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ABSTRACT 

A newly synthesized growth hormone - releasing hormone (GH-RH) was 

infused for one minute into the hypophysial portal vessels of the 

anterior pituitary of adult male rats. The somatotrophs were observed 

at ultrastructural level for morphological changes indicative of in

creased levels of emiocytosis and synthesis of new hormone. An identical 

experiment was done with the infusate being ouabain, a digitalis glyco

side, which is a known pharmacological in_ vitro secretagogue for growth 

hormone. At 1, 15, 30, and 60 minutes following infusion, the animal's 

anterior pituitary glands were removed and prepared for electron micro

scopic examination. Somatotrophs displayed marked emiocytic activity 

at 1 and 15 minutes and slight emiocytosis at 30 and 60 minutes in both 

the ouabain and GH-RH infused animals. The rough endoplasmic reticulum 

(RER) became dilated at 15 minutes and was maximally stimulated at 30 

minutes in both groups. Activation of the Golgi complexes was observed 

at 15 and 30 minutes as evidenced by distended lamellae and formation 

of coated and smooth vesicles. At 30 and 60 minutes post-infusion, both 

the ouabain and GH-RH groups displayed an increase in dense lamellar 

bodies indicating an increase in lysosomal activity. 

The findings from this study provide morphological evidence for 

the specificity of a new highly active GH-RH that stimulates both 

hormone synthesis and release in somatotrophs in_ vivo. The morphological 

changes correspond to in̂  vitro and in_ vivo studies with hypothalamic 

extracts and a commercially available decapeptide GH-RH. Ouabain 

stimulated both synthesis and release non-specifically in the anterior 

pituitary. 
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INTRODUCTION 

It is now accepted that each pituitary cell type is subject to the 

control of hypothalamic mediators known as releasing hormones which 

reach the anterior pituitary gland via the hypophysial portal vessels 

(Burgus and Guillemin, 1970). For growth hormone, as well as the other 

hormones elaborated by the anterior pituitary gland, it is thought that 

the particular releasing hormone attaches to a specific receptor site 

in the plasma membrane of the specific cell type and initiates a 

sequence of intracellular events leading to synthesis and release 

(Kraicer, 1975). 

The structure of growth hormone - releasing hormone (GH-RH) is un

known. Efforts to isolate the true GH-RH have been hampered by incon

sistencies between bioassay and radioimmunoassay results (Muller and 

Pecile, 1966; Stachura et al., 1972). A new GH-RH is currently being 

characterized by Dr. R. M. G. Nair. It is a very short sequence of 

amino acids that gives evidence both in_ vivo and in̂  vitro of being as 

powerful a stimulus for growth hormone release as the commercially 

available decapeptide synthesized by Schally and co-workers (1971) . 

The purpose of this study was to test this new GH-RH in an in_ vivo 

system, by demonstrating morphological changes in somatotrophs follow

ing direct infusion of this GH-RH into a hypophysial portal vessel. A 

similar experiment was performed with ouabain, a digitalis glycoside, 

as the infusate. Previous i£ vitro studies (Fleischer, 1972) have sug

gested that ouabain is a powerful secretagogue for growth hormone. 
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Thus, it should be possible to determine if either substance stimulated 

synthesis and/or release in somatotrophs. 

The specific questions to be answered were: (1) does this new 

GH-RH produce ultrastructural changes in somatotrophs which indicate an 

increased level of protein synthesis and/or release that are comparable 

to the effects obtained when the Schally preparation was used?, (2) do 

changes in ultrastructure correspond in time and sequence for release 

and synthesis as documented by autoradiographic and earlier ultrastruc

tural work with a GH-RH?, (3) does ouabain stimulate synthesis and 

release like a releasing hormone, or does it stimulate only release? 



REVIEW OF THE LITERATURE 

History of Growth Hormone -
Releasing Hormone 

It is generally recognized that the release of growth hormone from 

the adenohypophysis is mediated by the hypothalamus through a neuro

vascular link (Green and Harris, 1947). Although the history of GH-RH 

is brief, already a considerable amount of literature concerning this 

releasing hormone exists. However, much of the current literature 

consists of conflicting and inconsistent evidence concerning especially 

the various assays that have been used. 

Franz et al. (1962), first reported a growth hormone releasing 

constituent in hypothalamic extracts. Studies involving either augmen

tation of growth hormone release or synthesis in cultured somatotrophs 

demonstrated the presence of a GH-RH in crude hypothalamic extracts 

(Deuben and Meites, 1964). Other investigators showed that crude 

hypothalamic extracts induced an in_ vivo depletion of pituitary stores 

of growth hormone (Krulich et al., 1965; Muller and Pecile, 1965; 

Ishida et al., 1965). These experiments demonstrated that a growth 

hormone releasing factor exists in hypothalamic extracts. 

The purification of GH-RH was accomplished by Dhariwal et al. (1965) 

Schally et al. (1968, 1969) characterized and synthesized a decapeptide 

which demonstrated GH releasing activity. Sawano et al. (1968) showed 

that administering Schally's preparation led,to decreased pituitary 

levels of GH and increased levels of plasma GH activity. These early 

observations were based on determinations of GH by bioassay. 

3 
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A radioimmunoassay (RIA) for GH levels in the plasma was developed 

by Schalch and Reichlin (1966). It was expected that the evidence 

gathered from earlier bioassay experiments would be confirmed by the 

RIA. However, this has not been the case. The RIA data have often been 

in direct conflict with the data obtained by bioassay. None of the 

physical treatments such as hypoglcemia, cold, or fasting that had 

caused large bioassayable increases in GH release (Muller et al., 1967; 

Krulich and McCann, 1966; Click et al., 1965, 1968), affected the RIA 

of the circulating levels or pituitary content of GH. In fact, some 

investigators (Schalch and Reichlin, 1968; Garcia and Geschwind, 1968) 

reported that insulin and cold caused diminution of plasma RIA-GH. In 

addition, those investigators, as well as Frohman (1970), reported that 

extracts made from rat stalk median eminence shown by bioassay to cause 

depletion of the pituitary stores of GH, failed to elevate RIA-GH in 

the plasma. Some investigators (Rodger et al., 1969; Burgus and 

Guillemin, 1970) concluded that the pituitary GH depletion method of 

bioassay was so variable and unreliable that its usefulness was 

precluded. 

It is thought that the reason hypothalamic extracts failed to in

crease plasma GH levels measured by RIA might be insufficient concen

tration of dose due to dilution because of peripheral administration. 

Other explanations might be destruction by a plasma peptidase or inhi

bition by a growth hormone - inhibiting factor (Blackwell and 

Guillemin, 1973). Malacara and Reichlin (1971) observed an increase 

in GH in the plasma measured by RIA following large doses of 
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hypothalamic extracts in spayed rats that had been sensitized with 

estrogen and progesterone. Frohman et al. (1971) obtained similar 

effects by injecting large dosages of the hypothalamic extracts directly 

into the parenchyma of the pituitary gland of normal rats. Sandow 

et al. (1972), and later Wilbur et al. (1975), reported that infusion 

of the Schally GH-RH directly into a hypophysial portal vessel stimu

lated a very small rise of the radioimmunoassayable GH. A comprehensive 

study of the discrepancies between bioassay and radioimmunoassay in 

measuring GH levels was performed by Miller et al. (1969) who found 

that the pituitary depletion method of bioassay was reliable when done 

carefully. The suitability of RIA for measuring GH was questioned 

(Miller et al.,1971) on the grounds that an immunologically inactive 

form of GH was used in the RIA as a standard. Ellis and Grindeland 

(1973) compared bioassay and RIA studies, and found fifty times as much 

activity measured by bioassay as could be accounted for by RIA. The 

answers to the questions of the validity of the various assays are 

still unresolved. 

Cellular Events Triggered by 
Releasing Hormone 

Rinehart and Farquhar (1953) and Farquhar and Wellings (1957) 

first described the electron microscopic events in the anterior pitu-

itary during synthesis and release of the various hormones. Farquhar 

(1961) defined emiocytosis as the release of hormone from the cell. It 

was observed that membrane bound secretory granules fuse to the plasma 

membrane with subsequent extrusion of the secretory material into the 

extracellular space. 
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Autoradiographic studies of the somatotrophs (Racadot et al., 1965; 

Howell and Whitfield, 1973) delineated the mechanism of protein secre

tion in the pituitary and established a time factor. They found that 

there was a rapid incorporation of amino acids into protein in the RER 

within about 10 minutes with rapid transfer of the newly synthesized 

protein hormone tp the Golgi zone within one hour. It took up to two 

hours for the secretory granules to reach the 350 - 400 nm size and to 

become distributed throughout the cytoplasm. Hokin (1961) proposed 

that the granule membranes are incorporated into the plasma membrane 

following emiocytosis, and are then broken down enzymaticatically and 

returned to the RER and Golgi zone via endocytosed coated vesicles, 

where the component parts are recycled into new membrane. It has been 

proposed by some investigators that newly synthesized protein may 

pass directly out of the cell via the RER (Palay, 1959). Tentative 

support for this hypothesis came from a study by Cramer and Ely (1973), 

which demonstrated an apparent continuity of the RER with the plasma 

membrane using the extracellular marker horseradish peroxidase in cul

tured somatotrophs. 

Effects of hypothalamic extracts upon the ultrastructure of the 

somatotrophs were observed by Coates et al., 1968, who found increased 

secretory activity as well as evidence for increased protein synthesis. 

Later, studies utilizing a purified GH-RH (De Virgilis et al., 1968; 

Couch et al., 1969) reported similar findings. Wilbur et al. (1974, 

1975) infused two substances with known growth hormone releasing activ

ity, as well as dibutyryl cyclic AMP into the hypophysial portal vessels 
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by the method described by Worthington (1966). It was reported in these 

ultrastructural, histochemical, and radioimmunoassay studies that all 

three substances initiated essentially the same sequence of events in 

the somatrophs. Emiocytic activity was displayed at all time periods, 

but was maximum at 1, 5, and 15 minutes post-infusion. The rough endo

plasmic reticulum, (RER) cisternae were dilated 15 minutes post-infusion, 

greatly distended at 30 minutes, and still dilated at 60 minutes. The 

Golgi complexes were most markedly involved at 30 minutes post-infusion, 

and were observed to have distended lamellae and an increased number of 

vesicles in association with the Golgi zone. TPP-ase activity and acid 

phosphatase histochemical localizations were more numerous at 30 and 60 

minutes post-infusion. These studies provided evidence for the hypo

thesis that GH-RH stimulates both synthesis and release in_ vivo and 

that their effect is mediated via the adenyl cyclase cyclic AMP system. 

Ouabain 

Ouabain was chosen as an infusate in this study because it had 

been shown to be a powerful secretagogue for GH in̂  vitro (Fleischer 

et al., 1973). These investigators suggested that ouabain may act to 

promote hormone release by interacting with the cell membrane to cause 

specific changes in the calcium metabolism. Ouabain is known to be an 

inhibitor of the Na-t—K-t- activated ATP-ase mediated pump (Glynn, 1964; 

Akera et al., 1972). The inhibition of the ATP-ase is followed by a 

Na-H influx and K-f extrusion (Dunham and Glynn, 1961) . This ionic im

balance is followed by water shifts (Towfighi and Gonatas, 1973) that 

may cause a calcium influx into the cell which may be involved in the 
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release process (Borle, 1974). More recent studies of hormone release 

induced by ouabain and hypothalamic releasing hormones have been per

formed using the calcium current inhibitor, verapamil. These studies 

indicate that an influx of calcium was necessary for ouabain stimulated 

release, but was not necessary for release stimulated by the hypotha

lamic releasing hormones (Eto et al., 1974). 

Summary of the Review of 
the Literature 

Evidence supports the hypothesis that control of secretion from 

the anterior pituitary is by hypothalamic mediators which reach the 

gland via the hypophysial portal vessels (Harris, 1947; Porter et al., 

1971). Substances with GH-RH activity have been identified in hypo

thalamic extracts and from the hypophysial portal blood (Franz et al., 

1962; Worthington et al., 1972). The chemical nature of GH-RH has not 

been identified unequivocably, but is thought to be a peptide. How

ever, discrepancies and questions of validity of the various assays 

used in measuring GH have prevented the conclusive identification of 

the true GH-RH. 



MATERIALS AND METHODS 

Experimental Animals 

Adult male Wistar rats, weighing between 215 - 245 grams, were 

used in all experiments. The rats were housed in a controlled environ

ment and were maintained on Purina rat chow and water ad_ libitum. 

Anesthesia 

The anesthetic used was 10% urethane (1200 mg/kg body weight) 

administered intraperitoneally. Urethane was chosen for this study 

because it has been shown by Sandow (1972) not to affect the baseline 

levels of GH measured by RIA for at least two hours in rats, whereas 

ether and pentobarbital caused an immediate increase in plasma GH 

levels. 

Surgical Procedure 

The surgical approach and portal vessel infusion were described 

by Worthington (1966) and modified by Wilbur (1975). The reasons for 

using portal vessel infusion were as follows: 

1. the influences of the hypothalamus are circumvented. 

2. dilution factors may be controlled. 

3. more physiological doses of infusate may be used. 

4. direct visualization of the pituitary and portal vessels during 

infusion is possible. 

To surgically expose the anterior pituitary gland and the hypo

physial portal vessels, an approach was made through the soft palate. 

The skin and subcutaneous tissue of the mandible were first infiltrated 



10 

with 2% Procaine. A tracheotomy was performed. Tight sutures were 

placed at the mandibular symphysis to control bleeding when the mandible 

was split. The mandible was divided to facilitate observation through 

the Zeiss dissecting scope and to add greater working area for manipu

lation of the microcannula. The tongue and the split mandible were 

retracted using long sutures secured to the operating board. With the 

soft palate exposed back to the epiglottis, the soft tissue covering 

the basisphenoid bone was removed with an electric eye cautery. Bleed

ing from the soft tissues was controlled with Surgicel, a form of 

oxidized cellulose. A dental drill was then used to make a small 

trough in the outer layer of compact bone. Bone wax was used to con

trol bleeding as the drill was worked through the spongy bone. Care 

had to be taken to pack the transverse sinus so that massive hemorrhage 

did not occur. The inner layer of the compact bone was drilled until 

so thin that a minute crack appeared. Needle nose (#5) forceps were 

then used to remove the remaining thin layer of bone, exposing the 

dura mater covering the anterior pituitary and the infundibular stalk 

containing the hypophysial portal vessels. The meninges were slit 

using a #11 scalpel blade and retracted with forceps to expose the 

intact hypothalamo-hypophysial unit. 

A microcannula, drawn to a tip diameter of 15 - 40 microns on a 

Knopf micropippette puller, was attached to a Harvard infusion appa

ratus. A suitable portal vessel was selected and cannulated using a 

Leitz micromanipulator. The vessel was infused for 1 minute at 2 ul/ 

minute which corresponds to the physiological flow rate of blood in 

the portal vessels (Porter et al., 1970). 
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Preparation of the Infusates 

The infusates were prepared in physiological saline (pH 7.4) which 

contained a small amount of lissamine green dye to allow observance of 

the distribution of the dye in the portal vessel. The GH-RH prepared 

by Dr. R. M. G. Nair was dissolved to yield a final concentration of 

5 ng/ml. The portal vessel was infused at the rate of 2 ul/minute for 

one minute. Therefore, the dose received by the region of the adeno

hypophysis supplied by the cannulated portal vessel was approximately 

8 pg, which is the concentration range of releasing hormones measured 

in the portal plasma (Ondo et al., 1973). 

The ouabain was diluted to a final 10~ molar solution, a concen

tration for which a response was expected (Fleischer et al., 1973). 

Post - infusion Processing of 
the Pituitary Glands 

Three animals were infused for each time period studied. The 

animals were sacrificed by guillotine at 1, 15, 30, and 60 minutes post-

infusion. The calvaria of the rats were opened to allow removal of the 

anterior pituitary gland. The infused and non-infused portions of the 

3 
glands were cut into 1 mm pieces and immersed in 2.7% glutaraldehyde 

in 0.1 M Na cacodylate buffer, pH 7.3 for two hours at room temperature. 

Following fixation, the tissue was washed with Na cacodylate buffer, 

post-fixed in 2% osmium tetroxide for 1 hour, dehydrated in graded, 

serial alcohol and propylene oxide washes, embedded in Epon 812 

(Johnson, 1975), and sectioned on a Porter-Blum MT - 2 ultramicrotome. 

Thin sections, approximately 800 A, were stained with uranyl acetate 
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and lead citrate (Venable and Coggeshall, 1965) and viewed on a Zeiss 

9s-2 or Zeiss EM 10 electron microscope. 

Controls 

Some controls were infused with physiological saline with a small 

amount of lissamine green dye added and sacrificed at 1, 15, 30, and 

60 minutes post-infusion. There were 5 animals that were sham-operated, 

but not infused. Other controls were 4 unoperated animals and tissue 

taken from experimental animals outside the infused areas of the pitu

itary. Control tissues were processed in an identical manner to those 

of the experimental animals. 

Radioimmunoassay 

Pre- and post-infusion blood samples were removed from the femoral 

veins for radioimmunoassay (RIA) of levels of circulating growth hor

mone. The blood was centrifuged, and the plasma was stored at -15° 

until shipment in dry ice to Dr. Nair, who performed the assay in his 

laboratory and will publish the results in a larger study. 



RESULTS 

Electron Microscopic Observations 

Control Animals 

Somatrotrophs are the most prevalent cell type in the anterior 

pituitary of the adult male rat, comprising approximately 50% of the 

total population of cells (Herlant, 1975). Somatotrophs are identified 

at the ultrastructural level chiefly by their characteristic secretory 

granules and appearance of the rough endoplasmic reticulum. 

Figure 1 demonstrates a typical control somatotroph representative 

of all control groups. The cytoplasm contained electron dense secretory 

granules that were approximately 350 - 400 um in diameter. Profiles of 

emiocytosis were only rarely observed in control tissue. The Golgi 

complex was extensive, but was otherwise unremarkable. The rough 

endoplasmic reticulum (Figure 2) was lamellar, non-dialted, and often 

polarized toward the vascular surface of the cell. Mitochondria were 

round or rod shaped with sparse christae. Normally, each somatotroph 

contained some lysosome-like bodies. 

Infusion of Growth Hormone - Releasing Hormone 

1 Minute Post-Infusion Group 

Figure 3 is a low powered micrograph that demonstrates the 

morphology of somatotrophs one minute post-infusion of GH-RH. Neither 

the RER nor the Golgi complex displayed any morphological changes. The 

major morphological change observed in this time period was the marked 

emiocytic activity (Figure 4). Emiocytosis occurred through fusion 

13 
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of the membranes of the secretory granules with invaginations (Figure 5) 

of the plasma membrane. The core of the secretory granule sometimes 

remained intact outside the cell within the perivascular space, but was 

not as electron dense nor as clearly defined as those within the cell 

(Figure 6). 

15 Minute Post Infusion Group 

At this time period emiocytosis was still intense. Also, initial 

signs of an increased rate of protein synthesis were observable as the 

RER cisternae became dilated. Activation of protein synthesis seem

ingly proceeded in a centrifugal manner from the nucleus with enlarge

ment first of the perinucleor cisternae, and then the RER cisternae 

(Figure 7). The lamellar region of the Golgi complex did not appear 

to be significantly altered over controls, although there appeared to 

be more smooth and coated vesicles in close proximity to the Golgi 

complex. Multi-vesicular bodies (MVB) were also more numerous at this 

time period (Figure 8). 

30 Minute Post-Infusion Group 

At 30 minutes, the RER was very diffuse and distended, often 

creating a scrolled pattern (Figures 9 and 10). Flocculent material 

occurred within the cisternae of the RER. Material similar in electron 

density to the contents of the secretory granules was observed con

densed within cisternae of the RER (Figure 11 a, b, and c). Distended 

subplasmalemmal segments of the RER often appeared to be contiguous with 

the plasma membrane (Figure 12). After 30 minutes the Golgi complex had 
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become more prominent as indicated by distended lamellae and numerous 

smooth and coated vesicles, and many clear vacuoles, possible represent

ing immature secretory granules (Figure 13). Emiocytosis was seen 

infrequently. 

60 Minute Post-Infusion Group 

The hallmark of this time period was the formation of dense, 

lamellar bodies and MVB's. Figure 14 shows one such dense body that 

appeared to contain membranes, lipid and secretory granules. The 

RER and Golgi regions were still somewhat distended at 60 minutes, 

but most cells were apparently returning to a more base-line level of 

activity. Only occasional profiles of emiocytosis were observed at 

this time period. However, many cells appeared to be very heavily 

granulated (Figure 15). 

Infusion of Ouabain 

1 Minute Post-Infusion Group 

Figure 16 demonstrates the vacuolated appearance of somatotrophs, 

as well as other cell types of the anterior pituitary, characteristic 

of the 1 minute period. Although ouabain was non-specific in its 

action on the cells of the pituitary, somatotrophs seemed to be more 

sensitive that others as demonstrated by greater emiocytic activity 

and morphological changes in the RER. Figure 17 is a higher magnifi

cation demonstrating the vacuolated appearance of the RER observed 

at 1 minute. The Golgi zone was similar to controls. Massive 

emiocytosis was observed at 1 minute post-infusion of ouabain 
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(Figure 18), and was more extensive than that observed at similar time 

periods following GH-RH infusion. Figure 19 demonstrates multiple 

release where the contents of many secretory granules was seen extrud

ing into the same concavity of the plasma membrane. Multiple release 

was encountered more frequently in the ouabain infused group when 

compared with the,GH-RH infused group. 

15 Minute Post-Infusion Group 

The RER was hypertrophied in all cell types. The somatotrophs no 

longer had a vacuolated appearance, but rather the RER had begun to 

distend and take on the appearance of an actively synthesizing cell 

(Figure 20). Emiocytic activity was still intense at 15 minutes post-

infusion. 

30 Minute Post-Infusion Group 

At 30 minutes, the RER was diffusely distended and appeared to be 

maximally stimulated (Figure 21). Figure 22 demonstrates a dilated 

cisternae of the RER which is continuous from the peri-nuclear region 

to the periphery of the cell. A very prominent Golgi complex with 

many clear vacuoles and distended lamellar components was observed 

(Figure 23) . Lysosomal-like activity was indicated by an increased 

number of many dense bodies (Figure 24). 

60 Minute Post-Infusion Group 

Many dense lysosomal-like bodies were observed at 60 minutes 

(Figure 25). The RER and Golgi complexes were not as distended in 

most cells in comparison with the 30 minute time period. 
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Summary of Morphological Changes 

Table 1 summarizes the changes in morphology observed at each time 

period. Essentially, the following were observed: 

1. Emiocytosis was observed at all time periods in both the 

ouabain and GH-RH infused groups. However, it was most 

intense at the 1 and 15 minute time periods and was most 

marked in the animals infused with ouabain. 

2. The RER had begun to hypertrophy by 15 minutes, and was 

maximally stimulated at 30 minutes. The RER remained 

somewhat distended in some cells at 60 minutes, but was 

generally returning to a more normal state. 

3. The Golgi complex involvement was maximal in the 30 minute 

post-infusion groups. An increase in the number of smooth 

and coated vesicles was noted in association with the Golgi 

complex as early as 15 minutes. 

4. Lysosomal activity was apparently increased in the 30 and 

60 minute groups. 

5. The GH-RH was very specific for somatotrophs, whereas the 

ouabain was very non-specific in its effect on the cell types 

of the anterior pituitary. 

Thus,it was observed that the earlier time periods were character

ized by intense emiocytic activity, and the later time periods by 

intense synthesis. 



DISCUSSION 

The pituitary has been virtually impenetrable to in vivo experi

mentation due to its unique location protected by the brain superiorly 

and the bones of the skull and the soft tissues of the oral cavity on 

its other borders. It is generally accepted that the stimulus for 

GH release causes a discharge of the GH-RH from its storage site in 

the median eminence of the hypothalamus into the primary capillary 

plexus of portal vessels for transmission to the anterior pituitary, 

where it excites the release of GH (Porter et al., 1971). Therefore, 

an ideal in vivo technique for a study involving a releasing hormone's 

effect on the anterior pituitary would be the direct infusion of the 

secretagogue into an intact portal vessel leading to the anterior 

pituitary following the natural course of the neurovascular link 

(Worthington, 1966). This was the technique employed in this study. 

Although the technique is very detailed and requires a long, delicate 

surgery, the advantages are many. For instance, the feedback mechanisms 

of the hypothalamus are bypassed, dilution and time factors can be more 

easily controlled, physiological doses can be administered via their 

natural route, and the exposure allows direct visualization of the 

intact hypothalamo-hypophysial area. 

Following the infusion of either the ouabain or the GH-RH, the 

initial morphological response was emiocytosis. Often, the contents of 

many secretory granules were observed being released through the same 

concavity in the plasma membrane. This could possibly indicate a 

18 
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site of preferential extrusion either due to a channeling system within 

the cell or perhaps, an increased probability of contact with such an 

enlarged membrane surface. Emiocytosis was observed at all time periods 

in both groups of animals. However, emiocytosis was greatest at 1 and 

15 minutes, and was even more marked in the ouabain infused animals. 

The ouabain infused animals demonstrated a vacuolated appearance 

of the RER at one minute post-infusion. One explanation for this vacuo

lation of the RER might be the water shifts induced in the cells by the 

deplorization of the membrane by the ouabain (Towfighi and Gonatas, 

1973). 

Morphological evidence for increased protein synthesis as indi

cated by alterations in the RER was noted in both groups by 15 minutes 

post-infusion. The RER cisternae continued to dilate until many cells 

were filled with scrolled and diffuse RER, often containing a floccu

lent material. This flocculent material has been shown by many inves

tigators to be present in actively secreting cells (Wilbur et al., 

1975) and disappears when the cells are treated with protein synthesis 

inhibitors (Moguilevsky et al., 1973). All cell types in the pitu

itary were affected by the ouabain, whereas the GH-RH was very specific 

for somatotrophs. With ouabain, the RER of the gonadotrophs dilated 

and coalesced to form great lakes of flocculent material. The 

adrenocorticotrophs do not normally possess much RER (Farquhar, 1961). 

Under the stimulus of ouabain, there appeared to be a great many more 

polysomes within the cytoplasm of the ACTH cells. This probably indi

cates increased production of ACTH since ACTH is believed to be formed 
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by simple enzymatic condensation as many polypeptide hormones are 

(Herlant, 1976). 

The Golgi zone became the most distended at 30 minutes post-

infusion. However, many smooth and coated vesicles were noted near the 

Golgi zone as early as 15 minutes. These smooth and coated vesicles 

possibly represent recycling of membranes by the Golgi zone as described 

by Hokin (1961). Wilbur (1975) found these vesicles to be non-reactive 

for acid phosphatase or TPPase. By 30 minutes, there were many clear 

vacuoles associated with the Golgi complex that most likely represented 

inraiature secretory granules. What appeared to be a transitional form 

of granule with a partially condensed core were observed. Many morpho

logical studies have indicated that protein is packaged and condensed 

within the Golgi zone (Caro and Palade, 1964). The observance of newly 

formed secretory granules associated with the Golgi apparatus corre

sponds in time to the appearance of labeling over the Golgi zone by 30 

minutes (Howell and Whitfield, 1973; Labrie et al., 1973). In most 

cells, the Golgi apparatus had returned to a control state by 60 minutes. 

Lysosomal activity appeared to begin to increase by 15 minutes 

o 

with the appearance of many 750A coated vesicles that may represent 

nascent primary lysosomes (Elios, P.M., and Friend, D.S.1975). Lysosomal 

activity as maximum at 60 minutes when many cells contained multiple 

dense bodies. These electron dense, and often lamellar; bodies appeared 

to contain membrane, lipid, ribosomes, and secretory granules. Thus, it 

seems that the cell was not only degrading excess secretory granules, 

but was also degrading the mechanism by which they were made. This 
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process has been termed "crinophagy" and the dense bodies have been 

shown to be positive histochemically for acid phosphatase (Smith and 

Farquhar, 1968; Wilbur et al. , 1975). 

The results of this study were compared with an ultrastructural 

study by Wilbur et al. (1975) who infused two synthetic decapeptides 

with known growth hormone - releasing activity into the same test 

system. The morphological changes that were observed following the 

infusion of each GH-RH were essentially the same. The one exception 

was the dense material similar to that contained within the secretory 

granules observed condensed within cisternae of the RER. 

Condensation of secretory material into electron dense granules 

within the RER was first described in the exocrine pancreas by Caro 

and Palade (1964). Intracisternal granules have also been reported 

following thyroidectomy in the TSH cells of the anterior pituitary by 

Farquhar (1969). More recent studies (Pelletier and Puvianni, 1972; 

Cuerdo-Rocha and Zambrano, 1974) involving thyrotrophs, have also 

demonstrated intracisternal granules that are thought to be different 

from the secretory granules seen in the cytoplasm. It has been pro

posed that the hormone may be stored as two distinct morphological 

entities within the cell depending upon its secretory activity 

(Stachura, 1975). One population would be the secretory granules 

normally seen in base-line secreting cells. The other, the intra

cisternal granules, would occur in acutely stimulated cells that may 

represent a process for releasing hormone from the cell without pass

ing through the Golgi zone. The morphological evidence of secretory 
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material within the cisternae of the RER and also, the dilations of the 

RER that appear to be contiguous with the plasma membrane supports this 

hypothesis. 

Biochemical evidence exists for two pools of GH within the cell. 

Stachura et al. (1975) has isolated, using radioactive labels, a big 

and a small GH wij:hin the cell. These investigators have proposed that 

there are several chemical forms of GH, one which is biologically 

active, but immunologically incompetent, or vice versa. Some investi

gators have suggested that GH may be similar to PTH or insulin, which 

have different intracellular forms from their circulating forms (Nicoll, 

1972). Stachura et al. (1972) demonstrated two different forms of GH 

with different turnover rates and affected by different stimuli. It is 

possible that a conformational change occurs that affects the immuno

logical or biological characteristics of the molecule of GH. Li 

(1968) reported that oxidation of GH by performic acid resulted in the 

loss of biological activity, but not the immunological activity. This 

suggests that the antigenic site of GH is not the same as that respon

sible for biological activity. It seems possible that these facts 

could explain many of the discrepancies between bioassay, radio

immunoassay, and morphological data concerning GH and GH-RH. 

These studies indicate that the initial response following infu

sion of GH-RH or ouabain was one of granule release. Both appeared to 

activate the same sequence of events for synthesis in the somatotroph. 

The GH-RH was specific for somatotrophs in stimulating morphological 

changes indicative of increased protein synthesis. Ouabain was 

stimulatory to all cells in the anterior pituitary. 
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Ouabain was observed to mimic the effects of the GH-RH on both 

synthesis and release. Whether or not both worked via the same mecha

nism is only speculative. A model has been constructed to explain the 

effects of a releasing factor (Kraicer, 1975). According to his model, 

release of secretory granules is initiated by an interaction between 

the releasing factor and the receptor sites located on the plasma 

membrane. Adenyl cyclase bound in the plasma membrane is activated by 

the conformational change induced by the releasing factor. This leads 

to an increased level of cAMP within the cell. Increased cAMP leads 

to an increase in intracellular Ca-H- and also activates a cAMP-

dependent protein kinase. This protein kinase, with Ca-H- required as 

a co-factor, phosphorylates tubulin, the protein component of micro

tubules. This activates a contractile cytoskeleton-secretory granule 

complex that leads to release of the secretory granule. The protein 

kinase is then free to phosphorylate other proteins within the cell, 

most notably in the chromatin and ribosomes leading to synthesis of 

new hormone. 

Ouabain, a digitalis glycoside, inhibits the Na-i—K-t- ATPase 

mediated pump and has been shown to be a powerful secretagogue for 

growth hormone in vitro (Fleischer et al., 1973). These investigators 

believe that ouabain stimulates GH release by causing an influx of 

CaH-f into the cell. It is known that calcium is essential for release 

to occur (Kraicer, 1975). However, it is possible that different pools 

of calcium may be involved depending upon the secretagogue. In the 

work by Fleischer et al. (1972, 1973) it appears that ouabain and 
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other non-physiological releasing factors such as high concentrations 

of potassium act by causing an influx of Ca-f-l- into the cell. In 

studies using verapamil, a calcium current inhibitor, these investi

gators showed that the physiological releasing hormones caused release 

even when an influx of Ca-i-i- was prevented (Eto et al., 1974). This 

indicates that th^ intracellular pools of Ca-f-t- are the important ones 

involved in the release of hormone. 

It has been shown that when intracellular concentration of Ca-f-l-

increases, adenyl cyclase is inhibited (Kraicer, 1975). Thus, the 

hormonal response has its own feedback loop to prevent severe increases 

in intracellular calcium. The data indicates that extracellular con

centrations of calcium do not effect adenyl cyclase activity, but 

changes in intracellular calcium do (Rasmussen, 1970). Bradham et al. 

(1971) demonstrated that Ca-t-f- had a dual effect on adenyl cyclase in 

that it stimulated adenyl cyclase at low concentrations and inhibited 

adenyl cyclase at high concentrations. 

Despite recent advances in the understanding of the control of 

pituitary function, much remains to be learned of the more subtle 

aspects of the mechanisms of action involved. Clearly, much work 

remains before the chemistry and mechanism of action of GH-RH is 

completely understood. 

Conclusions 

A new GH-H and a digitalis glycoside, ouabain, were infused 

directly into an intact hypophysial portal vessel leading to the 



25 

anterior pituitary. The vessel was infused for 1 minute, and the rats 

were sacrificed at 1, 15, 30, and 60 minutes following infusion. 

Ultrastructural examination of the anterior pituitary led to the 

following conclusions: 

1. The GH-RH recently synthesized by Nair stimulated synthesis 

and release in somatotrophs in a manner indistinguishable at 

the ultrastructural level from the morphological changes 

induced by the Schally preparation. 

2. The morphological changes observed which indicate protein 

synthesis and release, correspond in time and sequence to 

earlier morphological and autoradiographic studies (Howell 

and Whitfield, 1973; Wilbur et al., 1976). 

3. Intracisternal granules were observed that are consistent with 

the hypothesis of two different pools of GH within the cell. 

4. Ouabain was found to mimic the effects of a GH-RH on both 

synthesis and release in somatotrophs. 

5. The GH-RS was found to be specific for somatotrophs, but the 

ouabain was non-specific as a stimulus to all parenchymal 

cells in the anterior pituitary. 
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Ann. N. Ŷ. Acad. Sci., 148: 471. 

Click, S. M., J. Roth, R. S. Yalow and S. A. Berson. (1965) The 
regulation of growth hormone secretion. Recent Progr. Hormone^ 
Res., 21: 241. 

Glynn, J. M. (1954) The action of cardiac glycosides on ion movements. 
Pharmacol. Rev., 16: 381-407. 

Green, J. D. and G. W. Harris. (1947) The neurovascular link between 
the neurohypophysis and adenohypophysis. Ĵ. Endocrinol. , 
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Figure 1. Typical ovoid somatotroph representative of all 

groups of controls. The cytoplasm contained 

many electron dense secretory granules that 

measured approximately 200-400 mu. Emiocytosis 

was only rarely observed in the controls. The 

Golgi complex was extensive, but not dilated. 

Glutaraldehyde; stained with uranyl acetate and 

lead citrate, x 10,280. 

Figure 2. Somatotroph from a sham operated, non-infused 

control. The Rough Endoplasmic Reticulum (RER) 

was lamellar, non-dilated, and often polarized 

toward the vascular surface. Mitochondria (M) 

were around or rod-shaped with sparse christae. 

Glutaraldehyde; stained with uranyl acetate and 

lead citrate, x 16, 000. 





Figure 3. Somatotrophs (S) one minute following infusion of 

GH-RH displayed little change from controls in the 

appearance of the RER and Golgi complex. Near the 

left border of the field (large arrow) there is a 

cluster of small cells with microvilli and no 

secretory granules typical of non-secretory 

follicular cells. The sinusoids are characterized 

by fenestrations with thin diaphragms (small arrow). 

Glutarldehyde; stained with uranyl acetate and lead 

citrate, x 7068. 
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Figure 4. Somatotroph one minute post-infusion of GH-RH. 

Marked emiocytic activity was present at this time 

period. Note granules (arrows) that have been 

released into the peri-vascular space that separates 

the somatotroph (s) from the endothelial cell 

(E) and the sinusoid lumen (SL). Glutaraldehyde; 

stained with uranyl acetate and lead citrate. 

X 25,650. 

Figure 5. Somatrotroph one minute post-infusion of GH-RH. 

Many invaginations, or caveolae, (arrow) were 

observed around the perimeter of the plasma membrane. 

Emiocytosis occured through fusion of the membrane 

of the secretory granule with the plasma membrane 

caveolae with subsequent extrusion of the contents of 

the secretory granule. Glutaraldehyde; stained with 

uranyl acetate and lead citrate, x 32,300. 

Figure 5. Somatrotroph one minute post-infusion of GH-RH. 

Often two or more granules were seen being released 

through the same opening of the cell (arrows). The 

core of the secretory granules were sometimes seen 

intact after being released from the cell, but appeared 

less dense and no longer membrane bound. Glutaralde

hyde; stained with uranyl acetate and led citrate. 

X 29,925. 
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Figure 7. Somatotroph fifteen minutes post-infusion of 

GH-RH. The RER had begun to dilate, often 

beginning with the perinuclear cisternae (arrow 

large) and proceeding to dilate in a centrifugal 

manner from the nucleus. Note flocculent 

material (small arrow) within the cisternae of 

the RER. Glutaraldehyde; stained with uranyl 

acetate and lead citrate, x 15,250. 

Figure 8. Somatotroph fifteen minutes post-infusion of 

GH-RH. At this time period, there was an increase 

in the smooth and coated vesicles in the area of 

the Golgi (G). Large arrow denotes a multivesicular 

body, and small arrows point to what appear to be 

forming multivesicular bodies. Glutaraldehyde; 

stained with uranyl acetate and lead citrate. 

X 33,250. 





Figure 9. The RER of the somatotrophs was the most diffuse 

and distended thirty minutes post-infusion of 

GH-RH. Glutaraldehyde; stained with uranyl 

acetate and lead citrate, x 6000. 

Figure 10. A somatotroph (S) and an adjacent thyrotroph (T) 

thirty minutes post-infusion of GH-RH. Note 

the contrast of the dilated cisternae of the 

RER (long arrow) of the somatotroph with the 

unstimulated RER (short arrow) of the thyro

troph demonstrating the specificity of the GH-RH 

for somatotrophs. Glutaraldehyde; stained with 

uranyl acetate and lead citrate. x 15,000. 
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Figure 11. Insets a, b, and c were examples of what appeared 

to be cisternae of the RER with condensed dense 

material similar to that contained in the secretory 

granules (arrows)- Glutaraldehyde; fixed with 

uranyl acetate and lead citrate. 

11a X 30,875 

lib X 30,875 

lie X 31,350. 

Figure 12. Somatotroph thirty minutes post-infusion of 

GH-RH. The RER was often observed to be dilated 

in large cisternae in direct contact with the 

plasma membrane (large arrow). The Golgi 

complex (G) was maximally dilated at thirty 

minutes. Multivesicular bodies (small arrows) 

were more numerous than in controls. 

Glutaraldehyde; stained with uranyl acetate and 

lead citrate, x 17,000. 
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Figure 13. The Golgi complex at thirty minutes post-infusion 

of GH-RH. The Golgi was much more prominent with 

extensive dilation of lamellae and an increase 

in the number of coated and smooth vesicles 

(arrows). Glutaraldehyde; stained with uranyl 

acetate and lead citrate, x 30,875. 
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Figure 14. A dense body from a somatotroph sixty minutes 

post-infusion of GH-RH. The dense body appeared 

to contain secretory granules (small arrows), 

ribosomes, and membranes (large arrow). This 

increase in dense bodies was probably representative 

of an autolytic, lysosomal activity within the 

somatotroph in order to rid itself of an excess 

number of secretory granules. Glutaraldehyde; 

stained with uranyl acetate and lead citrate. 

X 30,875. 

Figure 15. Somatotrophs 50 minutes following infusion of 

GH-RH. Many somatotrophs appeared to be very 

heavily granulated. Glutaraldehyde; stained with 

uranyl acetate and lead citrate, x 6,500. 





Figure 15. Vacuolated appearance (arrow) of the cells of 

the anterior pituitary one minute post-infusion 

of ouabain. A gonadotroph (G) is seen in the 

lower right corner. Glutaraldehyde; stained 

with uranyl acetate and lead citrate. 

x 15,000. 

Figure 17. Higher magnification of the vacuolated appearance 

of the RER in somatotrophs one minute post-

infusion of ouabain (arrow). Glutaraldehyde; 

stained with uranyl acetate and lead citrate. 

X 15,250. 
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Figure 18. One minute post-infusion of ouabain. Massive 

emiocytosis was observed. Two secretory granules 

were observed outside the somatotroph (arrow). 

The most intense emiocytic activity was usually 

observed on the cell surface facing the sinusoids, 

Glutaraldehyde; stained with uranyl acetate and 

lead citrate, x 30,875. 

Figure 19. Site of multiple release of secretory granules 

observed in a somatotroph one minute post-

infusion of ouabain. The content of at least 

eight secretory granules was observed being 

released out of the same opening of the 

plasma membrane (arrow large). A caveolae 

(small arrow) appeared to be about to fuse with 

another group of three granules. The content of 

the secretory granules is being released into the 

extra-cellular space (E C). 

Glutaraldehyde; stained with uranyl acetate and lead 

citrate, x 15,250. 
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Figure 20. 15 minute post-infusion of ouabain. Ouabain 

stimulated thyrotrophs (T) and adrenocortico

trophs (A) as well as somatotrophs (S). Note the 

dilation of the RER of the somatotrophs (arrow). 

The RER of the somatotrophs did not appear as 

vacuolated as at the one minute period, but was 

becoming diffuse and distended in a furrowed 

or scrolled manner. Glutaraldehyde; stained 

with uranyl acetate and lead citrate. x 5,400. 
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Figure 21. Thirty minutes following infusion of ouabain. 

The RER in somatotrophs (R) was the most 

stimulated of all the time periods observed. 

The Golgi (G) had also become more prominent 

with distension of the lamellae. Newly formed 

immature secretory granules were often noted 

by the Golgi (arrows). Glutaraldehyde; 

stained with uranyl acetate and lead citrate. 

X 15,250. 
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Figure 22. Thirty minutes post-infusion of ouabain. In 

this somatotroph (S), a fortuitous section 

revealed a continuous cisternae from the peri

nuclear cisternae out into the cytoplasm (arrows). 

The Golgi complex (G) was observed to be markedly 

dilated. Glutaraldehyde; stained with uranyl 

acetate and lead citrate. x 10,023. 
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Figure 23. A Golgi complex from a somatotroph thirty minutes 

following infusion of ouabain. The Golgi was 

maximally with an hypertrophy of the lamellar por

tions (small arrows) of the Golgi and an increase 

in the clear vacuoles (large arrows) that probably 

represent newly packaged secretory granules. 

Note the large arrow at the bottom pointing to a 

partially condensed secretory granule probable 

representing a transitional type. Glutaraldehyde; 

stained with uranyl acetate and lead citrate. 

X 29,450. 

Figure 24. Multiple dense bodies observed at thirty minutes 

post-infusion of ouabain (arrows). There was an 

increase of these presumed lysosomal bodies by 

thirty minutes. Glutaraldehyde; stained with 

uranyl acetate and lead citrate. x 18,000. 

Figure 25. Sixty minutes following infusion of ouabain. 

Somatotrophs displayed many dense bodies (arrows) 

often as many as a dozen in a group. This increased 

number of dense bodies probably represented the 

process of crinophagy within the cell. Glutaralde

hyde; stained with uranyl acetate and lead citrate. 

X 23,750. 






