ cultures of up to ei^t days in a serum-free medium. 

To examine the morphology and secretory characteristics of pars 

intermedia, induced to secrete MSH for extended periods, a series of 

long term organ culture studies was initiated. Frog neurointermediate 

lobes were removed under semi-sterile conditions, placed in media with 

and without serum and incubated for periods of up to six months. The 

cultiired tissue was examined periodically by light microscopy, trans

mission electron microscopy and by bioassay of the MSH secreted and 

present in the media. 

As a control, morphological comparisons were mde with the 

neurointermediate lobes from animals adapted to a dark background for 

eight weeks. This procedure has been shown to stimulate continued 
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secretion of MSH vivo while ultrastructioral studies show the paren

chymal cells to have the morphology of actively secreting cells (Saland, 

1968). 

The mechanism by which MSH is secreted from the pars intermedia 

parenchymal cells also remains unclear. It would be expected that 

secretion follows the classic secretory pathway of packaging-exocytosis 

(Palade, 1975) described in other systems. However, \\Aiile there is evi

dence to indicate the newly synthesized peptide does move from the endo

plasmic reticulum to the Golgi apparatus (Hopkins, 1972), no investiga

tors have reported exocytotic profiles in actively secreting MSH cells. 

Detailed observations have shown only the formation of membrane bound 

granules in the cytoplasm, movement tov;ard the plasma membrane and 

chainges in granule appearance, but no fusion with the plasma membrane 

(Ferryman, 1972). 

Hopkins (1970), in the one reported suggestion of exocytosis, 

was only able to show elongated indentations in the plasma membrane or 

in some instances membrane vesicles normally associated with the reab-

sorption process of exocytosis. Other workers, in commenting on the 

apparent lack of exocytotic profiles, have suggested that the MSH is 

secreted in a molecular form (Saland, 1968) or diffuses out through the 

membrane (Mira-Moser, 1970). 

To further examine this problem, freeze-fracture replicas of the 

frog neurointermediate lobe were prepsired. These replicas represent the 

inside of the cellular membrane exposed during the fracturing process 

and appear structurally differentiated into a smooth matrix correspond

ing to the phospholipid moiety of "Uie membrane while the globular 
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protrusions, referred to as intramembrane particles, represent membrane 

proteins (Branton, 1971). Exocytosis, if present, can be identified by 

a series of characteristic patterns and changes in the morphology of the 

replicas. These include regions of continuity between the secretory 

granule membranes and the plasma membranes whei^e fusion has occurred and 

circular impressions or depressions v/hich represent other stages of exo

cytosis (Orci, Perrelet and Friend, 1977). 

Preliminary electrophysiological studies of the pars intermedia 

have indicated that the various cell "types may also be electrotonically 

coupled, possibly via some form of gap junction. Using dual electrode 

recordings, Davis and Hadley (unpublished observations) found intercel

lular conduction velocities of spike potentials characteristic of such 

coupling (Bennett, 1973). 

Intercellular communication, based on both electrophysiological 

and ultrastructural studies, has been reported for the thyroid (Jamakos-

manovic and LW'/enstein, 1968), anterior pituitary (Fletcher, Anderson 

and Everett, 1975) and the pancreatic islets (Orci, Unger and Renold, 

1973). The latter authors, in a detailed study of freeze-fracture rep

licas from rat pancreatic islets, described several forms of gap 

junctions. 

In an attempt to find ultrastructural evidence for the existence 

of gap junctions in the pars intermedia, thin sections were examined for 

intercellular membrane structures normally associated with electrotonic 

coupling. Sectioned material, prepared with lanthanum hydroxide, was 

also examined for the characteristic hexagonal arraj^s seen \<hen the 
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junction is sectioned perpendicular to the plane of the membrane (Revel 

and Karnovsky, 1967). 

Orci et al. (1973), in first describing gap junctions of the 

pancreatic islets, noted that in many instances the small size prevented 

detection of any type in thin sectioned preparations. Thus freeze-frac-

ture replicas of the frog pars intermedia were carefully examined for 

the previously described aggregations of intermembrane particles char

acteristic of such structures. 

* 



CHAPTER 2 

METHODS AITD MATERIALS 

Various animals were used in the studies to be described. These 

included: frog (Rana berlandieri forreri. = R. pipiens. sensu lato). 

obtained from Southwestern Scientific Supply, Tucson, Arizona; lizard 

(Anolis carolinensis). obtained from the Snake Farm, LaPlace, Louisiana; 

snake (Thamnophis clarki), obtained from Wild Kingdom, Tucson, Arizona; 

and the rat obtained from the departmental animal facilities. 

Fixation 

The animals were decapitated and the pituitaries exposed by 

removing the parasphenoid bone in the frog, lizard and snake, or by dis

secting av;ay the upper skull and brain in the rat. The exposed intact 

pituitaries were quickly flooded v/ith fixative at 4° C, excised and 

immersed in fresh fixative for the desired fixation time. Material to 

be examined for localization of ATPase by the Wachstein-Meisel technique 

was fixed in 1.5% glutaraldehyde buffered with 0.1 sodium cacodylate to 

pH 7.2 - 7.4 for three hours at 4° C. Neurointermediate lobes to be 

freeze—fractured or examined with lanthanum were similarly fixed in 3% 

glutaraldehyde. In the latter procediore, lanthanum nitrate solution 

was added directly to the fixative to give a final concentration of 

0.75% (Revel and Karnovsky, 1967). The organ cultured neurointermediate 

lobes were fixed in Karnovsky's fixative (Karnovsky, 1965) for four hours 

at 4° C. 

12 
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Follov/ing fixation, the material was washed and stored overnight 

at 4 C in either 0.1 M sodium cacodylate v/ith 1% sucrose or 0.2 M sodi

um cacodylate at pH 7.2 — 7.4. For light microscopy the organ cultured! 

material was placed in Bouin's fixative overnight and then washed in 

running tap water. 

Material to be used with the K^—pNPPase localization technique 

was examined with a variety of fixation procedures in conjunction v;ith 

experiments to develop the techniques for perfusion, quick freezing and 

thick sectioning. The latter techniques v/ill be described as part of 

the preparation of tissue for histochemistry. Fixation schedules were 

all carried out as follows: 0.1 M sodium cacodylate at 4° C and includ

ed 3% or 4% paraformaldehyde immersion for 45, 60, 90 and 120 minutes, 

3% paraformaldehyde or 1% paraformaldehyde v/ith 0,25% glutaraldehyde 

perfusion for five minutes followed by immersion for ten minutes, and 

3% paraformaldehyde with 0.25% glutaraldehyde perfusion for five minutes 

and immersion for 20 minutes. Buffer washes at pH 7.2 - 7.4 but of 

varying osmolalities were also used, including 0.1 M sodium cacodylate 

plus 7% sucrose, 0.2 M sodium cacodylate plus 7% sucrose and 0.2 M 

sodium cacodylate plus 14% sucrose. 

For perfusion, the animals were anesthetized by immersion in 

0.1% MS-222 (Sandoz Laboratories) at 4° 0. The thoracic cavity was 

opened, the truncus arteriosus dissected clear and ligatures placed 

around the bulbus cordis and the right branch of the truncus arteriosus 

just below the point of branching into the pulmocutaneous, systemic and 

carotid arches. Various types of perfusion apparatus were used, includ

ing a gravity pressure system (after Palaj'', McGee^Russell, Gordon and 
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Grillo, 1962), v/ith a stopcock for sv/itching solutions and a pressure 

flask and mercury manometer (after Griffith, Bulger and Trump, 1967). 

Perfusion was carried out by inserting a 26 gauge needle into 

the right branch of the truncus arteriosus, which was then tied in place 

by tightening the upper ligature. The section v/as then tied off by 

tightening the lov/er ligature, the tip of the right ventricle severed 

and perfusion pressure raised to 100 - 110 mm mercury. Tlie first per

fusate, consisting of amphibian ringer's v/ith 0.1% procaine hydrochlor

ide, was kept flowing until the blood coming from the severed ventricle 

began to clear. The stopcock v/as then sv/itched to the fixative and fix

ation continued as previously outlined. To aid in following the prog

ress of fixation, several drops of methylene blue dye were added to the 

fixative. 

Light Microscopy 

Following fixation and v/ashing, the glands were dehydrated in a 

graded series of alcohol, transferred to xylene and embedded in paraf

fin. Sections of 3 - 6 um were cut with glass knives on an MT-l Porter 

Blum ultra-microtome. The ribbons were then placed on glass slides, 

cleaired with xylene, rehydrated through a graded series of alcohol, 

stained with hematoxylin-eosin and cover slipped. Slides were examined 

and photographed in a Zeiss Photomicroscope. 

Electron Microscopy 

The tissue, having been fixed, washed and/or stored in buffer, 

was post fixed in 1% osmium tetroxide in 0.1 M sodium cacodylate for one 

to two hoiirs, dehydrated in a graded series of ethanol solutions and 



embedded in Epon 812 (Luft, 1961). The embedded tissue was oriented in 

an MT-2 Porter Blum ultra-microtome so that the plane of sectioning was 

perpendicular to the long axis of the gland or parallel to the plane of 

the 50 um section. Thus a full cross-section of the neurointermediate 

lobe was obtained with each cut. Light gold sections were cut from a 

minimum of three samples from each experimental group, mounted on copper 

grids and stained in saturated aqueous uranyl acetate and Reynolds lead 

citrate (Reynolds, 1963). Grids were placed in a Phillips EM 200 or a 

JOEL JEM lOOCX microscope and areas on each section examined at the 

interior of the gland or the lobule, at the neurointermediate border or 

the hypophyseal cleft, and at the periphery or the lobule. 

Histochemistry 

Localization of ATPase with the V/achstein-Meisel technique was 

carried out with the pars intermedia of the frog, lizard, snake and rat. 

The glands, having been fixed, washed and/or stored in buffer, were agar 

imbedded on filter paper and cut into 50 um sections perpendicular to 

their long axis on a TC-2 Smith & Farquhar tissue sectioner. Specially 

designed tissue carriers consisting of a (#3) BEEM capsule with a nylon 

mesh bottom were used to carry to 50 um sections through Epon embedding. 

Sections were incubated for 60-90 minutes at room temperature in a modi

fied V/achstein-Meisel medium (Wachstein and Meisel, 1957) consisting of 

the following: ATP, 0.83 mM; MgClg, 10 mM; Pb(N02)2, 2.0 - 3.6 mI4; and 

Tris-maleate buffer, 80 ml«l, pH 7.2. Control tissues were incubated in 

0.1 M sodium cacodylate, in the above medium minus ATP or Pb(N02)2, and 

in medium containing 0.1 mM ouabain. Following incubation they were 



rinsed in 0.1 M sodium cacodylate plus 7% sucrose, post fixed in osmium 

and carried through routine electron microscopy as previously described. 

K''"-pNPPase localization was carried out on the frog pars inter

media, which had been fixed and washed in buffer v;ith a variety of dif

ferent schedules previously described. Glands to be quick frozen were 

mounted in several different media on either filter paper or tissue 

blocks, depending upon the method of thick sectioning. Mounting media 

included M-1 Embedding Matrix (Lipshaw Manufacturing Company) and Glyc

erol Gelatin (GG-1, Sigma). To increase viscosity of the mountain media, 

mixtures were made of the M-1 Embedding Matrix and varying concentra

tions of dextrein polymer (Sephadex) or gum arabic (Gum Acacia). 

The apparatus for quick freezing consisted of a wide mouth dewar 

filled with liquid nitrogen and a beaker containing liquid Freon 12 sus

pended in the interior of the flask. The top of the dev/ar was modified 

to allov/ for the rapid immersion of either the filter paper or the tis

sue block containing the freshly mounted glands. Once frozen, the 

glands were stored in a freezer at -70° C for thick sectioning. Several 

systems for sectioning were used, including an AO 840C Cryo-cut Cryostat 

microtome, and a TC-2 Smith & Farquhar tissue sectioner placed in a cold 

room or in the cryostat cabinate v;ith the microtome removed. Section 

temperatures were varied betn^een -5° G and -30° C, and section thickness 

was kept between 50 and 100 um. 

The frozen sections were placed in tissue carriers as previously 

described and immersed in buffer solution at 4° C similar to that in 

which the tissue was originally frozen. Carriers containing the sec

tions were then transferred through the following rinses for ten minutes 
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each: 0.1 M tris, pH 7.5, 4° C (two rinses); 0.1 M tris, pH 9.0, 4° C; 

0.1 M tris, pH 9.0, room temperature; incubation media; 0.1 M tris, pH 

9.0, room temperature; 0.1 M tris, pH 9.0, 4° C, 2% Pb(NO ) , 4° C (fe;o 
o ^ 

rinses; 0.25 M sucrose, 4° C; and 0.1 M tris, pH 7.5, 4° C. Incubation 

was carried out on a rotating shaker at room temperature for 60 minutes 

in a modified Ernst medium (Ernst, 1972a, 1972b) consisting of the fol

lowing: p-NPP, 20 ml^; MgCl^, 10 mM; KCl, 10 - 20 miM; SrCl^, 20 mM; and 

tris, 100 mM, pH 9.0. Control tissues were incubated in 0.1 H sodium 

cacodylate, in the above medium minus p-NPP or KCl, and in medium con

taining 0.1 mM ouabain. Following the final rinses in tris buffer, the 

sections were placed in 0.1 M sodium cacodylate plus 7% sucrose, post 

fixed in osmium and carried through routine electron microscopy as pre

viously described. 

Preparation of Replicas 

Frog neurointermediate lobes, having been fixed, washed and 

stored in buffer, were transferred to 20% glycerol in 0.1 M sodium caco

dylate, pH 7.2 - 7.4, for three to four hours at 4° C. The tissue was 

then frozen in Freon 12, cooled in liquid nitrogen, placed in a Balzer's 

freeze-fracture apparatus BAF (300) and fractured at temperatures of 

-100° C to -120° C. After etching for one minute, replicas were made by 

evaporating platiniom-carbon at approximately 45° C and stabilizing with 

a layer of carbon evaporated perpendicularly. Replicas were removed by 

floating them free of the tissue in glycerol buffer, washed in sodium 

hypochlorite (Clorox bleach) and rinsed in distilled water. They were 

then mounted on parlodian coated copper grids and stabilized with carbon 

for examination in the electron microscope. 
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Preparation of Organ Cultures 

Neurointermediate lobes of the frog were removed and placed in 

10 ml of Medium 199 (M199, Microbiological Associates) containing peni

cillin (100 units/ml) and streptomycin (100 ug/ml), v/ith and without 

10/b fetal calf serum. The glands were incubated in Corning (25 ml) 

plastic tissue culture flasks at room temperature and under a continuous 

95% environment to maintain a constant pH of about 7.2 

to 7.6. Neurointermediate lobes (usually five per flask) were incubated 

for as long as six months and the media changed at weekly intervals to 

determine by bioassay whether MSH was being secreted. Glands from organ 

cultures with and v/ithout serum were sampled at 4, 8 and 12 weeks for 

light microscopy and at 1, 2, 3, 4, 8, 12, and 24 weeks for electron 

microscopy. 

Background Adaptation of Animals 

Frogs were adapted to either a dark or light background by keep

ing them in black or white plastic pans under continuous 24-hour fluo

rescent light. For localization of ATPase, frogs were dark and light 

background adapted for seven days. ^ vivo control animals for the 

organ culture studies were dark adapted for four and eight weeks. 

Bioassay of MSH 

Media containing the released MSH were bioassayed using skins 

from the frog, as generally described by Shizume, Lerner and Fitzpatrick 

(1954) and Wright and Lerner (1960). The response to MSH is measured as 

a change in skin reflectance (darkening) as recorded on a Photovolt pho-
I 

toelectric reflectometer (Huntington and Hadley, 1974). 



CHAPTER 3 

RESULTS 

The morphology o f  the pars intermedia shows much variation among 

the vertebrate classes as to the general organization and ultrastructure 

of the various cell types. In the frog, the pars intermedia is basi

cally uniform in appearance and consists primarily of two cell types. 

The parenchymal cell is characterized by rough endoplasmic reticuliam 

and secretory granules in varying proportions depending upon the level 

of secretory activity, while the non-parenchymal cell is characterized 

by the lack of secretory granules and a star-like morphology similar to 

the astrocytes of the neuro-glial system. 

The parenchymal cell, when stimulated to synthesize and release 

MSH, contains extensive rough endoplasmic reticulum, well developed 

Golgi profiles, numerous microtubules and microfilaments, prominent 

colloidial vesicles and lipid-like bodies, but only a limited number of 

secretory granules. Plasma membranes of these actively secreting cells 

do not show any indication of exocytosis or of an alternative mechanism 

for the release of hormone. Intercellular junctions such as desmosomes 

and tight junctions have been described in thin sections of the frog 

pars intermedia; however, there is no evidence of gap jvinctions. 

The morphology of the rat pars intermedia is far more complex 

than the frog and is more difficult to characterize ultrastructurally. 

This is due to the lack of uniformity within the pars intermedia, the 

19 
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increased number of cell types and the confusing and sometimes contra

dictory descriptions found in the literature. The gland is divided into 

lobules containing several layers of parenchymal cells and each lobule 

appears to be surrounded by a layer of non-parenchymal, glial-like 

cells. Within the lobule between the cells, there appear to be numerous 

extracellular dilatations vrtiich may represent expanded parts of a system 

of interconnecting extracellular channels. The rat pars intermedia also 

contains a posterior epithelial lining, which lies along the hypophyseal 

cleft and consists of several layers of non-parenchymal cells. 

Localization of ATPase with the Wachstein-Meisel Technique 

Neiirointermediate lobe sections incubated in the modified 

Wachstein-Meisel medivmi with ATP, but in the absence of ouabain, con

tained localized deposits of ATPase reaction product. This occurred in 

sections from the pars intermedia of the frog, rat, lizard and snake. 

The deposits generally appeared to be associated with the membranes of 

non-parenchymal cells, such as stellate cells, lobule peripheral cells 

and cells of the posterior epithelial lining. 

In the interior of the frog pars intermedia, reaction product 

was primarily confined to the intermembrane space between a parenchymal 

cell and a non-parenchymal cell. In some areas the entire length of 

this space was filled with a continuous line of reaction product, but 

generally the precipitate contained gaps or was absent from portions of 

the space (Figure 1). The precipitate was also found either between the 

membranes of two non-parenchymal cells or between the processes of the 

same non-parenchymal cell. It was generally not possible to distinguish 



Figure 1. Pars intermedia with ATPase reaction product. 

Interior of the frog pars intermedia, showing ATPase reaction product 
(black arrows) only between membranes of a non-parenchymal cell (NP) 
and a parenchymal cell (P). Note that the intermembrane spaces be
tween parenchymal cells are completely devoid of reaction product 
(white arrows), x 17,400. 
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Figure 1. Pars intermedia with ATPase reaction product. 
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clearly between the tv/o situations (Figure 2), V/here the intermembrane 

space between a parenchymal and a non-parenchymal cell merged with that 

of two parenchymal cells, reaction product was always limited to the 

space bounded on at least one side by a non-parenchymal cell (Figure 3). 

At the pars intermedia-pars nervosa border, the ATPase reaction 

product was localized to membranes between parenchymal cells and non-

parenchymal cells that are adjacent to the capillaries (Figure 4). 

Reaction product was also seen where non-parenchymal cell processes 

contacted neuronal elements or other non-parenchymal cell processes but 

was absent from the membranes of non-parenchymal cells not contacted by 

other cellular elements, such as those abutting the endothelial cell 

basal lamina. It was also absent from the endothelial cell membranes 

and portions of neuronal elements not contacted by non-parenchymal 

cells. The specificity of reaction product for non-parenchymal cell 

surfaces contacted by other cellular elements can be seen on the narrow 

finger-like processes that occasionally appear to encircle parenchymal 

cells at the neurointermediate junction (Figiare 5) and on the non-paren

chymal cells adjacent to elements of the pars nervosa (Figure 6). Gen

erally, a diffuse granular reaction product was present only in the 

basal lamina and only rarely in the cytoplasm of either non-parenchymal 

cells or endothelial cells. There were, however, in the neurointerme

diate junctions isolated areas where whole cells including cytoplasm, 

nuclei, capillary lumen and perivascular spaces did contain diffuse 

(non-specific) precipitate. This is believed to have resulted from the 

diffusion of reaction product from areas of intense enzymatic activity. 

At the periphery of the gland, localized reaction product was also found 



Figure 2. Two non-parenchymal cell processes. 

Portions of two non-parenchymal cell processes (NP) making contact 
with the same parenchymal cell (P). Note reaction product (black 
arrows) between the two processes, x 27,000. 

Figure 3. Specific localization of ATPase reaction product. 

Interior of the pars intermedia, showing specific localization of 
ATPase reaction product (black arrows) to intermembrane spaces siar-
rounding non-parenchymal cell processes (NP) and the absence of 
reaction product (white arrows) between parenchymal cells (P). 
X 31,000. 
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Figure 2. Two non-parenchymal cell processes. 

Figure 3. Specific localization of ATPase reaction product. 



Figure 4, Non-parenchymal cells in neiirointermediate junction. 

Neurointermediate junction shov/ing non-parenchymal cells (MP) that 
lie between the parenchymal cell (P) and the endothelial cell (E). 
ATPase reaction product (black arrow) can be seen only where stel
late cell membranes contact neuronal elements (N), parenchymal cells 
or other rion-parenchymal cell processes. Note absence of reaction 
product (white arrows) on endothelial cell membranes, between paren
chymal cells, and on non-parenchymal cell membranes and neuronal 
elements not contacted by other cells. Also note the diffuse reac
tion product in the basal lamina, x 10,800. 
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Figure 4. Non-parenchymal cells in neurointermediate junction. 



Figure 5. Reaction product along non-parenchymal cell processes. 

ATPase reaction product (black arrows) at the neurointermediate junc
tion between a parenchymal cell (P) and a non-parenchymal cell (NP) 
that appears to encircle the former. Note the absence of reaction 
product on the non-parenchymal cell processes not adjacent to other 
cellular elements (white arrows). BL indicates basal lamina. 
X 14,200. 

Figure 6. Neurosecretory neurons of the pars nervosa. 

ATPase reaction product (black arrows) bet\tfeen a parenchymal cell (P) 
and a non-parenchymal cell (NP) in the neurointermediate junction and 
around neurosecretory neurons of the pars nervosa (PN). Note absence 
of reaction (white arrows) from the non-parenchymal cell membranes 
not contacted by other cells and the diffuse reaction product in the 
basal lamina (BL). N indicates neuronal elements, x 14,000. 
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Figure 5. Reaction product along non-parenchymal cell processes. 

Figure 6. Neurosecretory neurons of the pars nervosa. 
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only between non-parenchymal and parenchymal cells or between two non-

parenchymal cell processes (Figure 7). Again, no reaction product was 

present on the membranes of the free non—parenchymal cell processes, but 

diffuse product was present in the adjacent basal lamina. 

In the interior of the lobule of the rat pars intermedia, reac

tion product was confined to the intermembrane spaces of the folds and 

processes comprising the intercellular dilatations (Figiare 8). This in

cludes the intermembrane space between the processes of tv/o cells which 

could not be identified or the space between the processes of a paren

chymal cell and a cell which could not be identified (Figure 9). Reac

tion product was never found in the intermembrane spaces between two 

cell processes that could be identified as arising from non-parenchymal 

cells (Figure 8). Furthermore, when the intermembrane spaces between 

two unidentifiable cell processes or between an unidentifiable cell and 

a parenchymal cell process merged with the intermembrane spaces of two 

parenchymal cells, the reaction product was limited to the latter. 

In general, the reaction product was found only within intermem

brane spaces; however, occasionally unidentifiable cell processes con

taining diffuse granular reaction product in the cytoplasm were observed 

(Figure 10). These processes appeared to extend between the other cells 

and did not fold back on one another as those associated with the spe

cifically localized reaction product. Whether this phenomenon is char

acteristic of the particular cell process or is the result of diffusion 

ffom an area of intense enzymatic activity, as suggested in the frog, is 

unclear. Precipitate was also found in the intercellular dilatations 

where unidentifiable processes contacted neurbnal elonents (Figure 11)• 



Figiore 7. Margin of the pars intermedia. 

Two non-parenchymal cells (NP) at the mai'^gin of the pars interme
dia with ATPase reaction product (black arrows) on membranes that 
are adjacent to parenchymal cells (P). Note reaction product where 
two stellate cellprocesses contact each other and the absence of 
reaction product (white arrows) between two parenchymal cells and 
on non-parenchymal cell surfaces free of other cellular contact. 
X 9,800. 

Figure 8. Lobule with ATPase reaction product. 

Interior of a lobule from the rat pars intermedia sho\;!ing ATPase 
reaction product (black arrows) in an intercellular dilatation. 
Note that the intermembrane spaces between the parenchymal cells 
(P) are devoid of reaction product (white arrows), x 7,100. 
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Figure 7. r~argin of the pars intermedia. 

Figure 8. Lobule with ATPase reaction product. 



Figure 9. Reaction product in the intercellular dilatations. 

ATPase reaction product (black arrows) localized to the intermem-
brane spaces between the folds and processes comprising the inter
cellular dilatations. Note that certain membrane processes or 
portions thereof can be identified as originating from a parenchymal 
cell (P), while others (*) remain unidentifiable, x 25,800. 

Figure 10. Reaction product in 
cellular processes. 

Process from an unidentified 
cell containing diffuse gran
ular reaction product in the 
cytoplasm and extending along 
the length of several paren
chymal cells (P). NP indi
cates a non-parenchymal cell 
and (*) indicates a cellular 
process in cross section from 
an unidentified cell. 
X 11,500. 

Figure 11. Neuronal elements 
associated with 
intercellular 
dilatations. 

ATPase reaction product 
(black arrov;s) in the inter
cellular dilatations bet\reen 
cellular processes from lini 
unidentified cells (*) and 
neuronal elements (N). Note 
absence of reaction product 
(white arrow) bet\\reen mem
branes of identifiable paren
chymal cells (P). X 15,400. 



Figure 9. Reaction product in the intercellular dilatations. 

Figure 10. Reaction product 
in cellular processes. 

Figure 11. Neuronal elements 
associated with intercellular 
dilatations. 
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At the periphery of the lobule, the specific localization of 

reaction product was similar to that of the interior. However, many of 

the folds or processes that previously could not be identified as to 

cellular origin now appear to arise from the non-parenchymal cells at 

the periphery of lobule (Figure 12). Thus, reaction product was local

ized to the intermembrane spaces between two folds of one non-parenchy

mal cell, two different non-parenchymal cells, a non-parenchymal cell 

and a parenchymal cell, or a non-parenchymal cell and a neuron (Figure 

13). Processes containing diffuse granular reaction product previously 

described in the interior of the lobule also appear to originate from 

the non-parenchymal cells (Figure 14). 

In the posterior epithelial lining, ATPase reaction product was 

localized bet\\reen the membranes of the cuboidal or flattened cells 

(Figure 15). Reaction product was also found in the inter-membrane 

spaces of the folds originating from one cell or between the folds of 

two different cells (Figure 16). Dense non-specific reaction product 

was present in the basal lamina between cells of the epithelial lining 

and the parenchymal cells. In the hypophyseal cleft, granular non

specific reaction product was mixed with the colloid, cilia and cellular 

debris normally found in this area (Figure 16). In contrast to the 

ftog, a specific reaction product was also localized to membranes not 

bounded by other cellular elements. This occurred on the membranes of 

the non-parenchymal cells bordering the hypophyseal cleft (Figure 16). 

In the lizard and the snake, preliminary observations again 

revealed a specific localization of ATPase reaction product associated 

with the non-parenchymal cells. As in the frog, the precipitate was 



Figure 12. Folds and processes of non-parenchymal cells. 

ATPase reaction product (black arrow) in the intermembrane spaces 
between the folds and processes which appear to originate from the 
non-par enchymal cells (NP) at the periphery of the lobule. Note that 
many of the processes in cross section (*) would be unidentifiable 
were it not for the association with the lobule peripheral cell. P 
indicates parenchymal cells, x 9,100. 

Figure 13. Neuronal elements associated with non-parenchymal cells. 

ATPase reaction product (black arrov/s) between folds and processes of 
the non-parenchymal cells (NP) at the periphery of the lobule and 
neuronal elements (N). Note lack of reaction product (vAiite arrows) 
between membranes of parenchymal cells (P). x 9,300. 
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Figure 12 . Folds and processes of non- parenchymal cells. 

Figure 13. Neuronal elements associated with non-parenchymal cells. 



Figiire 14, Diffuse reaction product in non-parenchymal cells. 

Cellular processes of non-parenchymal cells (NP) at "tiie periphery of 
the lobule containing diffuse granular reaction product in the cyto
plasm. Note that the processes extend along the length of the paren
chymal cells (P) and the absence of reaction product (white arrov/s) 
between cell membranes, x 8,500. 

Figure 15. Reaction product in the "sandwich zone". 

"Sandwich zone" or posterior epithelial lining, showing ATPase reac
tion product (black arrows) between membranes of the non-parenchymal 
flattened and cuboidal cells (NP). Note cilia outlined by dotted 
line originating from these cells, x 5,200. 
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Figure 14 . Diffuse reaction product in non-parenchymal cells. 

Figure 15e Reaction product in the "sandwich zone". 



Figure 16. Reaction product in the posterior epithelial lining. 

ATPase reaction product (black arrows) seen between folds and 
processes of the non-parenchymal cells (NP) in the posterior epi
thelial lining. Dense non-specific reaction product can be seen 
in the basal lamina bordering parenchymal cells (P) and diffuse 
granular reaction product can be seen in the hypophyseal cleft 
along with cilia ajid cellular debris. Note specific reaction 
product on cell membranes bordering the cleft but not contacted 
by other cellular elements, x 8,100. 
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Figure 16. Reaction product in the posterior epithelial lining. 
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generally confined to the inter-membrane space bounded on at least one 

side by a non-parenchymal cell (Figxares 17, 18). 

In all tissue incubated with ouabain, there appeared to be a 

decrease in reaction product specific to the intermembrane space bounded 

on at least one side by a stellate cell, lobule peripheral cell or a 

cell in the posterior epithelial lining. Continuous lines of lead pre

cipitate previously seen in the different areas of the frog and rat pars 

intermedia could not be found. Instead, only isolated segments of reac

tion product with large gaps were discernible (Figure 19). A similar 

situation was found to exist between the processes of any two non-paren

chymal cells, or the interdigitating folds and processes of one non-

parenchymal cell. Reaction product was also decreased in the 

intermembrane spaces where the cellular origin of one or both of the 

interdigitating folds or processes could not be determined. Precipitate 

previously localized between a non-parenchymal cell or a process from an 

unidentified cell and a neuronal element was similarly decreased. 

The diffuse granular product previously described in the basal 

lamina of the capillary endothelial cell at the periphery of the frog 

pars intermedia, below the posterior epithelial lining and in the hypo

physeal cleft did not appear to be affected by ouabain. However, the 

diffuse precipitate observed in cellular processes in the interior and 

at the periphery of the lobules did appear decreased with ouabain. An 

inability of ouabain to inhibit the formation of reaction product was 

also found at the sites of intense enzymatic activity vAiere diffusion 

resulted in a blanketing of the entire cell with precipitate. A more 

accurate determination of the effects of ouabain in any of these areas 



Figure 17. Reaction product in the pars intermedia of a lizard. 

Pars intermedia of the lizard, showing ATPase reaction product (black 
arrows) localized to the intermembrane spaces between parenchymal 
cells (?) and non-parenchymal cells (NP). White arrows indicate the 
absence of reaction product between parenchymal cell membranes. 
X 6,500. 
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Figure 17. Reaction product in the pars intermedia of a lizard. 



Figirre 18. Reaction product in the pars intermedia of a snake. 

Pars intermedia of a snake, showing ATPase reaction product (black 
arrows) localized to the intermembrane spaces between parenchymal 
cells (P) and non-parenchymal cells (NP). Wliite arrows indicate the 
absence of reaction product between parenchymal cell membranes. 
X 17,400. 

Figure 19. Reaction product in ouabain-incubated tissue. 

Frog pars intermedia incubated with ouabain, showing only isolated 
segments of reaction product (black arrows) between membranes of a 
parenchymal cell (P) and a non-parenchymal cell (NP). White arrows 
indicate the absence of reaction product, x 26,300. 
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Figure 18. Reaction product in the pars intermedia of a snake. 

Figure 19. Reaction product in ouabain-incubated tissue. 
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containing diffuse reaction product remains difficult because of their 

close proximity and the possibility that diffuse product of one masked 

some changes that might have taken place in the other. 

In the frog, examination of tissue from both actively secreting 

and non-secreting glands failed to reveal any noticeable differences in 

amount or distribution of ATPase reaction product. Also, ouabain 

appeared equally effective in inhibiting ATPase activity of both prep

arations. It is assumed that ATPase activity, as might be indicated by 

amount or distribution of lead precipitate, would be similar under in 

vitro conditions irrespective of prior ̂  vivo secretory activity of the 

pars intermedia. 

Localization of Na^-K^-ATPase wi-tti pNPP 

Attempts to localize Na -K -ATPase in the ft'og pars intermedia 

throu^ K'^'-pNPPase activity produced a wide variety of results, depend

ing upon the type of fixation and the method of preparing the tissue. 

In the initial experiments, neurointermediate lobes were immersion fixed 

in 3% paraformaldehyde for 45 minutes, washed in 0.1 M cacodylate buf

fer, sectioned on the tissue sectioner in hot agar and incubated in the 

pNPP media (Table 1). When examined in the electron microscope, this 

tissue appeared poorly fixed with the majority of cells having degener

ated to the point where cellular organization was totally lacking. 

There was what appeared to be good ATPase reaction product present 

within the masses of cellvdar debris (Figure 20). Increasing fixation 

time to 60, 90 and 120 minutes or going to 4% paraformaldehyde for 60 

minutes improved fixation to itdiere cellular morphology was somewhat 
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Table 1. Sununary of results with various fixation procedures. 

Fixative^ 
Perfusion 

Time 
(min) 

Immersion 
Time 

(min) 

Extent 
of 

Fixation 
Reaction 
Product 

3% Pf^*° - 45 Poor Good 

3% Pf^''^ - 60 Minimal Traces 

3% Pf^'° - 90 Minimal Traces 

3% Pf^'° - 120 Minimal Traces 

4% Pf^'° - 60 Minimal Traces 

4% Pf^'° 

4% Pf^'° 

4% Pf'^'®'^ 

3% Pf^'® 5 

90 

120 

120 

10 

Moderate 

Moderate 

Moderate 

Minimal 

Little 
or None 

Little 
or None 

Little 
or None 
Traces 

1% Pf , 
0.25% Glut ' e 5 10 Poor Good 

3% Pf , 
0.25% Glut ' g 5 20 Moderate Good 

^ Glutareildehyde (Glut); ParafOTmald^yde (Pf). 

Tissue embedded in hot agar and sectioned on the tissue sectioner. 

Q 
Tissue washed in 0.1 M cacodylate buffer. 

Tissue quick frozen and sectioned on the cryostat or the tissue sec
tioner at subzero temperatiares. 

® Tissue washed in various buffers, including 0.1 M cacodylate plus 1% 
sucrose, 0.2 M cacodylate/7% sucrose, and 0.2 M caco4ylate/l4% sucrose. 

f 
Tissue quick frozen in various media including 14-1 matrix, glycerol 
gelatin, M-1 matrix/dextran polymer, and M-1 natrix/gum arabic. 

® Tissue washed in 0.2 M caco(fylate buffer plus 14% sucrose and frozen 
in M-1 matrix plus gum arabic. 
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recognizable. However, the amoxmt of reaction product was significantly-

decreased to scattered traces. Furthermore, variation in the degree of 

fixa;tion and the amount of reaction product with each trial prevented 

ranking of the different procedures. 

Perfusion fixation for five minutes followed by immersion fixa

tion for ten minutes with a combination of 1% paraformaldehyde and 0.25?^ 

glutaraldehyde failed to improve the quality of fixation over the orig

inal procedure with 3% paraformaldehyde. However, a similar perfusion 

and immersion fixation with 3% paraformaldehyde did bring about a slight 

improvement in fixation with a corresponding loss of reaction product 

similar to that obtained by increasing the 3% immersion fixation time 

to 60, 90 or 120 minutes. All tissues fixed with a combination of per

fusion and immersion were quick frozen in liquid freon and thick sec

tioned on either the cryostat or the tissue sectioner at subzero 

temperatures. Moderate fixation of the material could be obtained by 

immersion fixation in 4% paraformaldehyde for either 90 or 120 minutes 

and sectioning on the tissue sectioner in hot agar or quick freezing and 

then sectioning on the cryostat or tissue sectioner at subzero tempera

tures. However, little or no traces of reaction product could be ob

tained by a perfusion fixation for five minutes and immersion fixation 

for twenty minutes in 3% paraformaldehyde combined with 0.25% glutaral

dehyde followed by quick freezing and sectioning on the tissue sectioner 

at subzero temperatures. The reaction product, however, was quite dif

fused throu^out the surrounding cytoplasm and nuclei, making it impos

sible to determine any specific localization of enzymatic activity 
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(Figure 21). Further experiments with incubation times and pNPP reagent 

concentrations to control localization of the reaction product were not 

carried out. 

Immersion or immersion combined with perfusion was used to fix 

the tissue in all of the various experimental procediares. The gravity 

pressiiTe system originally used in developing the perfusion technique 

did not have the capabilities needed for fine changes in perfusion pres

sure. Also, the arrangement of pinch clamps for switching perfusates 

proved awkward and did not allow for smooth changeovers. The pressure 

flask and manometer modified v/ith a stopcock for switching perfusates 

corrected the above problems. 

Quick freezing the fixed neurointermeddate lobes with liquid 

freon in the 0.1 M cacodj'^late buffer wash caused severe damage to the 

tissue from the formation of ice crystals. The degree of preservation 

in terms of fixation was often quite good as evidenced by the intact 

membranes, secretory granules, etc. However, the general morphology of 

the cell was grossly distorted by large, irregular vacuoles throughout 

the cytoplasm and nucleus (Figure 22). Increasing the molariiy of the 

buffer wash to 0.2 M and the addition of 1% or 1A% sucrose resulted in a 

corresponding improvement in the tissue as evidenced by the decrease in 

the number and size of the vacuoles. Thus, neurointermediate lobes 

quick frozen in 0.2 M cacodylate buffer with 14% sucrose appeared well 

fixed with good preservation of the general cell morphology. 

Thick sectioning the neurointermediate lobes embedded in hot 

agar with the tissue sectioner was discontinued vrtien the procedure was 

modified to include quick freezing. Attempts to lliick section quick 



Figure 20. Degeneration of cel
lular morphology. 

Pars intermedia of the frog, 
showing degeneration of cel
lular morphology. Tissue was 
fixed in paraformaldehyde 
for 45 minutes, thick sectioned, 
incubated in pNPP medium and 
prepared for routine electron 
microscopy. Note the presence 
of reaction product (arrows) 
v/ithin the cellular debris. 
X 16,300. 

Figure 21. Moderate preserva
tion of cellular 
morphologj-. 

Pars intermedia of the frog, 
shov/ing a moderate preserva
tion of cellular morphology 
and a diffuse non-specific 
reaction product. Tissue v/as 
perfusion fixed for 5 minutes 
and immersion fixed for 20 
minutes in 3% paraformalde
hyde plus 0.25% glutaralde
hyde, quick frozen in a buffer 
v;ash of 0.2 K cacodylate plus 
14% sucrose, thick sectioned 
on a tissue sectioner at sub
zero temperatures, incubated 
in pMPP medium, and prepared 
for routine electron micros
copy. X 4,100. 

Figure 22. Vacuoles in quick-frozen tissue. 

Large, irregular vacuoles found in the pars intermedia of the frog 
when quick frozen and thav;ed in a buffer wash of 0.1 M cacodylate. 
Tissue was immersion fixed in A% paraformaldehyde for 120 minutes, 
quick frozen, thick sectioned on a tissue sectioner at subzero 
temperatures, thawed and prepared for routine electron microscopy. 

X 19,500, 



Figure 20. Degeneration of 
cellular morphology. 
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Figure 21. Moderate preservation 
of cellular morphology. 

Figure 22. Vacuoles in quick-frozen tissue. 
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frozen material embedded in ^t-l Matrix or Glycerol Gelatin yielded only 

bits and pieces of full sections with large rips and tears. This 

occiarred with both the cryostat and the tissue section which was kept at 

subzero temperatures by placing it in the cold room of the cryostat cab

inet. The tissue sectioner with a capacity to section material of up to 

300 um in thickness yielded more uniform sections than the cryostat 

with a sectioning capacity limited to 40 um. Sections cut from tissues 

embedded in a mixture of M-1 I^atrix and Dextran polymer continued to 

show rips and tears but did contain full fkce sections. Addition of 

gum arabic in place of the dextran polymer yielded sections that were 

both full face and free of rips and tears. 

Secretion of MSH in Lon" Term Organ Culture 

Light and electron microscopy of pars intermedia removed from 

frogs adapted to a dark colored background for eight weeks revealed a 

morphology similar to that previously described in tissue taken from 

frogs adapted to a dark background for one to two weeks. Light micro

graphs illustrate anatomical relationships and histological differences 

between the two portions of the neurointermediate lobe when fixed imme

diately after removal from the frog (Figiare 23). The pars intermedia 

consists of distinct parenchymal cells with large nuclei and non-paren-

chymal glial-like cells, while the pars nervosa contains primarily neu

ronal elements and occasional ependymal cells. Electron micrographs 

show parenchymal cells to have typical morphological characteristics 

previously described as being associated with increased synthetic and 

secretory activity. However, extensive formation of rough endoplasmic 
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reticulum arranged in v/horled patterns and expanded parallel cisternae 

are more apparent than those reported for pars intermedia from frogs 

dark adapted for shorter periods of 7-14 days (Ferryman, 1972). Also, 

the colloidal vesicles and lipid—like bodies are much larger and more 

numerous with the secretory granules and electron opaque material some

times associated with these bodies appearing more dense and of greater 

abundance (Figure 24). Another feature of these pars intermedia is the 

intercellular spaceir, which appear swollen and of far greater abundance 

after prolonged dark background adaptation. 

Organ cultures of neurointermediate lobes show a high degree of 

survival in media both with and without serum. After one v/eek of incu

bation, most of the glands in the flasks without seriam appear intact, 

although others in the same flask sometimes shov; visible signs of becom

ing necrotic. By eight v/eeks each flask contained variable numbers of 

glands vAiich appear either in good functional condition or in advanced 

stages of necrosis. A similar situation existed for glands cultured in 

serum-supplemented media; however, in addition, some of the intact 

glands changed from a typical oblong to a rounded shape and adhered to 

the sides of the flasks, li/hen examined in the light microscope at eight 

weeks incubation, these glands were oval in shape with the pars nervosa 

in the center and the pars intermedia on the outside (Figure 25). Gen

erally, the pars intermedia contains large areas shov/ing a high degree 

of cellular preservation (Figiore 26) with parenchymal cells and non-

parenchymal cells appeeiring similar to those of pars intennedia tal<en 

directly from dark background-adapted frogs. Other areas appear•necrot

ic; hov/ever, the size of these regions and extent of necrosis varies 



Figure 23. Vertical section of 
neiorointermediate lo' 

Vertical section of eight-week 
dark-adapted control neioro-
intermediate lobe showing the 
anatomical relationship between 
the pars intermedia (PI) and the 
pars nervosa (PN). x 190. 

Figure 24. Portion of pars 
intermedia. 

Portion of eight-week dark-
adapted control pars intermedia 
v;ith secretory cells containing 
large lipid-like bodies (L) and 
numerous intercellular spaces. 
X 3,800. 

Figure 25. Morphology of the 
neurointermediate 
lobe. 

Section of eight-week neuro
intermediate lobe culture with 
serum showing the morphology 
of a lobe that has taken on 
a rounded appearance. The 
pars nervosa (PN) can be seen 
in the center surrounded by 
the pars intermedia (PI). 
X 225. 

Figure 26. Degeneration of 
pars nervosa. 

Portion of eight-week neuro
intermediate lobe culture with 
serum similar to that shown in 
Figure 25. Areas of intact 
parenchymal cells with large 
ovoid nuclei can be seen be
tween the degenerated pars 
nervosa on the top and what 
appears to be a layer of amoi'-
phous material and non-paren-
chymal cells at the bottom 
edge of the gland, x 325. 
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Figure 23. Vertical section of 
neurointermediate lobe. 

Figure 25. Morphology of the 
new: ointermediate lobe. 
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Figure 24. Portion of pars inter
media. 

Figure 26. Degeneration of pars 
nervosa. 
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with the individual gland, location within that gland and length of 

incubation. The nei*vosa appears to have undergone extensive degenera

tion, consisting primarily of pools of cellular debris and scattered 

intact cells of ependjrmal or connective tissue origin (Figure 26). 

Also, the outer edges of the gland consist of what appears to be a lay

er of amorphous material mixed with non—parenchymal cells. 

At the electron microscopic level, large areas of pars inter

media from glands incubated v\rith and without serum for one week appear 

morphologically intact with cellular characteristics similar to that of 

a gland actively synthesizing hormone. This includes parenchymal cells 

with an abundance of rough endoplasmic reticulum, few secretory granules 

and well-developed Golgi bodies. In addition, colloidal vesicles, 

lipid-like bodies and glial-like cells with their extended processes are 

present (Figure 27). The pars nervosa, hov/ever, appears to have begun 

progressive degeneration. The neuronal elements become disorganized, 

large irregular myelin figures arise, and fibroblasts begin infiltrating 

and proliferating throughout the tissue (Figure 28). 

The cellular morphology of the pars intermedia remains basical

ly unchanged at four weeks incubation, with large areas of the gland 

continuing to maintain the normal functional appearance of highly secre

tory tissue. However, some alterations in cellular structure are appar

ent, with increased numbers of pycnotic cells and more noticeable areas 

of necrosis in some glands. An accurate determination of the ratio of 

necrotic to healthy tissue remains difficult because of the wide range 

in appearances of cells throughout the glands. 



Figijre 27. Parenchymal cells ivith endoplasmic reticulum. 

Pars intermedia parenchymal cells (P) from one-v;eek neurointerme-
diate lobe culture without serum, showinn extensive rough endo
plasmic reticulum and relatively few secretory granules 
characteristic of active hormone synthesis and secretion. The 
cell is surrounded by a process (arrows) from a non-parenchymal 
cell (NP). CV indicates colloidal vesicles and (L) indicates 
lipid-like bodies, x 9,000. 
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Figure 27 Parenchymal cells with endoplasmic reticulum. 



Figiire 28. Breakdown of pars nervosa. 

Portion of one-week neurointermediate lobe culture without serum, 
showing pars nervosa and breakdown of the neurosecretory neurons and 
proliferation of fibroblasts (F). x 17,800. 
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Figure 28. Breakdown of pars nervosa. 
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The lipid—like bodies, in some instances, have increased to sev

eral micrometers in diameter, displacing the cytoplasm and associated 

organelles while becoming surrounded with secretory granules (Figure 

29). These structures appear to be associated with rough endoplasmic 

reticulum. They may also be surrounded by an electron dense material 

similar to that found in the rough endoplasmic reticulum cisternae, but 

more concentrated. Generally, parenchymal cells contain one or tv/o 

large lipid-like bodies, but occasionally a number of smaller bodies may 

also be seen (Figure 30). 

Secretory granules not associated with lipid-like bodies are 

generally confined to an area bet^ceen the extensive rough endoplasmic 

reticulum and plasma membrane (Figure 31). These organelles are similar 

to two -types of granules previously described (Ferryman, 1974). The 

dense granule of 150-300 nm in diameter has a tight limiting membrane, 

while the less dense granule of 200-300 nm in diameter is more ovoid 

with a membrane that is not alv;ays continuous. The former are generally 

associated with the well-developed juxtanuclear Golgi apparatus. These 

consist of multiple stacks of dilated cisternae and may contain an elec

tron opaque material (Figure 32). 

Another expected change occurring in both serum and non-serum 

incubated neurointermediate lobes is the degeneration of the neuronal 

endings that extend into the pars intermedia. Generally, within four 

weeks of incubation these appear grossly swollen and distended with few 

vesicular elements and an electron translucent axoplasm. Others may 

also contain large distorted myelin figures, degenerating or modified 

mitochondria, granular vesicles or clear vesicles (Figure 33). In the 



Figiire 29. Parenchymal cells with lipid-like bodies. 

Portion of four-week neurointermediate lobe culture v;itli serum, 
showing two pars intermedia parenchymal cells containing large 
lipid-like bodies. Note the orientation of secretory granules 
around these structures, x 5,900. 

Figure 30. f/fultiple lipid-like 
bodies in one paren
chymal cell. 

Portion of four-week neurointer
mediate lobe culture without 
serum, showing part of a secre
tory cell with multiple lipid-
like bodies. Note electron 
dense material in the adjacent 
rough endoplasmic reticulum 
cisternae. x 8,100. 

Figure 31. Parenchymal cells 
with fev; granules. 

Portion of four-v:eek neuro
intermediate lobe culture 
without serum, showing three 
typical parenchymal cells with 
relatively few secretory gran
ules confined to the space 
between the rough endoplasmic 
reticulum and the plasma mem
brane . X 13,400. 
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Figure 29. Parenchymal cells with lipid-like bodies 

Figure 30. Multiple lipid-like 
bodies in one parenchymal cell. 

Figure 31. Parenchymal cells with 
few granules. 



Figure 32. Parenchymal cell with Golgi. 

Part of a four-week neurointermediate lobe culture v;ithout serum, 
shov/ing part of a parenchymal cell with a well developed Golgi, 
dilated cisternae, closely associated dense-cored granules and coated 
vesicles (arrows), x 38,000. 

Figure 33. Degeneration of 
neuronal endings. 

Neuronal endings from four-v/eek 
neurointermediate lobe culture 
without serum in what appears 
to be different stages of 
degeneration. Note the dis
torted myelin figures and the 
electron translucent axoplasm 
characteristic of such mate
rial. X 22,700. 

Figure 34. Unidentified cell in 
the pars nervosa. 

Remains of four-week neurointer
mediate lobe culture with serum, 
showing degenerated pars nervosa 
with a cell of either ependymal 
or connective tissue origin. 
Although the organization of the 
neurosecretory neuron has broken 
down, the neurosecretory gran
ules appear to have remained 
intact. X 2,900. 



Figure 32 . Parenchymal cell with Golgi. 

Figure 33. Degeneration of 
neuronal endings. 

Figure 34. Unidentified cell in 
the pars nervosa. 

49 
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pars nervosa, necrosis has advanced to the point where that portion of 

the gland consists primarily of pools of cellular debris, fibroblasts, 

collagen deposits and scattered cells of ependymal or connective tissue 

origin (Figure 34). 

The only significant difference betv/een glands incubated with 

and virithout serum appears to be in the proliferation of fibroblasts. 

Both shov/ movement and proliferation into the areas undergoing necrosis; 

however, serum incubated glands contain greater numbers of these cells 

and their invasion into necrotic areas occurs more quickly. The amor

phous cortical layer previously described at the light microscopic level 

in the rounded-up glands incubated in serum appears to consist of fibro

blasts and collagen deposits (Figure 35). 

At eight weeks large areas of the pars intermedia become 

necrotic. Yet regions of good cellular preservation are still present 

in gleinds incubated either with or without serum (Figure 36). Further

more, cells in these regions continue to exhibit previously described 

characteristics of increased synthetic and secretory activity. The cell 

boundaries, however, appear to have contracted, giving rise to large 

empty intercellular spaces in which the bordering plasma membranes are 

still intact (Figure 37). The lipid-like bodies have become greatly 

enlarged, displacing the cytoplasm and nucleus and in many situations 

are now surrounded by electron dense material (Figure 38). These lipid-

like bodies appear to persist following degeneration of the parenchymal 

cells and can be seen in the necrotic areas of the gland taken over by 

the collagen-producing cells (Figures 39, 40). 



Figure 35. Fibroblasts in the neurointermediate lobe. 

Outer edge of four-week neurointermediate lobe culture with serum, 
showing a fibroblast and the amorphous substance consisting of cel
lular debris and collagen deposits, x 4,100. 

Figure 36. Parenchymal cell v;ith large lipid-like body. 

Portion of the pars intermedia from eight-v;eek neurointermediate 
lobe culture without serum, shov;ing intact parenchymal cells with a 
large lipid-like body, x 5,200. 
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Figure 35. Fibroblasts in the neurointermediate lobe. 

Figure 36. Parenchymal cells with large lipid-like body. 



Figure 37. Parenchymal cell with intercellular spaces. 

Portion of pars intermedia fi'om eight-week neurointermediate lobe 
culture without serum, shov;ing a parenchymal cell with the empty 
intercellular spaces. Arrov;s indicate areas in v/hich the plasma mem
brane is clearly visible, x 9,600. 

Figtire 38. Lipid-like bodies siorrounded by electron dense material. 

Portion of the pars intermedia from eight-week neurointermediate lobe 
culture with greatly enlarged lipid-like bodies surrounded by an 
electron dense material. Note how these structures appear to have 
displaced the cell cytoplasm and in some instances pushed into the 
nucleus (arrows), x 4,200. 



52 

Figure 37. Parenchymal cell with intercellular spaces. 

Figure 38. Lipid-like bodies surrounded by electron dense material. 



Figvire 39. Degeneration in the pars intermedia. 

An area of the pars intermedia from eight-week neurointermediate 
lobe culture without serum that has degenerated and is nov? occupied 
by fibroblasts and lipid-like bodies. Although these structures 
persist, the surrounding electron opaque material is no longer 
apparent, x 6,300. 

Figure 40. Collagen-producing 
cells in the pars 
intermedia. 

Portion of degenerated pars 
intermedia from eight-week 
neurointermediate lobe cul
ture without serum shov/ing 
part of a collagen-producing 
cell from Figure 39. 
X 29,500. 

Figure 41. Loss of MSH activity 
under organ culture 
conditions. 

_7 
Porcine MSH (10 g/ml) was added 
to culture flasks containing 
Medium 199 with serum. At time 
zero, aliquots of MSH (10""^ g/ml) 
were frozen. The culture flasks 
were incubated at 26° C and at 
37° C. At 24, 48 and 96 hours, 
the flasks containing the MSH 
were bioassayed for biological 
activity' and compared to the 
activity of frozen samples of the 
hormone taken as the control 
(100%) activity. Each value 
represents the mean darkening 
response of eight (24 and 48 
hours) or six (96 hours) frog 
skins in response to MSH. 



Figure 39. Degeneration in the pars intermedia. 

Figure 40. Collagen-producing 
cells in the pars intermedia. 

4~ <lt• 

HOURS IN UBAT ED 

Figure 41. Loss of MSH activity 
under organ culture conditions . 
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With extended incubation, major portions of nearly all glands 

in each of the flasks became necrotic. However, even in those cultures 

maintained for six months with or without serum, small isolated patches 

of pars intermedia can be found. The remainder of the glands consist 

of cellular debris, fibroblasts, collagen deposits, possibly other con

nective tissue-type cells and scattered non-parenchymal cells that could 

not be clearly identified. 

Bioassays to determine the presence of MSH were carried out on 

each change of medium. Using the frog skin bioassay, it was found that 

MSH was continuously secreted for up to four months of incubation in 

the presence or absence of serum v/ith lov/er concentrations of MSH pres

ent in the mediiom containing serum. To determine the effect of endog-

enous degradative serum enzymes, porcine a-MSH (10~ g/ml) was incu

bated in M199 with and without fetal calf serum. Upon bioassay, the 

medium v/ithout serum showed high levels of MSH activity throughout the 

ten day study. Of the samples containing serum, only those frozen at 

time zero showed any MSH activity. A short term experiment revealed 

MSH activity to be almost indiscernible by about 24 hours in media con-

—7 
taining serum. Incubation of MSH at a higher concentration (10 g/ml) 

in M199 containing serum over a four day period demonstrated the loss 

of MSH activity with time (Figure 41). The rate of degradation was, as 

expected, greater at 37° C than at 26° C. Near maximal activity was 

maintained for four days in media containing serum that was heat inac

tivated. 
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Demonstration of Exocytosis 

Replicas of the frog neurointermediate lobe produced three 

dimensional views of the fractured cells, exposing nucleus, cytoplasm 

and cell membranes (Figure 42). "Opportune fractures" through portions 

of a single cell revealed areas of cytoplasm containing secretory gran

ules and adjacent areas of the plasma membrane (Figure 43). The frac

turing process, which cleaves the membrane between tlie phospholipid 

moiety, exposes the inner structure of E and P faces from both the 

secretory granule and plasma membranes. The P face is defined as being 

associated with the cytoplasm and generally contains the higher density 

of intermembrane particles. The E face is defined as being associated 

with extracellular space or in the case of secretory granules, with the 

inside (cavity). 

Various morphological structures, previously described as being 

characteristic of exocytosis (Orci et al., 1977; Burwen and Satir, 

1977), were found in the different faces of the pars intermedia repli

cas. P faces of the cell membrane frequently contained "bulges" or 

"domes" devoid of intermembrane particles v/hich are believed to result 

from the close apposition of the secretory granule to the plasma mem

brane (Figure 44). Wliat appears to be small circular impressions, mea

suring 75—100 nm, were found on both faces of the cell membrane (Figures 

45, 46), These structures, which are quite numerous, have been sug

gested to represent the site of actual fusion between the secretory 

granule and plasma membrane (Burwen and Satir, 1977), Their appearance, 

however, is also quite similar to that of nuclear pores, pinocytotic 

vesicles and small cellular processes. 



Figure 42. Freeze fractvire replica of pars intermedia. 

Freeze fractvire replica of the neurointermediate lobe of the frog, 
shov/ing a portion of the pars intermedia. Note the parenchj'-mal cells 
with large ovoid nuclei (N), numerous secretory granules and various 
membrane systems, x 11,200. 
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Figure 42. Freeze fracture replica of pars intermedia. 



Figvire 43. Levels of cellular organization. 

Freeze fracture replica of the pars intermedia in v;hich the cleavage 
plane has exposed various levels of cellular organization in the dif
ferent cells. Note the wide profiles of plasma membranes (PM) and 
the relationship to the adjacent cytoplasm with secretory granules 
and other membrane systems, ER indicates endoplasmic reticulum and 
(N) indicates nuclear membrane. 
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Figure 43. Levels of cellular organization. 



Figure 44. Cleeir areas in the plasma membrane. 

Cytoplasmic and plasma membrane fractiare shov/ing a "bulge or dome" 
(*) in the P fece of the plasma membrane devoid of intermembrane 
particles. Note the close association between a secretory granule 
and the plasma membrane (arrow) with the granule membrane E face 
visible through a portion of the plasma membrane P face. Also note 
the difference in concentration of intermembrane particles between 
the P face (PF) and E face (EF) of the plasma membrane, x 52,500. 

Figure 45. Circular impressions in 
the plasma membrane. 

Circular impressions (arrows), mea
suring 75-100 nm, seen in the E 
face of the plasma membrane. 
X 56,300. 

Figure 46. Circular impression 
adjacent to cyto
plasmic fractiire. 

Circular impression (black 
arrov/) in an area of a plasma 
membrane fracture closely asso
ciated with an adjacent cyto
plasmic fracture containing 
numerous secretory granules. 
Note the E face of a granule 
membrane (white arrow) visible 
throu^ the P face of the 
plasma membrane, x 46,300. 
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Figure 44. Clear areas in the plasma membrane. 

Figure 45. Circular impress ions 
in the plasma membrane. 

Figure 46. Circular impression 
adjacent to cytoplasmic fracture. 
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Replicas also contained other examples showing the association 

bet\';een the P face of cell membranes and the E face of granule membranes 

(Figures 44, 47), The closeness of this association is apparent in the 

narro\mess of the cytoplasmic "bridge" where tlie fracture plane moved 

from the granule membrane to the plasma membrane. Actual fusion of mem

branes can be seen in the continuity of E or P faces of granule mem

branes v;ith corresponding E or P faces of plasma membranes (Figure 47). 

In addition, the circular impressions in the plasma membrane feces occa

sionally contained portions of intact granule membrane (Figure 48). 

Fractures also contained examples v/here the E face of the gran

ule membrane could be seen through the P face of the cell membrane (Fig

ures 44, 46). In some instances what appear to be the actual granule 

core v/as similarly visible through the P face of the plasma membrane 

(Figures 49, 50). Generally the granule core is distinguished from the 

granule membrane as being composed of a smooth matrix and lacking in 

intermembrane particles; however, the distinction was not always appar

ent. Finally, the P fece of the plasma membrane contained v;hat appears 

to be circular-shaped depressions lacking intermembrane particles around 

the perimeter and devoid of any internal structure (Figure 51). These 

sites are believed to represent the final stage in exocytosis following 

release of the granule core. 

Intercellular Junctions 

Thin sections of frog pars intermedia fixed v;ith lanthaniom 

showed deposits of the electron opaque precipitate in the intermembrane 



Figure 47. Association between granule membrane and plasma membrane. 

Fracture showing close association between the E face of the plasma 
membrane and the corresponding E face of the granule membrane (arrov/s). 
Note the continuity betvveen another granule membrane and the plasma 
membrane (outlined by dotted line). Note also the difference in con
centration of intermembrane particles where the tv;o membrane systems 
have fused, x 43,800. 

Figure 48. Circular impressions with granule membrane. 

Replica showing E face of the plasma membrane with circular impressions 
containing portions of intact granule membrane (arrov/s). x 64,200. 
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Figure 47. Association between granule membrane and plasma membrane. 

Figure 48. Circular impressions with granule membrane. 



Figiire 49. Extrusion of the granule core. 

Granule core (arrow) being extruded through the P face of the plasma 
membrane, x 44,100. 

Figure 50. Smooth matrix of the 
granule core. 

Granule core (*) with smooth 
matrix visible through the P face 
of the plasma membrane, x 12,300. 

Figure 51. Circular depressions 
in the plasma mem
brane. 

P face of the plasma membrane, 
shov;ing a circular depression 
or lacunae (arrov;) from which 
the granule core has been ex
truded. Note the lack of inter-
membrane particles around the 
perimeters of the depressions 
and the close association of 
the depression in the upper 
right corner with the cyto
plasm. x 52,400. 



Figure 49. Extrusion of the granule core. 

Figure 50. Smooth matrix of 
the granule core. 

Figure 51. Circular depressions 
in the plasma membrane. 
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spaces. However, careful examination of these deposits failed to reveal 

any indications of gap junctions. 

Replicas ft'om the pars intermedia contained morphological struc

tures characteristic of gap junctions and other intercellular junctions 

previously described in thin sectioned material. The only form of gap 

junction observed appears in the P face of the plasma membrane as a 

loosely curved single strand of closely packed intermembrane particles 

(Figure 52). The diameter of these particles ranged from 11.0-13.0 nm 

v/ith a center-to-center spacing of approximately 10.0 nm. E faces con-

tained similar corresponding strands of closely packed pits. 

P faces also contained various configurations of elongated 

ridges or fibrils characteristic of tight junctions. The "lesser", 

more frequently observed form consisted of short segments of individual 

ridges with fev/ branches (Figure 53). The "more developed" forms con

tained a meshwork of interconnected strands v;ith numerous branches and 

anastomosing ridges (Figure 54). Grooves corresponding to both forms 

of tight jxanctions were found in the E face of the plasma membrane 

(Figure 55). Finally, desmosomes, consisting of irregular patches of 

loosely arranged particles, were also frequently observed in the repli

cas (Figure 56). 

In addition to the morphological structures defining specific 

intercellular junctions, the replicas contained numerous aggregates of 

intermembrane particles whose significance remains vinclear. These var

ied considerably from relatively large, densely packed arrays to small 

clusters and short linear segments of only several particles (Figures 



Figure 52. Gap junctions of the pars intermedia. 

Replica of the P face of the plasma membrane, shov;ing the only form 
of gap junction observed. The structure (arrov/s) is formed by a 
loosely curved single strand of intermembrane particles v/ith a diam
eter of 11.0—13.0 nm sind a center—to-center spacing of approximately 
10.0 nm. X 65,000. 

Figure 53. Tight junctions in the pars intermedia. 

Elongated ridges or fibrils characteristic of tight junctions (arrows) 
seen in the P face of the plasma membrane. This "lesser" form was 
the type of tight junction most frequently observed in the pars inter
media. X 69,200. 
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Figure 52. Gap junctions of the pars intermedia 

Figure 53. Tight junctions in the pars intermedia. 



Figijre 54. Less fTequentlj'' occur
ring tight junction. 

Complex form of tight junction 
infrequently observed in the P 
faces of the plasma membrane. 
This form consists of a mesh-
work of numerous intercon
necting branches and ridges. 
X 74,700. 

Figure 55. Tight junctions in 
the E face. 

Replica of the E face of the 
plasma membrane with a "lesser" 
form of tight junction appear
ing as a groove. The groove 
(arrows) is complimentary to 
the fibril in the P face. 
X 72,800. 

Figure 56. Desmosomes in the pars intermedia. 

Irregular patches of loosely arranged particles characteristic of 
desmosomes frequently seen in the P face of the plasma membrane. 
X 143,500. 



Figure 54. Less frequently 
occurring tight junction. 
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Figure 55. Tight junctions in the 
E face. 

Figure 56. Desmosomes in the pars intermedia. 
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57, 58, 59). Size of the particles shov/ed a large variation, with a 

range of 8.0 nm to 13.0 nm. 

None of the examples of intercellular junctions or aggregations 

of intermembrane particles could be localized bet\ifeen any t\'/o cell 

types. Occasionally the cleavage plane containing these structures 

could be identified as part of a parenchymal or non-parenchymal cell. 

The complimentary plane, however, is lost in the fracturing process. 



Figure 57. Closely packed aggregate of intermembrane particles. 

P face of the plasma membrane shov;ing a relatively large aggregate 
of closely packed intermembrane particles (outlined by dotted lines) 
with a di.ameter of 8.0-13.0 nm. Note that the packing is very irreg' 
ular. X 144,000. 

Figure 58. Loosely packed aggre
gate of intermembrane 
particles. 

Relatively small aggregate of 
loosely packed intermembrane 
particles (outlined by dotted 
line) in the P face of the plas
ma membrane. Note that the 
packing is very irregular. 
X 107,200. 

Figure 59. Linear array of fev/ 
intermembrane par
ticles. 

P face of the plasma membrane 
showing as fev; as several inter
membrane particles (arrov/s) in 
a tightly packed linear array. 
X 126,000. 



Figure 57. Closely packed aggregate of intermembrane particles. 

Figure 58. Loosely packed 
aggregate of intermembrane 
particles. 

Figure 59. Linear array of few 
intermembrane particles. 
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CHAPTER 4 

DISCUSSION 

The preceding studies have detailed various aspects of pars 

intermedia ultrastructure as it relates to the secretion of melanophore 

stimulating hormone (MSH). The histochemical localization of ATPase 

examined ionic parameters and their possible role in mechanisms con

trolling secretion. Ultrastructural correlates of spontaneous in vitro 

secretion over extended periods were characterized in the long-term 

organ cultvire studies of the neurointermediate lobe. Finally, freeze 

fracture replicas of the pars intermedia were used to examine possible 

mechanisms of hormone release and intercellular communication. 

Localization of ATPase with the Wachstein-Meisel Technique 

The localized deposition of an electron opaque reaction product 

in the pars intermedia vSien incubated in the Wachstein-Meisel medium 

suggests the presence of an ATPase (V/achstein-Meisel, 1957). In the 

more interior portions of the frog pars intermedia, this ATPase reaction 

product is found only in the intermembrane spaces bounded on at least 

one side by a non-parenchymal cell and a parenchymal cell or between 

membranes of two non-parencliymal cells. In the interior of the lobules 

of the rat pars intermedia, reaction product is localized in the inter

cellular dilatations between membranes of processes from a parenchymal 

cell or processes from two unidentifiable cells. At the neurointerme

diate jimction of the frog pars intermedia and at the periphery of 
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lobules in the rat pars intermedia reaction product appears only v;here 

non-parenchymal cell processes contact other cellular elements. This 

includes intermembrane spaces between tv;o non-parenchymal cell pro

cesses or on the portions of these processes abutting parenchj-mal cells 

or neuronal elements. A similar situation exists in the posterior epi

thelial lining of the rat pprs intermedia. Hov;ever, reaction product 

is also found on cell membranes bordering, the hypophyseal cleft and not 

contacted by other cellular elements. These observations, along with 

the complete lack of reaction product beta/een the membranes of identi

fiable secretory cells, strongly suggests that the ATPase complex is 

located v/ithin the non-parenchj'mal cell plasma membranes. 

The ability of ouabain to partially inhibit reaction product 

associated with non-parenchymal cell membranes suggests that the enzy

matic activity is in part that of Na"*'-K''^-ATPase (Marchesi and Palade, 

1967). Physiological and biochemical studies have shown this particular 

enzyme to be the so-called transport ATPase involved with active ion 

transport (Skou, 1957). It appears dependent upon the presence of Mg , 

and Na^ and can be inhibited by cardiac glycosides such as ouabain 

(Skou, 1965). The significance of reaction product uninhibited by oua

bain as found in the basal lamina of the capillary cells at the periph

ery of the frog pars intermedia, below the posterior epithelial lining 

and in the hypophyseal cleft of the rat pars intermedia remains unclear. 

These observations are open to some question in viev/ of the long-stand

ing controversy surrounding the Wachstein—Meisel technique and the 

uncertain data on the different nucleotide phosphatases (Novikoff, 1970; 

Ernst, 1975). Using the recently developed strontium capture technique 



69 

for K^-dependent phosphatase, Firth (1974) observed a non-specific reac

tion product in basal lamina of mamnialian kidnej' tubules which was not 

inhibited by ouabain or an alkaline phosphatase inhibitor. Ellis and 

Goertemiller (1976) noted similar results for salt—secreting epithelial 

cells of the marine turtle and concluded that the reaction product v/as 

a non-specific phosphatase. Perhaps application of this alternative 

technique (Ernst, 1972a, 1972b) could provide a clearer understanding of 

reaction product distribution as found in this study while also verify

ing specific localization of a Na"'^-K^-ATPase. 

The results as seen in the neurointermediate junction appear 

similar to those of Houk and Beck (1975) for the glial cells of insect 

larvae and Marchesi and Barrnett (1964) for the type II capillaries 

found in vertebrate central nervous s3'-stem and retina. The latter 

investigators reported reaction product in the intercellular spaces 

between glial cell membranes and v/ithin basement membranes, but none on 

the surfaces of endothelial cell membranes. Hov;ever, they also observed 

precipitate on glial cell membranes which abutted the capillary base

ment membranes. Torack and Barrnett (1963) noted reaction product 

between glial processes and the neuronal cell bodies but no activity on 

the free surface of either cell type. Similar localizations of phos

phatase reaction product to onlj' specific portions of the cell membrane 

have been shown in other systems, such as nasal salt—secreting cells 

(Ellis and Goertemiller, 1976), kidney distal collecting tubules (Ernst, 

1975) and thyroid follicular epithelial cells (Fujita and Nanba, 1974). 

Results as seen in the interior of the lobules remain obscured 

by the inability to clearly determine the cellular origin of the folds 



and processes comprising the intercellular dilatations. Hov/e and 

Maxwell (1968), in describing the intercellular dilatations, suggested 

that the folds and processes arise from adjacent parenchymal cells. 

However, intercellular dilatations, as seen in the interior of the lob

ule, bear a marked resemblance to areas at the periphery of the lobule 

v;here the folds and processes can be clearly seen to arise from the non-

parenchymal cells. In addition, histochemical studies that differen

tially stain the non-parenchymal cells indicate processes from these 

cells penetrate into the interior of the lobule (Back et al., 1976; 

VJhitaker and LaBella, 1972). Thus, the folds and processes comprising 

the intercellular dilatations may in part originate from the non-paren-

chymal cells at the periphery of the lobule. It is also possible that 

the reaction product is localized only on the membranes of the folds 

and processes which could in fact arise from tlie parenchymal cells. 

Similar situations have been reported for the adrenal medulla (Al-Lami 

and Farman, 1975) and exocrine pancreas (Ploenig, Santelices and Vial, 

1975) v/here reaction product is localized to the apical surfacesof the 

parenchymal cells forming the Ixamen or acini. 

The suggestion of an active ion transport system within the pars 

intermedia is in agreement with previously determined metabolic and 

ionic requirements for MSH secretion (Bov/er and Hadley, 1972; Tilders, 

Mulder and Smelik, 1975; Hadley and Bower, 1976). Hormone secretion 

from isolated pars intermedia can be decreased by removal of potassium 

ions (Bower and Hadley, 1972) or by increasing concentration (Schmitt, 

Briaud, Mialhe and Stutinsky, 1979) (e.g., lOx) of this cation in the 

incubation medium (Tilders et al., 1975). Furthermore, cardiac 
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glycosides such as ouabain or strophanthin K and metabolic inhibitors 

such as dinitrophenol, cyanide, oligomycin, deoxyglucose and iodoacetic 

acid reversibly inhibit release of MSH 3^ vitro, while addition of glu

cose to the incubation medium reversibly enhances secretion (Hadley and 

Bower, 1976). These results suggest a requirement for ATP as derived 

from the oxidative phosphorylation of ADP, and the involvement of both 

glycolysis and the citric acid cycle in secretion of MSK. Moreover, 

the combined demonstration of acute sensitivity of the pars intermedia 

to changes in potassium ion concentration and the need for ATP indicate 

the presence of a sensitive active transport system such as Na -K -ATP-

ase (Hadley and Bower, 1976). 

The localization of an ATPase to the non-parenchymal cell mem

branes bordering other cellular elements and the possibility that an 

ion transport system may be involved in secretion suggest that this 

glial-like cell may have an important function in the secretory process. 

Attempts to correlate ultrastructural changes of these non-parenchymal 

cells in both pars intermedia and pars distalis with levels of hormone 

secretion have led various investigators to suggest several different 

roles. V/eatherhead (1971), observing small electron-lucent vesicles 

along the margin of pars intermedia non-parenchymal cells in the lizard-

like reptile Sphenodon punctatus, proposed that the cells are engaged 

in transport of material into and out of capillaries. Additional exper

iments indicated changes occurring in the size and number of non—paren

chymal cell processes when environmental parameters controlling secre

tion were varied (Forbes, 1972b; Batten and Ball, 1975), Also, a 

similar function of moving secretory material toward the capillaries or 
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colloid material from the hypophyseal cleft has been suggested for the 

non-parenchymal cells in the mouse (Naik, 1972) and the rat (Vanha-

Perttula and Arstila, 1970), 

Additional evidence of a transport function has been observed in 

the pars distalis non-parenchymal cells of the thyroidectomized lizard, 

Anolis carolinensis, which became hypertrophied and exhibited increased 

numbers of desmosomes, complex junctions and micropinocytotic vesicles 

(Forbes, 1972a). Furthermore, injected horse radish peroxidase pene

trated intercellular spaces, entered micropinocytotic vesicles of non-

parenchymal cells, and, according to Forbes, moved to the interior. 

Ferryman and Bagnara (1978), in a similar study with horse i^adish perox

idase in the frog Rana pipiens, suggested that the non-parenchymal cells 

are part of a manjr-branched extravascular transpoi-'t system that pene

trates the pars intermedia. 

Finally, the intercellular dilatations, which as previously 

noted may be partly comprised of non-parenchymal elements, have been 

suggested to represent portions of a system of extracellular channels 

(Howe and Maxwell, 1968). 

Still other workers have suggested a phagocytotic role for these 

cells. Morphological features such as distended digestive vacuoles, 

myelin figures, lysosome-like structures and increased size and develop

ment of the Golgi have been seen in non-parenchymal cells of amphibian 

pars intermedia that were explanted (Castel, 1972) or subjected to 

treatment with 6-hydroxydopamine (Hopkins, 1971). These and similar 

observations reported by Franzoni and Fasolo (1975) for the newt pars 

intermedia suggest a strong macrophagic activity tov/ard degenerating 
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nerve fibers. Ferryman (personal communication) has demonstrated phago

cytic properties of non-parenchymal cells of the frog pars intermedia 

in both dispersed cell cultures and intraocular transplants of the 

neurointermediate lobe. Increased metabolic activity related to phago

cytosis has also been demonstrated in the non-parenchymal cells of the 

posterior epithelial lining of the rat pars intermedia (Vanha-Perttula 

and Arstilla, 1970). The existence of desmosomes betv;een two non-paren

chymal cells or between a non-parenchymal cell and parenchymal cell may 

also indicate a sustentacular role for these cells (Cardell, 1969; 

Schechter, 1969). 

Olsson and Gorbman (1973) reported increased membrane caveolae 

in pars intermedia non-parenchymal cell processes v/itli the presence of 

pharmacological blocking agents and supported the idea of a transport 

function but also suggested that these cells may be involved in regula

tion of pars intermedia MSH secretion. Recently, Leatherland and Percy 

(1976) noted changes of non-parenchymal cell membranes at the point of 

contact with teleost prolactin cells and proposed that the former 

released a chemical stimulus or effected localized depolarization which 

then enabled granule extrusion from the parenchymal cell. 

The localization of ATPase to the non-parenchi'mal cells and the 

correlation of secretion to ionic parameters suggests that these cells 

are similar to the glial cells of the central nervous system. Morpho

logically, non-parenchymal cells in the pars intermedia of the frog and 

mouse share several characteristics with glial cells, including a stel

late configuration, lack of secretory granules and numerous long and 

sheet-like cellular processes containing microfilaments and 
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microtubules. Also, in both cells the processes appear to contain 

intermediate cytoplasmic filaments of approximately 100 %, such as those 

described by Forbes and Dent (1974) in the Anolis non—parenchymal cell 

and by Yen, Dahl, Schachner and Shelanski (1975) in manmalian fibrous 

astroglial cells. Glial cell processes when in proximitj' with capil

laries terminate on the basement membrane forming "endfeed" (Torack and 

Barrnett, 1963; Barrnett, 1964) in a manner similar to the pars inter

media non-parenchymal cell. (Ferryman, 1975). Functionally, some of the 

roles previously suggested for non-parenchymal cells such as transport 

or phagocytosis have also been suggested for glial cells (Tranzer, 1975; 

Torack and Barrnett, 1963). Some investigators (Saland, 1963; Nal^&i and 

Gorbman, 1969) have referred to these pituitary non-parenchymal cells as 

glial-liV:e while other simply term them glial cells (Hopkins, 1971; 

Franzoni and Fasolo, 1975), Back et al. (1976) suggested that the non-

parenchymal cells at the periphery of the lobule in the rat pars intei"-

media ai'^e presumably Schv/ann cells or represent a ceriain type of glial 

cell, Pehlemann (1967), in a study of innervation in the larval and 

adult frog pars intermedia, described the neioronal elements as being 

accompanied by a cellular reticulum of non-parenchymal cells belonging 

to the glial system. Thus a clear designation of the non-parenchymal 

cells in the.pars intermedia as being glial-like must await furtlier 

studies, such as experiments to determine their embryological origin. 

The localization of a Na^—k"*"-ATPase in the glial cells of the 

central nervous system has been demonstrated by comparing ATP hydrolysis 

in isolated fractions of glial cells and neuronal perikarya (Medzihrad-

sky, Nandhasri, Idoyaga-Vargas and Bellinger, 1971) or intact neurons 
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(Henn, Haljamae and Hamberger, 1972). Also, ouabain and cyanide 

decrease intracellular potassium and increase intracellular sodium of 

these cells (Kukes, De Vellis and Elul, 1976). Histochemically, nucleo

tide phosphatase (presumably Na'''-K^—ATPase) activity has been demon

strated in plasma membranes of glial endfeet that abut on the 

capillaries and between glial and neuronal elements of the retina 

(Marchesi and Barrnett, 1964). The functional role of this active ion 

transport system in CNS glial cells remains unclear. Cummins and Hyden 

(1962) have suggested that these ion pumps serve as "regulators of 

external spaces" surrounding neurons. Tractenberg and Pollen (1970), 

in examining the electrophysiology of these cells, found data consistent 

with the idea of a "spatial buffer" limiting potassium in the synaptic 

cleft after neuronal firing. Glial cells in this model would take up 

excess potassium in response to changes in the external concentration 

of this cation and subsequently distribute it through the extracellular 

spaces. 

In view of the similarities betv;een the tv70 cells and the sensi

tivity of the pars intermedia to perturbations in potassium concentra

tion, it is tempting to speculate that pars intermedia non-parenchy;nal 

cells act as regulators of extracellular potassium via a Na^-K''^-ATPase. 

Furthermore, the localization of an ATPase (possibly a Na^-K'*'-ATPase) 

to membranes bordering on other cellular elements may indicate a more 

direct role in hormone secretion for these non-parenchymal glial—like 

cells. Davis and Hadley (1976) suggested that MSH secretion may result 

from spontaneous depolarization of pars intermedia cells. It is con

ceivable that the non-parenchymal cells could act to depolarize the MSH 
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cell membrane and allov^ granule extrusion as suggested by Leatherland 

and Percy for the teleost prolactin cell. Fletcher (1975), in consid

ering the ionic parameters of pars distalis hormone secretion, suf:gest.s 

that secretion may involve neighboring cells acting as "ion sinlcs" and 

that these could be glial cells. 

The suggestion that non-parenchymal cells in the pars intermedia 

may be glial or glial-like adds nev/ dimensions to manj- of the previous 

theories regarding control of MSH secretion. Tlie numerous possible 

functions previously suggested for glial cells in addition to tl'iat of a 

potassium buffering system must nov/ be extended to tlie non-parenchymal 

cells. These include protein secretion (Schubei^t, 1973), cyclic-AI-iP 

production and/or ATPase activation by nor epinephrine (Schubert, Tari-

kas and La Corbiere, 1976; TsaJ-cadze and Kometiani, 1978), protein uptalce 

(Brightman, 1967) and neurotransmitter uptake (Varon, 1975). Unfortu

nately a complete discussion of how each of these possible functions maj' 

relate to the non-parenchymal cell or to MSH secretion is far beyond the 

scope of this study. 

Localization of Na"'^-K"'^-ATPase with pMPP 

Para-nitrophenylphosphatase (pNPPase) histochemistrj'-, as 

attempted in the pars intermedia, provides a more specific localization 

of Na'*'-K''"-ATPase than the Wachstein-Meisel technique. The various 

attempts to localize K''^-pNPPase activity indicated a direct relationship 

between the extent of fixation and inhibition of enzymatic activity. 

Tissue immersion fixed in 3% paraformaldehyde and thick sectioned in hot 

agar on a tissue sectioner, maintained a minimal level of enzj''matic 
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activity'- as demonstrated by the presence of reaction product. However, 

the extent of fixation as evidenced bj- the degree of preservation v/as 

insufficient to allow any interpretation of the tissue morphology. 

Attempts to improve morphological integrity by increasing fixation, 

increased the degree of preservation but decreased the enzymatic activ

ity. Thus, use of the pNPP technique in the pars intermedia must 

include a fixation procedure that maintains adequate structural integ

rity without inliibiting formation of a sufficient reaction product. 

Davies and Garrett (1973) examined this problem of maintaining 

both adequate fixation and enzymatic activity with alkaline phosphatase 

histochemistry in the salivary gland. Glutaraldehyde, the fixative of 

choice for morphological preservation at the ultrastructural level, was 

found to be a potent inhibitor of enzymatic activity (review by Hopv/ood, 

1973). Formaldehyde, commonly used in light microscopy, caused less 

inhibition. Hov/ever, the degree of ultrastructural preservation was 

significantly reduced and the reaction was more diffuse, indicating a 

poor ̂  situ immobilization of the enzyme. 

Ernst and Philpott (1970) reported a similar difference in the 

"4* 4" 
inliibitory effects of the two fixatives on Na -K -ATPase and Mg -ATPase, 

activity in the avian salt gland. A 40-60 minute fixation with 0.5% 

glutaraldehyde resulted in a complete inhibition of Na"'^-K'*^-ATPase activ

ity and an 85% inhibition of Hg'^'-ATPase. However, similar fixation with 

-f + 
2-3% paraformaldehyde caused a 35% loss of Na -K -ATPase activity and a 

65% loss of Mg'^-ATPase activity. 

Experiments with paraformaldehyde on K'*^-prjPPase activity in the 

pars intermedia indicated a close correlation between the inhibitory 
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of fixation and the time and concentration of the fixative. Tlie 3% 

paraformaldehyde immersion fixation yielded a good reaction product v/ith 

poor morphological preservation. Increasing either the fixation time or 

the concentration improved the morphological preservation but resulted 

in the loss of enzymatic activity. A similar correlation v;ith time and 

fixative concentration was seen in the combined paraformaldehyde-glutar-

aldehyde fixations. The five minute perfusion follov/ed by a ten minute 

immersion fixation in 1% paraformaldehyde and 0.25% glutaraldehjrde gave 

poor structural preservation with a good reaction product. However, 

increasing fixation to a five minute perfusion with a tv/enty minute 

immersion in 3% paraformaldehyde and a 0.25% glutaraldehyde improved 

tissue preservation without significantly reducing enzymatic activity. 

Davies and Garrett (1973) reported a similar correlation between 

the degree of inhibition, the extent of fixation and the time and fixa

tive concentration v/ith alkaline phosphatase. In one experiment, a ten 

minute perfusion v;ith a given combination of paraformaldehyde and glu

taraldehyde gave sufficient preservation but inhibited enzymatic activ

ity. However, a 50% reduction in concentration of the fixative reduced 

the inhibition of enzymatic activity without significantly affecting 

morphological preservation. 

The tendency to undergo a rapid loss of morphological integrity 

and the sensitivity of the K'^'-pITPPase to inhibition by fixation appears 

to vary with the tissue. The 45 minute immersion fixation in 3% para

formaldehyde yielded inadequate preservation in the pars intermedia and 

in the kidney cortex (Ernst, 1975). However, a similar fixation pro-

+ + 
duced good structural preservation while maintaining 70% of Na -K -/ilPase 
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activi-ty in the avian salt gland (Ernst, 1972a). A similar increased 

sensitivitjr to the inhibitory effects of fixation in the kidney compared 

to the salivary gland was noted with allcaline phosphatase (Davies and 

Garrett, 1973). Subsequent modification of the fixation procedure in 

the kidney corte:: to a ten minute perfusion of 1% paraformaldehyde v/ith 

0.25% glutaraldehj'-de did yield both good preservation and enzymatic 

activity. In the pars intermedia, a five minute perfusion follov;ed by 

a ten minute immersion fixation with 3% peupaformaldehyde resulted in 

only a slight improvement in preservation over a 45 minute immersion 

fixation. However, Stahl and Broderson (1976) maintained 60-100% of 

Na -K -ATPase activity and 64-88/^ of K -pNPPase activity in the somato

sensory cortex v;ith a five to ten minute perfusion of 3% paraformalde

hyde. These authors did subsequently modify the technique to a tv;enty 

minute perfusion with a twenty minute immersion fixation in 3/= para

formaldehyde and 0.25% glutaraldehyde causing only a 13% additional 

loss in K''"-pMPPase activitj'' (Broderson, Patton and Stalil, 1978). An 

increased sensitivity of K'*"-priPPase activitj"- to inhibition by fixation 

lias also been reported in epithelial tissue (Barrnett, personal communi

cation)-and red blood cells (Seed, personal communication). 

Attempts to localize K"^-pNPPase activity in the pars intermedia 

also included techniques to improve the structural preservation without 

increasing fixation such as perfusion and quick freezing. Vascular 

perfusion which increases the rate of fixative penetration into the tis

sue resulted in only a slight improvement in morphological preservation. 

However, this conclusion is based on limited observations and controls 

to determine the actual effects of perfusion over immersion were not 
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carried out. Ernst (1975) and Davies and Garrett (1973) noted signifi

cant improvements in tissue preservation with perfusion in the kidney 

cortex and the salivary gland. The best preservation of tissue morphol

ogy was actually found v/ith a double perfusion technique consisting of 

an initial perfusion with paraformaldehyde and glutaraldehyde followed 

by a second perfusion v/ith paraformaldehyde and immersion fixation in 

paraformaldehyde (Davies and Garrett, 1973). 

Quick freezing of the pars intermedia also failed to produce a 

significant improvement in the preservation of tissue morphology. How

ever, this conclusion is also based on limited observations without con

trols. The initial procedure of thick sectioning in hot agar on a 

tissue sectioner was modified to a quick freezing procedure as all pre

vious studies of K'*'-pI'IPPase localization involved quick freezing or 

thick sectioning on a vibratome at 4° C. Freezing or keeping the mate

rial at reduced temperatures inhibits autolysis and submortem changes, 

thus maintaining the tissue at a state where less chemical fixation is 

needed (Pease, 1968). 

Freezing the tissue in buffer wash of O.IM cacodylate plus 1% 

sucrose resulted in ice crystal formation, which could be eliminated 

by doubling the osmolarity of the buffer wash to 0.2M plus 1A% sucrose. 

Increasing osmolarity, v/hile not normally used as a method of eliminat

ing ice crystals, does eliminate the need for a cryoprotectant (Rebhuin, 

1972) eind has been shovm to have no effect on the tissue provided ade

quate fixation has occurred (Bruck and Ericsson, 1973). The higlier 

osmolarity, along with a more rapid freezing rate, reduces ice crystal 

damage by slowing the grov/th rate of the crystals. This results in a 
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larger number of crystals which are smaller in size, thus minimizing 

the damage (Pease, 1968). 

Thick sectioning of the quick frozen tissue v/as initially 

attempted on the cryostat. However, the limitations on thickness and 

the small size of the neurointermediate lobe prevented the cutting of 

consistent sections without v/rinkles or tears. Both problems were elim 

inated by using the tissue sectioner placed in either the cryostat cabi 

net or the cold room. Tlie initial problems encountered v/ith orientatin 

the tissue in the mounting media prior to freezing were overcome by 

increasing the viscositl'" of the media with the addition of gum arabic. 

The complete procedure for localization of K^-prJPPase in the 

pars intermedia maintains good structural preservation of the tissue 

without significantly inhibiting enzymatic activity. The procedure 

includes fixation with a five minute perfusion and a twenty minute 

immersion of 3% paraformaldehyde and 0.25% glutaraldehyde at 4° C. The 

tissue is then washed in buffer of 0,2M cacodylate and 14% sucrose, 

oriented and quick frozen in a mixture of mounting media and gum arabic 

and thick sectioned on the tissue sectioner at subzero temperatures. 

The sections are then incubated in the pJIPP media and processed for 

routine electron microscopy. 

Enzymatic activity, as evidenced by a strong but diffuse reac

tion product, appears to be largely unaffected by the above procedure. 

The non-specific diffuse reaction product, hov;ever, may be due to any 

of several factors including improper incubation time and temperature 

or incorrect concentration of reagents in the incubation media. Each 

of these parameters, as used in the pars intermedia, was based on 
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reports of K —pNPPase localization in other tissue and must be adjusted 

for each nev/ system. Thus additional experiments to determine the opti

mal incubation times, temperatures and the correct concentration of rea

gents in the media must be carried! out to obtain a specific localization 

of pNPPase in the pars intermedia. 

Secretion of MSH in Long;-Term Organ Culture 

Results of the long term organ culture demonstrate that the 

neurointermediate lobe of the frog pituitary can be maintained in cul

ture v/ith and without serum for up to six months. Mien viev/ed by light 

and electron microscopy, this cultured tissue reveals a high degree of 

structural preservation in the pars intermedia and a close similaritj--

to actively secreting tissue ̂  situ. Bioassays of the cultLire media 

sliov/ that the tissue actively synthesizes and secretes high levels of 

hormone for up to three to four months of incubation. 

Organ culture of pars intermedia in serum-free media circumvents 

degradation by enzymes that mi^it destroy' the MSH or other secretory 

products released into the media. This provides a metliod for obtaining 

large quantities of MS}I and possibly other related peptides. Enough 

hormone may be produced in a matter of weeks for the determination of 

amino acid sequence. If done with different species, tliis may provide 

useful information relative to the phylogeny of the MSH's as based upon 

primary structure analj'sis. 

Organ cultures of the pars intermedia may also provide a useful 

system for studying a number of questions that have recently been raised 

involving the melanotropic peptides. The pars intermedia, in addition 
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to secreting II3H, is knovm to contain adrenocorticotropic hormone (ACTrl) 
I 

(Kraicer, Grosbee and Benscome, 1973), and b-lipotropin (b-LPH) (Li, 

Barnafi, Chretien and Chung, 1965). ACTH contains the amino acid 

sequence for a-MSH, v;hile b—LPH contains the sequences for b-MSH, tlie 

endorphins and the enkephalins (Bradbury, Smyth and Snell, 1976). Botli 

larger molecules have been suggested to be precursors (prohormones) for 

the smaller peptides (Scott et al., 1973), In addition. Mains, Eipper 

and Ling (1977) have suggested that the precursors ma;/ be synthesized 

as one giant peptide referred to as "big ACTH". The endorphins have 

been implicated in a number of behavioral and physiological mechanisms 

and are reported to be at very high concentrations in the pars inter

media (La Bella, Downey, Queen and Pinsky, 1976). 

Little information is presently available as to the identity 

and control of release of the peptides secreted from the pars interme

dia . The technique described in this report should pi<ove useful for a 

determination of PI secretory products, such as the other melanotropic 

and opiate peptides. 

The continuous secretion of hormone from cultured pars inter

media suggests again that MSH, like prolactin, is under inhibitory con

trol by the hypothalamus (Meites, Nicoll and Talwalker, 1963; Etkin, 

1962). Vihen this tonic inhibitory influence is removed, eitlier in vivo 

or in vitro, as in the present experiment, tliere is an immediate and 

continuous secretion of hormone. In organ cultures this results in the 

accumulation of large amounts of hormone in the incubation media. Thus 

Kohmoto (1975) was able to obtain milligran quantities of prolactin from 
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organ cultured mouse pars distalis. Several other investigators have 

reported continuous secretion of prolactin in a variety of systems, 

using monolayer cultures of pars distalis cells (Tixier-Vidal et al., 

1975). 

Ifeintenance of organ cultured tissue in media lacking serum 

appears to be somewhat unusual. Kohmoto (1975) did report on short tei-m 

(8 days) cultures of mouse pars distalis in V/eymouth's medium (IB 752/1) 

supplemented only with antibiotics and insulin. In general, it appears 

that successful organ culture of the pituitary or other endocrine tis

sues requires the presence of some tj-pe of serum or serum fraction. 

In the present study, culture media containing serum consis

tently showed lower concentrations of MSH than media v/ithout serum. 

The difference may result from the breakdown of hormone by degradative 

enzymes within the serum present in the media. This is supported by 

the observed loss of hormone activity when MSH is added to fresh media 

containing serum and by the inability' of heat-inactivated serum to have 

a similar effect. 

At the ultrastructural level there were no apparent histolog

ical differences in the parenchymal cells or the glial-like non-paren-

chymal cells from cultures incubated with or without serum. However, 

fibroblasts and what appeared to be other connective tissue-type cells 

did proliferate and infiltrate the serum cultures at a much faster rate. 

This was particularly noticeable in the degenerating nervosa and necrot

ic areas of the pars intermedia. Attachment of neurointermediate lobes 

to the sides of flasks and the change to a rounded shape occurred only 

in media containing serum. This appears to result from rapid 
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proliferation of fibroblasts at the outer edge of the lobe to form the 

amorphous cortical layer previously described. Proliferation of fibro

blasts in serum-free media is some'.vhat unexpected, as investigatoi^s hwe 

reported serum to be essential for DNA synthesis (llolley and Kiernan, 

1968). It is possible that serum factors needed for cell proliferation 

may be produced by other components in the cultured tissue or released 

from necrotic cells. 

The continued secretion of hormone in ox'san cultured tissue and 

its relation to the o.uestion of secretory cell proliferation remains 

unclear. Despite high levels of MSH from cultured frog pars intermedia, 

neither parenchymal nor non-parenchymal cells shov/ed any evidence of 

proliferating in either serum-free or serum-supplemented media. Simi

larly, Gala (1973) assayed high levels of prolactin in organ-cultured 

monkey pars distalis for up to 96 days in v/hat the author described as 

a non-proliferative system. Pasteels (1963) reported proliferation of 

prolactin cells along v;ith increased hormone secretion in organ-cultured 

rat pars distalis for about three weeks. In addition. Chatterjee 

(197Sa) reported proliferation of secretory elements for two weeks from 

organ-cultured adult rabbit (pars intermedia) and even greater periods 

of proliferation v/ith similar tissue from fetal, perinatal and neonatal 

animals (Ctetterjee, 1976b). These reports, however, were based on 

autoradiography or ultrastructural observations and no assays were car

ried out to determine whether these cells were actively secreting hor

mone. 

The cell proliferations, other than fibroblasts, that were 

observed could not be clearly identified, although many appeared to be 
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of the connective tissue type. These cells represent modified 

fibroblasts, proliferation of other cell types such as macrophages, 

epithelial cells, or possibly even modified peirenchymal and non-paren— 

chymeil cells, Pathak and Fisk (1974) reported that non-parenchymal 

cells (or their descendants) become numerous in long-term oi'gan-cultured 

rabbit pars distalis and that these cells develop changes characteristic 

of active macrophages. Chatterjee (1976b) also described proliferating 

perivascular cells, interstitial-type cells and several kinds of dark 

cells in cultured rabbit pars intermedia. However, a clearer under

standing of non-parenchymal cell proliferation in organ cultures of 

either pars distalis or pars intermedia must wait until more is known 

about these cells situ. There is at present no consensus among 

workers in the field as to their histophysiology or even as to their 

nomenclature. 

The general morphology of the neurointermediate lobe as it is 

maintained in organ culture coincides with levels of hormone secretion 

as determined by bioassay. Large areas of parenchymal cells continue 

to maintain morphological integrity in tissue examined at one and two 

months incubation, while secretory data reveal high levels of MSH in the 

media for up to four months. With a decrease in secretion, major por

tions of the frog neurointermediate lobes appear necrotic and only occa

sional isolated areas of intact parenchymal cells are apparent. Tlius it 

appears that with optimal conditions, secretion can be maintained at 

high levels for as long as four months. Beyond this point, continuing 

necrosis reduces the secretory output so that further maintenance 

becomes impractical. 
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Quantitation of MSH released into the media v/as not possible, 

but the amount must have exceeded the degradative ability of serum 

enzymes since MSH was always present in high concentrations. The amount 

of MSH released by pituitaries into media lacking serum v;as also diffi

cult to assess because during the change of media a pituitary was often 

lost, and as described earlier, not all pituitaries remained viable. 

At least microgram quantities of MSH are produced on a weekly basis from 

only four to five frog pars intermedia incubated in culture. 

Organ-cultured tissue also appears morphologically quite similar 

to that of the control glands from animeils adapted to dark backgrounds 

for eig^t weeks. Both continue to shov; the characteristics of tissue in 

a highly secretory state, with a lack of secretory granules and an abun

dance of rough endoplasmic reticulum being most apparent. The lipid-

like bodies or lipid droplets previously described by Ferryman (1972) 

in animals background adapted for only two weeks are also very prominent 

in both systems, particularly in the material that has been secreting 

for extended periods of time. Their function remains unclear; hov/ever, 

their pronounced increase in size as seen in older organ-cultured mate

rial suggests a role in continued syntheses and secretion of secretory 

products. This may be further supported by the orientation of secretory 

granules around the lipid-like bodies and the tremendous size attained 

by these structures, eventually displacing the nucleus. However, it 

appears that detailed histochemical analysis of their contents is needed 

before a clear understanding of their function can be obtained. 

Similarly, the function of intercellular cavities or spaces 

found in both in situ and cultured tissue remains unclear. These 
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structures are also larger and more prominent in cultures incubated for 

extended periods. Chatterjee (1976b) reported they were common in pro

longed cultures of rabbit pars intermedia and Pathak and Fisk (1974), 

observing them in rabbit pars distalis, suggested they were the outcome 

of cell movement designed to increase absorptive surfaces. 

The neuronal elements of the neurointermediate lobe originate in 

the hypothalamus, and severing the hypothalamic connection brings about 

rapid degeneration. After one weelc, the neurons that penetrate the pars 

intermedia show advanced stages of degeneration similar to those report

ed by workers who ha.ve injected 6-hydroxydopamine (Franzoni and Fasolo, 

1975) or severed the hypothalamic connection (Castel, 1972), Thus it 

appears that shortly after culturing, these elements degenerate to the 

point v/here they can be considered no longer functional, leaving the 

pars intermedia free of neural influences. This might be important in 

studies on neurotransmitter control of MSH secretion vitro. 

Demonstration of Exocytosis 

Freeze-fracture replicas expose wide profiles of the various 

membrane systems within the tissue. Thus if the fracture plane cleaves 

the plasma membrane, large areas of the cell surf&ce are revealed, 

exposing structures whose occurrence might be too infrequent to detect 

in thin sectioned material. 

Replicas of the pars intermedia, with cleavage planes through 

the plasma membranes of secretory cells, contained various morphological 

structiores previously reported as characteristic of exocytosis. Tliese 

included bulges or domes devoid of intermembrane particles, profiles 
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showing a close association of the secretory granule membrane with the 

plasma membrane and circular depressions in the plasma membrane. Hov^-

ever, the analysis of the structures seen in the pars intermedia pre

sents several problems v/hen compared to other reports. Many of the 

morphological markers, such as the circular impressions, circular 

depressions, and images of the granule membrane or core through the 

plasma membrane, cannot be clearlj' defined. Furthermore, techniques of 

preparing the replica such as glycerol treatment, angle of shadov/ing 

and thickness of the platinum coating, can drastically alter the final 

image. Thus the image of a particular structure as it appears in the 

replicas may be open to a number of different interpretations. As a 

result, it is often difficult to determine the functional significance 

of a structure seen in the replicas or compare its significance v;ith 

that of similar structures reported in the literature. 

Since exocytosis is a dynamic process, each structure is 

believed to represent a particular point in the spatial sequence of 

events leading up to the completion of degranulation. Orci et al. 

(1977), in a detailed study of these events in the beta cells of the 

endocrine pancreas, divided them into "three major structural stages". 

These include "close association of the secretory granule membrane with 

the plasma membrane, expulsion of the granule core and manifestations 

succeeding fusion and granule core dissolution." 

The bulges devoid of intermembrane particles represent the first 

stage of exocytosis and were the most frequently seen characteristic of 

exocytosis in the pars intermedia. They are often cited as character

istic of exocytosis in other systems, having been described in the 



90 

endocrine pancreas (Orci et al., 1973), lacrimal gland (De Camilli, 

Meldolesi, Hassavera and Tanaka, 1978), mast cells (Chi, Langunoff and 

Koehler, 1976; Lawson et al., 1977) and parotid gland (De Camilli et 

al., 1978). 

Reports indicate that the clearing of particles alv;a3-s precedes 

fusion. Hov;ever, the relationship of both particle clearing and bulge 

formation to fusion remains unclear. Orci et al. (1977) speculates t?iat 

the bulge results from the secretory granule adJiering to the underside 

of the plasma membrane and that the particle clefiring is a prerequisite 

for fusion. Chi et al. (1976), in a detailed studj^ of degranulating 

mast cells, suggests that the bulge results from an active contractile 

process within the cells forcing the granule against the plasma membrane 

or possibljr from osmotic swelling of the granule following a change in 

permeabilit-/. Particle clearing in this system comes from a migration 

out of the bulge, but the authors note that there is no evidence of 

particle clearing being essential for exocytosis. Lawson et al. (1977) 

labelled degranulating mast cells with ferritin-conjugated lecithins or 

anti-immunoglobulin antibodies and found that most if not all the mem

brane proteins are displaced from the bulges. They concluded that the 

pentilaminal layer previously described in thin sectioned studies 

results from the fusion of tv/o protein-free lipid bylayers. Chi et al. 

(1976), however, examined thin sectioned material and found that the 

membrane over the bulge assumes the form of a single dense lamina with 

a fine fuzzy coating on either side, instead of tlie classic pentilarii— 

inar structure. Thus the question of bulge formation and particle 
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clearing as a prerequisite for fusion and the morphological significance 

of these frequentlj' observed markers of exocytosis remains unansv/ered. 

Additional structures from the first morpholigical stai~e shov/in;: 

the close association of the granule membrane ajid the plasma membrane 

include profiles-with the E face granule membrane visible tliroughout 

the ? face plasma membrane and fractuires detailing the narrov/ness of 

the cytoplasm.ic bridge between the tv/o membrane systems. Perhap,-.; the 

most conclusive evidence of the close association in the pars interiiiedia 

can be found in the fracture faces showigs: an actual continuity between 

the granule membrane and the cell membrane. 

Pars intermedia replicas also frequently contained circular 

impressions in both P and E faces of the plasma membrane which appear 

similar to structures described by Burv/in and Satir (1977) in desranu-

lating mast cells. These have been suggested to represent potential 

sites of fusion. Hov;ever, as previously noted, comparative interpreta

tions of such structures remain questionable. Burv;in and Satir report 

circular impressions only in the E face and described a rim of membrane 

particles within the perimeter of these structures. The particles, hov.*-

ever, were not apparent in the circular impressions of the pars inter

media replicas, nor v/ere they readily discernible in the original 

published micrographs of Burwin and Satir. Support ofr the idea of 

these impressions as potential sites for fusion comes from tlie findings 

that they are not permanent, but can be induced and do coincide v;ith 

exocytosis. Furthermore, their appearance in the replicas is remarkably 

similar to that of the nuclear pores which also represent the fusion of 

two membrane systems. 
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Bunvin and Satir (1977) have suggested that the circular impres

sions as found in a mammalian system such as mast cells are analagous to 

the fusion rosettes in the ciliate protozoan Tetrahymena (Satir, 

Schooley and Satir, 1973). There Eire other reports of particle aggre

gations and rosette formations in mammalian systems, such as with endo-

cytosis in the endocrine pancreas (Orci et al., 1973) and exocytosis in 

the neurohypophysis (Dreifuss, Akert, Sandri and Moor, 1976). However, 

the analogy of fusion rosettes as seen in protozoans with circular 

impressions of the mast cells remains questionable. Lawson et al. 

(1977) reported nothing equivalent to the rosette fornations in mast 

cells and concluded that the observed particle aggregations were unre

lated to any exocytotic event. 

Pars intermedia replicas, as previously noted, contained both 

bulges devoid of membrane particles and circular impressions, although 

no particle aggregates were observed in the latter. The significance 

of both structures appearing in the same system is unclear. In mast 

cells those investigators reporting bulges (Chi et al., 1976; Lawson 

et al., 1977) did not find any evidence of rosettes, while those report

ing rosettes (Burwin and Satir, 1977) did not note any evidence of 

bulges. It is also possible that some of the impressions observed in 

both faces of the plasma membrane of the pars intermedia may be nuclear 

pores that were improperly identified. Misidentification of microvillae 

or pinocytotic vesicles, which are quite similar in appearance to the 

circular impressions, may also account for some of the observations in 

the pars intermedia. Pinocytotic vesicles are known to occur quite fre

quently in the pars intermedia (Perryman, 1976). 
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The second major structural stage of exocytosis as described by 

Orci et al. (1977) and as seen in the pars intermedia involves expulsion 

of the granule core. Replicas of membrane profiles of this stage show 

what appears to be the granule core being extruded through the P fece 

of the plasma membrane. Similar descriptions including those in which 

the core extrusion is observed in cross-fracture have been reported in 

the adrenal medulla (Smith, Ryan and Smith, 1973) and the parotid gland 

(De Camilli et al., 1976). The actual mechanism by which the granule is 

extruded through the fused membranes remains unclear. In the mast cell 

Lawson et al. (1977) reported numerous protein depleted blebs in the 

bulges with both freeze-fracture replicas and thin sectioned material. 

The authors suggest that the blebs may pinch off by fusion, thereby pro

viding a mechanism for exposing the granule contents to the extracellu

lar space. 

Remnants of fusion and granule core dissolution, as represented 

by structures in the plasma membrane, characterize the third and final 

stage of exocytosis. In the pars intermedia these structvires appear 

as circular depressions. However, they may also take the form of slit-

shaped lacunae seen in the endocrine pancreas (Orci et al., 1977). As 

previously noted, such morphological markers are difficult to define 

and images seen in the replicas are often open to several interpreta

tions. Thus, while pars intermedia replicas did contain structures sim-

ilEir to those described in the literature, positive demonstration of 

third stage exocytotic markers was not possible. 

The presence of the more clearly defined structures character

istic of exocytosis strongly indicate that such a process is occurring 
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xn the paps intermedia® These mcXude first stage morphological markers 

such as bulges devoid of intermembrane particles, profiles showing a 

narrow cytoplasmic bridge between the granule membrane and the plasma 

membrane, and images of the granule membrane in continuity with the 

plasma membrane. The other less clearly defined markers also indicate 

some form of interactions between the two membrane systems, thus sup

porting the concept of exocytosis in the pars intermedia. 

Additional limited evidence of exocytosis in the pars intermedia 

comes fl>om a brief report of a freeze—fracture study on the rat neuro— 

intermediate lobe (Saland, 1978). Replicas contained shallow depres

sions with aggregates of particles and a protrusion which the author 

interpreted as a cross-fractiare of a secretory granule. Both structures 

observed in the published electron micrographs can only be considered as 

limited evidence of exocytosis at best. 

Various studies have noted the lack of exocytotic profiles in 

thin sections of the pars intermedia known to be in secretory state 

(Saland, 1968; Moriarty, Halmi and Moriarty, 1975; Ferryman, personal 

communication). One report, however, has described a membrane profile 

in thin section with a lone indentation that the author interpreted as 

a later stage of exocytosis (Hopkins, 1970). The overall inability to 

detect exocytosis may be due to a low frequency of occurrence for the 

event and the small percentage of the membrsine observable in thin sec

tioned material. Orci et al. (1973) noted that the measured rate of 

insulin secretion could not be correlated with the frequency of exo

cytotic events as seen in thin sections. However, a good correlation 

could be obtained with the frequency as seen in freeze fracture 
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replicas. Thus, the combination of low frequency of occurrence and lim

ited capabililiy for observation may result in a very low probability of 

seeing an exocytotic profile in thin sections. 

It is also possible that, in the pars intermedia, exocytosis 

only accounts for the partial release of hormone and that some secretion 

may occur via an alternate pathway, Thornton and Howe (1974) suggested 

that hormone release in the eel pars intermedia may occur via micro-

tubular connections between the secretory granule and the plasma mem

brane. Larson, Rodriguez and Meurling (1979), in a study of the Andis 

pars intermedia, proposed that secretion occurs via a system of intra

cellular canaliculi which transport the hormone from the interior of 

the cell to the extracellular space. A unidirectional process in which 

secretory products diffuse across the plasma membrane in response to 

concentration gradients has been suggested for the exocrine pancreas 

(Isenman and Rothman, 1979). Thus, in the pars intermedia, part of the 

total secretory output may be released by non-exocytotic pathways, 

resulting in a low frequency of occurrence for exocytosis and a reduc

tion of exocytotic profiles. 

Intercellular Junctions 

As previously noted, freeze fracture allows the detailed study 

of large areas of the plasma membrane, not possible in thin sectioned 

material* Studies of the replicas from the frog pars intermedia 

revealed morphological evidence of veu:'ious "types of intercellular junc

tions, including gap junctions and desmosomes, and revealed the 



existence of intermembrane particle aggregations whose functional sig

nificance remains unclear. 

The gap junctions found in the pars intermedia are of the 

"diminutive type" (Orci and Perrelet, 1977), consisting of single 

strands of intermembrane particles. Tight junctions, with either sin

gle fibrils or small branching networks, appeared to be of the "leaky", 

"intermediate", or possible "intermediate tight" type (Claude and 

Goodenough, 1973). Desmosomes appear similar to the previously 

described aggregations of particles with irregular size and spacing 

(Orci and Perrelet, 1977). 

Aggregations of intermembrane particles displaying a wide range 

in the size of the particle, size of the aggregate, and the packing 

arrangement, remain open to several interpretations. They may repre

sent an uncommon form of communicating junction described in only cer

tain specific tissues, an immature form of a more classic intercellular 

junction or a non-junctional structure such as the site of a membrane 

receptor. Particle aggregates may also be artifacts in which their 

appearance in the replica represents an altered form of a "classic 

intercellular junction" or a random aggregation of particles resulting 

fi?om the preparation of the replica. 

Other forms of intercellular jvinctions previously described in 

a wide variety of tissue (review by Gilula, 1974; Staehelin, 1974; 

McNutt, 1977) were not observed in the pars intermedia. No morphologi

cal evidence could be found of "classic" gap junctions consisting of 

intermembrane particles arranged in closely packed hexagonal arrays. 
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or of the complex junctions containing closely packed intermembrane 

particles associated with tight junctional fibrils. Whether these 

structiares escaped detection in the studies of the replica or were lost 

in the preparation of the replicas remains to be determined. 

The diminutive gap junction seen in the pars intermedia has 

been previously reported in the islet cells of the endocrine pancreas 

(Orci and Perrelet, 1977), However, the study of the islet cells also 

revealed a number of other forms of communicating junctions, including 

multilinear strands and small aggregates of closely packed particles 

and complex junctions. "Classic" gap junctions and complex junctions 

have also been reported in the anterior pituitary (Fletcher et al., 

1975; Mira-Moser, Schofield aind Orci, 1975) and in the posterior pitui

tary (Dreifuss et al., 1975). Other types of secretory tissue shown to 

have 'tiie "classic" gap junction and/or complex junctions include adrenal 

cortex (Friend and Gilula, 1972), thyroid (Matt, 1974; Tice, Carter and 

Cahill, 1977) and exocrine pancreas (Metz, Forssman and Susumm, 1977). 

The location of the gap junctions in the pars intermedia remains 

unknown. The inability to localize junctional complexes in thin sec

tioned material prevents such determination. In other secretory sys

tems, the localization appears to vary with the tissue and may be 

related to the functional significance of the jvinction. Mira-Moser et 

al. (1975) reported complex junctions in the anterior pituitary only 

between the non—parenchymal stello—follicular cells. However, Fletcher 

et al. (1975) described gap junctions between two tropic cells or a 

tropic and an unidentified cell process. Junctions in the endocrine 
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pancreas were situated between alpha and beta cells (Orci et al., 1975) 

while junctions in posterior pituitary were found only between pitui-

cytes (Dreifuss et al., 1975). 

The reasons for the inability to detect any form of gap junc

tion in the thin sectioned material with and without lanthanum, and 

the observation of only one form in the replicas, remain unclear. Orci 

et al. (1973) first demonstrated gap junctions in the exocrine pancreas 

with freeze fracture techniques. Subsequent detailed examination of 

thin sectioned material with and without lanthanum did reveal morpho

logical evidence for these junctions (Orci et al., 1975). However, the 

authors note "it was immediately evident that most of them would be 

undetectable because of the small size." Thus the failure to find gap 

junctions in thin sections of the pars intermedia with and without lan-

thanvun does not signify their absence. Fiorthermore, the lack of morpho

logical evidence for more than one junction in the replicas also does 

not negate the possibility of other junctions. Unfortunately, the inex

perience of the microscopist, the small amount of material examined and 

the possibility of larger, more "classic" junctions being lost in prep

aration, preclude any evaluation of the freeze fracture data. 

The role of gap junctions remains the subject of continued 

investigation. However, the available data clearly indicate that these 

structures function in intercellular coupling. Bennett (1973) first 

showed gap junctions to be involved in electrotonic coupling. Subse

quent reports by many workers reveal gap junctions to act as low resis

tance pathways for small charged and uncharged molecules, including 

ions, metabolites and small regulatory molecules (Gilula, 1974). ' 
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Intercellular coupling in secretory systems such as the pancreas 

or the pars intermedia may play a role in controlling secretion such as 

coordinating secretory output of the individual parenchymal cells. In 

the pancreas, Orci et al. (1975) suggest that gap junctions may explain 

the various observed physiological parameters of insulin and glucagon 

secretion. Thus, intercellular coupling allows two different cell types 

to release precise quantities of secretory product with opposing effects 

and maintain extracellular glucose levels within a narrow range. 

Direct evidence for intercellular communication in the pars 

intermedia comes from electrophysiological studies with dual electrode 

recordings, Davis and Hadley (unpublished observations) have found 

intercellular conduction velocities of spike potentials characteristic 

of electrotonic coupling. Furthermore, the rapid release of I4SH, 

despite the lack of innervation to all secretory cells, suggests a syn

cytial function for intercellular coupling. Thus the removal of the 

inhibitory influence of the hypothalamus from one cell might facilitate 

the passage of a secretogue via gap junctions to several adjacent cells. 

This would provide a means of action for a limited effector to be ampli

fied and distributed evenly throughout the gland. Further elaboration 

of this hypothesis, however, must await localization of the junctional 

complexes as to cell types forming the structure. Similar types of syn

cytial mechanisms have been suggested for other secretory tissue con

taining gap junctions, including the posterior pituitary (Dreifuss et 

al., 1975), anterior pituitary (Fletcher et al., 1975) and the adrenal 

cortex (Rubin, Janus, Carchman and Puig, 1973). In the latter system 



100 

it was. found that ACTH facilitates the production of an intercellular 

factor that could stimulate steroidogenesis after the tropic hormone 

had been removed. 

Electrotonic coupling also may function in tlie previously dis

cussed hypothesis of non-parenchymal cells acting as potassium buffers. 

Ledbetter and Lubin (1979), in a recent report, showed that potassium 

can be transferred from cell to cell via gap junctions. Tlius potassium 

taken'up by the non-parenchymal cells could be redistributed through 

the pars intermedia via gap junctions. Confirmation is once again 

dependent upon localization of the jxanctional complexes. As previously 

noted, a similar model of potassiiom redistribution by the glial cells 

of the central nervous system has been suggested by Tractenbarg and 

Pollen (1970). 

The demonstration of gap junctions in the pars intermedia also 

suggests additional mechanisms for the control of MSH, while adding new 

dimensions to the previous theories. Discussions involving factors 

known to affect MSH secretion (e.g., calcium, cyclic adenosine mono

phosphate, dopamine, glucose) must now take into account the feet that 

some of these substrates can also be transferred via gap junctions 

(Lowenstein, 1975). Furthermore, some of these effectors have also been 

shown to directly influence the size, number and permeabilily of gap 

junctions (Peracchia, 1977; Garfield, Sims and Daniel, 1977). 

Unfortunately, a complete discussion of the relationship between 

the characteristics of gap junctions and each of the possible mechanisms 

controlling MSH secretion is beyond the scope of this study. However, 
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the need to at least consider all reports on the functional significance 

of gap junctions in any discussion of MSH secretory controls should be 

most apparent. 

Tight junctions observed in the pars intermedia appear to be 

either "leaky", "intermediate", "intermediate to tight", or "very 

tight". On this basis, "leaky" tight junctions include 1-6 strands and 

measure 0.1 to 0.8 urn in depth; "intermediate" tight junctions 2-7 

strands and 0.1 to 0.2 um in depth; and "intermediate and ti^t" tight 

junctions, 4-8 strands and 0.2 to 0.7 um in depth. The classification 

of tight junctions in the pars intermedia, however, is based on very 

limited observations in the freeze fracture replicas and did not involve 

any actual measurements or statistical evaluation. Thus designations of 

"lealty", "intermediate", or possibly "intermediate to tight" remain 

tentative. 

Although tight junctions have been reported in a variety of tis

sue, most descriptions in secretory tissue have not followed the above 

classification scheme. Orci et al. (1977) describe the variability in 

±ight junctions of the endocrine pancreas as being "lesser forms" and 

"more developed forms". Thus any comparison of the presence of tight 

junctions between different tissue remains very subjective and based 

only on con^arisons of selected micrographs. Other reports of tight 

junctions in secretory tissue include single or double strands in the 

anterior pituitary (Mira—Moser et al., 1975), "very tight" tight junc

tions in thyroid epithelia (Tice et al., 1977) and 3-8 anastomosing 

strands with no measvirement of depth in the exocrine pancreas (Metz et 

al, 1977). 
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The localization of tight junctions in the pars intermedia, as 

with gap junctions, remains unknown because the structures have not 

been observed in thin sections. Ferryman (personal communication) 

recently did note the occasional presence of tight junctions but v;as 

unable to identify the cell types involved. In other secretory systems, 

the localization varies with the tissue but appears to follow the same 

distribution described for gap junctions. 

The apparent absence of tight junctions in thin sectioned mate

rial and their scarcity in freeze fracture replicas remains unclear. 

The absence in thin sections may be due to a lack of careful observa

tions on the part of the microscopist and a low rate of occurrence. 

The same situation may account for the scarcity of tight junctions in 

the replicas. However, it is also possible that some of the structures 

were lost in preparation of the replicas. 

The role of tight junctions, as reported in a wide variety of 

tissues, appears to be that of blocking intercellular diffusion. The 

functional significance of the tight junction, however, depends on the 

type of tissue and the molecule or substrate whose movement is restrict

ed by the intercellular block. Furthermore, the number of strands com

prising the junction and the depth can affect the degree of blockage 

or permeability. Thus the role of tiglit junctions is closely related 

to the structiire of the junction and the histophysiology of the tissue 

in which it occurs. 

In cavitory epithelia, such as the exocrine pancreas and the 

thyroid, or in follicles of the anterior pituitary, tight junctions are 

located in the apical surfaces of the cells (Metz et al., 1977; Tice et 
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al,, 1977; Mira—Moser et al., 1975). This results in the compartmental— 

ization of the various Itunina. Thus the junction, depending on the 

structure, selectively prevents diffusion of molecules from the lumen 

through the siorrounding intercellular clefts. 

In endocrine tissue, such as the islets of Langerhans and pars 

intermedia, the function of tight junctions appears quite different. 

Orci and Perrelet (1977) suggest that tight junctions in the endocrine 

pancreas may delineate microenvironments on the surface of the cells. 

Thus a cell would have exposed only limited areas of the plasma mem

brane, such as those containing hormone receptors, to substances in the 

intercellular environment. Furthermore, recent studies have indicated 

a flexibility in the structure of tight junctions which may be influ

enced by different substrates such as calcium (Montesano, Friend, Perre

let and Orchi, 1975, 1976). This variability of tight junctions thus 

adds a new possibility to the previously suggested functions, such as 

selectively exposing membrane receptors to hormones diffusing through 

the extracellular fluid. 

In addition to the isolation of microenvironments, ti^t junc

tions in the pars intermedia may be also involved in the movement of 

substances through the sparsely vascularized tissue. The nonr-parenchy-

mal glial-like cells, as previously discussed, have been suggested to 

function in the transport of protein to the blood in a manner similar 

to ependymal cells of the median eminence. However, the mechanism of 

transport, either extracellular or intracellular, appears dependent on 

the class of tight junction between the subapical portions of the epen

dymal cells. In the frog, "very tight" and "intermediate to tight" 
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tight junctions prevent any extracellular diffusionj suggesting an 

intracellular pathway (Nal<ai, Ochiai and Ochida, 1977). Tight junctions 

in the mouse, however, have been determined to be "leaky" (Brjjgihtman, 

Prescott and Reese, 1975), Thus in the rodent, transport via the epen— 

dymal cells may be either extracellular or a combination of both extra

cellular and intracellular. Ferryman and Bagnara (1978), in a study of 

extravascular transport in the pars intermedia, suggest a similar com

bined mechanism where material taken up by the non-parenchymal cells 

moved a short distance through the cytoplasm and was then released into 

the extracelliilar space for fiarther movement into the gland. This type' 

of system, as noted by the authors, would be necessary if tight junc

tions existed between the MSH cells and/or the non-parenchymal cells. 

Furthermore, the previously noted possibility of selectively varying 

permeabilities of the tight junctions suggests an even more elaborate 

function such as that of regulating the diffusion of substance through 

the pars intermedia. Further elucidation of such a mechanism must await 

a detailed study of tight junctions to determine their classification 

as seen in freeze—fracture replicas and their location as seen in thin 

sectioned material. 

The various aggregations of intermembrane particles found in 

the pars intermedia remain difficult to interpret because of the many 

possibilities. Furthermore, the irregularities in packing arrangements 

and spacing prevent quantitative comparisons such as can be carried out 

with the center-to-center spacings and hexagonal arrays of more "clas

sic" junctions. Thus any comparisons with previous studies reported in 

the literature must be based on subjective comparisons of selected 
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micrographs. "Small irregular patches" of intermembrane particles have 

been described as a form of gap junction capable of the functions pre

viously ascribed to the "classic" structures These include duodenal 

epithelia (Dalli, 1975), retina (Raviola and Gilula, 1975; Reale, 

Luciano and Spitznas, 1978) and neuroglia (Hanna, Hirano and Pappas, 

1976; Pannese, Luciano, lurato and Reale, 1977). Suggestions that such 

aggregations may be primitive or immature forms of "classic" gap junc

tions or tight junctions can be found in studies of the thyroid epithe

lia (Okiimoto and Ishimura, 1978) and hepatoma cells (Johnson, Hammer 

and Revel, 1974). 

Additional studies detailing the early development of inter

cellular junctions indicate that the small irregular patches and fibrils 

of tight junctions originate from even smaller aggregations and short 

linear arrays of individual particles. These primitive aggregations 

and arrays, found in the neural tube (Revel and Brown, 1976) and the 

thyroid (Okamoto and Ishimura, 1978), are also similar to arrangements 

observed in the pars intermedia. Finally, the small irregular patches 

may be related to membrane structures other than intercellular junc

tions, such as membrane receptors (Albertini, Fawcett and Olds, 1975), 

"mixed synapses" (Reale et al., 1978), and synapses (Sandri, Van Buren 

and Alcert, 1977). 

The appearance of the various aggregates of intermembrane par

ticles may be a result of artifacts introduced in the preparation of 

the replica. Controlled studies on the steps used in freeze-fracture, 

including glutaraldehyde fixation (Anta du Silva, 1972) and glycerol 

treatment (Mclntyre, Gilula and Karnovsky, 1974), have been shown under 
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certain conditions to cause the random aggregation of particles. .Other 

reports have demonstrated the need for careful, controls to prevent the 

dispersion of particles from a pre-existing pattern (reviev; by Bulli-

vant, 1977), Thus the small irregular patches may be a "classic" junc

tion in \tfhich the particles become dispersed or s random aggregation of 

previously dispersed particles. 

Final evaluations of the various aggregations of intramembrane 

particles must, as in the case of gap junctions, take into account the 

failure to observe sufficient material and the inexperience of the 

microscopist. Detailed studies of additional material prepared with 

adequate controls are needed before any interpretations can be made on 

the functional significance of the particle aggregations. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

The various ultrastructural studies carried out on the pars 

intermedia have sought to clarify some of the information presently 

available on the physiological mechanisms controlling MSH secretion. 

The locsilization of ATPase suggests that non-parenchymal cellu

lar elements of the pituitary function in close association with hormone 

secreting cells, possibly as an integrated unit with the exact nature 

of the relationship yet to be determined. The localization of a reac

tion product partially inhibited by ouabain along with the ability of 

cardiac glycosides and metabolic inhibitors to limit MSH secretion sug

gest that this relationship involves an active ion transport system. 

Whether this system is involved in the control of pituitary MSH secre

tion remains lanclear. It is hoped that an understanding of MSH secre

tion and the function of the non-parenchymal cell in the pars intermedia 

may lead to a better understanding of prolactin secretion from the pars 

distalis. Both systems, which are under an inhibitory control by the 

hypothalamus, share many of the pharmacological properties previously 

ascribed to MSH cells, and in some instances are morphologically asso

ciated with non-parenchymal cells. Active transport processes within 

membranes of these cells may play a more dynamic role in pituitary hor

mone secretions than previously realized. 

107 
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The attempts to localize Na'*"-K''"-ATPase via K'''-pNPPase activity 

in the pars intermedia have resulted in a procedure that maintains- mor

phological integrity and yields a sufficient but diffuse reaction prod

uct. A specific localization of the reaction product cannot be obtained 

until the experiments to determine the optimal parameters for incubation 

in the pNPP media have been carried out. Also, neither the addition of 

perfusion fixation or quick freezing to the procedure could be clearly 

shown to have a significant effect on the preservation of tissue mor

phology. Thus, further experiments to obtain a specific localization o 

of K^-pNPPase in the pars intermedia and to determine the validity of 

the various techniques should be carried out, especially in view of the 

time and resources spent on developing the complete procedure. 

Organ culture studies clearly demonstrate that the neurointer-

mediate lobe of the frog pituitary can be maintained in culture with 

and without serum for up to six months. Light and electron microscopy 

indicate a high degree of structural preservation, while bioassays shov; 

the tissue to be actively synthesizing and secreting hormone. Thus, 

long term organ cultures of the neurointermediate lobe may provide a 

unique method for the production of large quantities of MSH and opiate 

peptides as they may be synthesized and secreted by the pars intermedia. 

The presence of certain clearly defined morphological charac

teristics of exocytosis in freeze-fracture replicas of the pars inter

media strongly indicates the occurrence of such .a process. These 

include structiores detailing the close association of the granule mem

brane with the plasma membrane, such as bulges devoid of membrane par

ticles and images of granule membranes in continuity with the plasma 
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membrane. Other less clearly defined morphological characteristics 

include alterations in the plasma membrane, such as the circular depres

sions believed to represent the final stage in exocytosis. The inabil 

ity to observe exocytotic profiles in thin sectioned material may be 

due to only the partial release of hormone via exocytosis, resulting in 

a low frequency of exocytotic events. This, along with the small per

centage of membrane surface observable in thin sections, would signifi

cantly lower the probability of seeing exocytotic events. 

Preliminary examinations of freeze fracture replicas have dem

onstrated the presence of one form of gap junction and confirmed the 

presence of tight junctions, desmosomes and various aggregations of 

intermembrane particles. The significance of the diminutive gap junc

tion and the lack of other more "classic" junctions remains unclear. 

The numerous possible functions of gap junctions suggests several mech

anisms involving the control of MSH secretion while adding new dimen

sions to the previous theories. Many of these suggested mechanisms 

involve intercellular coupling, possibly via potassium in some type of 

syncytial function. Tight jionctions and their ability to block inter

cellular diffusion also may have several-possible functions, such as an 

involvement in the transport of substances through the gland. 

Final analysis of the functional significance of the various 

intercellular junctions demonstrated must await additional data. These 

should include freeze fracture studies to clarify the lack of more 

"classic" gap junctions, develop the classification of the tight junc

tions and evaluate the various possible interpretations of the particle 

aggregations. Additional thin section studies are also needed to 
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localize the gap junctions and tight junctions so that a better under

standing of their functional significeince can be achieved. 
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