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ABSTRACT 

Pineal-mediated depressions in prolactin cell activity after 

light deprivation were studied in the male and female Golden Syrian 

hamster. Prolactin cell activity was determined by measuring radio

immunoassayable prolactin, newly synthesized prolactin and prolactin 

mRNA levels in the pituitary. Serum prolactin was also measured by 

radioimmunoassay. 

Use of the recombinant DNA plasmid, pPRL-l, which contains the 

~ prolactin complimentary DNA sequence, was validated in this disser

tation for measuring prolactin mRNA in the hamster. 

Male hamsters blinded for 11, 21, or 42 days showed significant 

and progressively greater declines in prolactin mRNA levels which were 

completely prevented by pinealectomy. The decline seen after 11 days is 

the earliest depression in prolactin cell activity reported after light 

deprivation in the hamster. 

Female hamsters blinded for 28 days, however, showed no such 

decreases in prolactin cell activity if they continued ~ display 

estrous cyclicity. This supports the hypothesis that, unlike the male, 

there is not a gradual decline in prolactin cell activity after blinding 

in the female hamster and that loss of estrous cyclicity may precede or 

possibly accompany declines in prolactin cell activity. 

After 12 weeks of blinding, females were acyclic and had drama

tically depressed levels of prolactin cell activity. However, 

xxi 



xxii 

pinealectomy did not completely prevent this decline due to blinding 

unless the females continue to display estrous cyclcity. Thus, when 

pinealectomy was ineffective in preventing the loss of estrous cyclicity 

due to bli~ding, it was also ineffective in preventing declines in 

prolactin cell activity. 

In ovariectomized females, blinding caused a decline in prolac

tin cell activity. Pinealectomy was not consistently effective in 

preventing this decline after 12 weeks of treatment, although, in 

females blinded for 4 weeks (at which time all animals were cycling) and 

then ovariectomized for an additional 4 weeks, pinealectomy completely 

prevented this decline in prolactin cell activity. 

In a separate study, significant changes in prolactin cell acti

vity during the estrous cycle were seen in untreated normally cycling 

female hamsters. These changes in prolactin mRNA, prolactin synthesis, 

and radioimmunoassayable prolactin in the pituitary were measured in the 

morning, when, consistent with other reports, no differences in serum 

prolactin were observed. 



CHAPTER 1 

INTRODUCTION 

The ability of Golden Syrian Hamsters (Mesocricetus auratus) to 

reproduce offspring appears to be heavily influenced.by the duration of 

light which the animals see each day. If they are exposed to less than 

about 12.5 hours of light each day for 4-8 weeks, males begin to show 

signs of gonadal regression (reduced testicular weight, impaired sperm 

production) and females cease estrous cyclicity. These depressions in 

reproductive function are accompanied by depressions in the activity of 

prolactin cells of the anterior pituitary. To various degrees, the 

depressed reproductive function and prolactin cell activity after light 

deprivation in these animals can be prevented if, in addition to 

depriving them of light (by blinding, or by a short photoperiod of less 

than 12.5 hours of light per day), their pineal glands are removed. 

Thus, as has often been observed in the literature on this topic, 

pinealectomy can prevent the suppressive effects of light deprivation, 

both in terms of general reproductive function and prolactin cell acti

vity. Thus, an intact pineal gland is often said to be necessary for 

light deprivation to result in an inhibition of reproduction and prolac

tin cell activity. 

This dissertation examines pineal dependent suppressions of 

reproductive function and prolactin cell activity in the male and female 

Golden Syrian hamster. prolactin cell activity is characterized in the 
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pituitary in terms of (1) prolactin messenger ribonucleic acid (mRNA) 

levels derived from a hemipituitary, the other hemipituitary being used 

to determine (2) the incorporation of 3H-Ieucine into prolactin during 

an in vitro incubation, and either released into the incubation media or 

retained in the incubated hemipituitary, the total of the two being a 

measure of prolactin synthesis, and (3) radioimmunoassayable (RIA) pro

lactin released into the incubation media during this incubation or 

retained by the hemipituitary, the total of the two being a measure of 

RIA-prolactin in the pituitary; and (4) serum RIA-prolactin. It would 

be helpful to look at Figure 36 of Appendix 0 to gain a schematic 

overview of the above assays, which are the critical components of each 

experiment. 

All of the above assays have been routinely performed in our 

laboratory, except for the measurement of prolactin mRNA. The work 

presented in this dissertation is the first measurement of prolactin 

mRNA in the hamster pituitary, using a recombinant DNA probe, pPRL-l, 

which contains the ~ prolactin mRNA sequence that has been copied into 

DNA and spliced into a bacterial plasmid. An introduction to the use of 

recombinant DNA plasmids to measure specific mRNA levels is presented in 

Appendix R, and the validation of the use of this rat cDNA prolactin 

probe (which is routinely used to measure rat prolactin mRNA) to measure 

hamster prolactin mRNA is provided in Chapter 4. 

While responses of both male and female hamsters to pineal

mediated light deprivation were examined in this dissertation, the two 

were not compared in the same experiment because the critical issues for 



each sex are different. Thus, this is not a comparative study of male 

and female hamsters. 

Female Hamster Experiments 

In the female, since light deprivation leads to both a loss of 

estrous cyclicity and a depression in prolactin cell activity, the 

effect of estrous cyclicity ~ prolactin cell activity needed to be 

examined in normal cycling female hamsters (Chapter 4). 

Next, the long-term effects of light deprivation in non

ovariectomized and ovariectomized female hamsters were examined, with 

particular emphasis on the ability of pineal removal to prevent the 

effects of light deprivation in nonovariectomized females (Chapter 5). 

(It has been reported that pinealectomy is not completely effective in 

preventing the suppressions in prolactin cell activity as a result of 

blinding.) Another important facet of this study was to determine if 

there is a component to the suppression of prolactin cell activity by 

light deprivation that is independent of the ovary. 

3 

A third female study (Chapter 6) was undertaken to examine the 

effects of light deprivation on prolactin cell activity in females which 

had not yet stopped cycling. Also, light-deprived females who were 

still cycling were ovariectomized and maintained for an additional 4 

weeks in order to examine the short-term, ovary-independent effects of 

blinding, and whether these effects could be prevented by pineal remo

val. 



Male Hamster Experiments 

A critical issue in the male hamster, with regard to the 

ability of light deprivation to cause a decrease in prolactin cell 

activity, is to determine when the earliest changes in prolactin cell 

activity take place. In Chapter 7, the earliest changes in prolactin 

cell activity after light deprivation in the male hamster were examined 

after 11, 21 and 42 days of treatment. As with the female hamster 

experiments, the ability of pineal removal to prevent the suppressions 

due to light deprivation (by blinding) were also examined. 

Expression of the Data 

4 

In all experiments, hormone data derived from the pituitary (PRL 

mRNA, 3H- PRL , and RIA-PRL) is expressed (1) per pituitary, i.e., per 

whole gland, (2) per mg of pituitary, as determined from the weight of 

a hemipituitary after incubation, and (3) per ug of pituitary DNA, as 

measured in a nuclear pellet derived from the PRL mRNA assay. Since 

this will inevitably lead to confusion when expressing the data, all 

hormone data in tables is complete, i.e., unlike most articles, the 

histograms (Figures) are often redundant with the data in tabular form. 

Nearly all important points with respect J:£ hormone data will be made 

with reference J:£~ Figure, although a Table reference may also be 

included if clarification is needed. 

The hormone data are expressed in three ways in order to provide 

the most complete record possible (in these experiments) of the dynamics 

of changes in prolactin cell activity, and also to make possible 

alternative explanations to the ones offered in this dissertation. 
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Another point of potential confusion is between "pituitary" RIA

PRL or 3H- PRL and "total" RIA-PRL or 3H- PRL• The "total" in each case 

is the sum of that found in the incubation media after a 3 hour 

incubation plus that found in the incubated pituitary after the 

incubation. All three (total, media, and pituitary) are expressed in 

tables per pituitary gland, per mg of pituitary, and per ug of pituitary 

DNA. 

Appendices 

In addition to background on recombinant DNA techniques, all 

procedures used in this dissertation are presented in Appendices, and it 

would be worthwhile to read through the list of Appendices, in the event 

that further clarification of a procedure is desired. 

Format of this Dissertation "'-------
After an overview of the literature (Chapter 2) and a general 

statement of the problems addressed by this dissertation (Chapter 3), 

the materials, methods, results and main conclusions are presented as 

four separate "papers" dealing with the female hamster (Chapters 4, 5, 

and 6) and the male hamster (Chapter 7). A brief general discussion of 

the results follows these chapters (Chapter 8). 



CHAPTER 2 

OVERVIEW OF THE LITERATURE 

It is said that when Diogenes was captured by slave merchants, 

and was about to be sold into slavery, one of them asked the Greek 

philosopher what he could do. "I can govern people," answered Diogenes. 

"Sell me to someone who needs a master." 

The Pineal Gland 

in Anatomical and Physiological Perspective 

The pineal gland has been viewed as both a master "regulator of 

regulators" as well as a mere slave of the photoperiod. While both 

views are not mutually exclusive, they mirror the even more extreme 

views of the pineal held over the past 23 centuries, i.e., that it is 

nothing less than the center of an individual's spiritual being, or, 

alternatively, merely a nonfunctional vestigial organ (Kappers, 1979; 

1981). Over the past century, application of the scientific method has 

produced a wealth of information about the structure and function of 

this previously enigmatic neuroendocrine gland, although much remains to 

be learned. 

Ontogeny of the Pineal Gland 

A number of studies on the development of the pineal, or epiphy

sis cerebri, have been summarized by Quay (1974), and Ueck and Wake 

(1977). In vertebrates, the pineal is elaborated from a midline tubular 
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evagination of the diencephalic roof, seen after about two weeks of 

prenatal development in the rat. Quay argues that, as a general rule 

for mammalian development, pineal cytological maturation and pineal

specific biochemical activity are postnatal events. Sympathetic 

innervation, encapsulation of the gland, development of histochemically 

detectable indoleamine fluorescence, and elaboration of the enzymes of 

indoleamine metabolism take place several days or even weeks after 

birth, which is at 21-23 days in the rat (Quay, 1974). This may be more 

properly called a eutherian mammalian trend, because some protheria 

(i.e., at least two species of Marsupalia) apparently have no pineal at 

all (Vollrath, 1979). 

Phylogeny of the Pineal Gland 

A brief recapitulation of the evolution of the pineal gland, 

based on comparative morphological evidence, is instructive for under

standing the relations of the pineal to its photoperiodic environment, 

its neural connections, and endocrine regulation in vertebrates. The 

following should be regarded as hopelessly oversimplified trends, as 

would be true of any brief statements about the evolution of literally 

millions of species over hundreds of millions of years. 

Collin and Oksche (1981) identify two principle cell lines in 

the pineal which are gradually modified during vertebrate phylogeny: 

(1) a photoreceptor cell line, and (2) an ependymal (supportive or 

interstitial) cell line. 

The beginnings of the photoreceptor cell line among the "lower" 

vertebrates are the pineal photoreceptor cells, which contain stacks of 
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flattened saccules containing photopigment, and are analogous to retinal 

photoreceptors in the lateral eyes. During phylogeny, these photorecep

tor cells of the pineal are transformed into the hormone-producing 

pinealocytes of the mammalian pineal as (1) photoreceptive disks become 

rudimentary (as in birds), (2) cell organelles become rearranged (3) 

primary neural connections to the brain are lost, or are greatly 

reduced, and (4) areas of the cell formerly devoted to neural trans

mission are specialized for vascular contact. 

The ependymal (supportive or interstitial) cell line identified 

by Collin and Oksche (1981) generally surround and/or support cells of 

the photoreceptor cell line and neuropil. They are thought to develop 

into what is often called the interstitial, glial, or astrocytic cells 

of the mammalian pineal. 

As a general trend in the evolution of the "input" to the pineal 

in vertebrates, the direct stimulation of pineal photoreceptors by light 

is replaced gradually by an indirect stimulation of their cytological 

descendents (pinealocytes) by the lateral eyes, via a multisynaptic 

chain involving retinohypothalamic, hypothalamospinal, and sympathetic 

pathways. While the "output" of the pineal in lower vertebrates has a 

well developed neural component directly connecting it to other areas of 

the brain, the mammalian pineal is thought to transduce neuronal signals 

into endocrine signals transmitted by the cerebrospinal fluid and/or 

bloodstream. 

The useful generality that the mammalian pineal is a neuroendo

crine transducer must be modified, however, in light of recent findings 



that pinealocytes send direct projections to habenular and posterior 

commissure areas in the Dj ungarian hamster brain (Korf et al., 1986). 

These processes were visualized immunocytochemically using antiserum 

against bovine S-antigen, a highly antigenic protein reportedly found 

only in retinal photoreceptors and in cells of the pineal photoreceptor 

line (true photoreceptors, modified photoreceptors, and pinealocytes). 
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Long before the above study, however, mammalian pinealocytes 

were observed to have properties of both neurons and endocrine cells, 

and it has been proposed that they be classified as "paraneurons," after 

the criteria of Fujita (1976). These criteria include (1) neuroecto

dermal embryonic origin, (2) production of neurotransmitter, protein, or 

polypeptide substances with hormone actions, and (3) the release of 

these substances, via synaptic vesicles or neurosecretory granules, in 

response to (4) an adequate stimulus acting on a cell membrane receptor 

site. These properties of pinealocytes have been reviewed by Ueck and 

Wake (1977), and Hansen and Karasek (1982). 

Vascular Supply of the Pineal Gland 

Although the importance of neuronal connections from the pineal 

to other parts of the brain may have been underrated, it is the study of 

the endocrine output of the pineal that has established this gland of 

internal secretion as a regulator of reproductive (and other) functions. 

Therefore, a brief examination of the vascular connections of the mam

malian pineal is in order. 

The pineal of the adult rat is supplied by 2-4 branches of the 

posterior cerebral arteries. These branches also supply part of the 
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choroid plexus. These arteries ramify into a capillary network that is 

drained by 12-16 short veins which drain into the great cerebral vein, 

and then into the systemic venous circulation via the confluence of 

sinuses (Hodde, 1979). 

Not only does the vasculature of the pineal gland convey pineal 

factors (indoleamines and peptides) to the general circulation, but 

potential pineal regulatory factors (e.g., estradiol, testosterone, 

follicle stimulating hormone, luteinizing hormone, and prolactin 

(Cardinali, 1979» may be effectively conveyed to the pineal as well. 

The pineal, not isolated from the circulation by the blood-brain 

barrier, is in an ideal position to monitor hormone levels in the blood 

and, teleologically, would be expected to do so since it is directly and 

indirectly contributing to those levels. 

The Neural Relationships of the Pineal Gland 

The connection of the pineal gland with the sympathetic nervous 

system is critical for the maintenance of pineal melatonin synthesis 

(Wurtman, Axelrod, and Fischer, 1965) and for the expression of pineal 

endocrine functions (Reiter and Hester, 1966). 

Korf and M~ller (1984) note that the sympathetic innervation of 

the mammalian pineal gland was first described by Cajal in 1904. He saw 

nerve fibers accompanying b.lood vessels which entered the pineal gland, 

and thus deduced that these fibers were of sympathetic origin. Kappers 

(1960) showed that these fibers originate in cell bodies of the superior 

cervical ganglion, an~ gain access to the pineal vasculature via the 

internal carotid plexus. As the sympathetic fibers near the pineal, 



11 

they enter the tentorium cerebelli and form the nervi conarii before 

entering the gland. According to Reiter (1981a), the sympathetic nerve 

terminals of most species do not form identifiable synapses with pineal

ocytes but, rather, terminate in the vicinity of pinealocyte processes 

and around capillaries. 

The postganglionic sympathetic innervation of the pineal gland, 

originating from the superior cervical ganglion, and the preganglionic 

sympathetic fibers from the intermediolateral cell column to this gang

lion, are known in detail. It is also fairly certain that the 

suprachiasmatic nucleus of the hypothalamus, the central circadian pace

maker of the mammalian brain (Moore and Klein, 1974), receives a direct 

input from the lateral eyes via a retinohypothalamic tract (See Pickard 

and Silverman, 1981, for evidence of such a connection in the Syrian 

hamster.). The precise neuronal pathways between the suprachiasmatic 

nucleus and the intermediolateral cell column of the spinal chord, 

however, are not known with certainty, according to a recent review by 

Korf and M61ler (1984). They summarize evidence for different possible 

connections between these two structures: (1) a polysnaptic pathway via 

the lateral and tuberal hypothalamus and the reticular formation of the 

brainstem (Moore, 1978), and (2) a direct pathway to the preganglionic 

sympathetic cell bodies of the intermediolateral cell column from the 

paraventricular nucleus of the hypothalamus, which is itself innervated 

by the suprachiasmatic nucleus (Saper et al., 1976; Silverman, Hoffman, 

and Zimmerman, 1981). 
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In addition to this sympathetic innervation of the pineal, 

central neuronal connections from the brain directly to the pineal may 

exist. In several species, nerve fibers of the habenular commissure or 

posterior commissure have been observed to separate from these bundles 

and intermingle with pineal parenchyma (Korf and M0ller, 1984). 

Putative peptidergic nerve terminals in the pineal have been immunocyto

chemically identified as containing vasoactive intestinal peptide 

(Mpller, Fahrenkrug, and Ottesen, 1981), and arginine vasopressin and 

oxytocin (Buijs and P~et (1980). Finally, tracing studies have identi

fied neuronal cell bodies in the habenular nuclei and the paraven

tricular nucleus of the hypothalamus after an injection of horseradish 

peroxidase into the pineal gland. Evidence for a direct neuronal link 

between the suprachiasmatic nucleus and the pineal is equivocal (See 

Korf and Mpller, 1984). 

Pineal Anatomy and Histology 

The gross anatomical appearance of the pineal is quite variable 

among mammalian species. Pineal tissue may be restricted to the 

immediate vicinity of the third ventricle of the brain, demonstrate 

different degrees of elongation, or may be separated into two masses 

separated by a stalk which contains no pineal parenchyma (Vollrath, 

1979). 

This last configuration is seen in the Syrian hamster, which has 

a superficial and a deep pineal connected by a stalk (Sheridan and 

Reiter, 1970a). Before this "pineal complex" was identified, it had 

been assumed that the pineal gland just beneath the confluence of 
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sinuses represented the entire pineal system in the Syrian hamster. 

Thus, what was (and often still is) termed a "pinealectomy" in this 

species, for example, was actually a more complex procedure which 

involved removing the superficial pineal, eliminating the sympathetic 

connections to the deep pineal, and possibly dissrupting its blood 

supply, as well as removing the effects of interact~on, if any, between 

these superficial and deep components of the pineal complex. The fine 

structure of the deep pineal of the Syrian hamster (Sheridan and Reiter, 

1970b) was found to be similar to that of the superficial pineal; the 

parenchymal cells were extensively branched and terminate in club-like 

endings which contain many vesicles ranging in size from 400-1200 

angstroms. They contained abundant mitochondria, a prominant Golgi 

apparatus, and both smooth and rough endoplasmic reticulum. The only 

obvious difference noted between the superficial and deep pineal was 

that the latter contained a relatively higher number of glial cells and 

processes (Sheridan and Reiter, 1970b). 

Pineal Hormones and Reproduction 

Two major classifications of pineal hormones, indoleamines and 

polypeptides, are generally agreed to be present in the pineal. 

Although the relative importance of each is still debated, the exogenous 

administration of melatonin has been shown to mimic many of the effects 

of light deprivation on reproduction. 

Melatonin. For many investigators, the pineal indole melatonin 

has assumed a prominant position as the "major" pineal hormone responsi

ble for expressing the sympathetic input to the pineal as an endocrine 



output. Indeed, an impressive amount of circumstantial evidence has 

accumulated supporting this view. This evidence will be reviewed, 

followed by a discussion of some puzzling aspects of the proposed role 

of melatonin as the major pineal hormone. 
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There is no doubt that melatonin is synthesized within and 

secreted from the pineal gland. The pineal contains a higher concentra

tion of serotonin per milligram of tissue than any other organ (Quay, 

1963; Saavedra, Brownstein, and Axelrod, 1973), and also displays pro

nounced rhythmic enzymatic al~tivity which converts serotonin to N

acetylserotonin via N'-acetyltransferase (NAT) (Klein, 1979), and then N

acetylserotonin to melatonin via hydroxyindole-O-methyltransferase 

(HIOMT) (Axelrod and Weissbach, 1960). Serotonin can be converted to 

other indoleamines found in the pineal by monoamine oxidase (Quay, 1974; 

Klein, 1979). 

The rate-limiting enzyme in melatonin synthesis, which is 

thought to be NAT, is stimulated by beta-adrenergic postganglionic 

sympathetic fibers from the superior cervical ganglion. During the dark 

phase, these fibers release norepinephrine which activates pinealocyte 

beta-adrenergic receptors and increases NAT activity via an increase in 

cyclic adenosine 3' ,5'-monophosphate (Axelrod, 1974). Indole metabol ism 

may also be influenced in the pineal by other neurotransmitters, or 

neurotransmitter-like substances such as taurine, gama-aminobutyric 

acid, acetylcholine, or even other indoles taken up from the circulation 

(Balemans, 1981). 
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Interestingly, serotonin itself has recently been reported to be 

released from peri fused rat pineals upon exposure to norepinephrine, 

suggesting that serotonin, in addition to being a precursor for melato

nin, might itself be a legitimate hormone of the pineal gland (Walker 

and Aloyo, 1985). 

Besides being periodically synthesized and released from the 

pineal gland in response to photic information relayed by the sympa

thetic nervous system, melatonin has gained the most credence as an 

important pineal hormone because precisely timed injections of melatonin 

can closely mimic the effects of darkness in causing loss of reproduc

tive function. Specifically, Tamarkin et a1. (1976) and Reiter et al. 

(1976a) reported that afternoon injections of melatonin in Syrian ham

sters produced acyclicity in females after 3-6 weeks, and decreased 

testis weight in males after 4 weeks, effects which were similar to 

those seen in other studies using short photoperiod to induce gonadal 

regression or acyclicity (Seegal and Goldman, 1975; Goldman 1980). 

Although numerous studies have confirmed this antigonadotrophic 

action of afternoon melatonin injections in both the male and female 

hamster, some puzzling aspects of the melatonin injection paradigm have 

emerged. 

First, an intact and sympathetically innervated pineal gland 

must be present in either male or female hamsters for the afternoon 

injection of melatonin to have an antireproductive effect (Tamarkin et 

al., 1976; Reiter et al., 1976a). This would not be predicted if one 

was merely replacing pineal melatonin with an exogenous injection. 
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Indeed, the classic endocrine manipulation would be to remove the pineal 

and then attempt hormone replacement. It has been suggested (Reiter, 

1981) that this objection to the melatonin injection paradigm has been 

effectively countered by Tamarkin et al. (1977) and Goldman et al. 

(1979), who showed that 3 daily injections of melatonin (25 ug/injec

tion) in pinealectomized hamsters resulted in the expected testicular 

atrophy and hormonal changes. The possible pharmacological effects of 

75 ug of melatonin per day must be addressed, however, independent of 

the putative role of melatonin as a hormone affecting the reproductive 

system. 

Recently, an injection paradigm has been reported which induces 

significant testicular regression in pinealectomized male hamsters after 

only one daily injection of melatonin for about 5 weeks. Using animals 

kept on a 14L:I0D long photoperiod, it was found that 15 ug of melatonin 

injected each day, at either 2 or 4 hours after the lights were turned 

off, induced significant gonadal regression compared to intact controls 

(Watson-Whitmyre, 1985). 

Thus, melatonin injection schedules are becoming more refined, 

with the trend certainly pointing toward the goal of mimicking the 

actions of the pineal, in a pinealectomized hamster, with physiological 

administrations of melatonin. 

Another puzzling, or even paradoxical, facet of the melatonin 

story is that melatonin implants can counteract the antireproductive 

effects of short photoperiod (Hoffman, 1974), blinding (Reiter, Rudeen, 

and Vaughan, 1976b), or even afternoon melatonin injections 
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(Trakulrungsi et al., 1979a; Reiter et al., 1977). Also, a morning 

injection of melatonin can prevent an afternoon injection of melatonin 

from causing reproductive collapse (Reiter, 1981a). These antagonistic 

effects of exogenously administered melatonin may eventually be ex

plained in terms of melatonin regulating its own receptor ("down regula

tion") (Reiter, 1981a), or it may be some other pharmacological 

phenomenon. A third possibility is that these observations may elluci

date a currently unkown biological mechanism of pineal melatonin action. 

Wurtman, Axelrod, and Potter (1964) showed that sytemically 

administered 3H-melatonin was concentrated in the hypothalamus 

(especially the suprachiasmatic nucleus), hippocampus, anterior pitui

tary, gonads, reproductive tract, in addition to the pineal itself. 

This widespread distribution, based on uptake, makes it difficult to 

postulate a "site of action" for melatonin. Attempts at characteriza

tion of melatonin receptors have yielded equivocal results, most likely 

because of the lack of an appropriate high-affinity ligand (Tamarkin, 

Baird, and Almeida, 1985). 

Any discussion of "pineal melatonin" is incomplete without men

tioning that melatonin, and other indoles, can also be found in the 

Harderian gland (an accessory lacrimal gland) and retina of mammals. 

Comparing the circadian synthetic activity of HIOMT in the formation of 

melatonin and 5-methoxytryptophol in the male Syrian hamster, P~et et 

al. (1981) concluded that the synthesis of these methoxyindoles is 

always higher in the retinae and Harderian glands than in the pineal, 

except at the end of the dark period, when a peak of melatonin synthesis 
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is evident for only the pineal gland. They also saw organ-specific 

patterns of circadian methoxyindole synthesis~ Indole metabolism in the 

Hardirian gland and retina is also discussed by Ba1emans (1981) who 

concludes that data on the indo1eamine interactions among the pineal, 

Harderian gland, and retina are too sparse to permit conclusions. The 

main point about extra-pineal sites of melatonin and other indole syn

thesis is, simply, that they exist ~nd can produce amounts of these 

indo1es comparable to those found in the pineal. A corollary is that 

pinea1ectomy does not remove all melatonin from the system in mammals, 

although the nature of the regulation of the melatonin which remains is 

unknown. 

Polypeptides. Compared to pineal indole research, practically 

every aspect of pineal peptide research has additional difficulties in 

isolating, chemically identifying, and biologically characterizing 

potential pineal hormones. As reviewed recently by Vaughan (1984), 

there has been a practical (though not necessarily biological) bias 

against pineal peptide explanations for the antigonadotropic effects of 

the pineal. While the structures of certain pineal peptides are known, 

others have been isolated only by a variety of tedious extraction and 

purification methods which, even when successful, result in small quan

tities of substances, which must then be tested using bioassays for 

pineal-related -- usually antigonadotropic -- properties. The appro

priateness of the bioassays offers yet another forum for dispute, 

especially since small quantities of the isolated material prevent the 



"shotgun" approach used by melatonin researchers in the initial stages 

of defining the role of this indole in animals. 
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The starting material for these extraction procedures is 

obviously pineal glands, but their functional state, and thus peptide 

consituents, may differ according to species, sex, reproductive status, 

nutritional status, time of day, time of year, or perhaps method of 

slaughter and tissue preservation. 

Thus, even if a peptide-containing fraction is isolated and 

shown unequivocally to have antireproductive effects, there is a long 

chain of potential controversy associated with each of these fractions. 

Even for pineal peptides which have been defined chemically, and a 

radioimmunoassay and bioassay is available, e.g., arginine vasotocin, 

controversy still exists about whether the pineal in fact contains this 

peptide hormone or an argenine vasotocin-like molecule. 

Simply stated, it is far easier to think about melatonin as 

"the" important pineal hormone than it is to do so about pineal pep

tides. Biological systems have not, however, evolved to make themsel ves 

easier for humans to think about. Thus, although there is considerable 

evidence for an important role for melatonin in the seasonal control of 

reproduction, the complexities of pineal peptide research must not be a 

deterrant to fully considering the evidence for their possible role in 

this regard. 

Certain peptides (threonylserinlylysine (TSL), pineal anti

gonadotropin (PAG), and arginine vasotocin (AVT» are said to appear 

only in the pineal (Vaughan, 1984), although AVT is a neurohypophysial 
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hormone of certain nonmammalian species. Other putative pineal peptides 

can also be located in other parts of the body (vasopressin (AVP), 

oxytocin (OXT), melanocyte-inhibiting factor (MIF-l), alpha-melanocyte 

stimulating hormone (alpha-MSH), beta-endorphin, thyrotropin-releasing 

hormone (TRH), luteinizing hormone-releasing hormone (LHRH) , angiotensin 

II, vasoactive intestinal peptide (VIP), and somatostatin. Blask, 

Vaughan, and Reiter (1983) list several unidentified polypeptides and/or 

proteins, from crude or partially-purified pineal extracts, which 

include: anestrine, anovulin, epithalium, Al and A3 fractions, sheep UM

OSR fraction, and ES peptide (See Blask et al., 1983 for references to 

pineal peptides and fractions not specifically discussed below. Most of 

the following discussion is based on the recent review of pineal pep

tides by Vaughan, 1984). 

AVT is often presented as an important pineal peptide which has 

been chemically characterized and found to have reproductive effects. 

Typical of the controversy which often surrounds pineal peptide 

research, however, much ink was spilled and research resources spent on 

an aspect of this hormone that is taken for granted for melatonin, i.e., 

whether AVT actually exists in the pineal at all. While the details of 

the controversy are presented by Vaughan (1984), it can be summarized by 

noting that discrepancies among the findings of bioassay, radioimmuno

assay, and high-pressure liquid chromatography followed by postcolumn 

sensitive radioimmunoassay, have been resolved, apparently, by resear

chers who took seriously the notion that the pineal was involved in 

seasonal reproductive changes. Prechel, Audhya, Schlesinger (1983) 
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found that there was a 2SD-fold seasonal variation in rat and hamster 

pineal AVT content, the implication being that previous failures to find 

the hormone in the pineal were due to sampling at the wrong time of the 

year. That this finding may be repeated for other pineal hormones is 

both the hope and the curse of pineal peptide research. 

AVT has been injected into mice, rabbits, dogs, rats, and ham

sters in quantities ranging from femtograms (injected into the third 

ventricle of the brain) to micrograms and has produced changes in such 

reproductive indices as testis, ventral prostate, uterine, and ovarian 

weights, circulating levels of prolactin and luteinizing hormone, and 

the ability of LHRH to release luteinizing hormone (Vaughan, 1984). 

These effects of AVT are generally inhibitory to reproductive competence 

but stimulatory effects are known. In fact most in vitro studies on the 

ability of AVT to alter the release of anterior pituitary hormones have 

demonstrated a progonadal, rather than the expected antigonadal, effect 

(Vaughan and Blask, 1978). For example, microgram concentrations of AVT 

stimulate the secretion of luteinizing hormone and prolactin from both 

rat and hamster anterior pituitary glands during a short-term incubation 

(Blask, Vaughan, and Reiter, 1982). AVT also increases the ability of 

LHRH to release luteinizing hormone (Vaughan et al., 1976b), although an 

opposite effect (Brout, Sartin, and Orts, 1978), or even lack of an 

effect (Demoulin et al., 1977) of AVT is also reported for this phenome-

non. 

While the exact physiological role, if any, of AVT in regulating 

pineal-mediated reproductive changes is unknown, it must be conceeded 



that (1) AVT is present in the pineal, and (2) AVT can alter reproduc

tive parameters both in vivo and in vitro. 
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AVP and OXT, along with their axon-transporting neurophysin, 

have also been demonstrated in the pineal gland. It has been proposed 

that these hormones, along with AVT, are intracellular regulators of the 

rate-limiting enyzme of melatonin synthesis, NAT, and participate in the 

rapid inactivation of this enzyme in the pineal with the onset of light 

(Vaughan, 1984). 

In addition to AVT, AVP, and OXT, the chemical structure of 

another pineal peptide, TSL, is also known. Isolated and sequenced by 

Orts et al. (1980), TSL is thought to act via some FSH-related mechanism 

since it is able to block compensatory ovarian hypertrophy (COH), and 

can delay an LHRH-induced surge of FSH in male rats. TSL injections 

reduced pituitary prolactin concentrations in the male rat after an 

acute treatment in vivo, although it stimulated secretion of prolactin 

from a clonal cell line (Vaughan, 1984). 

TRH-like immuno- or bio-activity has been demonstrated in the 

pineal glands of several species, although it has been reported by 

Youngblood, Humm, and Kizer (1979) that the "immunoreacti ve-TRH" is 

really a complex mixture of TRH-like substances and little actual TRH. 

Thus, the structure of these substances must be determined before a 

biological role can be investigated since synthetic TRH is apparently 

not appropriate, due to structural dissimilarity to the actual pineal 

TRH-like substances. 



23 

MIF-1 (Pro-Leu-GLy-NH2), identical in sequence with the carboxy

terminal tripeptide of OXT, suppresses MSH release from the pituitary 

but its level in the pineal is not affected by hypophysectomy, constant 

light, or constant darkness. It is not known if MIF-1 is synthesized 

in, or merely taken up by, ,the pineal. 

Alpha-MSH, beta-endorphin, and adrenocorticotropic hormone 

(ACTH), all members of the proopiomelanocortin family, have been detec

ted in the rat pineal by radioimmunoassay or immunocytochemcial 

techniques. Concentrations of a pineal alpha-MSH-like compound demon

strate a circadian rhythm, with peak levels occuring during darkness, 

just prior to the onset of light. Interestingly, neither hypophysec

tomy, superior cervical ganglionectomy, or arcuate nucleus lesions in 

the hypothalamus (a major source of MSH in the brain) had any effect on 

this rhythm of alpha-MSH content in the pineal. It has been suggested 

that the alpha-MSH rhythm modulates the pineal melatonin rhythm 

(O'Donohue et al., 1980). 

An LHRH-like peptide is also reported for the pineal gland, 

although it is probably not identical to the hypothalamic decapeptide. 

It is reported to undergo cyclic alterations in not only concentration 

within the pineal gland, but also in its molecular weight, having a 

molecular weight of 60,000 in May-June and 2,000 in January-February. 

Benson et al. (1983) localized LHRH-like activity in bovine pineal 

extracts which stimulated luteinizing hormone release from estrogen

progesterone primed male rats in vitro. 
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The enzyme renin, which cleaves Angiotensin I from its prohor

mone substarate alpha-2-globulin, is found in, the pineal of many 

mammalian species. In the pineal, Angiotensin I is converted to Angio

tensin II by a pineal converting enzyme which exhibits a circadian 

rhythm in activity. This converting enzyme appears to be under tonic 

sympathetic inhibition, since superior cervical ganglionectomy or con

stant light increases its activity, while the beta-agonist isoproterenol 

can suppress the increase caused by superior cervical ganglionectomy. 

The role of Angiontensin II in the pineal m~y be to restrict pineal 

blood flow, via its vasoconstrictive properties. It may also enhace 

trans synaptic norepinephrine release from sympathetic nerve endings in 

the pineal since it accelerates the synthesis of catecholamine in adre

nergic nerves, facilitates release, and inhibits reuptake. There is 

evidence that the pineal can also affect mineralocorticoid secretion, 

which is greatly affected by Angiotensin II produced mainly in blood as 

it flows through the lungs, the general circulation, and the kidney (See 

Vaughan, 1984, for references). 

If one wishes to speculate about the possible connections among 

this seemingly puzzling array of related pineal mechanisms, a provoca

tive paper by Hoffman (1982) may be valuable as a heuristic device. 

With regard to Syrian hamsters, Hoffman asks if we really know whether 

or not these highly photosensitive animals estivate, that is, undergo 

long periods of inactivity (torpor) in the hot dry summer months, when, 

it can be argued, reproduction is as disadvantageous as in the winter 

months. With no additional pineal-mediated mechanisms invoked, the long 
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days of summer would inhibit the antigonadotropic effects of the pineal, 

while the short days of winter would stimulate reproductive collapse, 

according to the classic view. 

A (highly speculative) scenario may be constructed, however, to 

provide a pineal-mediated mechanism of reproductive collapse during the 

long days of summer in the Syrian hamster: During the hot summer 

months, dehydration and sodium depletion cause the release of renin, 

which cleaves Angiotensin I from alpha-2-globulin. The long days of 

summer cause a relative increase in the activity of the enzyme which 

converts Angiotensin I to Angiotensin II, while the animal ~ exposed to 

daylight. When animals retreat into the darkness of burrows, and/or 

during the night, the increased levels of Angiotensin II enhance the 

effects of darkness on the pineal via the sympathetic nervous system, 

since Angiotensin II accelerates catecholamine synthesis in adrenergic 

nerves, facilitates release, and inhibits reuptake. Thus, enhanced 

release of an antigonadotropic pineal hormone (melatonin ?), or some 

other antigonadotropic activity of the pineal stimulated by the sympa

thetic nervous system, may inhibit reproductive function, even during 

days of long photoperiod, under conditions of dehydration and salt loss. 

Again, this scenario is highly speculative but it might be useful as a 

starting point for viewing the possible role of the pineal renin

angiotensin system in reproduction and water balance. 

Another promising non-indolic pineal antigonadotropic factor 

(PAG) has been described (Benson and Ebels, 1981). With it, Benson and 

coworkers were able to inhibit the postcastration rise in serum 
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luteinizing hormone, delay vaginal opening time, inhibit compensatory 

ovarian hypertrophy, and reduce the incidence of vaginal estrus in mice. 

Interestingly, a highly purified PAG was able to reduce serum luteini

zing hormone and prolactin, and significantly increase hypothalamic 

dopamine synthesis (Benson et a1., 1983). A further evaluation of this 

factor awaits its availability in quantities and an elucidation of its 

chemical nature. 

To summarize pineal peptide research, it is certain that the 

pineal contains hormone and hormone-like peptides, and that many of 

these peptides have demonstrated reproductive consequences when exogen

ously administered, in vitro and/or in vivo. The nagging question, 

however, is whether or not these peptides are released from (or possibly 

act within) the pineal under physiological conditions to affect repro

duction. While this question remains valid, pineal peptide research 

continues to make an important contribution to pineal hormone research. 

It forces an ongoing reevaluation of pineal physiology dogma by pains

takingly dissecting the gland's non-indolic components and testing their 

reproductive effects. 

Prolactin Gene Induction, mRNA Levels, 

Synthesis, Storage, and Secretion 

In most experiments involving prolactin, changes in the circula

ting level (or media concentrations) of this pituitary hormone are 

measured, usually via radioimmunoassay. Reports of pituitary levels of 

prolactin are probably next in frequency, while those measuring prolac

tin synthesis, prolactin mRNA levels, or prolactin gene induction are 
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comparatively rare, especially the latter two. For prolactin gene 

induction and mRNA levels, the obvious reason is that the recombinant 

DNA techniques have only been widely available in the last 5 years or 

so. While techniques for measuring prolactin synthesis have been avail

able for a considerably ·longer period, an additional in vitro incubation 

of pituitary tissue is involved. 

For these "historical" and practical reasons, one could argue 

that prolactin research has been skewed in favor of equating changes in 

circulating levels of prolactin with changes in prolactin regulation. 

It can be argued that changes in circulating prolactin is but one mani

festation of the effects of prolactin regulatory factors on prolactin 

cell activity. Put simply, the effects of prolactin can be studied by 

noting changes in prolactin target tissue coincident with changes in 

circulating prolactin. A thorough study of the regulation of prolactin 

itself, however, should include the measurement of other indices of 

prolactin cell activity, such as prolactin gene induction, prolactin 

mRNA levels, and prolactin synthesis. 

With specific regard to pineal-mediated effects of long-term 

light deprivation on prolactin regulation, treatments have often been 

carried out for several weeks or even months in order to produce changes 

in reproductive organ weights and circulating, or pituitary prolactin 

levels. These studies (which will be discussed in detail in the next 

section for the Syrian hamster) are valid and necessary for establishing 

overall correlations of reproductive changes with changing hormone 

levels. However, these long-term changes have often been used to 



hypothesize about the short-term changes in neuroendocrine mechanisms 

which might affect prolactin cell activity. 
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In this section, neuroendocrine factors will be outlined which 

are believed to affect prolactin gene induction, prolactin messenger RNA 

levels, prolactin synthesis, prolactin storage, and prolactin release. 

Specific putative pineal-mediated effects on prolactin cell activity 

will be discussed in detail in the next section. 

Prolactin Gene Evolution 

Prolactin, and growth hormone are considered to be members of a 

family of polypeptide hormones that are related by function, immuno

chemistry, and structure (Bern, 1983; Nicoll, White, and Leung, 1980). 

The structural similarities are seen in the polypeptide sequence of 

these hormones, in their primary nucleotide sequences (Miller and 

Eberhardt, 1983), and also in the arrangement of the coding (exons), 

noncoding (introns), and regulatory regions of their respective genes 

(Cooke et a1., 1980; 1981; Cooke, 1983). Based on the amino acid 

sequence similarity for prolactin and growth hormone among cattle, rats, 

and humans (about 20% similarity between prolactin and growth hormone 

for each species), and based on assumptions about the rate of amino acid 

substitution during evolution, it has been suggested that growth hormone 

and prolactin genes diverged from a common form more than 350 million 

years ago (Miller and Eberhardt, 1983). These authors suggest that this 

independent calculation is consistent with the observation that all 

vertebrates have both hormones in their pituitaries and that, based on 



fossil evidence, amphibians diverged from fish about 400 million years 

ago. 
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In a seminar at the University of Arizona in February of 1986, 

Charles Nicoll said that there have been, by his count, over 100 repor

ted effects ascribed to prolactin, which involve osmoregulation, growth 

and/or development, metabolism, reproduction, or ectodermal (integu

mental) processes. These have been reported for fishes, amphibians, 

birds, reptiles, and mammals (Nicoll, 1980). 

Prolactin Cell Ontogeny 

The classical view of the origin of the anterior pituitary 

(which contains the prolactin cells) is that its analage, Rathke's 

pouch, arises as a diverticulum of the stomodeum and is therefore com

posed of oral ectoderm. Interestingly, this view has been challenged 

recently. Based on studies of avian embryos, evidence suggests that the 

progenitors of the hormonal cells that line Rathke's pouch originate in 

the ventral neural ridges, a region of the primitive neural tube which 

also gives rise to the diencephalon and pineal gland (Takor Takor and 

Pearse, 1975). If this evidence is correct, the hypothalamus, anterior 

pituitary, and pineal may be common derivatives of neuroectoderm from 

the ventral neural ridges (See Gluckman, Grumbach, and Kaplan, 1981 for 

additional references.) 

The recent report by Schachter et al. (1984) that prolactin mRNA 

exists in the rat hypothalamus, along with the obvious fact that prolac

tin is synthesized in the anterior pituitary, leaves the pineal as the 
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only member of the postulated neural tube trio which has not been repor

ted to synthesize prolactin. 

The Portal Circulation of the Pituitary 

Hypothalamic factors and non-hypothalamic factors which influ

ence prolactin cell activity reach the anterior pituitary through its 

blood supply. The only nerves to be found are vasomotor fibers, which 

are not thought to be a significant factor is controlling the release of 

hormones, compared to the actions of specific releasing and inhibiting 

factors (Flerkb, 1980). 

The hypophysial portal system proper is composed of a capillary 

bed in the median eminence consisting of a series of loops into which 

hypothalamic neurosecretory factors are released. These loops gather to 

form several long portal vessels of the anterior pituitary and then 

ramify to form sinusoids which surround the hormone-producing cells. 

The median eminence capillary loops are supplied by the superior hypo

physial arteries (Flerk~ 1980). According to Page and Bergland (1977) 

the venous drainage of the anterior lobe sinusoids does not have many 

distinct channels, compared to the abundant venous drainage of the 

neurohypophysis. These authors suggest that blood could flow in either 

direction through the short portal vessels connecting the adeno- and 

neuro-hypophysis thus providing (1) venous drainage for the adenohypo

physis, (2) a route for the "short feedback" loop from the anterior 

pituitary to the hypothalamus via the continuous capillary network in 

the neurohypophysis which links up with the capillary loops of the 

median eminence, and (3) a route whereby neurohypophysial hormones 
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(arginine vasopressin and oxytocin) could reach the hormone-producing 

cells of the anterior pituitary. With regard to prolactin cell acti-

vity, it should be noted that removal of the posterior pituitary induced 

rapid brief elevations of systemic prolactin, although the authors of 

this study suggest that this was due to the removal of dopamine, which 

is found in high concentrations in the posterior pituitary (Froehlich, . 
Ben-Jonathan, and Neill, 1984). 

The main conclusion of recent research on pituitary vasculature 

is that the stereotypical view of unidirectional blood flow through the 

portal systems is no longer tenable. This "modern" conclusion would 

probably be amusing to the Hungarian, Torok, who reached a similar 

conclusion based on a dye-tracing study more than 30 years ago (See 

Flerko, 1980, for references). 

Control of Prolactin Cell Activity 

Dopamine. Dopamine is widely considered to be the primary tonic 

inhibitor of prolactin cell activity. Dopamine nerve terminals can be 

seen in the external layer of the median eminance and dopamine cell 

bodies belonging to the ventral dopamine system are found mostly in the 

arcuate nucleus of the hypothalamus. The nerve terminals are believed 

to neurosecrete dopamine directly into the capillary loops of the portal 

system found in the median eminence. Dopamine may gain access to pro-

lactin cells via the long portal vasculature of the anterior pituitary 

or, based on the work of Froehlich et al., 1984), possibly via the short 

portal vessel s. 
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High affinity dopamine receptors are found in the adenohypo

physis (Foord et al., 1983), primarily on prolactin cells (Goldsmith, 

Cronin, and Weiner, 1979), and their amount is known to change with 

estrogen treatment (Bression et al., 1983) and during the estrous cycle 

(Pasqualini et al., 1984). After binding to this membrane receptor, 

dopamine is internalized into the prolactin cell (Rosenzweig and Kanwar, 

1982) and can be found in association with prolactin secretory granules 

(Nansel, Gudelsky, and Porter, 1979). 

The intracellular mechanism of action of dopamine is thought to 

involve cyclic nucleotides since dopamine binding inhibits adenylate 

cyclase activity and decreases cAMP in prolactin cells. The inhibitory 

effects of dopamine agonists can be counteracted by adding monobutyryl 

cAMP, a cAMP derivative (See Seo, 1985 for references). 

Direct inhibition of prolactin gene transcription in dispersed 

pituitary cells by the dopamine agonist ergocryptine was reported by 

Maurer (1981) using the nuclear "run off" assay for newly synthesized 

prolactin mRNA. In this assay, nuclei from treated and control cells 

are isolated and permitted to elongate mRNA chains in the presence of 

32P-uridine triphosphate. The labeled mRNA is probed for the presence 

of prolactin mRNA sequences via hybridization with the cDNA probe con

taining the rat prolactin gene, pPRL-l, which is immobilized on special 

filter paper (Maurer, 1981). 

In addition to measuring newly synthesized prolactin mRNA in the 

nucleus, levels of prolactin mRNA can also be measured in the nucleus 

and/or cytoplasm. After prolactin gene transcription occurs, as takes 
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place in all eukaryotic cells, additional processing of the primary RNA 

transcript in the nucleus is carried out. This processing of the pro

lactin RNA includes (I) "splicing" together the exons, (2) "capping" the 

5' end, (3) poly-adenylating the 3' end, and (4) methylation of internal 

adenyl ate residues (Nevins 1983). Measuring prolactin mRNA levels 

invol ves placing the unlabeled sample containing the prolactin mRNA on 

the special filter paper, and radiolabeling the probe to which it is 

hybridized (i.e., 32p-PPRL-l). The amount of "hybridization" (between 

probe and target mRNA complimentary base pairs) is determined by the 

amount of radioactivity that does not wash off the filter paper, which 

is an indication of the amount of probable mRNA present. 

With this in mind, the additional findings of Maurer (i980b) can 

be more easily understood. In addition to an inhibition of prolactin 

synthesis, he found that the dopamine agonist ergocryptine also inhi

bited the accumulation of prolactin mRNA (i.e., prolactin mRNA levels) 

in monolayer cultures of dispersed pituitary cells. A similar finding 

has been reported by Brocas et al. (1981), who treated male rats in vivo 

with 2-bromoergocryptine and noted that prolactin synthesis and prolac

tin mRNA level,s were depressed, but that growth hormone synthesis and 

growth hormone mRNA levels were not affected. 

Several studies have demonstrated the ability of dopamine and 

its agonists to greatly inhibit prolactin secretion under a variety of 

conditions (~facLeod, Fontham, Lehmeyer, 1970; Birge et al., 1970; Caron 

et al., 1978; Blask and Orstead, 1986). Degradation of prolactin by 

dopamine agonists has been invoked both as a cause and as a result of 



this inhibition of release. Lysosomal destruction of prolactin

containing.secretory vesicles in lactating rats, which were separated 

from their suckling young and thus deprived of prolactin releasing 

stimulus, are described by Smith and Farquhar (1966). Degradation of 

prolactin in dispersed pituitary cells treated in vitro with dopamine 

agonist has been reported ·(Dannies and Rudnick, 1980; Maurer, 1980a). 

Maurer suggests that this degradative mechanism is involved in the 

removal of excess prolactin, which accumulates in the pituitary when 

prolactin secretion is inhibited. 
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The preceding brief analysis of the actions of dopamine on 

prolactin cell activity must be regarded as a rather "generic" view, 

based largely on studies in the rat. In the Syrian hamster, the role of 

dopamine in the regulation of prolactin may not be the same as in the 

rat. 

High and low affinity dopamine binding sites have been reported 

on male hamster pituitaries (Burns, Leadem, and Benson, 1985), and the 

dopamine receptor antagonist pimozide can block the inhibitory effects 

of dopamine on prolactin synthesis in female hamster pituitaries 

(Orstead, 1984, Doctoral Dissertation). 

Injections of the dopamine agonist bromocryptine can reduce 

serum prolactin levels in both male (Stroud, Noden, and Whitsett, 1985) 

and female (Borer et al., 1983) Syrian hamsters, although a caveat for 

each study is in order. In the male study, bromocryptine was adminis

tered for 18-25 days starting when the aminal was 10 days of age, thus 

adverse developmental effects on prolactin cells may have taken place, 
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rather than merely an acute effect on prolactin release. In the female 

study, all of the animals which received bromocryptine (4 weeks of 

injections) were exposed to short photoperiod for 12 weeks before injec

tions began, and during the injection period. Short photoperiod 

(5L:19D), in the male hamster at least, has been shown to sensitize the 

incubated pituitaries to the inhibiory effects of dopamine in vitro 

(Steger et al., 1983). Thus, questions still remain about the acute 

effects of dopamine agonist injections on serum prolactin in intact 

Syrian hamsters. 

While Steger et al. (1983) failed to see an inhibitory effect of 

of dopamine on prolactin release in vitro, in long photoperiod (14L:I0D) 

exposed male hamsters, Blask and Orstead (1986), using 5 times the 

concentration of dopamine (i.e., 5 X IO-7 M) and doubling the incubation 

time (4 hours for the latter study), saw a 77% inhibition of release for 

newly synthesized (3H_) prolactin and a 71% inhibition of immunoassay

able prolactin compared to controls. Surprisingly, however, no differ

ence in total prolactin synthesis was seen as a result of dopamine 

treatment. Blask and Orstead (1986) compare their results in male 

hamsters with those found in the rat, where a decline in both the 

release of newly synthesized prolactin and total prolactin synthesis 

takes place (MacLeod and Lehmeyer, 1972). They suggest that the hamster 

may be "the only mammalian species studied thus far in which an inhibi

tory effect of [dopamine] on [prolactin] release occurs in the absence 

of an inhibitory effect on synthesis." Thus, there is evidence for 

dopamine having different effects on prolactin regulation in the 
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hamster, at least compared to the rat, although the comparability of the 

data must be examined. For example, while the cited dopamine study in 

the rat used females, the hamster experiment of Blask and Orstead (1986) 

used males. Also, while the accumulation of 3H-prolactin is linear in 

both the incubated pituitary and media in untreated hamster pituitaries 

over the 4 hour incubation (Blask and Orstead, 1986), it is linear over 

the same time period only in the dopamine treated rat pituitaries 

(MacLeod and Lehmeyer, 1972); in the untreated rat pituitary in vitro, 

the accumulation of 3H-prolactin within the gland reaches a maximum 

after about two hours, while that in the media continues to increase. 

Prolactin cell activity is thought to be under tonic inhibitory 

control in the Syrian hamster because pituitary homografts transplanted 

under the kidney capsule secrete large amounts of prolactin, both in the 

male (Bartke et al., 1978; Steger et al., 1985) and in the female (Borer 

et al., 1983). The role of the hypothalamus in this tonic inhibition of 

prolactin was studied by Orstead and Blask (1985). Stalk-median emi

nence homogenates from untreated female hamsters were found to inhibit 

prolactin synthesis in incubated hemipituitaries from untreated females. 

No differences in immunoassayable prolactin were seen by this treatment. 

The interpretation of these results is uncertain, however, in light of 

the finding that cerebral cortical extracts from the temporal lobe of 

intact female hamsters had the same effect as the stalk-median eminence 

homongenates on prolactin synthesis and immunoreactive levels of prolac

tin (Orstead, 1983, Doctoral Dissertation). The ability of 



non-hypothalamic brain regions to suppress anterior pituitary hormone 

secretion has been reported (Vale et al., 1974). 
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Gamma-Amino-Butyric Acid (GABA). As reviewed recently by De 

Greef and van der Schoot (1985), GABA has also been found to inhibit 

prolactin release, although much less information is available compared 

to dopamine. Based mainly on studies in the rat, GABA is synthesized in 

the brain, can be released by electrical stimulation of the median 

eminence, is found in high concentrations in portal blood, and binds to 

specific sites on the pituitary to inhibit prolactin release. A central 

action of GABA to stimulate prolactin release has been suggested, 

perhaps via an interaction with tuberoinfundibular dopamine neurons. 

Thyrotropin Releasing Hormone (TRH). TRH is a tripeptide which 

has been found in high concentrations in the parvicellular neurons of 

the anterior, medial, and periventricular portions of the paraventri

cular nucleus, which is thought to be the source for TRH fibers that 

terminate on the portal capillaries of the median eminence (Zimmerman 

and Nilaver, 1984). 

According to a review by Vale, River, and Brown (1977), TRH is a 

potent stimulator of prolactin in most mammalian species investigated. 

In the rat, however, TRH has only minor effects on the release of 

prolactin from normal pituitaries both in vivo and in vitro (See Vale et 

al., 1977, for references). Acute injections of TRH alone in the lacta

ting rat have no effect on prolactin release (De Greef and Visser, ~981; 

Fagin and Neill, 1981; Plotsky and Neill, 1982), and in one study an 
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injection of TRH was shown to release thyroid stimulating hormone (TSH) 

but not prolactin (Riskind, Millard, and Martin, 1984). 

In the male hamster, a single injection of TRH is reported to 

result in increased serum thyroxin (T4) and prolactin after two hours 

(Vaughan et al., 1984). In the same study, serum thyroid-stimulating 

hormone (TSH) was also increased by a single injection of TRH, but at 30 

minutes after injection. Thus, in the male hamster, TRH is effective in 

releasing prolactin in vivo. 

The reputation for TRH being a well established releaser of 

prolactin in the rat is due mainly to the demonstrated ability of this 

hypothalamic hormone to release prolactin from, GH3 cells, a clonal line 

of estrogen-induced rat pituitary tumor cells (Tashjian and Hoyt, 1972). 

In order to see an effect of TRH on prolactin release in GH3 cells the 

cells must be exposed to the hormone for about 24 hours. Also in GH3 

cells, TRH has been shown to stimulate prolactin synthesis (Yajima and 

Saito, 1983), raise prolactin mRNA levels (White and Bancroft, 1983), 

and stimulate transcription of the prolactin gene (Murdoch et al., 

1983). In this last study, prolactin gene transcription was stimulated 

in a matter of minutes, as measured by the nuclear "run off" assay. 

TRH induction of prolactin gene regulation in GH3 has become, in fact, a 

major model for understanding the general processes involved in the 

induction of a gene by a polypeptide hormone (See Bancroft et al., 1985, 

and Murdoch, Evans, and Rosenfeld, 1985, for reviews). 

It has also been shown in GH3 cells that, while TRH increases 

prolactin mRNA sequences, growth hormone mRNA sequences are decreased 
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(Evans, David, and Rosenfeld, 1978). The same reciprocal response of 

prolactin and growth hormone to TRH in GH3 cells was seen in media 

levels of these hormones, with prolactin being increased and growth 

hormone decreased (Tashjian and Hoyt, 1972). Interestingly, calcium 

alone has been shown to increase prolactin synthesis and mRNA levels in 

GH3 cells, but growth hormone is reported not to be affected by calcium 

(White, Bauerle, and Bancroft, 1981). These reciprocal changes in 

prolactin and growth hormone may have a common explanation. Boockfor, 

Hoeffler, and Frawley (1985) have reported that TRH can cause GH3 cells 

to shift in the proportion of cells which produce prolactin, thus the 

possibility is raised that TRH can induce the prolactin gene in cells 

which had previously produced growth hormone. This possible intercon

version of prolactin and growth hormone cells is interesting in light of 

another report from this research group that, in neonatal rats, pro

lactin secreting cells can also release growth hormone (Hoeffler, 

Boockfor, and Frawley, 1985). 

TRH also caused an increase in spontaneous calcium action poten

tials in GH3 cells (Kidokoro, 1975). 

While GH3 cells definitely respond to TRH, their origin as an 

estrogen-induced tumor cell line must be remembered before results 

obtained in cell culture can be transferred to the in vivo system. 

There is evidence that important characteristics of these cells have 

been transformed. For example, dopamine regulation appears to be defec

tive (Cheung, Melmed, and Braunstein, 1983). 
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Vasoactive Intestinal Peptide (VIP). VIP is a 28 residue pep-

tide that is found in nerve terminals of the hypothalamus, among other 

areas of the brain and other tissues (e.g., the pineal; see M~ller et 

al., 1985). It has been detected in hypophysial portal blood, and has 

been shown to stimulate prolactin secretion both in vitro and in vivo 

(For general references see Carrillo, Pool, and Sharp, 1985). VIP has 

also been shown to increase prolactin mRNA levels in GH3 cells after a 

25 hour incubation (Carrillo et al., 1985). 

Arginine Vasotocin (AVT). AVT is a neurohypophysial hormone of 

non-mammalian vertebrates, while AVP and OXT are released from the 

neurohypophysis of mammals. In addition, recent research has modified 

this classical view of these nonapeptides to include the possibility 

that AVT can also be found in the neurohypophysis of mammalian fetuses 

and, as has been discussed above, the mammalian pineal (Prechel et al., 

1983, and see Vaughan and Blask, 1978, for additional references). 

Thus, a discussion of the effects of AVT on prolactin cell activity in 

mammals is in order. 

One of the most interesting and controversial findings about the 

regulation of prolactin by AVT was reported by Pavel, Calb, and 

Georgescu (1975). Using the pigeon crop-sac bioassay for prolactin, 

they found that 0.0001 picogram of AVT injected into the third ventricle 
. 

of the brain could effectively suppress increased pituitary prolactin 

levels caused by pinealectomy in the mouse. If the AVT was given 

directly into the pituitary, it had no effect. 
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In another in vivo study, Kesner, Padmanabhan, and Convey (1981) 

found that repeated AVT injections (0.7 mg every 2 hours for 22 hours) 

in dairy cows could block an increase in serum prolactin induced by an 

injection of estrogen. 

AVT injected either into the third ventricle or intravenously in 

ovariectomized conscious rats lowered plasma levels of prolactin 

(Vijayan, Samson, and McCann 1983). In ovariectomized rats which had 

received estrogen and progesterone, intravenous AVT injections (at 10 X 

the dose of the previous study) increased serum prolactin and had no 

effect on pituitary levels of prolactin (Minato et al., 1983). In the 

same study, AVT injections also raised serum prolactin levels in post

partum lactating rats. In the estrogen-progesterone treated male rat, 

subcutaneous AVT injections likewise raised serum prolactin levels 

(Vaughan et al., 1976a), and did so within 10 minutes. Blask and 

Vaughan (1980) found that naloxone completely prevented an increase in 

serum prolactin caused by an injection of AVT into urethane-anesthetized 

male rats, and the same finding was reported in unanesthetized male rats 

(Blask et al., 1984b). In addition, it was found in this latter study 

that administering a dopamine agonist could also block the stimulatory 

effect of AVT on prolactin release. Thus, the method of action of AVT 

could be mediated via the endogenous opioid system along with hypotha

lamic dopamine regulation. 

Male rat pituitaries incubated with AVT for 3 hours released 

significantly more prolactin into the culture media than controls, but 

pituitaries from ovariectomized females given estrogen and progesterone 
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were unresponsive to AVT alone, although AVT combined with LHRH released 

more prolactin than LHRH alone (Vaughan et a~., 1975). AVT alone is 

also reported to have no effect on prolactin secretion in dispersed 

pituitary cells from ovariectomized female rats (Vijayan et al., 1983) 

In the male Syrian hamster, AVT stimulated the release of pro

lactin from incubated pituitaries in a dose-dependent manner (Blask et 

al., 1982). 

In a study which compared the effects of AVT, AVP, and OXT on 

the afternoon surge of prolactin seen in ovariectomized rats given 

estrogen and progesterone, it was found that AVT completely prevented 

the surge, AVP blunted and delayed it, and OXT actually augmented it 

(Salisbury, Krieg, and Seibel, 1980). With regard to AVT, these 

findings seemingly conflict with those of Minato et al. (1983), who 

found that AVT increased serum prolactin levels in ovariectomized rats 

primed with estrogen and progesterone, although the smallest effective 

dose in the study of Minato and colleagues (100 ug) was 100 times higher 

than that used by Salisbury's group. Another difference between the two 

studies is that while the animals used by Minato et al. (1983) were 

lightly anesthetized with ether at the time of injection, those used by 

Salisbury et al. (1980) were unanesthetized. 

Also, the ability of AVT to prevent the surge of prolactin in 

ovariectomized rats primed with estrogen and progesterone (Salisbury et 

al., 1980) is similar to the effect seen in cows, where AVT was able to 

block an estrogen-stimulated increase in serum prolactin (Kesner et al., 

1981) • 
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To sunnnarize previous work on the :'h'i.1. ity of AVT to affect 

prolactin secretion: (1) AVT has been shown to st:lmu1ate prolactin 

secretion from both male and female rats, both in vivo and in vitro. 

(2) AVT has also been shown, however, to inhibit, have no effect on, and 

block the stimulatory effects of estrogen on, prolactin levels. (3) A 

central nervous system site of action for AVT may be indicated, since . 
naloxone and a dopamine agonist were able to reverse the stimulatory 

effect of AVT on prolactin release. Although AVT is apparently capable 

of influencing prolactin cell activity, its biological role in mediating 

prolactin regulation remains to be determined. 

Melatonin. Interpreting the role of the pineal hormone mela-

tonin in regulating prolactin cell activity in ~ is difficul t 

because, in most studies, (1) large amounts of melatonin have been 

injected over long periods of time, (2) decreases in serum or pituitary 

prolactin are accompanied by dramatic reproductive involution and, thus 

(3) melatonin may be acting via indirect mechanisms to affect prolactin 

cell activity. 

An example of the difficulties involved in interpreting the 

effects of melatonin on prolactin can be seen in the adult female Syrian 

hamster. In the gonadally intact female hamster, pituitary prolactin 

levels are significantly depressed after 8-10 weeks by blinding (Reiter 

et al., 1975b) or by afternoon melatonin injections (Trakulrungsi et 

al., 1979a), both of which also result in loss of estrous cyclicity and 

depressed uterine weights. Since the effects of blinding in causing 

reduced pituitary prolactin are usually prevented by removing the 
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pineal, this reduction in pituitary prolactin is regarded as a 

pineal-mediated event. Thus, the "rosey" interpretation is that mela

tonin injections in the afternoon mimic the effects of an "activated" 

pineal in reducing prolactin levels. Difficulties in interpreting this 

data arise, however, with the additional fact that melatonin implants 

can completely prevent the effects of blinding (Reiter et al., 1975b) or 

afternoon melatonin injections (Trakulrungsi et al.,1979a). That is, 

animals with melatonin beeswax implants have normal pituitary levels of 

prolactin regardless of whether they are additionally blinded or injec

ted with melatonin in the afternoon. Al though "down regulation" of 

melatonin receptors by melatonin has been suggested (Reiter, 1981a) to 

account for this phenomenon whereby melatonin prevents the action of 

melatonin, it is still fair to say that there is no simple explanation 

for these effects of melatonin on prolactin. 

Interestingly, no alterations in pituitary or plasma prol&ctin 

were seen after 8 weeks of treatment in ovariectomized Syrian hamsters 

given morning or afternoon melatonin injections, or afternoon melatonin 

injections along with a melatonin implant (Trakulrungsi et al., 1979b). 

Based on this study, it would appear that the ability of melatonin to 

cause reductions in pituitary and serum prolactin depends on intact 

ovaries in female hamsters. On the other hand, short photoperiod (which 

mimics many of the effects of blinding on prolactin regulation and 

general reproduction in hamsters), has been shown to depress serum 

prolactin in ovariectomized Syrian hamsters (Widmaier and Campbell, 

1981), although prevention of this effect by pinealectomy was not 
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attempted in this study. In the blind anosmic female rat, however, 

reductions in pituitary prolactin by blinding were shown to be indepen

dent of gonadal regression, and a strong (but not statistically 

significant) trend toward prevention by pinealectomy was present (Leadem 

and Blask, 1982). This digression into the pineal-mediated effects of 

photoperiod on prolactin regulation is warranted, I believe, in order to 

place in perspecitve the effects on prolactin regulation of melatonin, 

often regarded as the major pineal hormone. 

A single injection of melatonin (1.25 - 5 mg) can inhibit the 

following ovulation in the cycling rat when administered during the 

critical period (14.00-16.00 hours) on proestrus, although a 300 ug dose 

was ineffective (Ying and Greep, 1973). In the Syrian hamster; 25 ug of 

melatonin given at 16.45 hours results in acyclicity after three weeks 

of treatment if the injection is given on proestrus, but cyclicity is 

maintained for at least 5 weeks if given on diestrus (Andre and Parish, 

1979). The obvious connection of melatonin with prolactin in both of 

these studies is that acyclic hamsters or rats have lower prolactin than 

cycling animals (See, for example, Borer et al., 1983), and that melato

nin is capable of inducing acyclicity, although different paradigms are 

used. 

To summarize the effects of melatonin on prolactin in the female 

Syrian hamster, while melatonin can incduce acyclicity, which then leads 

to lower prolactin levels in the pituitary, it has not been demonstrated 

that melatonin can reduce pituitary prolactin in an acyclic or ovariec

tomized hamster. 
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In the male Syrian hamster, afternoon injections of· 25 ug of 

melatonin cause a decrease in pituitary prolactin after about 7 weeks, 

along with decreases in testicular and accessory organ weights (Tamarkin 

et al., 1976; Sackman et al., 1977). However, melatonin implants can 

prevent the depressions seen in pituitary and plasma prolactin as a 

result of blinding or short photoperiod (Reiter, Vaughan, and Waring, 

1975c; Cutty et al., 1981). Serum levels of prolactin were depressed in 

male hamsters given 25 ug of melatonin per day for 10 weeks (Blask, 

" Leadem, and Stockmeier, 1984a). 

In male rats, an injection of 25 ug of melatonin each day for 5 

weeks does not depress pituitary or serum prolacin unless the melatonin 

is combined with anosmia (Blask and Nodelman, 1979). In another study 

of male rats, a decrease in pituitary prolactin was seen if the dose was 

increased to 50 ug for the same injection regime (Blask et al., 1980). 

In the rat, melatonin's prolactin-inhibitory effects appear to be exer

ted via central mechanisms rather than a direct effect on the pituitary 

(Kamberi, Mical and Porter, 1971; Blask et al., 1976). 

There is evidence that melatonin is able to inhibit the calcium

mediated release of dopamine from incubated rat hypothalami (Zisapel and 

Laudon, 1983) and that this inhibitory capability of melatonin exhibits 

a circadian variation (Zisapel, Egozi, and Laudon, 1985). 

Prolactin Cell Activity During the Estrous Cycle 

There is a daily fluctuation in serum prolactin levels in the 

female Syrian hamster, but the largest of these peaks is the proestrous 

surge seen in the afternoon before ovulation, as determined by 
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Talamantes et a1. (1984) with a senstive homologous hamster radio

immunoassay for prolactin (Soares, Colosi, and Talamantes, 1983). 

Previous work (Bast and Greenwald, 1974) using a heterologous assay also 

revealed the proestrous surge of prolactin in the hamster, and hinted at 

the daily fluctuations reported by Talamantes. A similar proestrous 

surge of prolactin is seen in the rat (Brown-Grant, Exley, and Nafto1in, 

1970; Saunders et a1., 1976), and there is one report of a second 

prolactin surge in the rat, seen on the day of estrus (Butcher, Collins, 

and Fugo, 1974). 

Although there is no information on prolactin gene induction, 

prolactin mRNA levels, prolactin synthesis, or prolactin storage during 

the estrous cycle in the hamster, rates of prolactin synthesis during 

the cycle have been reported for the mouse and rat. 

In the mouse, Yanai et a1. (1973) found that prolactin synthesis 

was lowest on the day of estrus, peaked during metestrus and diestrus, 

and was intermediate on proestrus. The mice were killed at 09.30-10.00 

hours, and thus these results are roughly comparable to a similar study 

in the rat (time of kill: 10.00-11.00 hours), which found a peak of 

prolactin synthesis during estrus (Ieiri, Akikusa, and Yamamoto, 1971). 

These conflicting findings in the mouse and rat are surprising and, if 

substantiated, may indicate that there are species-specific differences 

in the regulation of prolactin synthesis during the estrous cycle. 

In the study by Ieiri et a1. (1971) it was also demonstrated 

that growth hormone synthesis was not different on any day of the cycle. 

This is consistent with evidence that serum levels of growth hormone do 
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not undergo a proestrous surge (Saunders et al., 1976), and that, unlike 

prolactin, growth hormone production is not stimulated by estradiol 

either in vivo (Yamamoto, Kasai, and Ieiri, 1975) or in vitro (Haug and 

Gautvik, 1978). 

In another report on prolactin synthesis in the rat during the 

estrous cycle, this time with the animals killed at 16.00-17.00 hours, 

the rate of prolactin synthesis during proestrus was similar to that of 

estrus, and both were about twice the magnitude seen during either 

metestrus or diestrus (Ieiri, Nobunaga, and Yamamoto, 1972). Thus, in 

the rat, ic would appear that prolactin synthesis increases from the 

morning to the afternoon of proestrus. 

Estrogen. Estrogen affects nearly all aspects of prolactin cell 

activity: (1) cell division, (2) morphology, (3) tumorigenesis, and (4) 

prolactin gene induction, mRNA levels, synthesis, storage, and secretion 

(Dannies, 1985). Although changes in other factors, such as dopamine 

and TRH (based on evidence from the rat; De Greef et al., 1985), or 

progesterone, may also be important for prolactin regulation during the 

estrous cycle, estradiol is regarded as a key hormone of prolactin 

regulation. 

A word of caution is in order, however, with regard to automati

cally applying to the hamster results about the effects of estrogen 

obtained in the rat. Al though nearly all of the following investiga

tions have used exogenously administered estrogen or estrogen agonists, 

this literature abounds with comments about the hamster being relatively 

less sensitive to the effects of estrogen than the rat and/or that 
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estrogen is taken up by different loci in the brains of these two 

species (Ciaccio and Lisk, 1973/74; Feder, Siegel, and Wade, 1974; 

Reiter, Blask, and Johnson, 1974; Greenwald, 1975; Krieger, Morrell, and 

Pfaff, 1976; Vito, DeBold, and Fox, 1983; Kim, Shaha, and Greenwald, 

1984; Mak and Ca11ard, J985). 

In the hamster, serum estradiol begins to in~rease late in the 

afternoon of day 2 of the 4 day estrous cycle and reaches a peak late on 

day 3 (Baranczuk and Greenwald, 1973; Saidapur and Greenwald, 1978). 

The non1utea1 ovary, especially the ovarian follicles (Makris and Ryan, 

1975), is responsible for this initial rise since an increase in estra

diol production in this tissue is seen late on day 2 (Terranova and 

Greenwald, 1978). Corpora lutea show only a minor increase in the 

production of estradiol on the morning of day 3, and even this increase, 

the authors speculate, may be due to diffusion of estradiol from antral 

follicles (Terranova and Greenwald, 1978). 

A similar serum profile for estrogen is seen during the rat 

estrous cycle (Butcher et a1., 1974). Antiserum to estradiol given for 

24 hours before the prolactin surge prevents this increase from taking 

place, and supports the idea that the estrogen surge causes, directly or 

indirectly, the prolactin surge (Neill, Freeman, and Tillson, 1971). 

~luch work has been done recently on the effects of estrogen on 

prolactin gene induction. In the female rat, it has been shown that 

occupied estradiol receptors bind selectively to a segment of the 5'

flanking region at least one ki10base upstream from the rat prolactin 

gene (Maurer, 1985). Estradiol in ovariectomized rats can stimulate the 
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transcription of the prolactin gene at least 6 hours after a 20 ug 

injection, and prolactin mRNA levels are increased after about 12 hours 

(Maurer, 1982). A recent study (in the male rat) suggests that this 

stimulation of the prolactin gene is actually biphasic, with an early 

peak seen from 30 minutes to 2.5 hours after a single estradiol injec

tion, and a second peak seen after about 6 hours which continued for 24 

hours; interestingly, inhibitors of protein synthesis were unable to 

block the first peak and completely prevented the second peak in prolac

tin gene transcription (Shull and Gorski, 1985). 

Estrogen has been shown to stimulate prolactin synthesis in 

vitro in incubated anterior pituitaries (Nicoll and Meites, 1962; Maurer 

and Gorski, 1977; Maurer, 1979), dispersed pituitary cells (Lieberman, 

Maurer, and Gorsky, 1978; Jordan and Lieberman, 1984), and GH3 cells 

(Haug and Gautvik, 1976). 

Estrogen is often said to act directly on the pituitary to 

stimulate the release of prolactin. For example, in a recent prolactin 

review, De Greef and van der Schoot (1985) cite the work of West and 

Dannies (1980) in which estrogen caused an increase in media prolactin 

from dispersed pituitary cells after 12 hours of exposure. Similar 

findings were reported for anterior pituitaries incubated for the same 

duration (Lu, Koch, and Meites, 1971). In this last cited study, 

however, although media levels of prolactin increased with exposure to 

estradiol for 12 hours, levels of prolactin in the incubated pituitaries 

were no different than controls. In other words, there was a total 

increase in prolactin as a result of estradiol administration, not just 



a simple release of prolactin. This is a reasonable interpretation in 

light of evidence already presented (above) that estradiol stimulates 

prolactin synthesis by direct action on the prolactin gene. 
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The pertinent question is whether estrogen can cause an increase 

in prolactin release in vitro via a mechanism other than stimulation of 

prolactin synthesis. While this might be a nugatory point, many authors 

appear to cite the literature as if a separate releasing function of 

estrogen has been established. For example, Lu et a1. (1971) cite 

Ratner, Ta1wa1ker, and Meites (1963) as evidence for estrogen stimula

ting pituitary prolactin release in vitro. Actually, Ratner et a1. 

(1963) injected ~ with estrogen, or vehicle, and then compared the 

release of prolactin from their pituitaries in vitro. The rats which 

received estrogen injections (for 6 days) obviously had more prolactin 

to release, due to an increase in prolactin synthesis, after their 

pituitaries were freed from hypothalamic inhibition. This is not 

evidence for a direct effect of estrogen to release prolactin. Although 

pertinent studies may exist, it is difficult to find one expounding a 

reputed releasing effect of estrogen on prolactin that cannot be 

explained by increases in prolactin synthesis (Nicoll and Meites, 1962; 

Ratner et a1., 1963; Lu et a1., 1971; Haug and Gautvik, 1976; West and 

Dannies, 1980). On the other hand, it may be incorrect to view secre

tion and synthesis in prolactin cells as separate phenomena, since their 

is evidence that physically preventing the release of prolactin by the 

microtubule-disrupting drug vinb1asine can cause a decrease in prolactin 

synthesis (Ponsin, Rousset, and Mornex, 1982). 
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There is increasing evidence that hypothalamic dopamine is 

heavily involved in the regulation of prolactin secretion (Reymond and 

Porter, 1985), that estradiol has potent antidopaminergic activity both 

in vivo and in vitro (Raymond, Beaulieu, and Labrie, 1978; Ferland et 

al., 1979; Labrie et al., 1980; Gudelsky, Nansel, and Porter, 1981), and 

that species differences might exist between primates and rodents in the 

effects of estrogen on the pituitary sensitivity to dopamine (Lamberts, 

1985). Dopamine in hypophysial portal blood is reported to be lowest on 

-proestrus in the rat, (Ben-Jonathan et al., 1977), and to decrease 

during a surge of prolactin stimulated by estrogen in ovariectomized 

rats (De Greef et al., 1985). 

There is evidence that estrogen stimulates the release of dopa

mine in the female rat, and this stimulation, rather than an inhibition 

by androgen, accounts for the observation that females during diestrus 

have 7 times more dopamine in stalk plasma than males (Gudelsky and 

Porter, 1981). 

In the rat, electrolytic lesions of the medial preoptic 

area/suprachiasmatic nucleus and ventromedial hypothalamic nuclei pre

vented estrogen from inducing afternoon prolactin surges in ovariecto

mized animals (Pan and Gala, 1985a). Implants of estrogen in the medial 

preoptic area could mimic the effects of a systemic injection of estro

gen in inducing the prolactin surge in ovariectomized rats, but implants 

of estrogen were ineffective in this regard in the suprachiasmatic 

nucleus, anterior pituitary, or cerebral cortex (Pan and Gala, 1985b). 



The authors of a recent report claim to have characterized estrogen 

receptors in the hamster brain (Mak and Ca11ard, 1985). 
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The opiate antagonist naloxone is reported to be ineffective in 

altering prolactin or follicle-stimulating hormone secretion on any of 

several timepoints during each day of the estrous cycle in the rat, 

although dramatic alterations in luteinizing hormone levels are seen 

(Piva et a1., 1985). Conversely, Johnson and Crowley (1984) provide 

evidence that estrogen may stimulate prolactin secretion in vivo by 

acting on endogenous opiod systems that increase serotonergic activity 

in projections to the medial preoptic nucleus. In this study, the 

opiate receptor blocker nalmetrene in ovariectomized rats was able to 

block an estradiol benzoate-induced increase in serum prolactin and 

serotonin turnover in the medial preoptic nucleus and the ventromedial 

nucleus of the hypothalamus. Thus, there is evidence for and against 

the opiate system playing a role in prolactin secretion. 

Progesterone. As in most mammals, the follicular phase of the 

hamster estrous cycle is dominated by estrogen production, while the 

luteal phase is dominated by the secretion of progesterone (Saidapur and 

Greenwald, 1978). The interactions between progesterone and prolactin 

are more complex than is the case for estrogen, and are concerned with 

events both during the estrous cycle and during the initial stages of 

pregnancy. 

During the (day 2 to day 3) shift from the predominance of 

progesterone secretion during the luteal phase to the predominance of 

estrogen during the follicular phase in the hamster, there is a 
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transient increase in serum gonadotropins (LH, FSH, and prolactin) 

(Terranova and Greenwald, 1978). The role of the ovarian steroids in 

this increase is uncertain, however, since their serum levels appear to 

change at the same time as the gonadotropins. 

Interestingly, if 10 ug of progesterone is injected at three 

times (09.00, 12.00, and 15.00 hours) on day 3 of the cycle in the 

hamster, a transient increase in serum prolactin is seen at 19.00 hours 

compared to vehicle injected animals (Greenwald, 1982). Thus, at least 

in this injection paradigm, progesterone stimulated prolactin secretion. 

In the ovariectomized rat, it was found that progesterone had no 

effect on prolactin secretion, either 4 hours after a 2 mg injection, or 

after 2 mg of progesterone per day for 3 days (Caligaris, Astrada, and 

Taleisnik, 1974). In ovariectomized rats that had been primed with 

estrogen, however, progesterone injections could elicit an increase in 

serum prolactin if measured in the morning, and a decrease if measured 

in the afternoon. Thus, an inhibitory and a stimulatory effect of 

progesterone on prolactin was seen in the rat (Caligaris et al., 1974). 

In nearly all mammalian species studied, including the hamster 

(Leavitt and Blaha, 1970), progesterone is essential for blastocyst 

implantation and the mainentance of early pregnancy (See Sauer, 1979, 

for references for other mammals). The corpus luteum in both the rat 

and hamster continue to produce progesterone for about 2 days during the 

estrous cycle unless "rescued" by either cervical stimulation or an 

injection of prolactin (Harris and ~lurphy, 1981; Harris, Murphy, and 

Grinwich, 1981; Gunnet and Freeman, 1983). 
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In the rat, lesions of the medial preoptic nucleus of the hypo

thalamus result in prolactin surges similar to those seen during pseudo

pregnancy, which can be induced by mechanical stimulation of the cervix 

(Gunnet and Freeman, 1984). In the hamster, prolactin has been shown to 

be a necessary luteotrophin during early pseudopregnancy and that, in 

its absence, luteolysis follows, along with the loss ,of progesterone 

(Harris and Murphy, 1981). Thus, in the female Syrian hamster, a major 

potential point of control in successful reproduction is the ability of 

prolactin to be released after cervical stimulation during coitus, since 

this is apparently essential for continued progesterone production from 

the corpus luteum, and for successful implantation and early pregnancy. 

TRH. In the rat, there is a three-fold increase in the binding 

of 3H- TRH to pituitary tissue during proestrus, suggesting an increase 

in the number of TRH receptors during this period. In the same report, 

injections of TRH substantially increased plasma prolactin only on the 

afternoon of proestrus, whereas thyroid stimulating hormone levels in 

the plasma were increased by TRH injections in the morning or afternoon 

of any day of the cycle (De L~n et al., 1977). These findings suggest 

that there is an increase in the ability of TRH to release prolactin 

during the afternoon of proestrus. 

The Pineal Gland, 

Prolactin Regulation, and Reproduction in the Hamster 

The remainder of this overview of the literature will narrowly 

focus on the reproductive and methodological issues which apply directly 



to my reseach on the Syrian Hamster (Mesocricetus auratus), which will 

be referred to as "hamster" for the remainder of this discussion. 
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It is well established that the hamster is a photosensitive 

species with regard to reproductive function. If either male or female 

hamsters see less than about 12.5 hours of light per day for 4-12 weeks 

they become reproductively incapacitated. The testes and accessory sex 

organs of males are reduced in size and sperm production is impaired. 

Females cease to have estrous cycles, and thus ovulation does not take 

place. 

Reproductive collapse ensues under these lighting conditions 

(i.e., from zero to 12.5 hours of light per day) whether the animals see 

a restricted photoperiod produced (1) by artificial lights, (2) as a 

result of naturally diminished periods of sunlight during the winter 

months, or (3) by removing the eyes (blinding). The pineal gland, via 

its connections to the nervous system,is thought to mediate the effects 

of restricted photoperiod on reproduction because, with few exceptions 

(discussed at length, below), these anti-reproductive effects of 

restricted light exposure can be prevented by (1) removing the pineal, 

(2) cutting the sympathetic nerves to the pineal, (3) removing the 

sympathetic ganglia which give rise to these nerves, (4) cutting the 

connections between the central nervous system and these particular 

ganglia, or"(5) lesioning the suprachiasmatic nucleus of the hypothamus, 

which receives monosynaptic nerve fibers from the retina. Cutting the 

optic nerve is equivalent to blinding since, in both cases, no photic 

information reaches the brain. 
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Even with an intact pineal gland, a light-restricted hamster 

which has undergone reproductive collapse, and continues to see less 

than 12.5 hours of light per day, will eventually regain reproductive 

function. This phenomenon is called "spontaneous recrudescence" and has 

been likened to a "fail-safe" device for the species, in that the neuro

endocrine system that controls reproduction eventually becomes insensi

tive to the anti-gonadal effects of pineal-mediated light deprivation. 

All of the statements in thepreceeding three paragraphs are 

supported by extensive basic research, which has been exhaustively 

reviewed (Reiter, 1980a; 1981a; 1984; Goldman and Darrow, 1983) and 

which is thought by some to have clinical implications (Pres lock, i984; 

Blask, 1984; Erlich et a1., 1985). 

With regard to blinding (bilateral enucleation), versus placing 

hamsters in natural or artificial short photoperiod, it is worth men

tioning that unilateral enucleation (removing one eye) does not result 

in testicular regression (Reiter, 1967) or decreases in uterine weight 

associated with acyclicity (Reiter, Hoffman, and Hestor, 1966) in ani

mals placed in a long (14L:10D) photoperiod. In addition to these 

unilateral enucleation experiments, the fact that pinealectomy combined 

with blinding is reported to prevent the reproductive collapse asso

ciated with blinding alone is further evidence that gonadal regression 

and acyclicity are not the result of the surgical trauma of the blinding 

procedure. 

With regard to the relationship of the pineal gland to prolactin 

regulation there are, in my opinion, two very separate issues: (1) How 



58 

is prolactin cell activity regulated by changes in the photoperiod which 

are mediated by the pineal gland? (2) What role does prolactin itself 

play in the regulation of reproduction under conditions of pineal

mediated light restriction? The remainder of this literature overview 

is concerned primarily with the first issue, for both male and female 

hamsters, although the second issue will be reviewed briefly for both 

the male and female hamster. 

For the female hamster, research will be presented which con

cerns some aspect of the interactions among: (1) light deprivation, (2) 

estrous cyclicity, and (3) prolactin cell activity. 

For the male hamster, research will be presented on the earliest 

light deprivation induced changes in (1) prolactin cell activity, and 

(2) hypothalamic function which has a bearing on prolactin cell acti

vity. 

The Female Hamster 

Light Deprivation, Ovariectomy, and Prolactin. In ovariecto

mized female hamsters, it has been shown that short photoperiod can 

reduce serum and pituitary levels of prolactin (Widmaier and Campbell, 

1981; Hauser and Benson, 1986). Widmaier and Campbell (1981) were the 

first to report that serum prolactin in the female hamster is reduced, 

beyond the decrease caused by ovariectomy alone (Reiter et al., 1974), 

by four weeks of exposure to short photoperiod (6L:18D). Using anti-rat 

prolactin as the first antibody, and serum from lactating hamsters to 

construct the standard curve, they also measured radioimmunoasayable 

(RIA) prolactin in the serum over a 24 hour span in long photoperiod 



59 

(16L:8D) cycling females on the day of metestrus (day 2), and in acyclic 

short photoperiod (6L:18D) exposed females. While the acyclic females 

had uniformly depressed, nearly undetectable, levels of prolactin in the 

serum, the cycling females on metestrus showed a significant diurnal 

variation in serum prolactin. 

This pattern for the cycling females is similar the findings of 

Talamantes et a1. (1984) who used a homologous hamster RIA (anti-hamster 

prolactin first antibody, and the secreted form of hamster prolactin for 

the standard curve). This diurnal variation in serum prolactin was 

tentatively suggested for the female hamster by the findings of Bast and 

Greenwald (1974), (who used anti-rat prolactin first antibody, and rat 

prolactin for their standard curve), although their data were not con

clusive. 

The finding of Widmaier and Campbell (1981) that serum prolactin 

can be reduced by short photoperiod in ovariectomized female hamsters -

an ovary-independent effect of short photoperiod on serum prolactin -

has been repeated in an inbred strain of hamsters by Hauser and Benson 

(1986), who used the homologous hamster RIA of Talamantes et a1., 

(1984). In addition, Hauser and Benson (1986) were the first to report 

a similar ovary-independent effect of about 4 weeks of short photoperiod 

(8L:16D) on pituitary levels of prolactin; they found that pituitary 

prolactin was depressed by about 75% by short photoperiod in ovari

ectomized hamsters, compared to ovariectomy alone. 

While these studies have shown that short photoperiod can cause 

reductions in serum and pituitary prolactin even in ovariectomized 
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hamsters, short photoperiod was not combined with pinealectomy in either 

study. Therefore, the effect of pinealectom~ in preventing the effects 

of light deprivation in ovariectomized hamsters, and thus the extent of 

pineal involvement in this phenomenon, has not been examined. 

Although a digression, it is interesting to again note the 

findings of Trakulrungsi et ale (1979b), who reported that melatonin 

given via morning injections, afternoon injections, afternoon injections 

plus a melatonin implant, or a melatonin implant alone, failed to signi

ficantly affect serum prolactin levels after 8 weeks of treatment in 

female hamsters. Pituitary prolactin levels were likewise not signifi

cantly affected, although a close examination of the data shows an 

interesting (but not statistically significant) trend for afternoon 

melatonin injections to depress pituitary prolactin, and for afternoon 

melatonin injections combined with a melatonin implant to prevent this 

depression. 

Despite this suggestion, however, the current status on the 

effect of melatonin on prolactin regulation in ovariectomized hamsters 

is that, unlike short photoperiod, melatonin does not not affect pitui

tary or serum prolactin. It should be noted, however, that Traku1rungsi 

et a1. (1979b) used for their prolactin RIA anti-rat prolactin antisera 

for their first antibody, and aliquots of standard hamster anterior 

pituitary (SHAP) for the standard curve (after Donofrio et a1., 

1973/74), and this prolactin RIA may be less sensitive than one which 

uses anti-hamster prolactin antisera. Also, new melatonin injection 

paradigms that are effective in depressing some aspect of reproduction 
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are constantly being reported (e.g., Watson-Whitmyre (1985), for the 

male hamster) and thus the timing and/or amount of the injections used 

by Trakulrungsi et al. (1979b) may not have been appropriate to induce 

depressions in prolactin in ovariectomized animals; on the other hand, 

the same injection schedule after 10 weeks was effective in reducing 

pituitary prolactin, but not plasma prolactin, in non-ovariectomized 

hamsters, although this reduction in pituitary prolactin accompanied the 

loss of estrous cyclicity (Trakulrungsi et al., 1979a). 

In the ovariectomized rat, eight weeks of blinding combined with 

anosmia (due to olfactory bulb removal, which sensitizes the rat to the 

effects of blinding; see Leadem and Blask, 1981), decreases pituitary 

prolactin levels (Leadem and B1ask, 1982), which is similar to the 

findings of Hauser and Benson (1986) for the hamster after four weeks of 

treatment. Leadem and B1ask (1982) included a blind/anosmic group that 

was also pinea1ectomized, and found that there was a substantial (though 

not statistically significant) prevention of the depression caused by 

blinding and anosmia. Prolactin synthesis (incorporation of 3H-leucine 

into newly synthesized prolactin) followed a nearly identical pattern to 

that of pituitary levels of prolactin in this study. 

Unlike the depressed serum prolactin after short photoperiod in 

the ovariectomized hamster (Widmaier and Campbell, 1981; Hauser and 

Benson, 1986), however, serum prolactin in the ovariectomized rat was 

not affected by blinding and anosmia, whether or not these treatments 

were combined with pinealectomy (Lead em and B1ask, 1982). The authors 

speculate that serum prolactin in the ovariectomized rat may be 
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further inhibitory effects of light deprivation. 
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To summarize research on the effects of light deprivation on 

prolactin regulation in the ovariectomized hamster, serum and pituitary 

prolactin is reported to be reduced after about four weeks of treatment. 

Effects of light deprivation on prolactin cell activity in the ovariec

tomized hamster which have not been investigated include alterations in: 

(1) the secretion of RIA-prolactin from the pituitary in vitro, (2) the 

synthesis of prolactin and the extent of release of newly synthesized 

prolactin in vitro., and (3) levels of prolactin messenger RNA, or other 

indices of prolactin gene induction. In addtion, no research has been 

reported concerning the extent to which an intact pineal gland is 

necessary to mediate the effects of light deprivation on prolactin cell 

activity in the ovariectomized hamster. Thus, additional work is needed 

in the hamster to fully delineate the time course and control mechanisms 

of this ovary-independent effect of light deprivation on prolactin. 

Light Deprivation, Estrous Cyclicity, and Prolactin. In all but 

a few studies (cited above), female hamsters with intact ovaries have 

been used to investigate the effects of short photoperiod or blinding on 

prolactin cell activity and general reproductive function. Obviously, 

the loss of estrous cyclicity after light deprivation could not be 

studied otherwise. The estrous cycle, however, is a factor which com

plicates interpretations about effects of light deprivaion on prolactin 

regulation, since, as has been discussed, serum prolactin levels in the 

hamster fluctuate daily during the estrous cycle (Widmaier and Campbell, 



1981; Talamantes et a1., 1984). Also, based on studies in the mouse 

(Yanai et a1., 1973) and the rat (Ieiri et a1., 1971; 1972) prolactin 

synthesis may also fluctuate during the estrous cycle. However, no 

studies, of which I am aware, have reported on the synthesis, storage, 

and in vitro release of prolactin during the estrous cycle in the ham-

ster. 
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In light of the above findings, in addition to the observation 

that ovariectomy alone causes drastic decreases in pituitary and serum 

prolactin (Reiter et a1., 1974), prolactin regulation in the hamster is 

most likely affected by both the stage of the estrous cycle (in cycling 

animals) and the amount of time since acy1city ensued (in acyclic ani

mals). Thus, a discussion of the time course of the loss of estrous 

cyclicity after light deprivation is in order. 

As can be seen in Table 1, this time course is quite variable, 

although Hauser and Benson (1986) report that their inbred strain 

(LSH/SsLak) is more uniform in its response to short photoperiod than 

outbred strains (cf. Albers, Moline, and Moore-Ede, 1984). 

Using the method of Orsini (1961), the appearance of a copious 

vaginal exudate is noted on the day of ovulation (estrus, or day 1 of 

the four day cycle), and an animal is usually considered acyclic if two 

such exudates do not appear on schedule. Most of the authors listed in 

Table 1 used this criteria. Hauser and Benson (1986), however, appear 

to have used missing ~ expected exudate as their criteria for acyc1i

city. Their animals were then immediately ovariectomized and thus it is 

impossible to say if they would also have met the more stringent 



Table 1. Studies reporting information on the time course of loss of 
estrous cyclicity after light deprivation in the Syrian hamster. 

Light Percent 
Exposure Acyclic 

Blind (75)a 

Blind 100 

OL: 24D 100 

6L: 18D 100 

6L: 18D 100 

8L: 16D 100 

8L: 16D 70 

10L:14D 65 

lOL: 14D 100 

10L: 14D 100 

lOL: 14D 100 

10L:14D 85 

Number of Approximate 
Animals Timecourse 

(days) 

28 25-60 

5 18-62 

29 39 + 6c 

36 by 49 

10 33 + 2c 

26 14-34 

79 40-91 

14 

15 

19 

25? 

13 

28-56 

by 56 

by 42 

14-42 

Reference 

Sorrentino & Reiter (1970) 

Bittman & Zucker (1977) 

Kumar et al. (1982) 

Albers et al. (1984) 

Stetson & Hamilton (1981) 

Hauser & Benson (1986)b 

Borer et al. (1983) 

Borer et al. (1983) 

Bridges & Goldman (1975) 

Bittman & Goldman (1979) 

Goldman & Brown (1979) 

Seegal & Goldman (1975) 

All of the above studies used the appearance of a copious vaginal 
exudate as an indicator of estrous cyclicity, except for the study of 
Sorrentino and Reiter (1970), in which the cytology of the smears was 
examined for cells typically seen on estrus (after Kent, 1968). 

aRather than animals, this is the percent decrease in "vaginal smears 
which contained both oval and elongate nucleated cells (estrous 
smears)." (Sorrentino an~ Reiter, 1970) 

bAn inbred strain of hamsters was used in this study. 

cMEAN + SEM of the number of days until animals became acyclic. 
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criterion of missing two vaginal exudates. Thus, their claim that the 

time course of acyclicity in the inbred strain is earlier and more uni

form in its response to short photoperiod deserves further study. 

The only comprehensive study of the time course of acyclicity 

due to blinding is that of Sorrentino and Reiter (1970), although com

parison with other st~dies is difficult because these authors used as 

their as their criterion for cyclicity the more sensitive method of 

daily examination of vaginal smear cytology for the cell types typically 

found on estrus (Kent, 1968). The problem of comparison arises because, 

unlike the other reports in Table 1, the cyclic state of each animal was 

not reported by Sorrentino and Reiter (1970). Basically, their method 

was based on the assumption that, since estrous smears should only be 

found on one of the four days of the cycle, the percentage of estrous to 

nonestrous smears (25% if all animals are cycling) is an indication of 

cyclic status of the group. 

The study by Sorrentino and Reiter (1970) is also important 

because it is the only long-term investigation of the effects of blin

ding combined with pinealectom~ in l1hich the cyclic state of each 

animal was recorded daily by examining the cytology of estrous smears. 

All other longterm studies have used uterine weights, which decrease in 

acyclic hamsters, as the criterion for monitoring cyclicity. 

In the work of Sorrentino and Reiter (1970) two groups of female 

hamsters were used, and each group consisted of intact, blind, and 

blind/pinealectomized animals. Estrous cycles in the first group were 

monitored for 1-60 days after treatment. After about 25-36 days, fewer 
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estrous smears are noted in the blinded group than in either the intact 

or the blind/pinealectomized groups; and afte,r 60 days, only 6% of the 

vaginal smears from the blinded group were typical estrous smears, 

compared with 25% for the intact group. For the blind/pinealectomized 

group, 22% of the vaginal smears were typical of estrus. Although the 

authors state that "[c]ycles of blinded-pinealectomized hamsters never 

varied from those of normal hamsters" it cannot be determined from the 

data or the discussion if there were blind/pinealectomized animals in 

this group (or the other 7-11 week group, discussed below) that had 

become acyclic. Statistically, the blind/pinealectomized smears that 

were estrous (22 + 1%) were not different from the intact group (25 + 

0%), but cyclicity is an "all or none" event and it would have been 

interesting to know the cyclic state of each animal. 

Another observation is that, while ovarian and uterine weights 

were not statistically different between the blind/pinealectomized and 

intact groups, the standard error in the former group was 13 times that 

of the latter for ovarian weight and over twice as high for uterine 

weight. Pituitary weights were significantly 25% higher in the 

blind/pinealectomized group than in the intact controls. However, these 

differences in organ weight parameters were not seen in subsequent 

similar studies (Donofrio et al., 1973/74; Reiter and Johnson 1974a; 

1974b; Reiter et a1., 1975b). 

Vaginal histology was also followed daily (but from only 49-77 

days after treatment) in a second group of females, separate from the 

one just described, which also was composed of intact, blind, and 
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blind/pinealectomized animals. Is interesting to note that, during the 

49-60 day period, the blind/pinealectomized group had 31 + 6% estrous

type vaginal smears compared to 22 + 1% for the intact group. During 

the 61-72 day time point after treatment, the former dropped to 22 + 2%, 

meaning that in the blind/pinealectomized group, after about 8.5-10 

weeks of treatment, there was a drop of about 30% in ,the number of 

estrous smears. 

Although by no means the only explanation, one plausible inter

pretation of this data is that, after about 7-8.5 weeks of treatment, 

the blind/pinealectomized hamster experiences irregular estrous cycles 

(31 + 6% estrous type smears) and then, by 8.5-10 weeks, some animals 

become acyclic (estrous type smears decrease from 31 + 6% to 22 ~ 2%). 

Just as the time course for acyclicity due to light deprivation is vari

able, this postulated phenomenon in the blind/pinealectomized females 

may also be variable in its time course. 

Thus, when closely examined, this valuable study of Sorrentino 

and Reiter (1970) may reveal subtle but possibly important differences 

in cyclicity between blind/pinealectomized and intact female hamsters. 

In another long-term study of blinding in the female hamster, however, 

few differences were seen between blind/pinealectomized and intact 

groups during a period of 60 weeks after treatment, although periodic 

uterine weights, rather than examination of vaginal smear cytology, was 

the criterion used to monitor the estrous cyclic state (Reiter, 1969). 

In the blinded group in this study, dramatically reduced uterine 

weights, indicative of acyclic state, were seen after approximately 
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35-50 days after treatment. The finding of similar uterine weights in 

both intact and blind/pinealectomized females seems to be a death blow 

to the alternative explanation of the data of Sorrentino and Reiter 

(1970), offered above. Two relevant rebuttals may be offered, however: 

(1) Reiter (1969) does not include a time point between the 10 and 20 

week time points and, thus, it is difficult to evaluate the effect noted 

in Sorrentino and Reiter (1970), and (2) It is assumed that uterine 

weights under these conditions (blinding and pinealectomy) respond only 

to differences in the estrous cycle and not other factors. On this 

second point, there are reports in the literature that increased prolac

tin levels in female hamsters are associated with increased uterine 

weights, whether the prolactin is increased by lactation (Donofrio et 

aI, 1973/74), by repeated injections of ovine prolactin (Joseph and 

Meier, 1974), or by pituitary homografts (Borer et al., 1983). Are 

prolactin levels increased in blind/pinealectomized female hamsters 

after 8-10 weeks of treatment? This question, along with above 

prolactin/uterine weight studies will be discussed shortly. 

In another study, in which hamsters were exposed to a short 

photoperiod produced by naturally reduced periods of sunlight during the 

winter months, reductions in uterine weights, similar to those seen 

after blinding (Reiter, 1969), were seen by about 50 days, and these 

reductions were prevented by pinealectomy, (Reiter, 1974). Again, 

uterine weights were used to determine the time course of cyclicty. 

Derived from the above discussion, the following generalities 

can be made about the estrous cycle, light deprivation, and pineal 
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manipulations: (1) By at least 8 weeks after the initiation of light 

deprivation (by blinding, exposure to natural or artificial short photo

periods) nearly all hamsters will be acyclic. (2) If light deprivation 

is combined with pinealectomy, most evidence pOints toward a prevention 

of acyclicty from taking place. (3) Specifically concerning blinding 

combined with pinealectomy, there is only one study (Sorrentino and 

Reiter, 1970) which directly examines the time course of effects on 

cyclicity; from 1-8 weeks, and then 7-11 weeks, after treatment. A 

close examination of the data from this study may indicate (but by no 

means conclusively proves) that differences might exist between intact 

and blind/pinealectomized females under certain conditions. 

With this in mind, it is interesting to note that after 8-10 

weeks of treatment, circulating prolactin levels in blinded female 

hamsters are not significantly different from intact controls (Donofrio 

et al., 1973/74; Reiter and Johnson 1974a; 1974b; Reiter et al. 1975b), 

although tendencies toward depression which do not achieve statistical 

significance are evident in each of these studies. After eight weeks of 

short photoperiod (IL:23D), serum prolactin levels are depressed by 

about 50%, but the statistical significance is not reported for this 

comparison (Reiter, 1975). 

In all of these studies, uterine weights are significantly lower 

in light-deprived animals compared to intact. The consistent (but not 

statistically significant) depression in serum prolactin after about 8-

10 weeks of blinding might indicate: (1) There is in fact no difference 

in serum prolactin, (2) There is a difference in phasing of rhythms of 
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prolactin release that is not seen due to blood collection at a single 

time pOint, (3) The heterologous assay used to measure the serum prolac

tin is not sensitive to these initial changes. Additional research is 

needed to choose among these, and possibly other, alternative explana

tions. 

After 12 weeks of blinding, serum prolactin in female hamsters 

tends to be depressed (about 50% of intacts), but statistical signifi

cance was not achieved in this study, possibly because the heterologous 

hamster RIA was used in this case (Orstead, 1984, Doctoral Disserta

tion). In a similar 12 week study, using the homologous hamster assay 

to measure serum prolactin, circulating prolactin was significantly 

depressed by blinding (33% of intacts) (Orstead, 1984, Doctoral Disser

tation). 

After li weeks of blinding, serum prolactin is reported to be 

reduced by more than 90% in female hamsters (Blask et al., 1986). While 

all of the preceding studies (except the second study of Orstead, 1984, 

Doctoral Dissertation) used a heterologous RIA for hamster prolactin 

(anti-rat prolactin first antibody, and SHAP or a hamster serum pool for 

the standard curve, after Donofrio et al., 1973/74) others have con

firmed, with a homologous hamster RIA, that 15 weeks of light 

deprivation (by 10L:14D short photoperiod) results in a similar dramatic 

reduction in serum prolactin in the female hamster (Borer, Kelch, and 

Corley, 1982; Borer et al., 1983). Thus, in these 14-15 week studies at 

least, both the heterologous and the homologous prolactin immunoassays 

agree that serum prolactin is depressed after light deprivation. 
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While there were no significnt differences in the 8-10 week 

blinding studies to be "prevented" by pinealectomy, it is nonetheless 

interesting to note a peculiar phenomenon: In three of the four 

studies, blinding combined with pinealectomy resulted in an apparent 

(not statistically significant) overshoot in serum prolactin compared to 

intact controls. The average blind/pinealectomized group value was 

134%, 148%, and 179%, of their respecitive intact controls (Donofrio et 

a1., 1973/74; Reiter et al., 1975b; Reiter and Johnson, 1974b), while in 

one study, on the other hand, it was only about 84% of the control 

(Reiter and Johnson, 1974a). 

In two different 12 week studies of blinding and blinding com

bined with pinealectomy in the female hamster, Orstead (1984, Doctoral 

Dissertation) found that serum prolactin in the blind/pinealectomized 

group was 123% of intact controls in one experiment and the standard 

error was over twice that of the intact group. Although the average 

serum prolactin values in the blind/pinealectomized group were about the 

same as the intact group in the second experiment, the standard error 

was over 2.5 times that of the intact group in this latter study. It 

should be recalled that the first study used the heterologous hamster 

prolactin RIA, while the second used the homologous assay. 

Unfortunately, in this second 12 week study, neither the cyclic 

state nor uterine weights of the treated or untreated female hamsters 

were reported, and thus the relationship of these parameters to prolac

tin levels cannot be evaluated. 
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In the first 12 week study, it is interesting to note that, 

while the average uterine weight in the blind(pinealectomized group was 

not different than in the intact group, the standard error of the former 

was over 2.5 times greater than the latter, and that this is correlated 

with trends toward higher average serum levels of prolactin, and exager-

rated standard errors, in the blind/pinealectomized group. With regard 

to the state of estrous cyclicity of the hamsters in this first study, 

the author states the following: 

Beginning approximately two weeks prior to sacrifice, animals 
were examined daily for the presence (or absence) of post
ovulatory vaginal discharge according to the methods of Orsini 
[1961]. During the 12th week, animals exhibiting regular four
day estrous cycles were killed on diestrus (Day 3 of the cycle), 
while acyclic (blind and blind/sham) animals were randomly 
sacrificed during the same week. (Orstead, 1984, Doctoral 
Dissertation, p. 79) 

The claim that all animals except the blind and blind/sham groups were 

cycling regularly is based on about two weeks of monitoring cycles by 

the vaginal dischage method just before sacrifice in animals which, 

apparently, were not previously monitored. 

A similar serum prolactin "overshoot" phenomenon, suggested 

above for the blind/pinealectomized female hamster, is sometimes seen in 

the blind/anosmic/pinealectomized female rat after 8 weeks of treatment, 

since serum prolactin levels are over 250% of control values and the 

standard error of the mean is also greatly increased (Leadem and Blask, 

1981). In a similar study, while the serum levels are about the same 

for the two groups, the standard error of the blind/anosmic/pinealecto-

mized group is double that of the intact group (Leadem and Blask, 1982). 
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If increased serum prolactin levels or alterations in its 

release in blind/pinealectomized female hamsters (and possibly in the 

corresponding rat model) is indeed a real phenomenon, this may have 

implications for attempting to explain the following observations for 

blind/pinealectomized female hamsters after about 8-12 weeks of treat

ment. (1) Their uterine weights appear to be normal (although increased 

variability is sometimes noted). (2) Irregularities in estrous cycli

city may be evident (perhaps in Sorrentino and Reiter, 1970), although 

detailed records of estrous cyclicity are usually not reported. 

Although the application of the following data to the 

blind/pinealectomized female hamster (treated for 8-12 weeks) is highly 

speculative, an argument can be made that increased circulating prolac

tin ~ associated with both increased uterine weights and ~ dissruption 

of estrous cyclicity. The following data tend to support this hypo

thesis: 

Joseph and Meier (1974) have shown that if cycling hamsters are 

injected with ovine prolactin, (100 ug/animal/injection) at 02.00 hours 

each day for 8 days, cycles become irregular (based on vaginal smear 

histology and the appearance of vaginal exudates) and then cease. This 

same injection schedule results in increased uterine weights in these 

animals which have stopped cycling. A potential problem with this study 

is that the authors fail to identify the source of the ovine prolactin, 

and thus its purity cannot be evaluated. Also, although all the animals 

were said to be cycling at the start of the experiment,' they were raised 

on a 12L:12D photoperiod, and thus animals were unwittingly selected for 
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being resistent to the inhibitory effects of a 12L:12D photoperiod on 

reproduction. How this would skew the outcome of the experiment cannot 

be evaluated, however. 

The work of Joseph and Meier (1974) was largely confirmed, 

however, by that of Borer et al. (1983), who used animals rais~d in a 

14L:10D photoperiod, and who raised serum prolactin levels in female 

hamsters by implanting pituitaries beneath the capsule of the kidney. 

Thus, the two main objections to Joseph and Meier (1974) appear not to 

be relevant. Borer et al. (1983) report a correlation between increased 

serum levels of prolactin, due to pituitary implants, and increased 

uterine weight in both cycling and acyclic animals. In females which 

had become acyclic due to exposure to short photoperiod, exercise was 

shown to immediately reinstate cyclicity. However, in identically 

treated females who also had higher levels of circulating prolactin due 

to pituitary grafts, the ability of exercise to return estrous cyclicity 

appears to be impaired (figure 3 of Borer et al., 1983, page 42) 

althougn, for some reason, the authors never discuss this aspect of 

their results. Thus Borer et al. (1983), using a different system than 

Joseph and Meier (1974), again corroborate the finding of increased 

serum prolactin being associated with higher uterine weights and 

impaired estrous cyclicity. Finally, Donofrio et al. (1973/74) likewise 

report an association between high serum levels of prolactin and 

increased uterine weights in female hamsters; they see this association 

in the lactating female compared to the cycling female. In the lacta

ting female, of course, the relationship between high prolactin levels 
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and an inhibition of the estrous cycle is seen most clearly. Whether 

the increases in uterine weight are of the same type seen after estrogen 

agonist injection in the hamster (Kim et a1., 1984), or possibly due to 

fluid accumulation in the uterus cannot be determined from these 

studies. 

This highly speculative connection between increased serum pro

lactin, higher (or, at least, not falling) uterine weights, and impair

ment of estrous cyclicity can only be tenuously applied at present to 

the situation in the b1ind/pinea1ectomized female hamster after 8-12 

weeks of treatment. The lower serum levels seen at 14 weeks in the 

b1ind/pinea1ectomized hamster (B1ask et a1., 1986) might not be incon

sistent with this scenario if there is, as is indicated by the'data, an 

exhaustion of prolactin stores beginning by about 8 weeks after treat

ment (see below). Thus, the following hypothesis is suggested to 

provoke discussion: After 8-10 weeks of blinding combined with pinea1-

ectomy, increases in serum prolactin are seen which lead to irregulari

ties in the estrous cycle and eventual acyc1icty. During this transi

tion, uterine weight would be expected to drop due to the lack of 

ovarian estrogen stimulation but, due to increased serum prolactin, 

uterine weight is "rescued" for a period of time until prolactin stores 

reach a critical minimum, and then a decrease in both serum prolactin 

and uterine weight would be expected unless some other compensatory 

mechanism takes effec~ 

Pituitary levels of prolactin have also been measured in intact 

female hamsters after blinding, or blinding and pineal removal. 
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Pituitary prolactin is consistently reported to be significantly 

depressed after 8-15 weeks of blinding (Donofrio et a1., 1973/74; Reiter 

and Johnson, 1974a; 1974b; Reiter et a1., 1975b; Orstead, 1984, Doctoral 

Dissertation; B1ask et a1., 1986) or short photoperiod (Reiter, 1975; 

Borer et a1., 1982; 1983). Reductions in pituitary prolactin are also 

seen after 8 weeks in the corresponding rat model of blinding (Leadem 

and Blask, 1981; 1982). 

In the studies carried out for 8-10 weeks, pinealectomy usually 

completely prevents the depressions in pituitary prolactin seen due to 

blinding (Donofrio et al., 1973/74; Reiter and Johnson, 1974a; 1974b) or 

short photoperiod exposure (Reiter, 1975). In one study, however, 8 

weeks of blinding combined with pineal removal did not completely pre

vent the decrease in pituitary prolactin seen due to blinding alone 

(Rei ter et a!., 1975 b). 

After 12 weeks of treatment, total pituitary prolactin in the 

blind/pinealectomized group of female hamsters was not significantly 

different from intact controls, although the standard error of the mean 

was over 3 times greater than in the intact group, possibly suggesting a 

difference in the pattern of prolactin storage or synthesis in the 

blind/pinealectomized group (Orstead, 1984, Doctoral Dissertation). In 

the second study in this publication, total pituitary prolactin (prolac

tin in the incubated pituitary plus the prolactin released into the 

media) was always lower in the blind/pinealectomized group than in the 

intact group over a four hour incubation, with three of the six time

points achieving statistical significance. Thus, the treatment of 12 
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not equivalent to no treatment at all (in the intact group), in this 

second study of Orstead (1984, Doctoral Dissertation). 
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In the 14 week study of Blask et al. (1986), pituitary prolactin 

in the blind/pinealectomized group was significantly higher than the 

blinded group, but was less than half that of intacts. Thus, pituitary 

prolactin in the blind/pinealectomized group was dramatically depressed 

compared to intact controls. Unfortunately, the cyclic state of these 

females was not reported, nor was their uterine weight, and thus, in 

light of the above discussion linking prolactin regulation to estrous 

cyclicity, a complete evaluation of these results has not been possible. 

In a recent personal communication (with Blask), however, the unpub

lished uterine weights were generously provided for this (Blask et al., 

1986) study, as follows: Intact (466 + 37 mg); Blind (104 + 6 mg); and 

Blind Pinealectomized (287 ~ 35 mg). When expressed in mg/100 g of body 

weight, uterine weights were as follows: Intact (284 + 22); Blind (63 + 

2); and Blind Pinealectomized (202 ~ 36). Thus, the pattern of both 

absolute and relative uterine weights seems to indicate that the Blind 

Pinealectomized group contained animals that were in a different cyclic 

status than the Intact group. Although the cyclic status of each animal 

is not known, it is likely that the intermediate uterine weights in the 

Blind Pinealectomized group signify a recent loss of estrous cyclicity 

among all or some members of this group. 

Prolactin synthesis (the incorporation of 3H-leucine into newly 

synthesized prolactin) has also been measured in the female hamster 
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after 12 weeks of blinding or blinding combined with pinea1ectomy. In 

two different studies, blinding resulted in a substantial, significant 

depression in total prolactin synthesis and, interestingly, pinea1ectomy 

was not able to prevent these effects of blinding, or did so to a very 

minor degree (Orstead, 1984, Doctoral Dissertation; Orstead and B1ask, 

1984). These two studies are the first published documentation of this 

phenomenon whereby, apparently, blinding in the presence or absence of 

the pineal results in significant declines in prolactin synthesis in the 

hamster. A similar but less complete failure of pinea1ectomy in this 

regard was reported for pituitary levels of prolactin in female hamsters 

treated for 8 weeks (Reiter et a1., 1975b). B1ask et a1. (1986) con

firmed this observation for pituitary levels of prolactin (discussed 

above) and prolactin synthesis (discussed below). Thus, the failure of 

pinea1ectomy to prevent some aspect of prolactin suppression by blinding 

in the female hamster has been documented by at least four independent 

studies. 

After 14 weeks, pituitaries from b1ind/pinea1ectomized female 

hamsters were found to synthesize significantly less prolactin than 

intact controls. The overall pattern was the same as seen for RIA 

prolactin; i.e., about a 90% decline due to blinding, with only about 

half of the intact value being achieved for the b1ind/pinea1ectomized 

group (B1ask et a!., 1986). 

Summary. After 8-12 weeks of blinding or short photoperiod 

exposure, female hamsters exhibit either significant depressions in 

serum prolactin or trends toward suppression; blinding combined with 
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pinealectomy prevent~ these declines or possibly causes an "overshoot" 

in serum prolactin beyond intact values. Pituitary levels of prolactin 

are significantly suppressed by 8-12 weeks of blinding, while pinealec

tomy is not always reported to completely prevent this decline. Prolac

tin synthesis is depressed by 12 weeks of blinding and this decline has 

never been reported to be prevented by pinealectomy in the female 

hamster. 

By 14-15 weeks after treatment, blinded or short photoperiod 

exposed female hamsters have significantly depressed serum prolactin, 

depressed pituitary levels of prolactin, and decreased rates of prolac

tin synthesis (studied in blinded animals only); after 14-15 weeks of 

blinding combined with pinealectomy these depressions are only partially 

prevented. 

In the ovariectomized hamster, light deprivation also causes a 

decrease in serum and pituitary prolactin, although the effect of 

pinealectomy on this decline has not been examined. 

Current research which needs to be done includes the following: 

There is no long-term study of prolactin regulation in the 

intact or ovariectomized blinded female hamster which has combined all 

of the following features: (1) a detailed cyclic history of the animals, 

(2) reproductive organ weights, measurements of (3) serum prolactin and 

(4) pituitary prolactin, as well as the (5) in vitro release of pitui

tary prolactin, all determined by a homologous hamster RIA, (6) in vitro 

prolactin synthesis and (7) in vitro release of newly synthesized pro

lactin, (7) prolactin mRNA levels in the pituitary, (8) pituitary weight 
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the effects of blinding. 
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Also, a short-term study in the blind ovariectomized female ham

ster which examines these features is not currently available, nor is 

one for the early effects of blinding in female hamsters which have not 

yet become acyclic. 

Finally, examining these features (except pinea1ectomy) in the 

normal cycling female hamster would provide a preliminary idea of the 

day to day dynamics of prolactin regulation which has not been artifi

cially manipulated by the things that researchers tend to do to ham-

sters. 

The Male Hamster 

Light Deprivation and Prolactin. There is little controversy 

about the fact that long-term light deprivation in the male hamster 

induces gonadal regression regardless of whether the light deprivation 

is the result of blinding (Reiter, 1969; Reiter and Johnson, 1974c; 

Reiter et a1., 1979; Matthews, Benson, and Richardson, 1978), short 

photoperiod exposure (less than about 12.5 hours of light per day) 

(Goldman et a1., 1979; Goldman, 1980), or exposure to naturally 

decreasing periods of sunlight during the winter months (Reiter, 1975b; 

Reiter, 1980b). The weight of certain accessory sex organs (seminal 

vesicles and coagulating glands) are likewise diminished by prolonged 

light deprivation (Reiter, 1969; B1ask et a1., 1979). These regressions 

in the weight of the accessory reproductive organs can be prevented if 

the pineal gland is also removed, regardless of whether the light 
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(Goldman et al., 1979), or naturally shortened periods of sunlight 

(Reiter, 1975b). 
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The minimun duration of light deprivation which is necessary to 

induce gonadal regression appears to be lengthening over the years, so 

that it appears the hamster is becoming less sensitive to the effects of 

reduced photoperiod, at least in terms of the latency to the onset of 

reproductive inactivity; the ~ of regression appears to be relatively 

constant, according to Reiter (1980a). This phenomenon has potentially 

important implications, especially if one is interested in the early 

time course of mechanisms which may underlie reproductive collapse after 

light deprivation; six weeks of blinding in 1965 appears to be a more 

potent antireproductive stimulus than six weeks of blinding in 1986. If 

all of the literature on gonadal regression in the male hamster is taken 

into account, roughly 4-12 weeks may be necessary to see a maximal 

effect of regression on testicular weights (Hoffman and Reiter, 1965 (4 

weeks) vs. Bartke et a!., 1980 (ll weeks). 

It is probably accurate to say that more is known about the 

mechanisms of light deprivation-induced reproductive collapse in the 

male hamster than in the female hamster, although the entire process is 

by no means completely understood. There are similarities and differen

ces between the two sexes in their reported hormonal reponse to light 

deprivation. 

Serum levels of follicle stimulating hormone (FSH) and lutein

izing hormone (LH) in female hamsters, which have been rendered acyclic 
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by short photoperiod exposure, display daily surges (Bridges and 

Goldman, 1975; Jorgenson and Schwartz, 1984; Seegal and Goldman, 1975; 

Bittman and Goldman, 1979), similar to the proestrous surge of LH seen 

in cycling females on proestrus (Albers et al., 1984). Ovariectomy does 

not abolish these surges (Seegal and Goldman, 1975; Hauser and Benson, 

1986). Pituitary levels of LH are elevated after blinding in the intact 

female hamster (Reiter and Johnson, 1974a; 1974b; Reiter et al., 1975b), 

but, in ovariectomized females exposed to short photoperiod, pituitary 

levels of LH and FSH are depressed (Hauser and Benson, 1986). 

Unlike intact or ovariectomized female hamsters rendered acyclic 

due to short photoperiod exposure, male hamsters do not display surges 

in LH or FSH in response to short photoperiod (Goldman and Brown, 1979; 

Albers et al., 1984). Thus, it would appear that lack of estrogen in 

the male is not the critical factor in explaining the lack of an LH 

surge. Interestingly, neonatally androgenized females also fail to show 

LH or FSH surges as short photoperiod exposed adults (Goldman and Brown, 

1979). Blood levels of LH and FSH in the light-deprived, gonadally 

regressed male are reported by some to be elevated, and by others to be 

depressed (Reiter et al., 1975b; and see Steger et al., 1985, and Bartke 

et al., 1978, for additional references). The effect of pinealectomy 

combined with light deprivation on plasma LH is equally equivocal, with 

pineal removal reported to be effective (at least during certain time 

points, according to Reiter, 1980b) or ineffective (Reiter and Johnson, 

1974c) in preventing a decline in circulating LH. 
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In contrast with the high pituitary levels of LH seen in non

ovariectomized light-deprived females, in the· male pituitary LH is 

depressed after blinding (Reiter and Johnson, 1974c; Turek et al., 

1975), and pinealectomy has been reported to be only partially effective 

in preventing the decline (Reiter and Johnson, 1974c). 

The LH- and FSH- releasing activity of medial basal hypothalamic 

extracts from intact, blind, or blind/pinealectomized male hamsters has 

been tested in vitro (Blask et aI, 1979). After 11 weeks of treatment, 

the blinded group had severely regressed testes and accessory organs, 

and these regressions were completely prevented by pinealectomy. The 

LH- and FSH- releasing ability of these hypothalamic extracts was tested 

by incubating aliquots with hemipituitaries from ovariectomized, 

estrogen-progesterone primed female rats. Interestingly, the hypothala

mic extracts from the blinded animals failed to stimulate the release of 

both LH and FSH, while the extracts from the intact animals were effec

tive in stimulating their release. Hypothalamic extracts from the 

blind/pinealectomized group were as effective as those of the intact 

group in releasing FSH. However, hypothalamic extracts from these 

blind/pinealectomized males did not induce the release of LH, and thus 

were clearly different than intact controls (which did release LH). In 

fact, those of the former group behaved more like extracts from blinded 

animals, in that they failed to stimulate LH release (Blask et a1., 

1979). The authors of this study concluded that the pineal gland may be 

able to regulate the ability of the hypothalamus to selectively release 

LH or FSH from the hamster pituitary. 
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While Blask"et al. (1979) found decreased LHRH-activity in 

light-deprived male hamster MBH extracts, Pickard and Silverman (1979) 

found that short photoperiod increased immunoreactive whole hypothalamic 

LHRH in male hamsters, while pinealectomy has been shown by others to 

prevent this effect (Jackson et al., 1985). In female hamsters, con

stant darkness is also reported to increase MBH stores of immunoassay

able LHRH, although reduced levels are reported for this releasing 

hormone in the anterior hypothalamus and preoptic areas (Kumar et al., 

1982). 

Similar to the female hamster placed in a short photoperiod or 

blinded, pituitary prolactin levels in the male are reported to be 

depressed by light deprivation caused by blinding (Reiter and Johnson, 

1974c; Matthews et al., 1978; Blask et al., 1986) or natural or artifi

cial short photoperiod (Reiter, 1980b; Reiter et al., 1975b). Pinealec

tomy is reported to completely (Reiter et al., 1980b; Blask et al., 

1986) or partially (Reiter and Johnson, 1974c) prevent this decline in 

pituitary prolactin when combined with light deprivation. 

If one is interested in the effects of prolactin in the male in 

maintaining reproductive competence, then monitoring circulating levels 

of prolactin is important. Indeed, there is evidence that the testicu

lar regression in the male hamster that is seen after light deprivation, 

with the attendant decrease in serum prolactin (Bex et al., 1978; Mat

thews et al., 1978; Orstead and Benson, 1980; Goldman et al., 1981; 

Steger et al., 1985) can be partially or completely prevented by main

taining serum levels of prolactin by either prolactin injections or 
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prolactin-secreting pituitary homografts implanted under the capsule of 

the kidney (Bartke, Smith, and Dalterio, 1979; Bex et al., 1978; 

Matthews et al., 1978; Reiter and Ferguson, 1979; Benson and Matthews, 

1980). Evidence was also reported in favor of an apparent synergism 

among prolactin, LH, and FSH, since pituitary grafts accompanied by an 

injection of LHRH (which releases LH and FSH) was more effective than 

either pituiary grafts or an injection of LHRH alone in restoring testi

cular weights in blinded hamsters (Chen and Reiter, 1980). Also, Blask 

et al. (1984a) have shown that injections of LHRH plus prolactin are 

more effective than than either hormone alone in restoring testicular 

weights which had been regressed by blinding, although the effect is 

reported to be additive rather than synergistic. Accessory organ 

weights and serum prolactin and LH levels, all depressed by 10 weeks of 

blinding, did not respond to any scheme of hormone injection attempted 

in this study (Blask et al., 1984a). 

A firm connection between prolactin and LH was established with 

the report that circulating prolactin levels regulate the binding of LH 

to the testis, in that decreases in LH binding due to short photoperiod 

could be prevented by prolactin injections; prolactin was thus shown to 

be capable of increasing the number of LH receptors (Bex and Bartke, 

1977). This finding also provided a mechanism whereby increased prolac

tin also was shown to elevate testosterone levels and stimulate testicu

lar growth (Bartke, Croft, and Dalterio, 1975; Bartke et al., 1978). 

Thus, in the male hamster, there is abundant evidence that 

sufficient levels of circulating prolactin are necessary to maintain LH 
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receptors on the androgen-producing Leydig cells of the testis. Since 

LH binding to these receptors stimulates androgen production and, along 

with FSH, maintains testicular funcion, then the reduction in serum 

prolactin seen with light deprivation would result in decreased LH 

binding, loss of androgen production, and testicular regression. The 

ability of pituitary grafts, given adequate levels of LH, to maintain 

testicular weight also makes sense in light of this finding. 

In the female hamster, it is not obvious what would be the 

counterpart of this paradigm seen in the male, i.e., the maintenance of 

reproductive function by the necessary, but not sufficient, hormone -

prolactin. For example, could reductions in serum prolactin be involved 

in bringing about the loss of estrous cyclicity due to light depriva

tion? In female hamsters which were rendered acyclic by short photo

period exposure, neither an elevation in serum prolactin caused by 

pituitary grafts, nor a reduction in serum prolactin after injections of 

the dopamine agonst bromocryptine, are effective in restoring cyclicity 

(Borer et al., 1983). In fact, as has been discussed, pituitary grafts 

actually seem to inhibit the ability of exercise to restore cyclicity in 

acyclic female hamsters (Borer et al., 1983). 

Indeed, the most apparent example of prolactin possibly main

taining LH receptors would be during the establishment of pregnancy or 

pseudopregnancy. Cervical stimulation causes a neuroendocrine mediated 

release of prolactin, which is at least temporally correlated with a 

subsequent increase in 125 I - hCG binding (Harris and Murphy, 1981), which 

might imply an ability of prolactin to induce LH receptors. More work 
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needs to be done to substantiate this for the female hamster. In any 

event, it is not obvious how this would apply, if at all, to the light

deprived female hamster, except that one may speculate and suggest the 

following hypothesis for testing: Light deprivation in the female 

hamster leads to acyclicity by events that are independent of prolactin 

cell activity, and then this activity falls after the withdrawal of 

estrogen. However, since there is evidence for an ovary-independent 

suppression of prolactin also, perhaps light deprivation continues to 

suppress prolactin, beyond that which would be achieved by estrogen 

withdrawal alone, during periods of acyclicity. Perhaps serum prolactin 

has a tendency to drift upward after the onset of acyclicity, as indi

cated by the work of Vomachka and Greewald (1980), who saw tendencies 

toward increased levels of serum prolactin after 16 weeks of ovari

ectomy. 

If this line of reasoning is followed to its extreme, it indi

cates that prolactin in the female may also be involved in some way with 

the return of estrous cyclicity as well. Indeed, this admitted paradox 

has some empirical basis: In the study of Borer et al. (1983), not only 

did raising prolactin levels in the serum seem to inhibit the ability of 

exercise to restore cyclcity in light-deprived females, lowering prolac

tin in the serum with bromocryptine also seemed to blunt this restora

tive effect of exercise. However, the story becomes even more complex 

because it must be recalled that merely raising or lowering prolactin in 

nonexercising acyclic females did not restore cyclicty (Borer et al., 

1983). Could prolactin be serving a "necessary, but not sufficient" 
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function in restoring reproduction in the acyclic female hamster? More 

research is needed. 

Returning to the male hamster from this digression, the sug

gested roles for prolactin in maintaining testicular function are, for 

purposes of analysis, independent of the mechanisms which regulate pro

lactin. The time course of the regulation of prolactin cell activity by 

hypothalamic and possibly other mechanisms is of interest in establi

shing when altered prolactin gene induction, synthesis, storage, or 

release first takes place after light deprivation is initiated. This 

could then be correlated with other neuroendocrine changes which occur 

after the onset of light deprivation and links between the two could be 

sought. The few publications which deal with the earliest prolactin

related neuroendocrine changes after light deprivation will now be 

discussed. Also, a brief discussion on the earliest reported altera

tions in testicular receptors for prolactin, LH, and FSH will place in 

perspective the earliest regulation of prolactin cell activity. 

Testicular receptors for LH, FSH, and prolactin are reported to 

be depressed by 70-90% after 7 weeks of short photoperiod in the male 

hamster (Tamarkin et al., 1981). In this study, there were also depres

sions, compared to long photoperiod controls, in testicle weights (70% 

decline), testosterone levels (50-70% decline, and pituitary and serum 

prolactin (75-80% decline); serum LH and FSH were reportedly not 

changed. Ten weeks after pinealectomy, the changes noted above were 

reversed (Tamarkin et al., 1981). 
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Four to five weeks after exposure to short photoperiod, when 

testicle weight was depressed by 15%, testicu~ar receptors for LH and 

prolactin were both depressed by about 40%, and pituitary prolactin was 

down by 50% (Tamarkin et al., 1981) 

Thus, this study shows that there is a progressive loss of LH 

and prolactin receptors that accompanies testicular regression, although 

serum prolactin, in this study, is not reported to be significantly 

different by 4-5 weeks of short photoperiod. 

While Reiter (1980b) reported a significant decline in circula

ting PRL after 4 weeks of exposure to a natural short photoperiod, an 

effect that was prevented by pinealectomy, the work of Orstead and 

Benson (1980) showed an even earlier effect. In this study three weeks 

of exposure to a 10L:14D short photoperiod resulted in a significant 41% 

decline in serum prolactin, while pituitary levels of prolactin were not 

reported to be different than 14L:I0D long photoperiod controls. By six 

weeks, pituitary prolactin was depressed by 60%, and so this decline 

occured sometime between three and six weeks after short photoperiod 

exposure (Orstead and Benson, 1980). The heterologous assay (anti-rat 

prolactin antisera, and a hamster serum pool for the standard curve) was 

used to determine these prolactin values in the male hamster. 

Diminished circulating levels of prolactin (about a 60% decline) 

have been reported after 20 days of short photoperiod (Goldman et al., 

1981), and Klemcke, Bartke, and Borer (1983) refer to an abstract by 

Roychoudhury, Cutting, and Goldman (1980) in which diminished circula

ting prolactin is suggested after only 15 days of short photoperiod. 
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Interestingly, the concentration (fmol/mg protein) of receptors 

for prolactin in the testis are reported to be significantly (15%) lower 

after 10 days in short photoperiod (5L:19D), compared with long photo

period controls (Klemcke et al., 1983). More dramatic reductions were 

seen in this study after 28 days, and they were significant for both the 

content and the concentration of testicular prolactin receptors. 

Similarly, both the content and concentration of human chorionic 

gonadotropin (heG) binding sites (thought to identify LH receptors) are 

significantly reduced in the hamster testis after 10 days, and to an 

even greater extent after 28 days, after short photoperiod exposure 

(Klemcke, Bartke, and Goldman, 1981). 

Thus, in the male hamster, there are reductions in circulating 

prolactin as early as 20, and possibly 15, days after exposure to short 

photoperiod and pituitary prolactin is diminished as early as 4-5 weeks 

after treatment. Testicular prolactin and LH receptors, both of which 

may be regulated by circulating prolactin levels, are reported to be 

decreased 10 days after exposure to short photoperiod (concentration of 

receptors only for prolactin; both content and concentration for LH 

receptors). It seems likely, therefore, that early changes (10 days or 

less) in prolactin cell activity may be taking place in response to 

light deprivation in the male hamster. 

Photoperiod-induced changes in hypothalamic factors which stimu

late or inhibit prolactin cell activity are of considerable interest in 

attempting to understand the neuroendocrine mechanisms which control 

prolactin regulation in the light-deprived male hamster. Since 
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pituitaries transplanted under the capsule of the kidney secrete large 

amounts of prolactin (e.g., see Borer et al., 1983), it is thought that 

prolactin is under tonic inhibition in the in ~ pituitary. Based 

mainly on studies in the rat (reviewed above), dopamine is a prime 

candidate for a major inhibitor of prolactin cell activity in the ham-

ster. 

Dopamine, which has been shown to inhibit the release of prolac

tin in male hamster pituitaries in vitro (Blask and Orstead, 1986), has 

been measured in the hypothalamus after short photoperiod exposure in 

both the male hamster (Steger, Bartke, and Goldman, 1982; Steger, 

Reiter, and Siler-Khodr, 1984; Steger et al., 1985) and the female 

hamster (Kumar et a1., 1982). Early (9 days) changes in the sensitivity 

of the male hamster pituitary to the inhibition of prolactin release by 

dopamine, after short photoperiod exposure, have also been examined 

(Steger et al., 1983). 

In a 20 week time course of hypothalamic dopamine concentrations 

in male hamsters exposed to short photoperiod, Steger et al. (1982) 

found a significant depression after 10 weeks, and a subsequent restora

tion of dopamine levels by 15 weeks. Dopamine turnover was signifi

cantly depressed at 10 weeks of treatment, and also returned to long 

photoperiod values by 15 weeks (Steger et al., 1982). In female ham

sters kept in constant darkness for 8 weeks (all of which became acyclic 

after about 6 weeks), and then were ovariectomized and maintained for an 

additional 2 weeks, dopamine depletion rates in the ~lBH were increased 

compared to long photoperiod controls (Kumar et a1., 1982). Thus, it 
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would appear that in response to light deprivation, dopamine turnover is 

decreased in the male hamster and increased in the female hamster, at 

least when comparing levels for the whole hypothalamus in the former 

versus MBH in the latter. 

Two subsequent papers by Steger et al. (1984; 1985) complicate 

the issue of whether dopamine turnover is depressed in the hypothalamus 

in the short photoperiod exposed male hamster. While one study found 

that dopamine turnover was depressed in the MBH after 12 weeks of treat

ment (Steger et al., 1984), a later study failed to confirm this 

decrease after about 11.5 weeks, although steady state dopamine concen

trations were depressed (Steger et. al., 1985). Also, dopamine turnover 

in the ME was reduced by over 85% in one study (Steger et al.,· 1985) and 

was unaffected by short photoperiod in the other (Steger et al., 1984). 

Steady state levels of dopamine were also inconsistent in these two 

studies. 

One factor which may account for the inconsistency is that the 

time point chosen, about 12 weeks, was nearly midway between a lowpoint 

for dopamine turnover and concentration (10 weeks) and a resurgent 

normal level for each seen at 15 weeks, as reported in Steger et al. 

(1982). More inconsistencies would be expected as depressed dopamine 

levels and turnover are recovering to their control values. 

In any event, if dopamine levels and turnover are depressed in 

the male hamster hypothalamus by short photoperiod, and if this measured 

decrease in the ME and/or MBH translates into less dopamine released 

into the portal circulation, how could a lower dopamine concentration in 
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the portal blood cause an inhibition of prolactin release? Dopamine is 

thought to still retain its prolactin-inhibitory role under these condi

tions, but at lower concentrations, and the pituitary, in turn, becomes 

more sensitive to inhibition by dopamine. Steger et al. (1983) indeed 

have demonstrated that pituitaries from short photoperiod exposed males 

release less prolactin in vitro when incubated with 10-7M dopamine than 

those of long photoperiod controls. 

The short-term effects of light deprivation on prolactin release 

in vitro have been examined, along with sensitivity of pituitaries to 

dopamine at different times after short photoperiod exposure. After 9 

days on a 5L:19D photoperiod, the release of prolactin in vitro from 

pituitaries of treated and long photoperiod controls was not statisti

cally different, although a diminution is suggested (Steger et a1., 

1983). The response of pituitaries from either photoperiod regimen to 

dopamine were identical in this study in that dopamine (5 X la-8M) was 

ineffective in inhibiting the release of prolactin (Steger et a1., 

1983). However, Blask and Orstead (1986) have shown, in a similar in 

vitro incubation of pituitaries from long photoperiod exposed male 

hamsters, that dopamine concentrations of either 5 X 10-7M or 5 X 10-5M 

resulted in about an 80% inhibition of prolactin release, compared to 

ascorbic acid controls. Thus, higher levels of dopamine are apparently 

effective in inhibiting the "release of prolactin in the hamster. 

However, total prolactin synthesis was not diminished by either concen

tration of dopamine, over the 4 hour incubation period (Blask and 

Orstead, 1986). 
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Blask et al. (1982) made the original observation that total 

light deprivation inhibits the in vitro release of prolactin from 

hamster pituitaries. They found that prolactin release was inhibited 

after ten weeks of blinding in the male hamster, and also that pinealec

tomy failed to prevent this diminution of release as a result of blin

ding. Similar findings were previously reported in hamsters exposed to 

short photoperiods (Orstead and Benson, 1980). 

The inhibitory effect of light deprivation on prolactin release 

seen by Orstead and Benson (1980) and Blask et al. (1982) was confirmed 

by Steger et al. (1983). In this latter study, 27 days of short photo

period exposure significantly depressed prolactin release and, unlike 

long photoperiod controls, the short photoperiod pituitaries were now 

sensitive to the inhibitory effects of dopamine on prolactin release. 

Sensitivity to dopamine is increased even more after 77 days of short 

photoperiod, and there is a further diminution of prolactin release. 

After 105 days in short photoperiod, however, the pituitaries from both 

groups release about the same amount of prolactin, and dopamine is again 

ineffective. Thus, after 105 days, the pituitaries of short photoperiod 

exposed male hamsters become refractory to the inhibitory effects of 

either short photoperiod or dopamine (Steger et al., 1983). 

Summary. Compared to the female, more is known about the role 

that prolactin plays in the male hamster in maintaining reproductive 

competence. However, little is known about early alterations in prolac

tin cell activity after light deprivation, and the extent to which the 

pineal gland mediates these changes. 



CHAPTER 3 

STATEMENT OF THE PROBLEM 

Four separate problems are examined by this dissertation: 

(1) Is the recombinant DNA plasmid pPRL-1, which contains the 

rat prolactin cDNA sequence and is used to measure rat prolactin mRNA, 

valid for measuring prolactin mRNA in the hamster? (See Chapter 4.) 

(2) What is the profile of prolactin cell activity during the 

estrous cycle in the normal cycling female hamster? (See Chapter 4.) 

(3) What are the short-term and long-term effects of light 

deprivation on prolactin cell activity in the nonovariectomized and 

ovariectomized female hamster, and to what extent are these effects 

prevented by removing the pineal? (See Chapters 5, and 6.) 

(4) How soon after light deprivation in the male hamster is 

prolactin cell activity depressed, and is this early depression preven

table by removing the pineal? (See Chapter 7J 
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CHAPTER 4 

PROLACTIN MESSENGER RIBONUCLEIC ACID LEVELS, PROLACTIN SYNTHESIS, AND 

PITUITARY RADIOIMMUNOASSAYABLE PROLACTIN IN THE MORNING ON EACH DAY OF 

THE ESTROUS CYCLE IN THE GOLDEN SYRIAN HAMSTER. 

Abstract 

A recombinant DNA plasmid (pPRL-l), which contains a rat prolac

tin (PRL) sequence, was validated for measuring PRL messenger ribo

nucleic acid (mRNA) levels in the pituitary of the Golden Syrian Ham

ster, Mesocricetus auratus. A single pPRL-l-hybridizable band of 

pituitary RNA from both rat and hamster comigrated on an agarose-formal

dehyde gel, while liver RNA from rat and hamster failed to hybridize 

with pPRL-l. It was also shown that 2 weeks after ovariectomy both rats 

and hamsters had dramatically () 70%) depressed levels of pituitary PRL 

mRNA, thus further demonstrating the ability of pPRL-l to selectively 

identify PRL mRNA in the hamster as well as the rat. Measuring PRL mRNA 

levels in the hamster provides another "window" through which changes in 

the regulation of PRL can be observed. 

PRL mRNA, PRL synthesis, pituitary PRL, and serum PRL were 

measured in the morning (09.30-11.00 hr) on each day of the estrol,ls 

cycle in order to observe the earliest changes in PRL regulation prepa

ratory to the proestrous surge of PRL seen later in the afternoon of Day 

4. While all PRL indices declined or did not change from Day 2 to Day 3 

of the estrous cycle, on the following day (Day 4 = proestrus) there was 

96 
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a significant 33-38% increase in PRL mRNA levels compared to Day 3. 

There was a parallel 32-42% increase on Day 4 in newly-synthesized PRL 

found in the incubation media after a 3 hr pituitary incubation (media 

3H- PRL), while the amount of newly synthesized PRL which was retained by 

the pituitary during the incubation (pituitary 3H- PRL) did not change 

from Day 3 to Day 4. From Day 4 to Day 1 (estrus) there was an inter

esting reciprocal change in pituitary 3H- PRL vs. media 3H- PRL , with the 

former increasing and the later decreasing significantly, possibly indi

cating a shift in the processing of newly synthesized PRL during this 

time. 

As measured by a homologous hamster radioimmunoassay (RIA), 

media RIA-PRL was not significantly different on different mornings of 

the cycle, nor was serum RIA-PRL. Pituitary RIA-PRL, however, in

creases significantly from the morning of Day 4 to the morning of Day 1. 

These data are consistent with the following~ypothesis about 

the regulation of PRL during the estrous cycle in the hamster: On the 

morning (09.30-11.00 hr) of proestrus (Day 4), PRL mRNA levels are 

elevated, signaling an increase in PRL synthesis. This newly synthe

sized PRL is preferentially released on the morning of Day 4 

(contributing to the afternoon surge of serum PRL levels) and preferen

tially stored on the morning of Day 1 (estrus). 

Introduction 

Serum PRL levels throughout each day of the hamster estrous 

cycle have been measured by Talamantes et al. (1984) using a sensitive 

homologous hamster RIA (Soares et al., 1983). The former study reports 
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a significant rise in serum PRL in the afternoon on each day of the 

estrous cycle. The largest of these peaks, the "proestrous surge," is 

seen in the afternoon before ovulation in the hamster. Other indices of 

PRL regulation (PRL mRNA levels, PRL synthesis, and pituitary levels of 

RlA-PRL) have not been reported for the hamster during the estrous 

cycle, although PRL synthesis has been measured during the cycle for the 

rat (leiri et a1., 1971; 1972) and mouse (Yani et al., 1973). 

The present study had three objectives: First, to introduce the 

use of the plasmid pPRL-1 to measure PRL mRNA levels in the hamster; 

Second, to study the short-term dynamics of PRL regulation in the female 

hamster as determined by PRL mRNA levels, PRL synthesis, PRL storage and 

release, and PRL serum levels measured in the morning on each day of the 

estrous cycle; and Third, to thus evaluate the range of natural varia

tion in these PRL parameters that can be expected when using normally 

cycling hamsters in experiments. 

Materials and Methods 

Experimental Design 

Experiment 111. Whole cell RNA from pituitary and liver of female 

hamsters or rats was extracted, quantified, and electrophoresed on an 

agarose gel, blotted onto nitrocellulose paper, and probed with the 

plasmid pPRL-1, which contains the rat PRL cDNA sequence. Hypothesis: A 

discrete pPRL-1-hybridizable band of RNA (PRL mRNA) will be present in 

both the rat and hamster pituitary RNA samples, and these bands will 



comigrate. The liver RNA samples from both species will not give rise 

to pPRL-1-hybridizable bands. 

Experiment #2. The effect of two weeks of ovariectomy on PRL 

mRNA levels was assessed in the rat and the hamster. PRL mRNA levels 

were measured by the cytodot method. Hypothesis: Ovariectomy will 

cause a drop in PRL mRNA levels in both the rat and hamster. 

99 

Experiment #3. PRL mRNA levels, PRL synthesis, RIA-PRL in the 

pituitary and serum, and organ weights were measured in the morning 

-(09.30 - 11.00 h.) on each of the four days of the normal hamster 

estrous cycle. PRL mRNA levels were measured by the cytodot method. 

PRL synthesis was determined by the amount of 3H-leucine incorporated 

into PRL during a 3 hour incubation. RIA-PRL was determined with a 

homologous RIA for hamster PRL. Hypothesis: The afternoon surge in 

serum levels of PRL during proestrus is preceeded by a morning increase 

in lactotrope activity, as evidenced by an increase in PRL mRNA levels, 

PRL synthesis, and RIA-PRL in the pituitary. 

Animals 

Young adult female Golden Syrian Hamsters (Mesocricetus auratus) 

were purchased from Charles River, Lakeview Hamster Colony, Newfield, 

N.J. Young adult female Sprague-Dawley rats were obtained from the 

Breeding Colony of the Division of Animal Resources, University of 

Arizona. Rats and hamsters were kept in separate rooms but under essen

tially identical conditions of temperature (23 degrees C), light (14:10 

light:dark cycle, lights on 06.00-20.00 h), caging (4-5 per clear 
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plastic cage), and nutrition (laboratory chow and tap water provided ad 

libitum). 

Ovariectomies were performed in both rats and hamsters while the 

animals were anesthetized with ether. A lateral incision in the dorsal 

body wall was made over each ovary, and the ovary, part of the uterus, 

and associated fat were externalized. The uterus and fat were clamped 

with a hemostat just below the ovary and the ovary was cut off with 

small scissors. The remaining uterus and fat were pushed back through 

the incision, which was closed by placing wound clips both in the body 

wall musculature and in the skin incision. 

Since assignment of animals to the correct day of the estrous 

cycle was critical for Experiment #3, estrous cyclicity was followed by 
I 

two different methods for each animal. (1) The vaginal discharge method 

(Orsini, 1961) allows the identification of Day 1 (estrus) of the cycle 

by the appearance of a distinctive, copious vaginal exudate late in the 

morning after ovulation. (2) The vaginal smear method (Kent, 1968) 

allows the direct histological identification of distinctive cell types 

shed from the upper vagina and cervix during different days of the 

cycle. Animals were followed through at least three cycles and those 

failing to demonstrate regular cyclicity by these two methods (2 out of 

50) were excluded from the study (See Appendix Q of this dissertation). 

Agarose Gel Electrophoresis of Whole Cell RNA (Northern Blot) 

For Experiment #1 only, whole cell RNA was extracted using the 

LiCI-Urea method, after Auffray and Rougen (1980) and LeMeur et ale 

(1981). Briefly, pituitary or liver samples from hamster and rat were 
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homogenized in 3 M LiCl, 6 M urea, 10 mM sodium acetate (pH 5), 200 

ug/ml heparin, and 0.1% sodium dodecyl sulfat~ (SDS), kept at 4 degrees 

C overnight, and then centrifuged (12,000 rpm X 20 min, 4 degrees C). 

The supernatant was discarded and the pellet resuspended in 10 mM Tris, 

0.5% SDS, which was then heated at 65 degrees for 3 min. Protein was 

extracted with saturated phenol/chloroform/isoamyl alcohol, and the RNA 

in the aqueous phase precipitated with ethanol and sodium acetate. (See 

Maniatis, Fritsch, and Sambrook, 1982; and Appendix H of this disserta

tion.) 

A1iquots of whole cell RNA from female rat or hamster pituitary 

and liver were electrophoresed on a 1.2% agarose, 1 X MOPS, 2.2 M 

formaldehyde gel at 70 volts for 3 hr using a Minnie Submarine Agarose 

Gel Unit, Model HE 33, (Hoeffer Scientific Instruments). Gel prepara

tion, sample buffer, and running buffer specifications can be found in 

Maniatis et a1. (1982). The contents of the gel were blotted onto 

suitably prepared nitrocellulose paper (BA85, 0.45 urn, Schleicher & 

Schue1l), which was then dried for 20 min. under a heat lamp and baked 

at 80 degrees C for 2 hr. (See Appendices H and I of this disser

tation.) The nitrocellulose paper containing the samples blotted from 

the agarose gel was probed with the plasmid pPRL-1 (generously provided 

by Dr. Richard A. Maurer, University of Iowa), according to the Hybridi

zation Procedure, described below. 

Determination of PRL mRNA Levels by the Cytodot Method 

Crude cytoplasmic samples were prepared from hemipituitaries 

according to the Cytodot procedure of White and Bancroft (1982) (See 
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also Appendix G of this dissertation). Serial dilutions of each sample 

were made and blotted onto nitrocellulose paper, which was dried and 

baked, as described above. As with the Northern blot, above, the cyto

dot samples were probed with the plasmid pPRL-1, according to the 

following hybridization procedure. 

Hybridization Procedure for pPRL-1 

PRL mRNA in the rat and hamster was detected with the plasmid 

pPRL-1, which contains the rat PRL cDNA sequence (Gubbins et al., 1979; 

1980; and see Appendices Rand S of this dissertation for more back

ground on recombinant DNA methodology). After drying and baking as 

described above, nitrocellulose paper (15 cm X 7.5 cm) containing either 

cytodot samples, or RNA blotted from the agarose gel was soaked in 5 X 

standard sodium citrate (SSC) for 5 min, and then in 20 ml "prehybridi

zation buffer" (50% formamide, 5 X SSC, 50 mM NaP04 (pH 6.5), 200 ug/ml 

sonicated salmon sperm DNA, and 200 ug/ml each of ficoll (M.W. 400,000), 

polyvinylpyrolidone (M.W. 40,000), and Bovine Serum Albumen (RNase-free) 

for 12 h at 42 degrees C. After prehybridization, 10 ml of the prehy

bridization buffer was saved for the hybridization step. pPRL-1 was 

labeled with 32p-dCTP by nick translation (Amersham Kit No. 5000) to a 

specific activity of 1-2 X 108 cpm/ug. Before being added to the 10 ml 

of prehybridization buffer, the 32p-pPRL-1 was boiled for 5 min. The 

final concentration of 32p-pPRL-1 in the hybridization mixture was 1 X 

107 cpm/ml. Thirty-six hours of hybridization at 42 degrees C was 

followed by eight washes after the hybridization mixture was removed: 

four 5 min. washes at room temperature with 0.1% SDS, 1 X SSC, and four 
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15 min washes at 50 degrees C with 0.1% SDS, 0.1 X SSC. After drying 

under a heat lamp for 15 min, the paper was autoradiographed at -80 

degrees C for 1-6 hr. using Kodak X-AR-5 film with a Dupont Chronex 

Lightening-Plus (EE 200044) enhancement screen. For the cytodot tech

nique, squares containing the individual cytodot samples were cut out 

and placed in a vial with 10 ml scintillation fluid (ACS) and counted on 

a scintillation counter. Background radioactivity found on squares 

which contained no sample was subtracted (See Appendices F, G, I, J, and 

P of this dissertation). 

Hamster 3H- PRL Assay 

The incubation protocol, sample preparation, disk gel electro

phoresis, and validation of this assay have been presented in detail 

elsewhere (Blask et al., 1986; and see Appendices Nand 0 of this 

dissertation). Modifications in the procedure were as follows: In the 

present study, after each pituitary was bisected, one half was used for 

PRL mRNA determination via the cytodot method, and the other half incu

bated in a small glass vial (14.5 mm X 45 mm, 1 dram, Kimble) which 

contained 0.5 ml Medium 199 (with Earle's Salts and L-Glutamine, Gibco) 

and 10 uCi 3H-leucine (L-(3,4,S_3H) leucine, specific activity = 50 

Ci/mM, Research Products International). Incubation of one hemipitui

tary per vial was carried out for 3 hr. Thus, for each pituitary, PRL 

mRNA levels were measured in one hemipituitary and the other hemipitui

tary was used to determine (after a 3 hr incubation) both 3H-leucine 

incorporation into PRL and RIA-PRL in the pituitary. 
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Hamsters from one day of the estrous cycle were not killed as a 

group but, rather, one animal from each of the four days of the cycle 

was killed in turn so that any differences arising from the order of the 

kill would not be interpreted as differences due to the day of the 

estrous cycle. 

Samples of pituitary homogenates and incubation media were elec

trophoresed in separate electrophoresis units and destained in separate 

diffusion destainers since it was noticed previously that media samples 

added more background radiation to gels than pituitary homogenates. 

Blank gels with no sample were put through each electrophoresis and 

destaining run. The amount of radioacivity detected in a blank gel 

segment corresponding to the PRL band was subtracted from the radio

activity in an actual PRL band from a sample-containing gel. 

Homologous Hamster PRL RIA 

The homologous hamster PRL RIA kit was obtained from Dr. Frank 

Talamantes (Univ. of California, Santa Cruz) and was used according to 

the procedure of Soares et al. (1983) (See Appendices K and L of this 

dissertation). All samples were run in the same assay, which had a 

coefficient of variation of 11 %. 

Microfluorometric DNA Assay 

This assay was modified after Cattolico and Gibbs (1975). 

Briefly, the nuclear pellet obtained from the cytodot procedure (which 

began with one hemipituitary) was dessicated and ressuspended in 50 ul 2 

% SDS. 50 ul of 200 ug/ml 3'-5'-diaminobenzoic acid dihydrochloride 
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(DABA) (Sigma) was added, tubes covered tightly, and incubated for 30 

min. at 60 degrees C. Tubes were then cooled for 5 min at -20 degrees C 

and 1.3 ml of 1 N HCl was added. The samples, along with a standard 

curve constructed with sonicated salmon sperm DNA, were read on a fluo

rometer at an excitation wavelength of 405 nm and an emission wavelength 

of 520 nm. (See Appendix M of this dissertation.) 

Statistical Analysis 

All of the quantitative data were subjected to a one-way analy

sis of variance followed by Student-Neuman-Keuls multiple range test. A 

p value of less than 0.05 was considered statistically significant. 

Results 

Experiment #1: Northern Blot of Rat and Hamster Pituitary RNA 

Agarose gel electrophoresis of whole cell RNA from rat or ham

ster pituitaries revealed a single, distinct pPRL-1-hybridizable band 

which comigrated with that of the other species (Figure 1, "hamster pit" 

vs. "rat pit"). Whole cell RNA from liver (which is not known to 

produce PRL mRNA) of both species failed to hybridize with the pPRL-1 

plasmid (Figure 1, "hamster liver" vs. "rat liver"). Thus, the rat PRL 

cDNA plasmid,pPRL-1, specifically hybridizes to a distinct band of 

pituitary RNA (i.e., PRL mR«A) in the rat and hamster. 

Experiment #2: Effect of Ovariectomy on PRL mRNA Levels 

Two weeks after ovariectomy, both hamsters and rats had a mar

kedly depressed level of pituitary PRL mRNA compared to their respective 
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intact controls. Qualitatively, this can be seen in the auto radiograph 

(Figure 2) of the pituitary cytodot samples from intact and ovariecto

mized groups of both species. Quantitatively, (the same cytodots which 

produced the autoradiograph in Figure 2 were cut out and counted, as 

described above, to produce the values seen in Table 3) PRL mRNA levels 

were decreased by about 70% in the hamster (p < 0.01 vs. intact con

trols), and by about 80% in the rat (p < 0.01 vs intact controls), 

regardless of whether the PRL mRNA levels were expressed per pituitary, 

per mg of pituitary, or per ug of pituitary DNA (Tables 2 and 3). Thus, 

the PRL cDNA probe, pPRL-1, was capable of detecting decreases in PRL 

mRNA in the pituitaries of both rats and hamsters as a result of ovari-

ectomy. 

There were no differences in body weight, pituitary weight, or 

pituitary DNA as a result of ovariectomy in either the hamster or the 

rat (Tabl e 2). 

Experiment #3: The Hamster Estrous Cycle (Time of Kill: 09.30-11.00) 

Body Weight, Organ Weights, and Pituitary DNA. (Table 4) Wet 

uterine weights changed significantly from day to day during the cycle. 

The greatest uterine weights were seen on Day 4 (proestrus) (p < 0.01 

vs. any other day of the cycle) (Figure 3). Ovarian weights were ele

vated on Day 1 (estrus) and Day 2, compared to the other two days of the 

cycle (p < 0.01). A significant decline in pituitary weight was seen 

from Day 1 to Day 2 (p < 0.05). Body weights and pi tu! tary DNA did not 

change significantly during the estrous cycle. -
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PRL mRNA Levels. (Table 5, and Figure 4) There was an increase 

in pituitary PRL mRNA levels from Day 3 to D~y 4, whether PRL mRNA was 

measured per pituitary (35% increase, p < 0.05), per mg of pituitary 

(33% increase, p < 0.05), or per ug of pituitary DNA (38% increase, p < 

0.05). Thus, there is a significant increase in PRL mRNA levels on the 

morning of proestrus. 

PRL Synthesis. (Table 6. and Figure 5) As measured by 3H-

leucine incorporation into PRL during a 3 hr in vitro incubation, total 

3H- PRL (= 3H- PRL remaining in the pituitary + 3H- PRL found in the incu

bation media after the 3 hr incubation) was not significantly different 

in the morning on any day of the cycle. There were, however, signifi

cant changes in pituitary 3H- PRL (i.e., the 3H- PRL remaining in the 

pituitary after incubation), and media 3H- PRL (i.e., 3H- PRL found in the 

media after incubation). There was a significant increase in media 3H-

PRL on Day 4 compared to Day 3 whether the increase was measured per 

pituitary (39% increase, p < 0.05), per mg pituitary (32% increase, p < 

0.01) or per ug pituitary DNA (42% increase, p < 0.05). This proestrous 

increase in media 3H- PRL was not seen for pituitary 3H- PRL• However, 

while media 3H- PRL declined significantly the next day (Day 1) back to 

Day 3 levels, pituitary 3H- PRL increased significantly on Day 1, com

pared to Day 4 levels. This increase in pituitary 3H- PRL was seen on 

Day 1 whether measured per pituitary (50% increase, p < 0.01), per mg 

pituitary (37% increase, p < 0.05), or per ug pituitary DNA (50% in

crease, p < 0.01). Note that while the media 3H- PRL declined 



significantly the next day after its peak on Day 4, pituitary 3H- PRL 

declined more gradually after its Day 1 peak. 
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Thus, while morning values of total 3H- PRL are not significantly 

different during the estrous cycle, there is a significant Day 4 (pro

estrus) increase in media 3H- PRL, followed by a significant Day 1 

(estrus) increase in pituitary 3H- PRL• 

RIA-PRL in the Pituitary and Serum. (Table 7, and Figure 6) 

Total RIA-PRL (= pituitary RIA-PRL + media RIA-PRL after 3 hr. incuba

tion) increased significantly from Day 3 to Day 1 whether the increase 

was measured per pituitary (41% increase, p < 0.01), per mg pituitary 

(23% increase, p < 0.05), or per ug pi tui tary DNA (45% increase, p < 

0.01). Day 4 values of total RIA-PRL were intermediate between those of 

Day 3 and Day 1. Since there were no statistically significant differ

ences in media RIA-PRL, the differences in total RIA-PRL were largely 

due to changes in pituitary RIA-PRL (i.e., RIA-PRL in the pituitary 

after incubation). Pituitary RIA-PRL increased from Day 4 to Day 1 

whether measured per pituitary (64% increase, p < 0.01), per mg pitui

tary (45% increase, p < 0.01), or per ug pituitary DNA (68% increase, p 

< 0.01). 

Serum levels of RIA-PRL (again, measured at 09.30-11.00 hr.) did 

not differ significantly during the estrous cycle. (Table 8). 

Discussion 

Following changes in PRL regulation during the estrous cycle can 

be regarded as an "experiment in nature," in which no experimental 

manipulations calculated to affect PRL regulation are performed, and 
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yet, sequential changes in pituitary PRL mRNA levels, PRL synthesis, 

RIA-PRL, and serum PRL can be followed. Measuring changes in serum PRL 

alone, while important for understanding the regulation of PRL-target 

tissues, is insufficient for understanding the regulation of lac to

tropes. Lactotrope regulation can be fully understood only in terms of 

factors which affect PRL gene induction, PRL mRNA processing, PRL syn

thesis, various storage pools of PRL, and PRL release, in addition to 

serum levels of PRL. 

The results of Experiment #1 indicate that the recombinant DNA 

plasmid, pPRL-1, which is composed of a rat PRL cDNA sequence spliced 

into the plasmid pBR322 (Maurer, 1983), identifies a qualitatively 

identical band of pituitary RNA in the rat and the hamster, in terms of 

electrophoretic mobility and ability to hybridize to pPRL-l. This, 

along with the lack of hybridization to liver RNA in both the rat and 

the hamster, provides validation for the use of pPRL-1 to detect PRL 

mRNA in the hamster. The Northen blot results reported here for the rat 

(Figure 1) are also consistent with those of Maurer et al. (1980). 

It is not surprising that the rat PRL sequence in pPRL-1 is 

capable of hybridizing to hamster PRL mRNA, as well as rat PRL mRNA, 

even when using rat stringency hybridization and wash conditions for the 

hamster samples, as was done in this study. The extent of hybridization 

between pPRL-1 and hamster PRL mRNA immobilized on nitrocellulose paper 

ultimately depends upon the extent of sequence homology between rat and 

hamster PRL mRNA. Although neither hamster PRL nor hamster PRL mRNA 

have yet been sequenced, and thus a direct rat/hamster PRL mRNA 
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comparison is not possible, PRL amino acid compositions are known for 

the rat, hamster, and mouse (Colosi and Talamantes, 1981). This data 

has been graphed (Figure 7) to demonstrate the extent of similarity of 

PRL amino acid composition among these three rodent species. The 

mouse/rat comparision is included because mouse PRL mRNA has been 

sequenced (Linzer and Talamantes, 1985) and is now known to be 90% 

identical to that of rat PRL mRNA based on a comparison of PRL cDNA for 

the rat (Cooke et al., 1981) and the mouse (Linzer and Talamantes, 

1985). Thus, in the rat/mouse comparision, a high degree of similarity 

in PRL amino acid composition correlates with a considerable (90%) 

amount of PRL cDNA sequence homology. 

In Experiment 112, a "biological" validation of the use'of pPRL-l 

in the hamster was performed using the cytodot method (White and 

Bancroft, 1982). Crude cytoplasmic samples of pituitary from intact or 

ovariectomized rats and hamsters were probed with pPRL-I. Two weeks of 

ovariectomy resulted in a drastic reduction in PRL mRNA levels in both 

species. In the rat, ovariectomy has been shown to cause a reduction in 

PRL synthesis, pituitary RIA-PRL, and serum PRL (Leadem and Blask, 

1982). Also, estrogen stimulates PRL mRNA synthesis in ovariectomized 

rats (Maurer, 1982), thus implicating this ovarian steroid as a stimula

tor of PRL gene induction. In the hamster, ovariectomy likewise leads 

to dramatic declines in pituitary RIA-PRL and serum PRL (Reiter et aI, 

1974), although a single estrogen injection in this study failed to 

reverse the effects of ovariectomy, unlike a similar study in the rat 

(Blake, Norman, and Sawyer, 1972). While the short term effects of 
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estrogen on PRL regulation in ovariectomized hamsters may be uncertain, 

chronic treatment of ovariectomized hamsters with estrogen can reverse 

the effects of ovariectomy, at least for serum PRL (Widmaier and 

Campbell, 1981). Regardless of the exact role of estrogen, all avail

able data are consistent with ovariectomy leading to drastic decreases 

in PRL in both the hamster and the rat. Thus, the precipitous decline 

in PRL mRNA seen in the present study for both hamsters and rats as a 

result of ovariectomy is consistent with previous work, and further 

validates the use of pPRL-1 in the hamster. 

The cytodot method (White and Bancroft, 1982) for detecting 

cytoplasmic PRL mRNA has been reviewed by Meinkoth and Wahl (1984). 

In Experiment #3, our aim was to expose some of the dynamics of 

PRL regulation during the normal estrous cycle in the hamster. We 

decided to kill the animals in the morning (09.30-11.00 hr) because we 

were particularly interested in the changes which preceed the afternoon 

rise in serum PRL on proestrus. This is also the time when female 

hamsters are usually sacrificed in our laboratory in order to avoid 

trying to measure treatment-induced changes serum PRL during the time of 

the proestrous surge. Thus, for practical reasons, we were also inter

ested in the natural range of variation during the estrous cycle of PRL 

mRNA, PRL synthesis, and pituitary RIA-PRL at this morning timepoint. 

Based on the results of Experiment #3, the following scenario 

may be constructed to describe the regulation of PRL in the hamster 

during the estrous cycle: From Day 2 to Day 3 of the estrous cycle 

there was no significant rise in any PRL parameter (PRL mRNA, 3H- PRL 



(total, pituitary, or media), pituitary.RIA-PRL (total, pituitary, or 

media), or serum PRL). In fact, there were significant declines in 

pituitary 3H- PRL, pituitary RIA-PRL, and total RIA-PRL. 
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It is interesting to note that, during the same time interval 

(from Day 2 to Day 3) wet uterine weight was the only parameter in the 

entire study that increased significantly (25% increase, p < 0.01), 

which is consistent with the 22% increase (statistical significance not 

reported) seen by Brom and Schwartz (1968) for the same interval. Since 

serum estradiol increases from Day 2 to Day 3 (Baranczuk and Greenwald, 

1973), and since a long-acting esterified estrogen, estrogen cyclopen

tylpropionate, can increase uterine weights in hamsters (Kim, Shaha, and 

Greenwald, 1984), it is likely that the uterus in the hamster responds 

to increasing levels of serum estradiol during the estrous cycle with an 

increase in uterine weight. While this is not a new observation, it is 

interesting in light of the results presented above which showed no 

change or even a decline in lactotrope activity, since these PRL

producing cells are generally believed to be stimulated by estrogen, 

based almost entirely on work in the rat. Again, this leads back to the 

apparent disparity in the response to estrogen seen in the rat (Blake et 

aI, 1972) compared to the hamster (Reiter et al., 1974), with regard to 

pituitary PRL cell activity. Alternatively, uterine tissue may simply 

respond to estrogen more quickly than does the pituitary in the hamster. 

Leavitt and Okulicz (1985) report that nuclear estrogen receptors in the 

hamster uterus increase from Day 2 to Day 3 of the estrous cycle, which 
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is coincident with our observation of increase uterine weighst (Figure 

3). 

From Day 3 to Day 4, while wet uterine weight increases by an 

additional 37-40%, PRL mRNA levels increase by 33-38%, and media 3H- PRL 

increases 32-42%. Neither pituitary 3H- PRL nor total 3H- PRL (= pitui

tary 3H- PRL + media 3H- PRL) nor any aspect of RIA-PRL changed 

significantly during this time interval. Thus, on the morning (09.30-

11.00 hr) of proestrus (Day 4), PRL mRNA in the hamster pituitary is 

significantly elevated and this is associated with an increase in newly 

synthesized PRL in the incubation media after a 3 hr incubation. Since 

newly synthesized PRL remaining in the pituitary tissue after incubation 

did not change from Day 3 to Day 4, it would appear that there is a 

readily-releasable pool of newly synthesized PRL present on the morning 

of proestrus. These increases in PRL mRNA and media 3H- PRL are probably 

the earliest changes in PRL regulation seen in preparation for the 

afternoon proestrous surge since media RIA-PRL, while the trend is up 

over Day 3, is not significantly different as yet. 

Circulating levels of RIA-PRL were not significantly different 

at 09.30 - 11.00 hr, which is consistent with the findings of Talamantes 

et a1. (1984). 

From Day 4 to Day 1 (estrus), while PRL mRNA levels do not 

significantly decline, there is an interesting reciprocal change in 

pituitary 3H- PRL and media 3H- PRL• While media 3H- PRL declines signifi

cantly back to Day 3 levels, pituitary 3H- PRL increases significantly 

from 37-50%, depending upon whether the increase is measured per 
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pituitary, mg pituitary, or ug of pituitary DNA. Apparently, newly 

synthesized PRL is shifted during this time interval from a readily 

releasable pool to one which is retained in the pituitary tissue during 

a 3 hr incubation. Consistent with this view, while pituitary RIA-PRL 

increases 45-68% from Day 4 to Day 1, media RIA-PRL does not change. 

Presumably, the media RIA-PRL represents a pool of PR~ which is readily 

releasable during the afternoon proestrous surge of PRL. Although total 

RIA-PRL is not significantly elevated from Day 4 to Day 1, there is a 

gradual increase from Day 3 to Day 1 which is statistically significant. 

The first aim of this study was to introduce the use of the rat 

PRL cDNA probe, pPRL-1, for measuring PRL mRNA levels in the hamster. 

This was validated with the Northern blot of pituitary and liver RNA 

from rats and hamsters, and by the nearly identical changes in PRL mRNA 

levels seen after ovariectomy in the rat and hamster. The significant 

proestrous increase in PRL mRNA levels seen in the estrous cycle experi

ment, accompanied by an increase in media 3H- PRL , is further evidence 

that pPRL-l is a sensitive probe for hamster PRL mRNA. 

The second aim of this study was largely fulfilled by demonstra

ting the ability to follow the dynamics of lactotrope regulation during 

the estrous cycle. One or two addtional time points for each day of the 

cycle would provide a more complete picture, but the morning time point 

chosen here was useful in detecting some of the first changes in PRL 

regulation in preparation for the afternoon surge of PRL during Proes-

trus. 
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Finally, the third purpose of this study was accomplished by 

showing that there is a significant range of natural variation in the 

various measurements of lactotrope activity described here, depending on 

the day of the estrous cycle. At the very least~ the composition of 

each treatment group should be matched for the day of the cycle when 

conducting experiments with cycling hamsters in which the goal is the 

measurement of some aspect of PRL regulation. 



Table 2. The effect of two weeks of ovariectomy on body weight, 
pituitary weight, and pituitary DNA in hamsters and rats. 

Hamster 
Intact 

Ovx 

Rat 
Intact 

Ovx 

n 

6 

5 

6 

6 

Body Weight 
(g) 

83 + 2 

84 + 2 

267 + 9 

285 + 9 

Values are the mean + SEM. There 
any comparison within a species. 

Pituitary Weight 
(mg) 

3.6 + 0.2 

3.6 + 0.2 

13.8 + 0.8 

13.4 + 0.5 

were no significant 

Pituitary DNA 
(ug) 

20.4 + 0.8 

17.8 + 1.6 

62.6 + 5.8 

68.4 + 3.8 

differences for 

116 
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Table 3. The effect of two weeks of ovariectomy on pituitary PRL rnRNA 
levels in hamsters and rats. 

per pituitary 

Ovx Hamster 28 + 2 

Ovx Rat 22 + 3 

Pituitary PRL mRNA Levels 
(% of Intact controls) 

per mg pituitary per ug pituitary DNA 

28 + 2 32 + 3 

22 + 3 20 + 3 

-Values are the mean + SEM of PRL mRNA levels in the pituitaries of 
hamsters o~ rats that were ovariectomized for two weeks, expressed as a 
percentage of pituitary PRL mRNA levels in female hamsters or rats that 
were not ovariectomized (= intact). For the intact hamsters n = 6, and 
for the ovariectomized hamsters n = 5. For the intact rats n = 6, and 
for the ovariectomized rats n = 6. For each comparison within a 
species, ovariectomy caused a significant (p < 0.01) decrease in PRL 
mRNA. 



Table 4. Body weight, organ weights, and pituitary DNA on each day of the estrous cycle in the 
hamster. 

Day of 
estrous n Body Wt. Wet Uterine Wt. Ovarian Wt. Pituitary Wt. Pituitary DNA 
Cycle (g) (mg) (mg) (mg) (ug) 

Day 2 10 115 + 2 183 + 8acd 33.3 + 1.0kl 2.85 + 0.22s 19.4 + 1.2 
(159 + 6 )fhi (29.0 + 0.8)Pq (2.48 + 0.18)t 

Day 3 11 113 + 2 228 + lOde 29.7 + 0.6kmn 3.13 + 0.10 23.2 + 0.8 
(204 + 10)ij (26.5 + 0.6)P (2.79 + 0.11) 

Day 4 14 117 + 2 331 + 11 bce 26.4 + 0.61no 3.26 + 0.14 22.9 + 1.0 
(proestrus) (281 + 9)ghi (22.6 + 0.6)Qr (2 .80 + O. 11 ) 

Day 1 13 116 + 3 243 + 7ab 32.6 + 0.7mo 3.64 + 0.20s 22.6 + 1.0 
(estrus) (210 + 8)fg (28.1 + 0.6)r (3.14 + 0.18)t 

Values are the mean + SEM. Numbers in parenthesis are organ weights corrected for body weight 
(mg/100 g body weight). Animals were killed at 09.30-11.00 hr. Body weights were recorded at 
09.00-09.30 hr on the morning of the kill. Uterine and ovarian weights were recorded 4 hr after the 
kill, the animals having been kept at 4 degrees C during that time. Pairs of identical letters 
identify significant differences. (a-o, q, r, p < 0.01; p, s, t, P < 0.05) 

...... ...... 
00 



Table 5. PRL mRNA levels in the pituitary on each day of the estrous 
cycle in the hamster. 

Day of 
estrous 
Cycle 

Day 2 

Day 3 

Day 4 
(proestrus) 

Day 1 
(estrus) 

n 

10 

11 

14 

13 

Pituitary PRL mRNA Levels 
(CPM) 

76,781 + 7,931 a 

(26,840 + 1,581) 
[3,926 + 286] 

76,114 + 4,599 b 

(24,462 + 1,286)c 
[3,283 + 161]d 

102,948 + 6,798ab 

(32,455 + 2,372)c 
[4,516 + 228]d 

95,510 + 7,865 
(26,103 :; 2,285) 

[4,147 + 330] 

119 

Values are the mean + SEM of the CPM of the 32p-PPRL-1 which hybridized 
to a pituitary cytodot sample blotted onto nitrocellulose paper, multi
plied by a dilution factor. Numbers without parenthesis or brackets are 
CPM/pituitary. Those with parenthesis are CPM/mg pituitary, and those 
with brackets are CPM/ug pituitary DNA. Pituitary PRL mRNA levels were 
measured in the morning (09:30-11.00) for each day of the estrous cycle. 
Pairs of identical letters identify significant differences. (a-d, p < 
0.05). 



Table 6. 3H- PRL in the pituitary and incubation media after a 3 hr incubation with 3H-Ieucine on each 
day of the estrous cycle in the hamster. 

Day of 
estrous n Pituitary 3H- PRL Media 3H- PRL Total 3H- PRL 
Cycle (DPM) (DPM) (DPM) 

22,728 + 1,776a 13,800 + 1,360i 36,528+ 2,858 
(8, 110 ~ 5206 (4,949 :; 433)1 (13,059 + 840) 
[1,182 + 82) [719 + 63)0 [l,900 + 128) 

Day 2 10 

20,366 + 1,288b 16,180 + 704j 36,546 + 1,702 
(6,515 + 374t~ (5,199 + 235)m (11,714 + 502) 

[893 ~ 75) [703 + 34)P [1,596 + 100) 

Day 3 11 

21,084 + 1,368c 22,500 + 1,61~ijk 43,584 + 2,566 
(6,474 "+ 312)e (6,887 + 3120 mn (13,361 + 436) 

[934 + 70)g [1,000 + 83)opq [1,935 + 134) 

Day 4 14 
(proestrus) 

Day 1 13 
(estrus) 

31 658 + 3 218abc 16,946 + 2,006k 48,604 ~ 5,086 
(8:886 + 986)de (4,707 + 577)n (13,593 + 1,525) 
[1,401 + 131)fg [750 + 80)Q [2,152 + 203) 

Values are the mean +SEM. There was one hemipituitary per incubation vial. The values without 
parenthesis or brackets are expressed in DPM/pituitary. The values in parenthesis are in DPM/mg 
pituitary, while those in brackets are in DPM/ug pituitary DNA. Pairs of identical letters identify 
significant differences. (a-c, f, g, i, l-m, p < 0.01; d, e, h, j, k, o-q, p < 0.05) 

..... 
'" o 



Table 7. RIA-PRL in the pituitary and incubation media after a 3 hr incubation on each day of the 
estrous cycle in the hamster. 

Day of 
estrous n Pituitary RIA-PRL Media RIA-PRL Total RIA-PRL 
Cycle (ug) (ug) (ug) 

81.8 + 7.9a 60.4 + 8.0 142 + 14 
(28.4 + 1.3)de (21.2 + 2.1) (49.6 + 2.5)m 
[ 4 • 19 + 0.30] hi [3.07 + 0.30] [7.26 + 0.45]0 

Day 2 10 

b 55.0 + 4.8 121 + 61 66.7 + 3.9 
(21.2 + 1.l)df (17.4 + 1.3) (38.6 +" 1.5 )mn 
[2.90 + 0.21]hj [2 • 37 + O. 20 ] [5.27 + 0.30] op 

Day 3 11 

59.7 + 5.5ac 79.7 + 8.0 139 + 8 
(18.7 + 1.7) eg (24.6 + 2.3) (43.3 + 2.4) 
[2.63 + 0.24]ik [3.55 + 0.41] [6.18 + 0.42] 

Day 4 14 
(proestrus) 

Day 1 13 
( estrus) 

97.9 + 5.9bc 72.7 + 8.1 171 + 101 

(27.2 + 1.5)f~ (20.3 + 2.4) (47.5 + 3.0)n 
[4.41 + 0.30pk [3.25 + 0.38] [7.66 + 0.53)P 

Values are the mean +SEM. There was one hemipituitary per incubation vial. The values without 
parenthesis or brackets are expressed in ug/pituitary. The values in parenthesis are in ug/mg 
pituitary, while those in brackets are in ug/ug pituitary DNA. Pairs of identical letters identify 
significant differences. (b-l, 0, p, p < 0.01; a, m, n, p < 0.05). 

...... 
N ...... 
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Table 8. Serum RIA-PRL on each day of the estrous cycle in the hamster. 

Day of 
estrous 
Cycle 

n Serum RIA-PRL 
(ng/ml) 

Day 2 

Day 3 

Day 4 
(proestrus) 

Day 1 
(estrus) 

10 

11 

14 

13 

Values are the mean + SEM of serum RIA-PRL. 
09.30-11.00 hr at which time trunk blood was 
at room temperature for 2 hr, centrifuged 30 
serum decanted and frozen at -20 degrees C. 
differences in serum RIA-PRL. 

9.7 + 1.8 

13.2 + 3.2 

19.6 + 3.6 

15.6 + 3.1 

Animals were killed at 
collected, allowed to clot 
min X 2,500 rpm, and the 
There were no significant 
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Figure 1. Agarose gel electrophoresis of whole cell RNA from pituitary and liver of female hamsters 
or rats. Tissue preparation for extraction of RNA and agarose gel electrophoresis procedures are 
described in Appendices H. Blotting the contents of the gel onto nitrocellulose paper and probing 
the bands with the plasmid pPRL-1 are described in Appendices I and J. See Appendix R for an 
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Figure 2. Pituitary cytodot samples from intact female hamsters and rats, or those which had been 
ovariectomized for two weeks. See Appendix G for cytodot technique. The samples were probed with 
pPRL-1, which contains the rat prolactin eDNA sequence, to detect the presence of prolactin mRNA 
(Appendices J and P). 
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hours. Pairs of identical letters identify significant differences 
with a p value of 0.05 or lower. See Table 4 for details. 
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Figure 5. 3H-prolactin after incubation of pituitiaries (with 3H-
leucine) from female hamsters on each day of the estrous cycle. (~ay 1 
= estrus). Animals were killed between 9.30-11.00 hours. (total H
prolactin = 3H-prolactin in the incubated pituitary + 3H-prolactin in 
the indubation media) Pairs of identical letters identify significant 
differences with a p value of 0.05 or lower. See Table 6 for details. 
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Figure 6. RIA-prolactin after incubation of pituitaries from female 
hamsters on each day of the estrous cycle. (Day 1 = estrus). Animals 
were killed between 9.30-11.00 hours. (total RIA-prolactin = RIA
prolactin in the incubated pituitary + RIA-prolactin in the incubation 
media). Pairs of identical letters identify significant differences 
with a p value of 0.05 or lower. See Table 7 for details. 
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CHAPTER 5 

PINEAL-DEPENDENT AND -INDEPENDENT EFFECTS OF LONG-TERM LIGHT DEPRIVATION 

ON PROLACTIN mRNA LEVELS, PROLACTIN SYNTHESIS, AND RADIOIMMUNOASSAYABLE 

PROLACTIN IN THE SYRIAN HAMSTER: THE ROLE OF THE ESTROUS CYCLE. 

Abstract 

Prolactin cell activity in the non-ovariectomized blinded female 

hamster was found to be significantly depressed compared to intact 

animals after 12 weeks of treatment, as has been reported previously. 

As with previous studies, we also found that blinding combined·with 

pineal removal failed to completely prevent the effects of blinding 

alone after 12 weeks of treament. The present study goes beyond pre

vious work by presenting evidence that: (1) the blind pinealectomized 

(Blind Pnx) group after 12 weeks is actually composed of two distinct 

groups, one displays estrous cyclicity and the other does not, (2) these 

two groups have distinctly different patterns of prolactin cell acti

vity, Le., (3) prolactin cell activity in Blind Pnx acyclic animals 

approaches that of the blinded group, which is acyclic, while (4) that 

of the cycling Blind Pnx is nearly indistinguishable from intact cycling 

animals and (5) a detailed cyclic history shows that more than half of 

the Blind Pnx animals became acyclic after 8-12 weeks of treatment. 

Thus, as a result of this study, we suggest that the failure of pineal

ectomy to completely prevent the suppressive effects of blindillg on 

prolactin cell activity in non-ovariectomized hamsters is associated 
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with a decline in the number of animals in this group which are cycling. 

In the ovariectomized hamster, blinding is able to further 

suppress prolactin cell activity pelow the level seen after ovariectomy 

alone, although pinealectomy is inconsistent in being able to fully 

prevent this suppression. 

Introduction 

There is substantial evidence that, in both the male and female 

Syrian hamster, the pineal gland mediates the loss of reproductive 

competence induced by several weeks of exposure to less than 12.5 hours 

of light (reviewed by Reiter, 1981a). This light-deprivation-induced 

reproductive collapse takes the form of gonadal regression in the male 

(Reiter, 1980b), and acyclicity in the female (Sorrentino and Reiter, 

1970; Seegal and Goldman, 1975). Both have been reported to be preven

ted by surgically removing the pineal, the presumed mediator of these 

light-deprivation-induced effects (Sorrentino and Reiter, 1970; Reiter, 

1980b). 

It is clear that light-deprivation in both male and female 

hamsters is also associated with decreased PRL synthesis and decreased 

radioimmunoassayable-PRL (RIA-PRL) in the pituitary and serum (e.g., 

Blask et al., 1986). Many reports indicate that, in the male hamster, 

PRL plays an important, though not exclusive, role in maintaining gona

dal function in males whose PRL is challenged by light-deprivation (Bex 

et al., 1978; Benson and Matthews, 1980; Chen and Reiter, 1980; Klemcke 

et al., 1983; and Bl ask et a!., 1984a). 
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In the light-deprived female hamster, however, the association 

(if indeed one exists) between depressed PRL and loss of estrous cycli

city is not understood. Simply giving PRL to female hamsters rendered 

acyclic due to light-deprivation does not restore cyclicity, although 4-

8 days of exercise apparently does so, and is associated with an 

increase in circulating PRL (Borer et a1., 1983). The ability of exer

cise to reinstate cyclicity in light-deprived female hamsters is appar

ently blunted, however, by either raising or lowering circulating PRL 

levels, although the authors do not exp1icitely discuss this aspect of 

their interesting and useful data (Borer et al., 1983). 

One possible link between 1ight-deprivation-induced changes in 

PRL regulation and the estrous cycle is the ovarian steroid estrogen. 

Five weeks of ovariectomy results in an 80% decline in pituitary RIA-PRL 

concentrations in hamsters, although these concentrations were not sig

nificantly elevated 72 hrs after a single injection of 50 ug estradiol 

benzoate (Reiter et a1., 1974). In rats, this dose is effective in 

elevating pituitary RIA-PRL after five weeks of ovariectomy (Blake et 

al., 1972). While the short-term dynamics of estrogen-induced eleva

tions in PRL may be different in the hamster compared to the rat, 4 

weeks of continuous exposure to estradiol benzoate released from Silas

tic capsules significantly increased serum PRL levels in ovariectomized 

hamsters compared to ovariectomized controls (Widmaier and Campbell, 

1981). A intriguing finding in this study was that serum PRL in ovari

ectomized hamsters placed in short photoperiod tended to be lower than 

that of ovariectomized animals in long photoperiod. This is an 
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important finding because it may indicate that there are two components 

to the suppression of PRL by light-deprivation. First, acyclicity and 

the resulting withdrawal of estrogen produced during folliculogenesis 

could lead to a loss of "estrogen-dependent" PRL. Second, if light

deprived ovariectomized hamsters can exhibit a further depression in PRL 

compared to long-photoperiod ovariectomized animals, this would suggest 

the existence of a mechanism whereby light-deprivation can decrease PRL 

independently of gonadal regression. 

What is clearly needed to resolve this issue is a more complete 

analysis of gonad-dependent and gonad-independent effects of light 

deprivation on PRL regulation in the female hamster. Such a study has 

been done in the rat (Leadem and Blask, 1982), which is sensitized to 

the effects of light-deprivation by removal of the olfactory bulbs. 

They found that pituitary RIA-PRL and PRL synthesis are depressed both 

in blind anosmic female rats compared to intact animals, and in ovari

ectomized blind anosmic rats compared to ovariectomized animals. 

In addition to more fully investigating the gonad-dependent and 

gonad-independent effects of light-deprivation on PRL regulation, such a 

study in the hamster would also examine the role of the pineal in 

mediating these effects. In other words, does pinealectomy reliably 

prevent the inhibitory effects of light-deprivation on PRL regulation? 

Pinealectomy is reported to be only partially effective in 

preventing the effects of blinding on PRL regulation in the female 

hamster (Blask et al., 1986). We thought it would be important to view 

this phenomenon with an additional technique for measuring PRL cell 
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activity that does not depend on measuring PRL as a protein. The recom

binant DNA plasmid pPRL-1, which contains the rat PRL cDNA sequence 

(Maurer, 1983), has been validated for measuring PRL mRNA levels in the 

hamster (Chapter 4 of this dissertation), and was used in the present 

study as this non-protein-based assay of PRL cell activity. 

We present evidence here which supports the fp110wing hypothe

sis: In the female hamster, a component of the blinding-induced 

suppression of PRL cell activity is independent of gonadal regression, 

although gonadal regression itself causes a depression of PRL cell 

activity. The role of the pineal gland in mediating this suppression is 

equivocal, at least after 12 weeks of treatment since (1) in non

ovariectomized hamsters, pinea1ectomy completely prevented the effects 

of blinding only in animals which maintained estrous cyclicity, and (2) 

in ovariectomized hamsters, pinea1ectomy did not completely prevent the 

effects of blinding for all indices of PRL cell activity. 

Materials and Methods 

Animals 

Young adult female Golden Syrian hamsters (Mesocricetus auratus) 

were purchased from Charles River, Lakeview Hamster Colony, Newfield, 

N.J. They were kept in an animal room which contained only hamsters, 

and which was maintained at 23 degrees C, with a 14:10 1ight:dark cycle 

(lights on from 06.00-20.00 hr). There were 3-5 animals in each clear 

plastic cage and they were provided laboratory chow and tap water ad 

libitum. 
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Experimental Design 

The effect of 12 wks of light-deprivation on PRL regulation, and 

the extent to which these effects were prevented by pinealectomy, were 

assessed in two groups of hamsters, (1) intact cycling animals, and (2) 

ovariectomized hamsters. The members of both groups were drawn at 

random from a single shipment of hamsters which demonstrated before 

surgery at least three normal four-day estrous cycles (see below). 

There were a total of six treatment groups: Intact (no surgery), Blind 

Sham-Pinealectomized (Blind Sham-Pnx), Blind Pinealectomized (Blind 

Pnx), Ovariectomized (Ovx), Ovariectomized Blind Sham-Pinealectomized 

(Ovx Blind Sham-Pnx), and Ovariectomized Blind Pinealectomized (Ovx 

Blind Pnx). Twelve weeks after surgery, the animals were decapitated at 

09.00-11.00 and tissues prepared for assays as described belm.,. Com

pleteness of pinealectomies was confirmed by inspection in the course of 

exposing the pituitary. Pituitary weights are based on the weight of a 

hemipiuitary after the 3 hr incubation. Organ weights were recorded 

four hours after the kill, the animals having been kept at 4 degree C 

during that time. 

Hypothesis #1. Light deprivation has a supressive effect on PRL 

mRNA levels, PRL synthesis, and RIA-PRL via an ovary-dependent as well 

as an ovary-independent mechanism. That is, PRL will be suppressed in 

Blind Sham-Pnx compared to Intact animals, and in Ovx Blind Sham-Pnx 

animals compared to the Ovx group. 
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Hypothesis #2. Removal of the pineal in blind or ovariectomized 

blind animals completely restores each PRL parameter to intact or ova

riectomized control values, respectively. 

Estrous Cycle Determination 

The animals were permitted to acclimate to their surroundings 

for 3 wks, and then estrous cyclicity for each animal was determined by 

daily examinations using the following two methods: (1) The vaginal 

discharge method (Orsini, 1961) allows the identification of Day 1 

(Estrus, = the day of ovulation) of the cycle by the appearance of a 

distinctive, copious vaginal exudate late in the morning after ovula

tion. (2) The vaginal smear method (Kent, 1968) allows the direct 

histological identification of distinctive cell types shed from the 

upper vagina and cervix during different days of the cycle. By these 

two methods, animals were followed through at least three cycles and 

those failing to demonstrate regular cyclicity were excluded from the 

experiment. (See Appendix Q of this dissertation.) 

Surgery 

Surgery was performed between 09.00-12:00 hr using sodium pento

barbital (Nembutal) anesthesia at a dose of 8 mg/100 g body weight, 

administered i.p.. Multiple surgical procedures were performed under 

one dose of anesthesia. Animals in the Intact group, which did not 

receive surgery, were given the standard dose of sodium pentobarbital. 

The surgical procedures for blinding, and pinealectomy are referenced in 

Blask et al. (1986). Briefly, pinealectomies were performed by drilling 



a four rom bone disk, centered approximately on the confluence of 

sinuses, and removing the underlying pineal gland with fine forceps. 
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The bone disk was then replaced and the skin incision held together with 

metal wound clips. Sham-pinealectomies were performed in the blinded 

group to serve as a surgical control for the blind-pinealectomized 

group. They involved drilling and removing the bone disk and pricking 

the underlying dura with the fine forceps. Ovariectomies were performed 

via two lateral incisions in the dorsal body wall. The animals were 13 

weeks old at the time of surgery (June 10, 1985). 

Sacrifice, Incubation of Pituitaries, and Assays 

Animals were killed by decapitation 12 wks after surgery. One 

animal at a time from each treatment group was killed so that any 

differences arising from the order of kill would not be interpreted as 

treatment effects. The incubation protocol, PRL mRNA assay, 3H- PRL 

assay, homologous hamster RIA, and DNA assay were performed as described 

in the Materials and Methods section of Chapter 4 of this dissertation. 

Briefly, the pituitary was exposed in situ and the posterior lobe 

removed. The remaining pituitary was bisected. One hemipituitary was 

used to determine PRL mRNA levels by the cytodot method (Appendix G, and 

Chapter 4 of this dissertation) which also yields a nuclear pellet from 

the hemipituitary that can be assayed for DNA (Appendix M). The other 

hemipituitary was incubated (Appendix 0) for 3 hr in the presence of 3H-

leucine and the amount incorporated into PRL was measured by poly

acrylamide gel electrophoresis (Appendix N) of incubation media and 

pituitary homogenate samples. The amount of 3H-leucine incorporated 
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into PRL during the incubation is thought to reflect the ability of the 

in situ pituitary to synthesize PRL. RIA-PRL in the incubation media, 

incubated pituitary, and serum (trunk blood) was measured with a homolo

gous hamster RIA (Appendix L). 

Statistical Analysis 

Since the variances of the treatment groups were widely discre

pant for uterine weights, PRL mRNA levels, 3H- PRL, and RIA-PRL, these 

data were converted to logarithms before being subjected to a one-way 

analysis of variance and Student-Newman-Keuls Multiple Range Test. (The 

variances for body weights, ovarian weights, pituitary weights, and 

pituitary DNA were relatively homogeneous within each of these varia

bles, and so these values were not converted to logarithms before being 

subjected to the same statistical procedure.) A p value of less than 

0.05 was considered statistically significant. Three separate statisti

cal analyses were made among the groups, as follows: 

First, Intact, Blind Sham-Pnx, and Blind Pnx were compared. The 

upper-case letters in the tables and figures denote pairs which are 

significantly different among these three groups. 

Second, since the Blind Pnx group was actually composed of two 

different subgroups based on observed cyclicity (see Results), it was 

divided into Blind Pnx (acyclic) and Blind Pnx (cycling) groups, which 

were then compared with Intact and Blind Sham-Pnx, for a four-group . 

comparison. Lower-case letters in the tables and figures denote pairs 

which are significantly different. 
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Third, the three ovariectomized groups (Ovx, Ovx Blind Sham-Pnx, 

and Ovx Blind Pnx) were compared among themselves. No statistically 

examined comparisons were made among any ovariectomized vs. non

ovariectomized groups. Lower-case letters in the tables and figures 

denote pairs which are statistically significant. 

Results 

Estrous Cyclicity 

After eight of the 12 total weeks of treatment, all the non

ovariectomized groups displayed the expected pattern of estrous cycli

city (or acyclicity), based on an examination of vaginal exudates and 

vaginal smears, as follows: 

(See Figure 8.) The Intact group displayed a virtually perfect 

record of normal 4-day cylces. The Blind Sham-Pnx group had question

able or absent days of estrus as early as two weeks after treatment, and 

all animals in this group were definitely acyclic by 25 days. The Blind 

Pnx group continued to cycle, but there appeared to be a qualitative and 

quantitative difference compared to the Intact group. Qantitatively 

there were many 5-day cycles seen in the Blind Pnx group (data not 

shown), while only normal 4-day cycles were seen in the Intact group 

throughout the entire 12 weeks (21 estrous cycles per animal X 6 animals 

= 126 normal cycles). 

It was difficult to quantify the number of 5-day cycles in the 

Blind Pnx group because the time at which the vaginal exudate could be 

seen, or when estrous smears contained the expected cell types, appeared 
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to "drift." That is, these two markers of the day of estrus, rather 

than being seen invariably at 08.00-11.00 as in the Intact group, were 

often seen late in the afternoon or even early evening. This tendency 

to "drift" became more prominant in the Blind Pnx group after 6-7 weeks; 

at 8 1/2 weeks, the first Blind Pnx animals became acyclic, with over 

half (4 out 7) becoming acyclic by 12 weeks (Figure 8). 

It is interesting to note that, after 6 1/2 weeks of having 

identical smears to the other acyclic Blind Sham-Pnx animals, one animal 

in this group began to demonstrate possible vaginal exudates and defi

nite large round nucleated cells (after about 10 1/2 weeks of total 

treatment) seen only in typical estrous smears. That this animal was 

undergoing spontaneous recrudescence of the reproductive system was 

supported at autopsy by the finding that (1) the ovaries in this animal 

were not smooth like those of its acyclic counterparts, (2) its uterine 

weight was twice that of any acyclic Blind Sham-Pnx, (3) its PRL mRNA 

levels were over three times that of any other from its group, and (4) 

its total 3H- PRL and RIA-PRL was 4-5 times higher than any other from 

its group. This individual, which was excluded from the Blind Sham-Pnx 

group because it was obviously beginning to re-establish estrous 

cyclcity, is interesting because it demonstrates the sensitivity of the 

vaginal smear technique. More than a week before the end of the experi

ment, typical vaginal smear histology seen only on the day of estrus was 

noticed in this animal and accurate predictions could be made about 

increased uterine weights and increased PRL cell activity based on this 

non-invasive procedure. 



Assays 

Body Weight. There were no significant differences in body 

weight before, or after, the 12 weeks of treatment, although the Ovx 

group tended to be higher (Table 9). 

Ovarian Weight. There were no significant differences in the 

weight of the ovaries, although the Blind Sham-pnx group tended to be 

lower than any other group (Table 10). 
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Wet Uterine Weight. With wet uterine weight, a recurring pat

tern in the data is clearly seen among the non-ovariectomized animals. 

This pattern is repeated, with minor variations, for virtually all of 

the measures of PRL cell activity (i.e., PRL mRNA levels, 3H- PRL , and 

RIA-PRL), which follow. As shown in Figure 9, this basic pattern is as 

follows: 

(1) In the 3 group comparison (Intact, Blind Sham-Pnx, Blind Pnx 

(total», or in the 4 group comparison (Intact, Blind Sham-Pox, Blind 

Pnx (acyclic), Blind pnx (cycling» a drastic (often as high as 95%) and 

statistically significant reduction is invariably seen in the Blind 

Sham-Pnx group compared to Intact. 

(2) In the 3-group comparison, pinealectomy (Blind Pnx) invari

ably fails to completely prevent the suppressive effects of blinding 

(Blind Sham-Pnx). Clearly, the trend is for Blind Pnx values to be 

intermediate between those of Intact and Blind Sham-Pnx. 

(3) Estrous cyclicity is the key to understanding this only 

partial prevention, and this is demonstrated statistically by the 4-

group comparison. Blind Pnx (cycling) is nearly always identical to 
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Intact values, while Blind Pnx (acyclic) values approach Blind Sham-Pnx 

levels. 

Thus, for wet uterine weight (Figure 9), there is a 73-74% 

decline in the Blind Sham-Pnx group compared to Intact, but pinealectomy 

(Blind Pnx) appears to prevent only about 40% of this decline. If the 

4-group comparison is made, however, wet uterine weights for Blind Pnx 

(cycling) are identical to Intact, and those of Blind Pnx (acyclic) 

approach those of the Blind Sham-Pnx group. 

Uterine weights (as well as the indices of PRL cell acitivity 

which follow, below) tend to be higher in the Blind Pnx (acyclic) than 

in the Blind Sham-Pnx probably because, while the former had been acy

clic for only 2-4 weeks at the time of the kill, the latter group had 

been acyclic for 8-10 weeks, and thus lacked stimulatory ovarian factors 

for a longer time. 

There were no significant differences in uterine weight among 

any of the ovariectomized groups. Those of the Ovx Blind Sham-Pnx were 

about 25% below either Ovx or Ovx Blind Pnx, but this decline did not 

achieve statistical significance (Figure 9). 

Pituitary Weight and Pituitary DNA. Changes in pituitary weight 

in the non-ovariectomized groups (Figure 10) followed basically the same 

pattern as was seen for uterine weight. Blinding (Blind Sham-Pnx) 

caused a 45% decline in pituitary weight which was only partially pre

vented by pinealectomy (Blind Pnx), as seen in the 3-group comparison. 

As before, the 4-group comparison revealed that the Blind Pnx (cycling) 
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animals were identical to the Intact group, while the Blind Pnx (acy-

clic) were not different than the Blind Sham-Pnx. 

There was also a significant 32-38% difference in pituitary 

weight in the Ovx Blind Sham-Pnx group compared to Ovx controls, but 

this "decline" was not completely prevented by pinealectomy. It is 

interesting to note that the average pituitary weight of the ovariecto-

mized groups appears to be higher than the non-ovariectomized groups, 

although a statistical analysis was not performed. If this is indeed 

true, then it may be more accurate to say that blinding (Ovx Blind Sham-

Pnx) prevented the increase in pituitary weight over Intact values seen 

in the Ovx group, rather than saying that blinding caused a decrease. 

In non-ovariectomized animals, pituitary DNA was not different 

among Intact, Blind Sham-Pnx, and Blind Pnx (total). When the Bl ind 

Pnx (total) were separated into two groups based on cyclicity, however, 

the pituitary DNA of the Blind Pnx (acyclic) group was significantly 

different from both the Intact and the Blind Pnx (cyclcing) (Table 11). 

Also, the pituitary DNA of the Blind Pnx (cycling) was significantly 

highter than any other group in the four group comparison. In ovariec-

tomized hamsters there were no statistically significant differences in 

Pi tui tary DNA. 

PRL mRNA Levels. (Table 12 and Figure 11) PRL mRNA levels 

followed almost identically the pattern of differences seen for wet 

uterine weights. Blinding caused a 95% reduction in pituitary PRL mRNA 

levels regardless of whether the levels were expressed per pituitary, 

per mg of pituitary, or per ug of pituitary DNA. This suppression was 
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completely prevented by pinealectomy only in animals which continued to 

cycle (the Blind Pnx (cycling) group). Pinealectomized animals which 

became acyclic (Blind pnx (acyclic» had PRL mRNA levels that approached 

those of the Blind Sham-Pnx, which had ceased estrous cyclicity some 8-

10 weeks earlier. Probably because the Blind Pnx (acyclic) group had 

only been acyclic for 2-4 weeks, PRL mRNA levels in this group were 

still about 4 times that of the Blind Sham-Pnx group, but only about 14% 

of that of the Blind Pnx (cycling) or Intact groups. 

In ovariectomized animals, blinding also resulted in a similar 

(90%) decline in PRL mRNA levels and, although pinealectomy had a signi

ficant effect in preventing the effects of blinding, the prevention was 

never complete. That is, no matter if the PRL mRNA levels are expressed 

per pituitary, per mg of pituitary, or per ug of pituitary DNA, those of 

the Ovx Blind Pnx tend to be intermediate between Ovx Blind Sham-Pnx and 

Ovx. 

~-PRL. (Tables 13, 14, and 15, and Figure 12) Prolactin 

synthesis, as measured by the amount of incorporation of 3H-leucine into 

PRL after a 3 hr incubation, was reduced over 90% by blinding (Blind 

Sham-Pnx), regardless of whether the decline in 3H- PRL was recorded in 

the incubated pituitary, that measured in the incubation media, or the 

total of the two. As was seen for uterine weights, pinealectomy does 

not completely prevent the declines caused by blinding (Blind Pnx was 

still 49% lower than Intact), unless cyclic status of the members of the 

Blind Pnx group is taken into account. In animals which continue to 

cycle (Blind Pnx (cycling», pinealectomy completely reverses the 
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suppressive effects of blinding on 3H- PRL production, regardless of 

whether it is measured in the incubated pitui~ary, incubation media, or 

total, and regardless of whether the data are expressed per pituitary, 

per mg of pituitary, or per ug of pituitary DNA. 

In ovariectomized hamsters, there is a comparable 60-90% decline 

in total 3H- PRL as a result of blinding (Ovx Blind Sham-Pnx), and the 

decline is completely prevented by pinealectomy when the data are ex

pressed per mg of pituitary or per ug of pituitary DNA, but not when 

expressed per pituitary. 

RIA-PRL. (Tables 16, 17, and 18, and Figure 13) Changes in 

RIA-PRL found in the incubated pituitary and incubation media, and the 

combined value of these two measurements, were comparable to the 

observed pattern for 3H- PRL, both in the non-ovariectomized and ovari

ectomized groups. Compared to the Intact group, there was a 95% 

reduction in RIA-PRL as a result of blinding (Blind Sham Pnx). This 

magnitude of reduction was found in the incubated pituitary, incubation 

media, and total, and remained about the same regardless of whether the 

data were expressed per pituitary, per mg of pituitary, or per ug of 

pituitary DNA. Pinealectomy (Blind Pnx) prevented some of the suppres

sion due to blinding alone (Blind Sham-Pnx) but the former was still 41% 

lower than Intact animals. Again, pinealectomy completely prevented the 

effects of blinding in Blind Pnx animals that continued to cycle. 

Comparable 80-90% reductions in total RIA-PRL as a result of 

blinding were seen in the ovariectomized animals (Ovx Blind Sham-Pnx) 

but, unlike 3H- PRL in ovariectomized animals, these reductions were 
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statistically confirmed to be completely prevented by pinealectomy (Ovx 

Blind Pnx). This was the pattern for media RIA-PRL as well. For pitui

tary RIA-PRL, prevention of the blinding-induced reduction was statisti

cally complete only when expressed per mg of pituitary. When expressed 

per pituitary or per pituitary DNA, the RIA-PRL found in the incubated 

pituitary from the Ovx Blind pnx was statistically intermediate between 

Ovx and Ovx Blind Sham-Pnx values. 

Serum RIA-PRL. (Figure 15) Among the non-ovariectomized ani

mals, the Blind Pnx (cycling) hamsters had serum levels of RIA-PRL that 

were significantly higher than any other group. There was a strong 

trend for blinding to reduce serum levels of PRL in both ovariectomized 

and non-ovariectomized animals, although statistical significance was 

achieved only in the case of Ovx Blind Sham-Pnx compared to Ovx. 

Adrenals. It was observed at autopsy that all but one of the 

ovariectomized hamsters had small white spots on their adrenal glands. 

Also, all but one of the non-ovariectomized animals had no such spots, 

and the one that did was the Blind Sham-Pnx animal that, as previously 

mentioned, seemed to be undergoing spontaneous recrudescence, as evi

denced by round nucleated (estrous type) cells in its vaginal smear, and 

much higher indices of prolactin cell activity than other Blind Sham-Pnx 

animals. (Unfortunately, examination of adrenal histology could not be 

done because of technical problems which resulted in the loss of the 

tissue.) 
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Discussion 

The results reported here on the effects of 12 weeks of blinding 

or blinding combined with pinealectomy on pituitary PRL synthesis and 

RIA-PRL levels are in almost complete agreement with a similar 14 week 

study in the female hamster by Blask et al. (1986). Both studies report 

90-95% reductions in prolactin synthesis and RIA-PRL levels as a result 

of blinding, and that pinealectomy combined with blinding prevents only 

about half of this reduction in female hamsters. Blask and colleagues 

(1986) also report that, compared to females, PRL synthesis and RIA-PRL 

is less severely depressed in male hamsters as a result of blinding, and 

that pinealectomy in males, unlike females, completely prevents the 

suppressive effets of blinding, after 14 weeks of treatment. Thus it 

was hypothesized that there was a sexually dimorphic component to (1) 

blinding-induced light-deprivation (i.e., PRL cell activity was more 

severely depressed in the female than the male), and (2) the extent to 

which the pineal mediated this effect (i.e., unlike the male, in the 

female blinding resulted in significantly depressed PRL cell activity 

even in the absense of the pineal). 

It seemed to us that examining the interactions among estrous 

cyclicity, PRL cell activity, and light deprivation (with or without the 

pineal gland in place) was a good starting point for trying to expose a 

potential mechanism of this hypothesized sexually dimorphic component. 

In addition to measuring 3H-Ieucine incorporation into PRL and 

RIA-PRL levels as indices of PRL cell activity, we also measured PRL 

mRNA levels in order to obtain a view of this activity not based on PRL 
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as a protein but, rather, as a product of changes in gene induction. In 

addition, we originally thought that, if newly synthesized or other 

pools of PRL were being degraded, this might be seen as a discrepancy 

between PRL gene induction (as measured by PRL mRNA levels) and PRL 

synthesis or even levels of RIA-PRL. As it turned out, in this study, 

changes in PRL mRNA levels, 3H-leucine incorporation into PRL, or RIA-' 

PRL were nearly identical in relative proportions (Figure 14). This may 

suggest that degradation of PRL is not an important factor in explaining 

the long-term (12 weeks) effects of light-deprivation in suppressing 

PRL, but more work is clearly needed to resolve this point. 

Also, the close correlation between changes in PRL mRNA levels 

and in the rate of 3H-leucine incorporation into PRL (Figure 14) helps 

to further validate each technique, since each is based on a totally 

different assay principle. (See Chapter 4 of this dissertation for 

validation of the PRL mRNA technique, and Blask et al., 1986, for the 

validation of the 3H- PRL assay.) 

As detailed in "Materials and Methods," estrous cyclicity in 

each of the non-ovariectomized animals was followed using two different 

methods, the vaginal exudate method of Orsini (1961), and the vaginal 

smear technique of Kent (1968). Up to 8 weeks after treatment, the 

pattern of estrous cyclicity (or acyclicity) was similar to that repor

ted by Sorrentino and Reiter (1970), who also looked at the effects of 

blinding and blinding combined with pinealectomy on estrous cyclicity. 

Like their results, we found that intact and blind pinealectomized 

hamsters continued to display estrous cyclicity at eight weeks. 
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However, while their blind-pinealectomized animals reportedly cycled in 

a manner indistinguishable from intact animals, we found that the ap

pearance of elongated and round nucleated cells, seen characteristically 

on the morning of estrous in intact animals, could be found at almost 

any time of the day in many of our blind pinealectomized animals. It 

was after this apparent "drift" became noticeable that blind pinealecto

mized animals began to cease all signs of estrous cyclicity. Anot~r 

difference between our results and those of Sorrentino and Reiter (1970) 

was that all of our blinded animals stopped cycling by 2-4 weeks after 

surgery, while some of their animals were still cycling after 8 weeks. 

Direct comparisons of our data on cyclicity with that of Sorren

tino and Reiter (1970) is difficult, however, because theirs is reported 

in terms of a percentage of total estrous smears in which the typical 

estrous histology was observed, rather than a percentage of animals 

which were still cycling, as we provide. Also, they followed cyclicity 

only through 8 weeks in one study, and in another they began reporting 

cyclic data at 7 weeks and continued through 11 weeks. Thus, a contin

uous record of estrous cyclicity through 12 weeks, as reported by us, 

was not available for comparison. Another difference between the two 

studies is that our blinded group was also sham-pinealectomized to 

provide a better control for comparison with the blind-pinealectomized 

group. 

Despite these differences, our finding that over half of the 

blind pinealectomized hamsters (4 out of 7) stopped cycling between 8 

and 12 weeks after treament is certainly at odds with the overall 
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conclusion of Sorrentino and Reiter (1970) that pinea1ectomy completely 

prevents the effects of blinding on estrous cyclicity. Since acyclicity 

leads to declines in PRL cell activity, we can make the following 

hypothesis about PRL regulation and light-deprivation: Not only does 

pinea1ectomy fail to completely prevent the effects of blinding on 

estrous cyclicity, it also fails to completely prevent the blinding

induced suppression in PRL cell activity. 

This failure of PRL cell activity to be the same in intact and 

blind pinealectomized females was seen in two separate studies, that of 

Blask et a1. (1986) and the present study, in which animals were treated 

for 14 or 12 weeks, respectively. Unfortunately, estrous cyclicity and 

uterine weights were not reported by Blask et al. (1986). Since the 

magnitude of the differences was nearly identical in the two studies, 

however, it is highly likely that cessation of estrous cyclicity in a 

large number of blind pinealectomized females likewise caused this only 

partial prevention of depressed PRL cell activity in the former study. 

In addition to these two studies, orsead (1984, Doctoral Disser

tation) likewise found in two separate experiments that pinea1ectomy 

combined with blinding was not able to prevent completely the decline in 

prolactin synthesis caused by blinding alone. 

Thus, the results we present here tie together two lines of 

research that were previously not explicitly related to each other in 

the same experiment: (1) the effects of blinding-induced light

deprivation combined with pinealectomy on estrous cyclcity, and (2) the 

effects of this treatment on PRL cell activity. We offer evidence in 
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support of the hypothesis that loss of estrous cyclicity after about 8 

weeks in blind-pinealectomized female hamsters causes the depression in 

PRL cell activity compared to intact (and thus normally cycling) 

animals. 

Thus, differences in patterns of estrous cyclicity may be 

largely responsible for the recurring pattern seen in non-ovariectomized 

hamsters for all of the reported indices of PRL cell activity: PRL mRNA 

levels, 3H-leucine incorporation into PRL, and levels of RIA-PRL. 

This pattern, as presented in the "Resul ts," above, shows that 

the blind pinealectomized group, after 12 weeks of treatment, is actu

ally composed of two distinct groups based on estrous cyclicity. When 

these dissimilar groups are combined, an intermediate value for the 

entire group is obtained. But when cycling blind pinealectomized ani

mals are compared with cycling intact hamsters, no differences are seen. 

While it is logically possible that declines in PRL could result 

in the observed loss in estrous cyclicity, instead of the other way 

around, this seems highly unlikely for the following reasons: (1) the 

cycling blind-pinealectomized animals show no sign of depressed PRL cell 

activity, and (2) ovariectomy is known to result in marked depressions 

in PRL cell activity. 

This is not to say, however, that all differences in PRL cell 

activity in female hamsters are due to the estrous cycle. As previously 

mentioned, Widmaier and Campbell (1981) have shown that serum RIA-PRL is 

depressed in ovariectomized hamsters placed in short photoperiod 

(8L:16D) compared to long-photoperiod-exposed (14L:I0D) ovariectomized 
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animals. Also, Hauser and Benson (1986) confirmed this observation and 

added the original finding that pituitary levels of prolactin are also 

depressed by light-deprvivation in ovariectomized hamsters. 

We extend these findings in the present study by more fully 

characterizing the response of the PRL cell to light-~eprivation in 

long-term (12 weeks) ovariectomized hamsters by measuring PRL mRNA 

levels, PRL synthesis in vitro, the in vitro release of PRL, and RIA-PRL 

in the pituitary. In addition we explicitly examined the role of the 

pineal in mediating the effects of light-deprivation in ovariectomized 

female hamsters. 

In general, we found that PRL mRNA levels, prolactin synthesis, 

and RIA-PRL levels are significantly depressed even in ovariectomized 

hamsters as a result of light-deprivation by blinding. These findings 

are consistent with the hypothesis that there is an effect of light

deprivation in causing a suppression of PRL cell activity that is inde

pendent of the ovary. Interestingly, the ability of pineal removal in 

ovariectomized hamsters to completely prevent this suppression caused by 

blinding is equivocal, with complete prevention seen only in media and 

total RIA-PRL. 

There may be a common explanation for pinealectomy not com

pletely reversing the effects of blinding in both ovariectomized and 

non-ovariectomized hamsters. It may have to do with the length of 

treatment in both cases. In the non-ovariectomized animals, pinealec

tomy was completely effective in maintaining cyclicity (and thus, most 

likely PRL cell activity) despite blinding, up to about 8 weeks after 
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treatment. Other research (Chapter 6 of this dissertation) suggests 

that ovariectomized animals likewise show complete prevention of the 

suppressive effects of blinding after pinealectomy if the treatment 

takes place over a shorter period of time. These findings are consis

tent with the following hypothesis: While long-term (12-14 weeks) 

effects of blinding may produce pineal-independent depressions in PRL 

cell activity, short-term (8 weeks or less) effects of blinding are 

prevented by pinealectomy, in the female hamster. Clearly, this hypo

thesis can be tested adequately only if a detailed estrous cycle history 

is known for each animal. 

This long-term effect of blinding may be a neuroendocrine effect 

on PRL cell activity mediated by the hypothalamus, but it may also have 

to do with some other aspect of long-term blinding (or possibly the 

effect of the sham-pinea1ectomy or pinea1ectomy procedures) that affect 

the overall health or behavior of the animals. Replacing the blinding 

procedure with short-photoperiod exposure might help to resolve this 

issue with regard to blinding versus short photoperiod, while other 

types of sham surgeries might help to resolve if surgical trauma is 

somehow responsible for the loss of cyclicity in the Blind pnx group 

after 8 weeks. More research is needed to answer these questions. 

The study presented here was largely patterned after Leadem and 

B1ask (1981), in which the pineal-mediated effects of light-deprivation 

on PRL cell activity were studied in ovariectomized and non

ovariectomized rats after 8 weeks of treatment. While 12 weeks of 

blinding in the non-ovariectomized hamster (Blind Sham-Pnx) or 8 weeks 
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of blinding in the non-ovariectomized rat (Blind Anosmic) caused a 

depression in PRL cell activity, the depressions in the rat (in 3H- PRL 

and RIA-PRL) were largely accounted for by changes in pituitary weight. 

In the hamster, however, dramatic depressions (85-90%) were still seen 

after accounting for a significant decline in pituitary weight. As was 

seen in hamsters in the present study, rats also had depressed PRL cell 

activity in response to blinding whether or not the ovaries were in 

place, but in both species the decline does not appear to be completely 

accounted for by changes in pituitary weight. 

With regard to the role of the pineal in mediating these effects 

in the rat, Leadem and Blask (1981) report that pinealectomy prevents 

the decline in total RIA-PRL due to blinding, and even augments 3H- PRL 

beyond control values in non-ovariectomized animals. Assuming that all 

of the intact and pinealectomized rats were cycling, these results 

largely parallel those found in the hamster, if cyclic status is accoun

ted for in the pinealecomized hamsters. In ovariectomized rats, pineal

ectomy does not significantly prevent the suppressive effects of 

blinding on 3H- PRL or RIA-PRL, although a strong trend is present. This 

equivocal response to pinealecomy in ovariectomized animals likewise 

parallels the results for hamsters, in which complete prevention was 

seen only for media and total RIA-PRL. 

Finally, the unexpected observation that all but one of the 

ovariectomized hamsters in this study appeared to have small white spots 

on their adrenal glands, and that all but one of the non-ovariectomized 

did not have them, must be regarded as anecdotal until a detailed 



histological study can be done to confirm the observation. These 

observations are included here for completeness. 
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Table 9. Body weights in female hamsters before, and 12 weeks after, 
treatment. 

Treatment n Body Weight ( g) Body Weight (g) 
(before) (12 wks) 

Intact 6 163 + 8 191 + 14 
(cycling) 

Blind Sham-Pnx 4 159 + 4 184 + 13 
(acyclic 8-10 wks.) 

Blind Pnx 7 161 + 4 196 + 6 
( total) 

Blind Pnx 4 165 + 6 203 + 9 
(acyclic 2-4 wks.) 

Blind Pnx 3 162 + 2 186 + 6 
( cycling) 

Ovx 4 162 + 7 221 + 13 -

Ovx Blind Sham-Pnx 3 164 + 4 198 + 3 

Ovx Blind Pnx 4 165 + 7 194 + 9 

Values are the mean + SEM. Animals were approximately 13 weeks old at 
the time of surgery. Intact group received sodium pentobarbital anes
thesia only. Multiple operations were performed under one dose of 
sodium pentobarbital. Ovx = ovariectomized. Pnx = pinealectomized. 
There were no statistically significant differences. 
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Table 10. Wet uterine weights and ovarian weights in female hamsters 12 
weeks after treatment. 

Treatment n Wet Uterine Wt. (mg) Ovarian Wt. (mg) 

Intact 6 
(cycling) 

405 + 25 ab ,AC 47.7 + 3.2 
(214 + 11 )fg,DF (25.1 + 0.9) 

Blind Sham-Pnx 4 
(acyclic 8-10 wks) 

105 + 6ace ,AB 39.3 + 4.2 
(58 + 3)fhj ,DE (21.3 + 1.0) 

Blind Pnx 7 266 + 44BC 52.9 + 4.6 
( total) (139 + 25)EF (26.9 + 1.9) 

Blind Pnx 4 
(acyclic 2-4 wks) 

176 + 19bde 53.3 + 7.9 
(86 + 9)gij (26.1 + 3.2) 

Blind Pnx 3 
(cycling) 

386 + 7cd 52.4 + 4.5 
(208 + 6)hi (28.1 +1.9) 

Ovx 4 106 + 9 
(48 + 3) 

Ovx Blind Sham-Pnx 3 77 + 1 
(39 + 1) 

Ovx Blind Pnx 4 98 + 9 
(51 + 6) 

Values are the mean + SEM. Animals were approximately 13 weeks old at 
the time of surgery.-Intact group received sodium pentobarbital anes
thesia only. Multiple operations were performed under one dose of 
sodium pentobarbital. Valu~s without parenthesis or brackets are 
weights in mg. Those in parenthesis are organ weights/100 g body 
weight. Identical pairs of letters indicate differences significant at 
the 0.05 confidence level or lower. 



Table 11. Pituitary weight and pituitary DNA in female hamsters 12 
weeks after treatment. 

Treatment 

Intact 
(cycling) 

Blind Sham-Pnx 
(acyclic 8-10 

Blind Pnx 
( total) 

Blind Pnx 
(acyclic 2-4 

Blind Pnx 
( cycling) 

Ovx 

wks.) 

wks.) 

Ovx Blind Sham-pnx 

Ovx Blind Pnx 

n 

6 

4 

7 

4 

3 

4 

3 

4 

Pituitary Wt. (mg) Pituitary DNA (ug) 

4.54 + 0.40ac ,A 24.6 + 2.1 1m 
(2.44 + 0.27)ef,C 

2.50 + 0.19ab ,AB 16.9 + 2.6j 
(1.37 + 0.06)eg,C 

B 3.94 + 0.44 24.1 + 3.4 
(2.03 + 0.25) 

3.15 + 0.20cd 17.6 + 2.6mk 
(1.55 + 0.03)fh 

5.00 + 0.53bd 
(2.67 + 0.27)gh 

7.10 + 0.551m 

(3.25 + 0.32)n 

I 4.40 + 0.40 
(2.22 + O.lnn 

5.30 + 0.19m 

( 2. 77 + O. 20 ) 

32.9 + 1.3jkl 

30.0 + 2.9 

25.1 + 3.7 

24.1 + 2.8 
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Values are the mean + SEM. Animals were approximately 13 weeks old at 
the time of surgery.-Intact group received sodium pentobarbital anes
thesia only. Multiple operations were performed under one dose of 
sodium pentobarbital. Values without parenthesis are mg/pituitary or ug 
pituitary DNA/pituitary. Those in parenthesis are the mg of pituitary 
per 100 g of body weight. Identical pairs of letters indicate differen
ces significant at the 0.05 confidence level or lower. 
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Table 12. PRL mRNA levels in the pituitary of female hamsters 12 weeks 
after treatment. 

Treatment 

Intact 
(cycling) 

Blind Sham-Pnx 
(acyclic 8-10 wks.) 

Blind Pnx 
( total) 

Blind Pnx 
(acyclic 2-4 wks.) 

Blind Pnx 
( cycling) 

Ovx 

Ovx Blind Sham-Pnx 

Ovx Blind Pnx 

n 

6 

4 

7 

4 

3 

4 

3 

4 

PRL mRNA (CPM) 

6 533 + 1 467 ace ,AB 
(2'500 + 423)fhj,DE 

[377 + 43]kmo,GH 

94,667 + 35,067 BC 
(20,267 + 6,120~EF 

[3,311 + 955]H 

26 267 + 5 467 bde 

(7:933 + 3:00~)gij 
[1,587 + 769] no 

185,867 + 35,533ab 
(36,667 + 2,827)hi 

[5,600 + 763]mn 

41,467 + 8,800Pq 
(6,200 + 1,827)st 
[1,440 + 333]UV 

4,400 + 1,467 pr 

(933 + 280)s 
[166 + 34] uw 

13,067 + 3,467 Qr 

(2,467 + 645)t 
[537 + 143]vw 

Values are the mean + SEM. Animals were approximately 13 weeks old at 
the time of surgery. Intact received sodium pentobarbital anesthesia 
only. Multiple operations were performed under one dose of sodium 
~~ntobarbita1. Values without parenthesis or brackets are the CPM of 

P-pPRL-l which hybridized to an aliquot of pituitary sample, in 
CPM/pituitary. Those in parenthesis are CPM/mg pituitary, and those in 
brackets represent CPM/ug pituitary DNA. Identical pairs of letters 
indicate differences significant at the 0.05 confidence level or lower. 
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Table 13. 3H- PRL in the pituitary, after a 3 hr incubation, in female 
hamsters 12 weeks after treatment. 

Treatment 

Intact 
(cycling) 

Blind Sham-Pnx 
(acyclic 8-10 wks.) 

Blind Pnx 
( total) 

Blind Pnx 
(acyclic 2-4 wks.) 

Blind pnx 
( cycling) 

Ovx 

Ovx Blind Sham-Pnx 

Ovx Blind Pnx 

n 

6 

4 

7 

4 

3 

4 

3 

4 

Pituitary 3H- PRL (DPM) 

3 530 + 27Sace ,AB 
(1'414 + 63)fhj,DE 

[221 + 26]kmo,GH 

28,182 + 10,434BC 

(6,053 + 1,739fEF 

[989 + 271]H 

8 568 + 2 403bde 
(2'641 + 644)gij 

[509 + 172]lno 

54,336 + 12,328ab 
(10,601 + 1,492)fg 

[1,629 + 312]mn 

15,218 + 1,854Pq 
(2,121 + 116)s 

[513 + 56]uV 

3,534 + 538pr 
(793 + 56)st 
[142 + 15]UW 

8,856 + 1,268Qr 
(1,665 +" 228) t 

[367 + 34 ]vw 

Values are the mean + SEM. Animals were approximately 13 weeks old at 
the time of surgery. Intact received sodium pentobarbital anesthesia 
only. Multiple operations were performed under one dose of sodium 
pentobarbital. Values without parenthesis or brackets are DPM of 3H-
Leucine incorporated into PRL which remained in the incubated pituitary 
after a 3 hr incubation (one hemipituitary/vial), exprsesed as 
DPM/pituitary. Those in parenthesis are DPM/mg pituitary, and those in 
brackets represent DPM/ug pituitary DNA. Identical pairs of letters 
indicate differences significant at the 0.05 confidence level or lower. 



Table 14. 3H- PRL in the incubation media, after a 3 hr pituitary 
incubation, in female hamsters 12 weeks after treatment. 

Treatment 

Intact 
(cycling) 

Blind Sham-Pnx 
(acyclic 8-10 wks.) 

Blind Pnx 
( total) 

Blind Pnx 
(acyclic 2-4 wks.) 

Blind Pnx 
( cycling) 

Ovx 

Ovx Blind Sham-pnx 

Ovx Blind Pnx 

n 

6 

4 

7 

4 

3 

4 

3 

4 

Media 3H- PRL (DPM) 

1 726 + 688ace ,AB 
(719 + 304 >- fh, DE 
[129 + 70]jlm,GH 

19,456 + 5,908BC 

{4,354 + 1,068~EF 
[629 + 157]H 

7 532 + 2 620bde 
{2:277 + 727)ig 

[407 + 146]mk 

35,356 !:. 3,05t~d 
{7,122 + 4641 
[1,073 + 61] 

9,520 + 984n 

0,351 + 135)0 
[318 + 9]P 

1,948 + 206n 

{464 + 14)0 
[92 + 6]Pq 

5,160 + 1,540 
(971 + 288) 
[211 + 54] q 
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Values are the mean + SEM. Animals were approximately 13 weeks old at 
the time of surgery. Intact received sodium pentobarbital anesthesia 
only. Multiple operations were performed under one dose of sodium 
pentobarbital. Values without parenthesis or brackets are DPM of 3H-
Leucine incorporated into PRL which was released into the incubation 
media during a 3 hr incubation (one hemipituitary/vial), exprsesed as 
DPM/pituitary. Those in parentheses are DPM/mg pituitary, and those in 
brackets represent DPM/ug pituitary DNA. Identical pairs of letters 
indicate differences significant at the 0.05 confidence level or lower. 
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Table 15. Total 3H- PRL (Pituitary + Media), after a 3 hr incubation, in 
female hamsters 12 weeks after treatment. 

Treatment 

Intact 
( cycling) 

Blind Sham-Pnx 
(acyclic 8-10 wks.) 

Blind Pnx 
(total) 

Blind Pnx 
(acyclic 2-4 wks.) 

Blind Pnx 
( cycling) 

Ovx 

Ovx Blind Sham-Pnx 

Ovx Blind Pnx 

n 

6 

4 

7 

4 

3 

4 

3 

4 

Total 3H- PRL (DPM) 

5 254 + 592ace ,AB 
(2'133 + 275)fhj,DE 

[350 + 93]KmO,GH 

47,638 + 16,130BC 

(10,406 + 2,7401EF 
[1,681 + 418]H 

15 874 + 4 630bde 

(4:918 + 1:27!)gij 

[915 + 299] no 

89,690 + 15,144cd 
(17,722 + 1,574)hi 

[2,703 + 359]mn 

24,740 + 2,444 Pq 
(3,472 + lO7)s 

[831 + 47] u 

4,816 + 77 6 pr 
0,096 + 139)st 

[201 + 40]UV 

14,016 + 2,744Qr 
(2,635 + 508)t 

[578 + 86]v 

Values are the mean + SEM. Animals were approximately 13 weeks old at 
the time of surgery. Intact group received sodium pentobarbital anes
thesia only. Multiple operations were performed under one dose of 
sodium pentobarbital. Values without parenthesis or brackets are the 
Total (Pituitary + Media) DPM of 3H-Leucine incorporated into PRL during 
a 3 hr incubation, in DPM/pituitary. Those in parenthesis are DPM/mg 
pituitary, and those in brackets are DPM/ug pituitary DNA. Identical 
pairs of letters indicate differences significant at the 0.05 confidence 
level or lower. 
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Table 16. RIA-PRL in the pituitary, after a 3 hr incubation, in female 
hamsters 12 weeks after treatment. 

Treatment 

Intact 
(cycling) 

Blind Sham-pnx 
(acyclic 8-10 wks.) 

Blind Pnx 
( total) 

Blind Pnx 
(acyclic 2-4 wks.) 

Blind Pnx 
( cycling) 

Ovx 

Ovx Blind Sham-Pnx 

Ovx Blind Pnx 

n 

6 

4 

7 

4 

3 

4 

3 

4 

Pituitary RIA-PRL (ng) 

58 784 + 12 456 cd ,A 
(13:004 + 2,648)f,C 

[2 473 + 594]i,E , -
1 682 + 426ace ,AB 

(649 + 1281fgh,CD 
[106 + 26] jk,EF 

37,972 + 11 ,612B 
(9,078 + 2,126)D 
[1,508 + 300]F 

19 796 + 892bde 

(6;363 + 508)h 
[1,220 + 233]k 

62,206 + 20,696ab 
(12,699 + 4,43~)g 

[1,893 + 627]J 

20,380 + 1,882lm 
(2,882 + 208)0 

[684 + 33]qr 

1,588 + 306ln 

(373 +' 91)°P 
[69 + 20]qs 

9,706 + 2,104mn 

(1,826 + 405)P 
[392 + 46]rs 

Values are the mean + SEM. Animals were approximately 13 weeks old at 
the time of surgery. Intact group received sodium pentobarbital anes
thesia only. Multiple operations were performed under one dose of 
sodium pentobarbital. Values without parenthesis or brackets are the ng 
of RIA-PRL which remained in the incubated pituitary after a 3 hr incu
bation (1 hemipituitary/vial), expressed as ng/pituitary. Those in 
parenthesis are ng/mg pituitary, and those in brackets represent ng/ug 
pituitary DNA. Identical pairs of letters indicate differences signifi
cant at the 0.05 confidence level or lower. 
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Table 17. RIA-PRL in the incubation media, after a 3 hr incubation, in 
female hamsters 12 weeks after treatment. 

Treatment 

Intact 
(cycling) 

Blind Sham-Pnx 
(acyclic 8-10 wks.) 

Blind Pnx 
( total) 

Blind Pnx 
(acyclic 2-4 wks.) 

Blind Pnx 
( cycling) 

Ovx 

Ovx Blind Sham-Pnx 

Ovx Blind Pnx 

n 

6 

4 

7 

4 

3 

4 

3 

4 

Media RIA-PRL (ng) 

84 544 + 15 566ab ,AC 
(18:424 + 2,898}ef,DF 

[3 •. 408 + 470] iJ ,GI 

3 156 + 692acd ,AB 
(1'267 + 269)egh,DE 

it97 + 39]ik1,GH 

37,950 + 11,388BC 

(8,938 + 1,929fEF 

[1,507 + 287]H 

22,538 + 2,57~~d 
(7,129 + 625) 
[1,329 + 187]1 

58,498 + 22,912c 

(11,350 + 4,41~}g 
[ 1 ,745 + 677] J 

12,918 + 2,240m 

(2,013 +" 110)0 
[480 + 21]q 

2,868 + 1,242mn 
(616 + 244)oP 
[105 + 35]qr 

13,386 + 3,788n 

(2,504 + 683)P 
[558 + 159]r 

Values are the mean + SEM. Animals were approximately 13 weeks old at 
the time of surgery. Intact group received sodium pentobarbital anes
thesia only. Multiple operations were performed under one dose of 
sodium pentobarbital. Values without parenthesis or brackets are the ng 
of RIA-PRL released into the incubation media during a 3 hr incubation 
(1 hemipituitary/vial), expressed as ng/pituitary. Those in paren
thesis are ng/mg pituitary, and those in brackets represent ng/ug pitui
tary DNA. Identical pairs of letters indicate differences significant 
at the 0.05 confidence level or lower. 
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Table 18. Total RIA-PRL (Pituitary + Media), after a 3 hr incubation, 
in female hamsters 12 weeks after treatment. 

Treatment 

Intact 
(cycling) 

Blind Sham-pnx 
(acyclic 8-10 wks.) 

Blind Pnx 
( total) 

Blind Pnx 
(acyclic 2-4 wks.) 

Blind Pnx 
( cycling) 

Ovx 

Ovx Blind Sham-Pnx 

Ovx Blind Pnx 

n 

6 

4 

7 

4 

3 

4 

3 

4 

Total RIA-PRL (ng) 

4 838 + 808ace ,AB 
(1'917 + 216)fhi,DE 

h03 + 5l]jlm,GH 

75,920 + 22,224 BC 

(18,017 + 3,8461EF 
[3,015 + 547]H 

42 336 + 2 120bde 

(13:492 + 398)gi 
[2,549 + 350]mk 

120,702 + 41,154~d 
(24,050 + 8,449) 

[3,637 + 1,228]1 

34,648 + 2,916n 

(4,894 + 266)P 
[1,163 + 31]r 

4,456 + 996no 
(989 + 153)Pq 
[174 + 19]rs 

23,056 + 5,4380 

(4,329 + 1,004)Q 
[950 + 192]s 

Values are the mean + SEM. Animals were approximately 13 weeks old at 
the time of surgery. Intact group received sodium pentobarbital anes
thesia only. Multiple operations were performed under one dose of 
sodium pentobarbital. Values without parenthesis or brackets are the 
Total (Pituitary + Media) ng of RIA-PRL found after a 3 hr incubation (1 
hemipituitary/via1), in ng/pituitary. Those in parenthesis are ng/mg 
pituitary, and those in brackets are ng/ug pituitary DNA. Identical 
pairs of letters indicate differences significant at the 0.05 confidence 
level or lower. 



Table 19. Serum RIA-PRL in female hamsters 12 weeks after treatment. 

Treatment 

Intact 
(cycling) 

Blind Sham-Pnx 
(acyclic 8-10 wks.) 

Blind Pnx 
( total) 

Blind Pnx 
(acyclic 2-4 wks.) 

Blind Pnx 
(cycling) 

Ovx 

Ovx Blind Sham-Pnx 

Ovx Blind Pnx 

n 

6 

4 

7 

4 

3 

4 

3 

4 

Serum RIA-PRL (ng/ml) 

6.3 + 1.4a 

1.6+0.1 b 

13.3 + 4.S 

6.S + S.l c 

22.3 + 4.Sabc 

14.8 + 3.0 d 

1.4 + 0.1 d 

6.1 + 2.2 
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Values are the mean + SEM. Animals were approximately 13 weeks old at 
the time of surgery. Intact group received sodium pentobarbital anes
thesia only. Multiple operations were performed under one dose of 
sodium pentobarbital. Identical pairs of letters indicate differences 
significant at the O.OS confidence level or lower. 
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Figure 8. The timecourse of the loss of estrous cyclicity during this 
study in intact (INT), blind sham-pinea1ectomized (BS), and blind 
pinealectomized (BP) female hamsters. An animal was considered to be 
acyclic after failing, on the next predicted day of estrous, to display 
a vaginal exudate and typical estrous cytology in its vaginal smear. 
Sighted hamsters were kept on a 14L:10D photoperiod. 
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Figure 10. Pituitary weights after 12 weeks of being intact (INT), blind sham-pinealectomized (BS), 
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Figure 11. Prolactin mRNA levels in the pituitary after 12 weeks of being intact" (INT), blind sham
pinealectomized (BS), blind pinealectomized (BP) (total ~ cycling (cyc) + acyclic (acy» in non
ovariectomized and ovariectomized (OVX) hamsters. Sighted hamsters were kept on a 14L:I0D photo
period. Identical pairs of letters indicate groups which are significantly different from each 
other at the 0.05 confidence level or lower. See Table 12 for details. 

,.. 
~ o 



..- I X --a. -.... 
:E 
a. c ..., 
-l 
c: 
a. 
I 

J: 
to) -tU -~ 0 

Aa 
Cb 

A ~ 
B e =, 

INT BS 
I 

B 
C 

BP 
I 

(total) 

b 
d 
e 

I 
J: 

I 
BP 

(aey) 

I 

I 

c 
d 

BP 

I 

I 
(eye) 

p 
q 

I I 
OVX 

p 
r 

iT 

OVX 
BS 

q 
r 

OVX 
BP 
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CHAPTER 6 

PINEAL-MEDIATED NEUROENDOCRINE SUPPRESSION OF PROLACTIN CELL ACTIVITY BY 

LIGHT DEPRIVATION IS MANIFESTED IN OVARIECTOMIZED, BUT NOT IN CYCLING, 

FEMALE HAMSTERS. 

Abstract 

Light deprivation by blinding or short photoperiod leads to a 

loss of estrous cyclicity within 3-9 weeks and a depression of PRL cell 

activity at least by 8 weeks. Both of these effects are reportedly 

completely prevented by pinealectomy, although some studies suggest only 

a partial prevention. In the present study we examine (1) the effects 

of 4 weeks of blinding on PRL cell activity in hamsters which have not 

yet become acyclic, and (2) the effects of 4 weeks of blinding on PRL 

cell activity in cycling hamsters which are then ovariectomized for an 

additional 4 weeks. 

In the first study, we found that, after 4 weeks of treatment, 

blind cycling female hamsters were not different from intact cycling 

females in terms of body weight, uterine weight, pituitary weight, 

pituitary DNA, pituitary PRL mRNA levels, serum RIA-PRL, or 3H- PRL or 

RIA-PRL found in an incubated pituitary after 3 hrs of in vitro incuba

tion. 3H- PRL and RIA-PRL found in the incubation media tended to be 

depressed in the blinded group, but statistical significance was not 

achieved. 
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In the second study, 4 weeks of blinding (during which time the 

animals continued to cycle) was followed by 4 weeks of ovariectomy. In 

addition, a blinded group was also pinealectomized to assess (compared 

with appropriate controls) the role of the pineal in mediating effects 

on PRL cell activity, since partial or total prevention of PRL cell 

suppression has been reported in female hamsters that were not ovariec

tomized. There were no differences in body weight among groups at the 

time of ovariectomy (4 weeks) or after 8 weeks of treatment. Blinding 

caused a significant depression in pituitary weight compared to controls 

and this depression was completely prevented by pinealectomy. Pituitary 

DNA was also depressed in the blinded group but pinealectomy was not 

effective in completely preventing the decline. The following signifi

cant depressions in various aspects of PRL cell activity were observed 

in blinded animals with intact pineals, and they were all completely 

prevented by pinealectomy: (1) pituitary PRL mRNA (50-60% decline); (2) 

3H- PRL (3H-leucine incorporation into PRL during a 3 hr incubation) 

remaining in the incubated pituitary (35-60% decline), or found in the 

incubation media (40-55% decline when measured per pituitary or per ug 

of pituitary DNA; no differences when measured per mg of pituitary; (3) 

RIA-PRL remaining in the incubated pituitary (65-70% decline), or found 

in the incubation media (45-60% decline when measured per pituitary or 

per ug of pituitary DNA). 

The results of these two studies suggest the following hypo

theses for further testing about the role of the pineal gland in 

mediating the suppression of PRL cell activity by light deprivation in 
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the female hamster: (1) Light deprivation has little or no effect on 

PRL cell activity in cycling hamsters, although this activity during the 

transition from cyclicity to acyclicty has not been adequately investi

gated for PRL. (2) There is an ovary-independent effect of light 

deprivation in suppressing PRL cell activity and an intact pineal gland 

is necessary for this suppression to take place. 

Introduction 

Female Syrian hamsters exposed to less than about 12.5 hours of 

light per day cease estrous cyclicity after 3-9 weeks, whether the light 

deprivation is due to blinding (Sorentino and Reiter, 1970) or short

photoperiod (10 hr of light: 14 hr of darkness) (Seegal and Goldman, 

1975). Cessation of cyclicity is prevented in blinded animals if their 

pineals are removed (Sorrentino and Reiter, 1970), thus implicating the 

pineal gland in mediating the effects of light deprivation which result 

in acyclicity. 

Light deprivation in the female hamster also leads to a signifi

cant depression of the pituitary hormone prolactin (PRL). Fifteen weeks 

of short photoperiod (10L:14D) caused a 77% decline in serum radio

immunoassayable-PRL (RIA-PRL) and an 84% decline in pituitary RIA-PRL, 

as measured by a homologous hamster RIA (Borer et al., 1982). Similar

ly, 14 weeks of blinding is reported to cause an 87% decrease in PRL 

synthesis, which is partialy prevented if blinded animals also have 

their pineal removed (Blask et al., 1986). RIA-PRL in the pituitary 

and serum responded in the same manner as PRL synthesis to 14 weeks of 

blinding and blinding combined with pinealectomy, i.e., blinding caused 
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a severe depression which was only partially prevented by pinealectomy 

(Blask et al., 1986). Blinding induced a similar decline in pituitary 

RIA-PRL after 9 weeks (Reiter and Johnson, 1974a; 1974b), but their 

results differ with those of the 14 week study of Blask and colleagues 

(1986) in two respects: First, serum levels of RIA-PRL in females 

blinded for 9 weeks were not different from intact animals and, second, 

pinealectomy completely prevented the supressive effects of blinding on 

pituitary RIA-PRL. 

Reiter et al. (1975b) reported that 8 weeks of blinding severely 

depressed pituitary RIA-PRL and did not affect serum RIA-PRL, which is 

consistent with the results for 9 weeks of blinding (Reiter and Johnson, 

1974a; 1974b». Pinealectomy, however, failed to completely prevent the 

supressive effects of 8 weeks of blinding on pituitary RIA-PRL. 

To summarize the main points about light deprivation in female 

Syrian hamsters: (1) estrous cyclicity is lost by 3-9 weeks, (2) RIA-PRL 

declines, at least by 8 weeks in the pituitary, and by 14 weeks in the 

serum, (3) 3H-leucine incorporation into PRL in vitro is depressed, at 

least by 14 weeks, and (4) the extent to which the supressive effects on 

PRL are preventable by pinealectomy is uncertain, with complete or 

partial prevention of suppression reported. 

Because PRL mRNA levels, synthesis, storage, and release fluc

tuate during the estrous cycle (Chapter 4 of this dissertation), the 

cycling female Syrian hamster is a more complex subject in which to 

examine the effects of light deprivation on reproductive function than 

is the male Syrian hamster. Males respond to short photoperiod or 
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blinding with gonadal regression, and with a similar, but probably not 

identical, depression of PRL as that seen in female hamsters (Blask et 

al., 1986). In the female, an ovarian factor, most likely estrogen, 

clearly sustains the higher normal levels of serum and pituitary PRL 

(Blask et al., 1986; Borer et aI., 1982) than are seen in the male. 

This is seen in the 60% decline in pituitary PRL after ovariectomy in 

hamsters (Reiter et al., 1974) and the partial restoration of PRL with a 

single injection of estrogen along with progesterone. 

One of the problems involved in assessing the light deprivation 

induced changes in PRL regulation that occur after the onset of acycli

city is that it usually takes several weeks for all of the animals in a 

blinded or short photoperiod group to stop cycling (Sorrentino and 

Reiter, 1970; Seegal and Goldman, 1975). Thus, it is difficult to 

obtain a sufficient number of light deprived females that stopped 

cycling at the same time. This is important if one is measuring some 

aspect of PRL regulation since the number of days since the last day of 

estrus is an important determinant of relative PRL mRNA levels, PRL 

synthesis, pituitary RIA-PRL, and even uterine weights (unpublished 

observations). 

One way of overcoming this problem has been reported by Hauser 

and Benson (1986) who ovariectomized short photoperiod (8L:16D) exposed 

hamsters one day after the first missed ovulation and, as a control, 

also ovariectomized a long photoperiod (14L:10D) exposed cycling animal. 

Thirty-three days after ovariectomy, the short photoperiod group had 

significantly reduced pituitary and serum RIA-PRL compared to the 
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long photoperiod group. The extent to which the pineal participated in 

this suppression of PRL was not investigated. 

In order to understand the interactions among light deprivation, 

loss of estrous cyclicity, depressed PRL, and the extent of pineal 

mediation of these interactions, the following questions must be 

answered: 

(1) Can light deprivation depress PRL cell activity in a female 

hamster that is still cycling, or can the effects of light deprivation 

only be seen in the female after the onset of acyclicity? 

(2) If "acyclicity" is brought about abruptly, via ovariectomy, 

at the time after light deprivation when most animals become acyclic, is 

continued light deprivation capable of depressing PRL below the levels 

seen in ovariectomized sighted animals? 

In the present study, two related experiments were designed to 

attempt to answer these questions. The results of these experiments 

indicate that: (1) There is little or no effect of 4 weeks of light 

deprivation on any aspect of PRL production, storage, or release in 

cycling female hamsters. (2) If, after 4 weeks of light deprivation 

(during which time the animals cycle normally), ovariectomies are per

formed and the animals are kept for an additional 4 weeks without light, 

a significant suppression of PRL cell activity occurs due to light 

deprivation, and this suppession can be prevented by pinealectomy. 
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Materials and Methods 

Animals 

Young adult female Golden Syrian Hamsters (Mesocricetus auratus) 

were purchased from Charles River, Lakeview Hamster Colony, Newfield, 

N.J.. They were kept in an animal room which contained only hamsters, 

and which was maintained at 23 degrees C, with a 14:10 light:dark cycle 

(lights on from 06.00-20.00 hr). There were 3-5 animals in each clear 

plastic cage and they were provided laboratory chow and tap water ad 

libitum. 

Experimental Design 

Experiment #1. Animals were permitted to acclimate to their 

housing conditions for three weeks and then their cyclicity was deter

mined by the vaginal exudate method of Orsini (1961). All of the 

animals were given sodium pentobarbital (Nembutal) anesthesia (8 mg/100 

g body weight. Then half received no further treatment and the other 

half underwent bilateral orbital enucleation (blinding). Animals were 

examined daily for the characteristic vaginal exudate seen on Day 1 

(estrus = the day on which ovulation occurred). After 4 weeks the 

animals were weighed and then killed by decapitation and the following 

assays performed (exactly as described in Chapter 4 of this disserta

tion): (1) PRL mRNA levels measured in one hemipituitary, (2) 3H-Ieucine 

incorporation into PRL (PRL synthesis) measured in the incubated other 

hemipituitary and incubation media, (3) RIA-PRL in the incubated hemipi

tuitary and incubation media, (4) serum RIA-PRL measured in trunk blood, 
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(5) pituitary DNA, as measured in the hemipituitary used for PRL mRNA 

determination, and (6) organ weights. Hypothesis: Light deprivation by 

blinding does not affect any aspect of PRL cell activity (PRL mRNA 

levels, PRL synthesis, pituitary RIA-PRL levels, serum RIA-PRL) in 

female Syrian hamsters which continue to display estrous cyclicity. 

Experiment #2. Animals were permitted to acclimate to their 

housing conditions for three weeks and then estrous cyclicity was fol

lowed for each animal by daily examination for characteristic estrous 

vaginal exudates (Orsini, 1961) and by the additional method of histolo

gical examination of vaginal smears for the characteristic cell types 

shed from the upper vagina and cervix of the hamster on different days 

of the estrous cycle (Kent, 1968). After animals demonstrated at least 

3 sequential normal 4-day cycles they were divided into 4 groups, 

attempting to match the group composition for body weight and mix of day 

of the estrous cycle. All animals received sodium pentobarbital anes

thesia, as in Experiment #1. The treatment groups were as follows: (1) 

intact group (no further treatment, until ovariectomy), (2) sham-pinea

lectomy, (3) blind sham-pinealectomy, and (4) blind pinealectomy. 

(Surgical procedures were performed as described in the Materials and 

Methods section of Chapter 5 of this dissertation.) After 4 weeks, 

during which time all animals continued to cycle, all animals were 

ovariectomized and maintained for an additional 4 weeks. At the end of 

the experiment the groups were designated (1) Intact/Ovx, (2) Sham

Pnx/Ovx, (3) Blind Sham-Pnx/Ovx, (4) Blind Pnx/Ovx. Kill and assay 

procedures were identical to those in Experiment #1. Hypothesis: After 
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4 weeks of light deprivation with the ovaries in place (and the animals 

cycling) followed by 4 additional weeks of light deprivation with the 

ovaries removed, the Blind Sham-Pnx/Ovx will have lower levels of PRL 

cell activity than.any of the three other groups. In other words, 

blinding will inhibit PRL cell activity and this inhibition will be 

prevented by removing the pineal gland. 

Statistics 

For Experiment #1, the two treatment groups were compared using 

a Student's t-test. For Experiment #2, a one-way analysis of variance 

was performed followed by a Student Newman-Keuls Multiple Range Test. A 

p value of less than 0.05 was considered significant for either experi-

mente 

Results 

Experiment #1: Effect of 4 weeks of blinding on PRL cell activity. 

Body Weight, Organ Weights, and Pituitary DNA. (Table 20) Body 

weights were not significantly different. Neither were uterine weights, 

and the average uterine weight of both groups (> 340 mg) was consistent 

with the independent finding based on vaginal exudates (data not shown) 

that all of the animals displayed estrous cyclicity. Pituitary weights 

and pituitary DNA was not significantly different in the two groups. 

PRL mRNA levels. (Table 21.) PRL mRNA levels were not 

different in the two groups. 

3H- PRL• (Table 22.) 3H- PRL in the incubated pituitary was 

nearly identical in intact and blinded groups. There was a tendency for 



3H- PRL in the incubation media of the blinded group to be lower than 

intacts, but statistical significance was not achieved for media or 

total 3H- PRL compared to intacts. 
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RIA-PRL. (Table 23.) RIA-PRL tended to follow the same pattern 

of differences and similarities which was seen for 3H- PRL• RIA-PRL in 

the incubated pituitary was nearly identical in the two groups, while 

that found in the incubation media showed a (not significant), tendency 

to be lower in the blinded group. Neither was total RIA-PRL significan

tly different. 

Experiment #2: Effect of 4 weeks of blinding, followed by 4 weeks of 

ovariectomy, on PRL cell activity. 

All animals were cycling normally at the end of the first 4 

weeks of blinding, as determined by daily examination of both vaginal 

smears and vaginal exudates (data not shown). 

Body Weight, Pituitary Weight, and Pituitary DNA. (Table 25.) 

There were no differences in body weight at the start of the experiment, 

at the time of ovariectomy (4 wks), or at the end of the experiment (8 

wks). 

Pituitary weight declinced significantly by 20-30% (p < 0.05) in 

the Blind Sham-Pnx/Ovx group compared to any of the other three groups. 

Thus, pineal removal completely prevented (p < 0.01) the depression 

caused by blinding alone (Figure 16). 

Pituitary DNA in the Blind Sham-Pnx was 25% lower than 

Intact/Ovx (p < 0.05) but the depression was not completely prevented by 

pinealectomy (Figure 17). 
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PRL mRNA Levels. (Table 26 and Figure 18) Pituitary PRL mRNA 

levels were significantly lower in the Blind Sham-Pnx/Ovx group compared 

to control groups, regardless of whether PRL mRNA levels were expressed 

per pituitary (60% depression, p < 0.01), per mg pituitary (55% depres

sion, p < 0.01), or per ug pituitary DNA (60% depression, p < 0.01). 

These depressions in PRL mRNA levels were completely prevented by 

pinealectomy. 

lH-PRL. (Table 27) There was a significant depression in total 

3H- PRL (media 3H- PRL + incubated pituitary 3H- PRL) compared to 

Intact/Ovx a result of blinding (40-50% decrease, p < 0.01), and this 

depression was completely prevented by pinealectomy (p < 0.01) when the 

DPM of 3H- PRL are expressed per pituitary or per ug of pituitary DNA. 

When expressed per mg of pituitary the depression does not achieve 

statistical significance versus Intact/Ovx (Figure 19). 

Media 3H- PRL follows much the same pattern as total 3H- PRL, with 

significant declines (45-50%, p < 0.05) due to blinding (Int/Ovx vs. 

Blind Sham-Pnx/Ovx) being significantly prevented by pinealectomy (p < 

0.05) when the data are expressed as DPM per pituitary or per ug of 

pituitary DNA. As was the case for total 3H- PRL, the decreased release 

of 3H- PRL into the media is significantly accounted for by a decrease in 

pituitary weight since the DPM of media 3H- PRL are not significantly 

different if expressed per mg of pituitary (Figure 20). 

3H- PRL in the incubated pituitary was significantly lower (40-

60% decrease, p < 0.05) in the Blind Sham-Pnx/Ovx group compared to 

control groups, regardless of whether the 3H- PRL was expressed per 
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pituitary, per mg pituitary, or per ug pituitary DNA. Pinealectomy 

completely prevented all of the significant depressions in 3H- PRL due to 

blinding (Blind Sham-Pnx/Ovx vs. Intact/Ovx) whether for pituitary, 

media, or total 3H- PRL• 3H- PRL in the Sham-Pnx/Ovx tended to be highter 

than Intact/Ovx and this tendency achieved statistical significance with 

pituitary 3H- PRL , expressed per ug of pituitary DNA, being 30% higher 

than Intact/Ovx (p < 0.05) (Figure 21). 

A genralization that can be made of these complex results is 

that, when expressed as DPM/gland, total, media, and 3H- PRL remaining in 

in the incubated pituitary are all significantly depressed as a result 

of blinding in the ovariectomized female hamster, and these depressions 

are significantly prevented by pinealectomy (Figure 22). When' 3H- PRL is 

expressed per weight of the pituitary, or per ug DNA, a more complex 

pattern emerges. 

RIA-PRL. (Table 28) RIA-PRL follows a similar pattern to that 

seen for 3H- PRL in that blinding (Blind Sham-Pnx/Ovx) is associated with 

significant reductions in RIA-PRL found in the incubated pituitary, 

released into the media, or total, when expressed ~ gland, and this 

depression is completely prevented by pinealectomy (Figure 23). 

In addition, unlike total 3H- PRL, total RIA-PRL is significantly 

depressed (55-65% depression, p < 0.01) in the ovariectomized female 

hamster as a result of blinding, no matter how the data are expressed 

(Table 28). 

As seen with 3H- PRL released into the media, depressions in 

media RIA-PRL due to blinding are not significant (Int/Ovx vs. Blind 
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Sham-Pnx/Ovx) when expressed ~~ of pituitary (Table 28). However, 

RIA-PRL in the incubation media in the Blind Sham-Pnx/Ovx group was 

significantly lower (45-60% decrease, p < 0.05) than Intact/Ovx controls 

when expressed per pituitary or per ug pituitary DNA. 

All significant depressions in pituitary, media or total RIA-PRL 

(Blind Sham-Pnx/Ovx vs. Intact/Ovx) were prevented by pinealectomy, 

except for media RIA-PRL expressed per mg of pituitary. (Table 28). 

Serum RIA-PRL was significantly depressed in the Blind Sham

Pnx/Ovx group, but only compared to the Sham-Pnx/Ovx group; it was not 

different from that of the other control group, Intact/Ovx (Table 29). 

Discussion 

From the first experiment, it can be seen that 4 wks of light 

deprivation had no statistically significant effect on uterine weight, 

pituitary weight, pituitary DNA, PRL mRNA levels, 3H- PRL , RIA PRL, or 

serum levels of RIA-PRL, compared to intact animals. The observation 

that uterine weights are not affected by 4 weeks of light deprivation in 

cycling hamsters has been reported by Jorgenson and Schwartz (1985), who 

placed their animals in a short photoperiod (10L:14D) and followed 

uterine weights through 10 estrous cycles. 

With regard to PRL regulation, our finding that PRL mRNA levels 

are virtually unaffected by.4 weeks (28 days) of blinding in cycling 

female hamsters is a new observation. It is especially interesting when 

compared with recent results in the blinded male hamster (Chapter 7 of 

this dissertation) which shows a significant decrease in PRL mRNA levels 

after only 11 days of blinding, and again after 21 days of blinding. 



188 

Seen in this light, it may be that the female hamster is less sensitive 

to the short-term effects of blinding, in contrast to recent work from 

our laboratory on the long-term effects of blinding in male and female 

hamsters (Blask et al., 1986). 

Measuring PRL mRNA levels have significance for eventually 

understanding the role of PRL gene regulation in the light deprivation

induced depression of PRL in female hamsters. In this regard, the 

nearly identical hamster PRL mRNA levels in blinded cycling and intact 

cycling females is especially interesting in light of the media and 

total (incubated pituitary + incubation media) values of 3H- PRL and RIA

PRL, which are discussed next. 

In the first experiment there was a noticeable but not statisti

cally significant tendency for 3H- PRL and RIA-PRL in the incubation 

media to be lower in blinded animals compared to controls after 4 weeks 

of treatment. Total 3H- PRL and total RIA-PRL followed the same pattern. 

These tendencies could turn out to be not important, or they could 

signal the first changes in PPL cell activity due to blinding in the 

non-ovariectomized animal. The following hypothesis is thus suggested 

for future testing: The first changes in PRL regulation due to light 

deprivation in the cycling female hamster may be in the form of a 

reduced "readily releasable" pool of PRL, as measured by reduced media 

values of 3H- PRL and RIA-PRL after an in vitro pituitary incubation. 

What is needed is a study which examines in detail PRL cell 

activity during this transition from cyclicity to acyclicity. 
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Since the results of the first experiment indicated that 4 weeks 

of blinding in cycling females had little or ~o significant effect on 

PRL cell activity, we decided to repeat this procedure and then ovari

ectomize all animals after the initial 4 weeks. The purpose was to test 

the effect on PRL cell activity of an additional 4 weeks of blinding 

which could not be mediated by the ovary -- an ovary-independent effect 

of blinding. This was similar to the strategy used by Hauser and Benson 

(1986), who waited, however, until short photoperiod (8L:14D) actually 

caused an animal to stop cycling over a 2-5 week period before perfor

ming the ovariectomy. That is, they ovariectomized short photoperiod 

exposed animals on the day after their first missed day of estrus, as 

determined by the absense of a vaginal exudate. A long photoperiod 

expos,ed cycling female (on Day 2 of the cycle, diestrus one) was ovari

ectomized at the same time to serve as a control (Hauser and Benson, 

1986). Thus, assuming that an accurate determination of the first 

missed estrus can be made using the vaginal exudate method alone, the 

long photoperiod animals were exposed to at least 4 additional days of 

estrogen stimulation than the short photoperiod animals at the point at 

which ovariectomies were performed. Thus, the long photoperiod exposed 

control group probably had slightly higher levels of PRL cell activity 

than the short photoperiod animals at the time of ovariectomy, since PRL 

cell activity fluctuates during the estrous cycle (Chapter 4 of this 

dissertation.) 
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In contrast, all of the animals in our study were cycling at the 

time of ovariectomy, and thus presumably exposed to comparable estrogen 

levels, as reported by Jorgensen and Schwartz (1985). 

Despite these probably minor procedural differences, our results 

largely agree with those of Hauser and Benson (1986) in that we found 

that 4 addional weeks of light deprivation (by blinding in our study) in 

ovariectomized hamsters was associated with (1) significantly depressed 

pituitary weights, (2) about a 70% reduction in total RIA-PRL in the 

pituitary, and (3) significantly depressed serum RIA-PRL (compared only 

to the Sham-Pnx/Ovx group in our study). 

Unlike Hauser and Benson (1986), however, the focus of our study 

was to characterize PRL cell activity with a variety of techniques and 

to explicitely examine the role of the pineal gland in mediating the 

supression of prolactin cell activity in response to light deprivation. 

Thus, we included a blind group that was also sham-pinealectomized 

(Blind Sham-Pnx/Ovx) so that it could be compared to the effects of 

blinding with the pineal actually removed (Blind Pnx/Ovx). There were 

also Intact/Ovx and Sham-Pnx/Ovx controls to assess the effect of the 

sham-pinealectomy, and to serve as a baseline for comparison. Thus, if 

some aspect of PRL cell activity is depressed by light deprivation due 

to blinding and this effect is mediated by the pineal gland, then blin

ding combined with pineal removal should prevent the suppression. 

With this in mind, we report here the following original obser

vations with regard to the pineal-mediated effects of total light 

deprivation in female hamsters who were blinded for 4 weeks, and then, 
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while they were still cycling, ovariectomized for an additional 4 weeks: 

First, PRL mRNA levels declined significantly as a result of blinding, 

and this decline was completely prevented in blinded animals whose 

pineals have been removed. This effect is significant regardless of 

whether PRL mRNA levels are measured per pituitary, per mg pituitary, or 

per ug of pituitary DNA. 

Second, PRL synthesis (3H-leucine incorportation into PRL during 

a 3 hr incubation) declines overall (incubated pituitary + media) as a 

result of blinding and is prevented by pinealectomy, with the following 

exceptions: Declines in media 3H- PRL appear to be due to concomitant 

declines in pituitary weight, as do declines in total 3H- PRL• 

Third, total RIA-PRL (in the incubated pituitary + media) dec

lines overall as a result of blinding (similar to the results of Hauser 

and Benson (1986) in their short photoperiod study) regardless of 

whether RIA-PRL is expressed per pituitary, per mg pituitary, or per ug 

of pituitary DNA. We report further that this blinding-induced decline 

is completely prevented by pinealectomy. This is also true for RIA-PRL 

found in the incubated pituitary alone, although, like media 3H- PRL, 

declines in media RIA-PRL were largely accounted for by declines in 

pituitary weight. 

Reduced serum RIA-PRL after 4 wks of treatment has been reported 

in light deprived (8L:16D) ovariectomized female hamsters compared to 

ovariectomy alone (Widmaier and Campbell, 1981; Hauser and Benson, 

1986), and our results are largely in agreement, although a statisti-



cally significant decline due to blinding was seen only when compared 

with the Sham-Pnx/Ovx and not the Intact/Ovx control. 

Our findings suggest to us the following hypothesis: In the 

female hamster, light deprivation can induce an ovary-independent 

supression of PRL cell activity (as measured by PRL mRNA levels, PRL 

synthesis, RIA-PRL in the pituitary, and RIA-PRL in the serum), which 

can be prevented by pinealectomy. 
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There is, of course, an ovary-dependent component to the pineal

meidated depression of PRL cell activity by light deprivation, by the 

following reasoning: (1) acyclicity (or ovariectomy) depresses PRL cell 

acitivity, (2) light deprivation leads to acyclicity, and (3) light 

deprivation-induced acyclicity (and thus depressed PRL cell activity) 

can be prevented by pinealectomy. 

Can light deprivation cause a depression of PRL cell activity in 

a cycling hamster? This is the key question. The results of our first 

experiment would tend to answer "no" to this question, although the 

marked trend toward suppression of media 3H- PRL and media RIA-PRL might 

indicate otherwise. The problem with interpreting all available 

studies, including our own, is that they fail to examine in detail the 

time course of PRL cell suppression due to light deprivation during the 

transition from cyclicity to acyclicity in the hamster. 

A time course of sorts was attempted by Reiter (1975a) who 

reported pituitary RIA-PRL levels for females at 10, 30 and 56 days 

after transfer to short photoperiod (lL:23D). It is not possible to 

relate these results to the loss of estrous cyclicity, however, since 
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records of cyclic status were not reported. Interpretation is also 

difficult because long photoperiod (14L:I0D) control groups, killed only 

at the beginning and end of the experiment (and not for the 10 or 30 day 

time points), were themselves significantly different, showing a signi

ficant decrease of RIA-PRL over the 56 days. 

In the blind anosmic female rat, Leadem and B1ask (1982) report 

findings similar to those presented here for the hamster, i.e., that 8 

weeks after total light deprivation the ovariectomized blind anosmic 

female rat has significantly lower PRL synthesis and pituitary RIA-PRL 

than in ovariectomized animals. The rats in this study, however, were 

ovariectomized prior to puberty, and for a full 8 weeks, whereas we 

ovariectomized female adult hamsters 4 weeks after blinding, and then 

maintained them for another 4 weeks. Also, in the study of Leadem and 

B1ask (1982), the depression in PRL cell activity due to blinding (and 

anosmia) was not completely prevented by pinealectomy, although a strong 

trend is clearly seen in this direction. (Leadem and Blask, 1982, is 

discussed more fully in Chapter 5 of this dissertation). 

We report here that 4 weeks of light deprivation has little or 

no effect on PRL cell acivity (PRL mRNA levels, PRL synthesis, RIA-PRL 

levels, and serum RIA-PRL) in cycling hamsters. If cycling hamsters 

deprived of light for 4 weeks are then ovariectomized for an additional 

4 weeks, light deprivation produces a significant depression in PRL cell 

activity which can be prevented by pinealectomy. This is evidence in 

support of the hypothesis that, even in ovariectomized hamsters, the 
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presence of the pineal gland is necessary for the transduction of light 

deprivaion into a suppression of PRL cell activity. 



Table 20. Body weights, organ weights, and pituitary DNA in female hamsters 4 weeks after treat
ment. 

Treatment n Body Wt. (g) Wet Uterine Wt. (mg) Pituitary Wt. (mg) Pituitary DNA (ug) 

Intact 6 136 + 4 353 + 39 4.50 + 0.19 24.0 + 1.4 
(259 + 27) (3.32 + 0.12) 

Blind 5 145 + 5 342 + 46 4.48 + 0.34 27.2 + 2.2 
(236 + 30) (3.09 + 0.15) 

Values are the mean + the SEM. Animals were approximately 8 wks old at the time of surgery. Intact 
group received sodiu~pentobarbital anesthesia only. Body weights were recorded immediately before 
the kill, which was 09.00-10.00 hr. Uterine weights were recorded 3 hr after the kill, the animals 
having been kept at 4 degrees C during that time. Pituitary weight was recorded after a 3 hr in vitro 
incubation (each incubation vial contained 1 hemipituitary, the weight of which was multiplie~by 2). 
Pituitary DNA was determined with the other hemipituitary, which was used to measure PRL mRNA levels. 
Values in parenthesis are expressed in mg/100 g of body weight. (There were no significant 
differences.) 

...... 
\0 
\J1 
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Table 21. PRL mRNA levels in female hamsters 4 weeks after treatment. 

Treatment n 

Intact 6 

Blind 5 

PRL mRNA levels (CPM) 

154,925 + 12,785 
(34,316 + 2,060) 

147,108 + 18,596 
(33,114 + 4,427) 

Values are the mean + SEM. Animals were approximately 8 wks old at the 
time of surgery. Intact group received sodium pentobarbital anesthesia 
only. Values without parenthesis or brackets are the CPM of 32p-pPRL_1 
which hybridized to an aliquot of pituitary cytodot sample, in 
CPM/pituitary. Those in parenthesis are CPM/mg pituitary. (There were 
no significant differences.) 



Table 22. 3H- PRL in the incubated pituitary and incubation media after a 3 hr incubation, in female 
hamsters 4 weeks after treatment. 

Treatment n Pituitary 3H- PRL (DPM) Media 3H- PRL (DPM) Total 3H- PRL (DPM) 

Intact 6 41,272 + 2,899 32,285 + 4,026 73,557 + 5,940 
(9,120 .:t. 315) (7,122 + 717) (16,242 + 712) 

Blind 5 41,476 + 4,486 24,849 + 3,932 66,325 + 7,048 
(9,438 + 1,244) (5,455 + 554) (14,893 .:t. 1,507) 

Values are the mean + SEM. Animals were approximately 8 wks old at the time of surgery. Intact group 
received sodium pentobarbital anesthesia only. Values without parenthesis or brackets are the DPM of 
3H-leucine incorporated into PRL measured in the incubated pituitary, in the incubation media, or in 
total, all expressed as DPM/pituitary. Those in parenthesis are DPM/mg pituitary. (There were no 
significant differences) 

I-' 
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Table 23. RIA-PRL in the incubated pituitary and incubation media after a 3 hr incubation, in 
female hamsters 4 weeks after treatment. 

Treatment n Pituitary RIA-PRL (ug) Media RIA-PRL (ug) Total RIA-PRL (ug) 

Intact 6 80.8 + 5.0 68.2 + 4.7 149.0 + 5.4 
(18.0 + 1.0) (15.3 + 1.3) (33.3 + 1.3) 

Blind 5 83.4 + 3.0 53.8 + 6.8 137.2 + 6.4 
(19.1 + 1.6) (12.0 + 1.3) (31.1 + 2.0) 

Values are the mean + SEM. Animals were approximately 8 wks old at the time of surgery. Intact group 
received sodium pentobarbital anesthesia only. Values without parenthesis or brackets are the ug of 
RIA-PRL measured in the incubated pituitary, in the incubation media, or in total, all expressed as 
ug/pituitary. Those in parenthesis are ug/mg pituitary. (There were no significant differences.) 

...... 
\0 
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Table 24. RIA-PRL in the serum of female hamsters 4 weeks after treat
ment. 

Treatment n Serum RIA-PRL (ng/ml) 

Intact 6 9.8 + 2.0 

Blind 5 13.8 + 7.0 

Values are the mean + SEM. Animals were approximately 8 wks old at the 
time of surgery. Intact group received sodium pentobarbital anesthesia 
only. (There was no significant difference between the groups.) 



Table 25. Body weight, pituitary weight, and pituitary DNA after 8 total weeks of treatment: 4 
weeks with ovaries followed by 4 weeks without ovaries. 

Treatment 

Intact 4 wks, 
then Ovx 4 wks 

Sham-Pnx 4 wks, 
then Ovx Sham-Pnx 4 wks 

Blind Sham-Pnx 4 wks, 
then Ovx Sham-Pnx 4 wks 

Blind Pnx 4 wks, 
then Ovx Blind Pnx 4 wks 

n 

8 

8 

8 

8 

Body Weight (g) 

start 4 wks 

135 + 3 172 + 4 

132 + 4 166 + 6 

133 + 4 165 + 5 

134 + 4 163 + 5 

8 wks 

198 + 6 

182 + 7 

186 + 7 

189 + 5 

Pituitary Wt. 
(mg) 

Pituitary DNA 
(ug) 

5.1 + 0.3a 26.0 + 1.3g 
- d (2.6 + 0.1) 

b 4.5 + 0.2 21.5 + 1.1 
- e (2.5 + 0.2) 

3.6 + 0.3abc 19.2 + 1.3g 
(1.9 + O.1)def 

5.4 + 0.5c 24.0 + 2.4 
- f (2.9 + 0.2) 

Values are the mean + SEM. Four weeks after the first set of surgical procedures were performed, 
all animals were ovariectomized, and then killed 4 wks later. All animals were cylcing normally at 
the time of ovariectomy. Ovx = ovariectomized. Pnx = Pinealectomized. Pairs of identical letters 
identify significant differences. (a, c, f, p < 0.01; b, d, e, g, p < 0.05). 
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Table 26. PRL mRNA levels in the pituitary after 8 total weeks of 
treatment: 4 weeks with ovaries followed by 4 weeks without ovaries. 

Treatment 

Intact 4 wks, 
then Ovx 4 wks 

Sham-Pnx 4 wks, 
then Ovx Sham-Pnx 4 wks 

Blind Sham-Pnx 4 wks, 
then Ovx Sham-Pnx 4 wks 

Blind Pnx 4 wks, 
then Ovx Blind Pnx 4 wks 

n 

8 

8 

8 

8 

PRL mRNA (CPM) 

16,852 + 1,656a 

(3,342 + 332?td 
[650 .:t. 57] 

17,572 + 3,362b 

(3,986 '+ 847)e 
[803 + 138]i 

5 796 + 1 178abc 
(1'557 + 228)def 

[287 + 42] hij 

14,028 + 1,54ic 
(2,756 + 371) 

[611 + 65]J 
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Values are the mean + SEM. Four weeks after the first set of surgical 
procedures were perfo-rmed, all animals were ovariectomized, and then 
killed 4 wks later. All animals were cycling normally at the time of 
ovariectomy. Values without Qarenthesis or brackets are PRL mRNA levels 
measured in CPM of the probe 32p-pPRL-1 which hybridized to an aliquot 
of pituitary cytodot sample, expressed in CPM/pituitary. Those in 
parenthesis are expressed in CPM/mg pituitary, while values in brackets 
are CPM/ug pituitary DNA. Ovx = ovariectomized. Pnx = Pinealectomized. 
Pairs of identical letters identify significant differences. (a-e, h-j, 
p < 0.01; f, p < 0.05). 



Table 27. 3H- PRL in the pituitary and the incubation media after a 3 hr incubation, from females 
after 8 total weeks of treatment: 4 wks with ovaries followed by 4 wks without ovaries. 

Treatment n Pituitary 3H- PRL Media 3H- PRL Total 3H- PRL 
(DPM) (DPM) (DPM) 

Intact 4 wks, 8 4,648 + 276~ 3,936 + 486d 8,584 + 742g 

(927 + 63)J (786 + 104) (1,713 + 162) 
[182 + 14]oq [153 + 20]t [335 + 33]w 

then Ovx 4 wks 

Sham-Pnx 4 wks, 8 
then Ovx Sham-Pnx 4 wks 

5,034 + 450b 4,092 + 508e 9,126 + 864h 
(1,096 +" 78)k1 (891 + 94) (1,987 + 158)n 

[239 + 20]opr [190 + 19]u [429 + 34]xZ 

1 980 + 216 abc 1 780 + 194def 3 760 + 362ghi 
(622 + 63)jkm ' - , -

(602 + 83) (1 ,223 + 136) n 
[l08 + 11] qrs [96 + l1]tuv [204 + 19]wxy 

Blind Sham-Pnx 4 wks, 8 
then Ovx Sham-Pnx 4 wks 

4,458 + 406c 3,598 .:t. 366 f 8,056 + 756 i 
(838 +" 50)lm (679 + 60) (1,516 + 107) 
[190 + 11] ps [151 + 9]v [341 + 19]Yz 

Blind Pnx 4 wks, 8 
then Ovx Blind Pnx 4 wks 

Values are the mean + SEM. Four weeks after the first set of surgical procedures were performed, 
all animals were ovariectomized, and then killed 4 wks later. All animals were cycling normally at 
the time of ovariectomy. Values without parenthesis or brackets are the DPM of 3H-Ieucine incor
porated into PRL during a 3 hr incubation, expressed as DPM/pituitary. Those in parenthesis are 
expressed in DPM/mg pituitary, while values in brackets are DPM/ug pituitary DNA. Ovx = ovari
ectomized. Pnx = Pinea1ectomized. Pairs of identical letters identify significant differences. 
(a-k, n, q-s, U, w-y, p < 0.01; 1, m, 0, p, t, v, z, P < 0.05) N 
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Table 28. RIA-PRL in the pituitary and the incubation media after a 3 hr incubation, from females 
after 8 total weeks of treatment: 4 wks with ovaries followed by 4 wks without ovaries. 

Treatment n Pituitary RIA-PRL Media RIA-PRL Total RIA-PRL 
(ng) (ng) (ng) 

18,896 + 1,184ab 12,202 + 1,344e 31,098 + 2,230h 
(3 ,719 + 139) kl (2,380 + 198) (6,098 + 232)P 

[736 + 48]S [466 + 38]v [1,202 + 67]Y 

Intact 4 wks, 8 
then Ovx 4 wks 

14,370 + 1,312ac 12,020 + 894f 26,390 + 1,952i 
(3,157 + 216)m (2,714 + 265)0 (5,873 + 425)q 

[673 + 59]t [569 + 44]w [1,241 + 89]z 

Sham-Pnx 4 wks, 8 
then Ovx Sham-Pnx 4 wks 

4 580 + 960 bcd 4 964 + 1 316efg 9 544 + 1 982hij 

(1:235 + 189)lmn ' -' , -' 
(l,438 + 402)0 (2 673 + 515)pqr 

[231 + 40]stu [261 + 70]vWX [492 + 94]Yz@ 

Blind Sham-Pnx 4 wks, 8 
then Ovx Sham-Pnx 4 wks 

Blind Pnx 4 wks, 8 
then Ovx Blind Pnx 4 wks 

15,238 + 1,568d 11,314 + 1,064g 26,552 + 1,934j 
(2,845 + 227)kn (2,199 + 245) (5,044 + 366)~ 

[676 + 99]U [503 + 59]x [1,179 + 133] 

Values are the mean + SEM. Four weeks after the first set of surgical procedures were performed, 
all animals were ovariectomized, and then killed 4 wks later. All animals were cycling normally at 
the time of ovariectomy. Values without parenthesis or brackets are the ug of RIA-PRL measured in 
the incubated pituitary or incubation media after a 3 hr incubation, expressed as ug/pituitary. 
Those in parenthesis are expressed in ug/mg pituitary, while values in brackets are ug/ug pituitary 
DNA. Ovx = ovariectomized. Pnx = Pinealectomized. Pairs of identical letters identify significant 
differences. (b-n, p-u, w-z, @, p < 0.01; a, 0, v, p < 0.05). N 

o 
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Table 29. Serum RIA-PRL after 8 total weeks of treatment: 4 wks with 
ovaries followed by 4 wks without ovaries. 

Treatment 

Intact 4 wks, 
then Ovx 4 wks 

Sham-Pnx 4 wks, 
then Ovx Sham-Pnx 4 wks 

Blind Sham-Pnx 4 wks, 
then Ovx Sham-Pnx 4 wks 

Blind Pnx 4 wks, 
then Ovx Blind Pnx 4 wks 

n Serum RIA-PRL (ng/ml) 

8 3.4 + 0.7 

8 

8 1.2 + O.sa 

8 5.0 + 1.9 

204 

Values are the mean + SEM. Four weeks after the first set of surgical 
procedures were performed, all animals were ovariectomized, and then 
killed 4 wks later. All animals were cycling normally at the time of 
ovariectomy. Ovx = ovariectomized. Pnx = Pinealectomized. Pairs of 
identical letters identify significant differences. (a, p < 0.05). 
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Figure 16. Pituitary weight from female hamsters which were ovariectomized (OVX) 4 weeks after 
being intact (INT), sha~pinealectomized (S), blind sha~pinealectomized (BS), or blind pinealecto
mized (BP), and then maintained for an additional 4 weeks after ovariectomy. Sighted hamsters were 
kept in a 14:10 photoperiod. Identical pairs of letters indicate differences which are significant 
at the 0.05 level or lower. See Table 25 for details. 
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Figure 17. Pituitary DNA from from female hamsters which were ovariec
tomized (OVX) 4 weeks after being intact (INT), sham-pinealectomized 
(S), blind sham-pinealectomized (BS), or blind pinealectomized (BP), and 
then maintained for an additional 4 weeks after ovariectomy. Sighted 
hamsters were kept in a 14:10 photoperiod. Identical pairs of letters 
indicate differences which are significant at the 0.05 level or lower. 
See Table 25 for details. 
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Figure 18. Prolactin mRNA levels in the pituitaries of female hamsters 
which were ovariectomized (OVX) 4 weeks after being intact (INT), sham
pinealectomized (S), blind sham-pinealectomized (BS), or blind 
pinealectomized (BP), and then maintained for an additional 4 weeks 
after ovariectomy. Sighted hamsters were kept in a 14:10 photoperiod. 
Identical pairs of letters indicate differences which are significant at 
the 0.05 level or lower. See Table 26 for details. 
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Figure 19. 3H-prolactin after incubation (with 3H-leucine) of pitui
taries from femal hamsters which were ovariectomized (OVX) 4 weeks after 
being intact (INT), sham-pinealectomized (5), blind sham-pinealectomized 
(BS), or blind pinealectomized (BP), and then maintained for an addi
tional 4 weeks after ovariectomy. Sighted hamsters were kept in 8 14:10 
photoperiod. Identical pairs of letters indicate differences which are 
significant at the 0.05 level or lower. See Table 27 for details. 
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Figure 20. Media 3H- PRL after incubation (with 3H-leucine) of pituitaries from female hamsters 
which were ovariectomized (OVI) 4 weeks after being intact (INT), sham-pinealectomized (5), blind 
sham-pinealectomized (B5), or blind pinealectomized (BP), and then maintained for.an additional 4 
weeks after ovariectomy. Sighted hamsters were kept in a 14:10 photoperiod. Identical pairs of 
letters indicate differences which are significant at the 0.05 level or lower. See Table 27 for 
details. 
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Figure 21. Pituitary 3a-PRL after incubation (with la-leucine) of pituitaries from female hamsters 
which were ovariectomized (OVX) 4 weeks after being intact (INT), sham-pinealectomized (5), blind 
sham-pinealectomized (BS), or blind pinealectomized (BP), and then maintained for an additional 4 
weeks after ovariectomy. Sighted hamsters were kept in a 14:10 photoperiod. Identical pairs of 
letters indicate differences which are significant at the 0.05 level or lower. See Table 27 for details. 
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Figure 22. Total 3n- PRL after incubation (with 3n-leucine) of pituitaries from female hamsters 
which were ovariectomized (OVX) 4 weeks after being intact (INT), sham-pinealectomized (S), blind 
sham-pinealectomized (BS), or blind pinealectomized (BP), and then maintained for an additional 4 
weeks after ovariectomy. Sighted hamsters were kept in a 14:10 photoperiod. Identical pairs of 
letters indicate differences which are significant at the 0.05 level or lower. See Table 27 for details. 
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Figure 23. RIA-prolactin after incubation of pituitaries from female 
hamsters which were ovariectomized (OVX) 4 weeks after being intact 
(INT), sham-pinealectomized (S), blind sham-pinealectomized (BS), or 
blind pinealectomized (BP), and then maintained for an additional 4 
weeks after ovariectomy. Sighted hamsters were kept in a 14:10 
photoperiod. Identical pairs of letters indicate differences which are 
significant at the 0.05 level or lower. See Table 28 for details. 



CHAPTER 7 

EARLIEST NEUROENDOCRINE ALTERATION OF PROLACTIN CELL ACTIVITY AFTER 

LIGHT-DEPRIVATION: PINEAL-MEDIATED SUPPRESSION OF PROLACTIN MESSENGER 

RIBONUCLEIC ACID LEVELS ELEVEN DAYS AFTER BLINDING IN THE MALE HAMSTER 

Abstract 

Light deprivation by blinding or exposure to short photoperiod 

results in depressed serum prolactin (PRL) and gonadal regression in the 

male Syrian hamster. We investigated early changes in PRL cell activity 

after 11, 21, or 42 days of blinding by measuring (1) radioimmunoassay

able prolactin (RIA-PRL) in incubated pituitaries and in the serum, (2) 

PRL synthesis (incorporation of 3H-leucince into PRL during the incuba

tion), and PRL mRNA levels (amount of hybridization of hamster pituitary 

cytodots to the rat PRL cDNA probe pPRL-1). 

To determine the extent to which the effects of blinding were 

due to the presence of the pineal gland, PRL cell activity was also 

measured in blinded animals which were also pinealectomized. 

After 11 days of blinding, PRL mRNA levels in the pituitary were 

significantly depressed by about 33%, and after 21 days, by about 41%. 

After 42 days of blinding, PRL mRNA levels were depressed by about 65%. 

All depressions in PRL mRNA levels were completely prevented by pineal

ectomy. PRL synthesis and pituitary RIA-PRL were significantly 

depressed after 42 days of blinding and these depressions were also 

completely prevented by pinealectomy. 
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Introduction 

There is little doubt that testicular regression and decreased 

levels of serum and/or pituitary radioimmunoassayable-pro1actin (RIA

PRL) can be induced in the male hamster through light-deprivation by 

blinding (B1ask et a1., 1986), placing the animals in short photoperiod 

in artificial light (Bartke et a1., 1980; Steger et a1., 1984), or 

exposing animals to natural light during the seasonally shortened days 

of winter and early spring (Reiter 1980b). 

While early effects of depressed circulating PRL on reproductive 

function have been examined, especially with regard to the role of this 

hormone in maintaining testis funcion (Bartke et al., 1980; Klemke et 

al., 1981; Klemke et al., 1983), little work has been done to charac

terize the earliest changes in PRL cell activity resulting from light

deprivation in the male hamster. 

Steger et al. (1983) report significantly decreased rates of PRL 

secretion from incubated pituitaries of male hamsters exposed to short 

photoperiod (5:14 L:D) for 27 days. A trend toward suppression of PRL 

release is seen after 9 days of treatment in this study, but it did not 

achieve statistical significance. 

While documenting the earliest effects of depressed serum RIA

PRL on reproduction is important for understanding the role of PRL 

itself, documenting the earliest changes in PRL cell activity in the 

pituitary due to light-deprivation may be helpful in understanding the 

neuroendocrine regulation of PRL. 
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The present study characterizes PRL cell activity in terms of 

PRL mRNA levels, PRL synthesis, and RIA-PRL in the pituitary and serum, 

after 11, 21, or 42 days of light deprivation by blinding. The extent 

to which the pineal gland is involved in mediating the effects of light 

deprivation was assessed by combining blinding with pinealectomy. The 

underlying assumption is that, if the effects of blinding are transduced 

into a neuroendocrine effect by the pineal, blinding combined with 

pineal removal should prevent the effects of blinding from taking place. 

We report here the earliest known pineal-mediated depression in 

PRL cell activity as a result of light-deprivation. 

Materials and Methods 

Experimental Design 

In order to assess the timecourse of pineal-mediated changes in 

PRL cell activity due to light-deprivation, animals were treated for 11, 

21, or 42 days by blinding or blinding combined with pinealectomy. Two 

control groups for each timepoint consisted of intact animals and ones 

which were sham-pinealectomized to assess the effect of the pinealectomy 

sugical procedure itself on PRL cell activity. PRL cell activity was 

measured as described below. 

Hypothesis. PRL mRNA levels will be depressed, by a pineal

mediated effect of light-deprivation by blinding, before a change is 

seen in any other measured parameter of PRL cell activity, body weight, 

organ weight, or pituitary DNA. 
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Animals 

Young adult male Golden Syrian Hamsters (Mesocricetus auratus) 

were purchased from Charles River, Lakeview Hamster Colony, Newfield, 

New Jersey. They were housed 3-5 per clear plastic cage in a room which 

contained only hamsters. Temperature was controlled at 23 degrees C and 

a light:dark cycle of 14:10 was maintained (lights on 06.00-20.00 hr). 

Laboratory chow and water were provided ad libitum. 

Surgery 

Surgical procedures and anesthesia were identical to those 

described in Chapter 5 of this dissertation. Again, all animals, inclu

ding those of the Intact group, were anesthetized. For each of the 

timepoints (11, 21, and 42 days) there were four groups, as follows: 

Intact, Sham-Pinealectomized (Sham-Pnx), Blind Sham-Pinealectomized 

(Blind Sham-Pnx), and Blind Pinealectomized (Blind Pnx). 

Kill Procedure and Assays 

These were identical to those described in Chapters 4, 5, and 6 

of this dissertation. The variables measured for each animal were body 

weight, testicle weight, seminal vesicle weight, pituitary weight, 

pituitary DNA, PRL mRNA levels, 3H- PRL (incubated pituitary, media, and 

total), pituitary RIA-PRL (incubated pituitary, media, and total), and 

serum RIA- PRL. 
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Statistical Analysis 

All data were subjected to a one-way analysis of variance and 

then Student-Newman-Keul's Multiple Range Test. A p value of less than 

0.05 was considered significant. 

Results 

Body Weight 

There were no statistically significant differences in body 

weight gain from the start to the end of any of the timepoints (Tables 

30, 36, and 42). 

Testicle Weight and Seminal Vesicle Weight 

Testicle weights were not significantly affected by blinding or 

any other treatment for any timepoint, although a 20% (nonsignificant) 

decline was seen in the blinded group (Blind Sham-Pnx) after 42 days. 

Seminal vesicle weights were significantly lower than Intact 

animals after 42 days of treatment, but this depression was not preven

ted by pinealectomy. (See Tables 30, 36, and 42 for testicle and 

seminal vesicle weights.) 

Pituitary Weight and Pituitary DNA 

There were no significant differences or noticeable trends in 

pituitary weight or pituitary DNA for any timepoint (Tables 31, 37, and 

43). 
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PRL mRNA 

11 Days of Treatment. (Table 32) Whether expressed per pitui

tary (Figure 24) or per ug of pituitary DNA, there was a 33% depression 

(p < 0.05) in PRL mRNA levels that was completely prevented by pinealec

tomy. When expressed per mg of pituitary, no significant decline in PRL 

mRNA was seen, although the Blind Sham-Pnx group was 40% lower (p < 

0.05) than the Blind Pnx group. 

II Days of Treatment. (Table 38) A significant 41% depression 

(p < 0.05) was seen when PRL mRNA levels were expressed per pituitary 

(Figure 24), and this depression was completely prevented by pinealec

tomy. When expressed per mg of pituitary or per ug of pituitary DNA, 

however, the only significant differences seen were between Intact and 

blinded (Blind Sham-Pnx) groups (p < 0.05 in both cases). These depres

sions were not prevented by pinealectomy and the Sham-Pnx control group 

tended to show about the same degree of suppression. 

42 Days of Treatment. (Table 44) A significant 60-65% depres

sion in PRL mRNA levels is seen due to blinding regardless of whether 

the data are expressed per pituitary (Figure 24), per mg of pituitary, 

or per ug of pituitary DNA (p < 0.05). These depressions were complete

ly prevented by removing the pineal. 

There were no statistically significant differences in pitui

tary, media, or total (Figure 25) values at 11 or 21 days after treat

ment, although increasing (non-significant) trends toward suppression 

can be seen (Tables 33, and 39). By 42 days after treatment, a 
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significant 50% blinding-induced, pinealectomy-preventable, depression 

(p < 0.05) in 3H- PRL is noted in incubated pituitary and in total 

(Figure 25) 3H- PRL , when expressed per pituitary (Table 45). When 

expressed per mg of pituitary, significant depressions in 3H- PRL of 

about 50% are present in the media, pituitary and total (p < 0.05) as a 

result of blinding (Blind Sham-Pnx), but pinealectomy did not completely 

prevent these depressions (Table 45). Significant depressions in media 

3H- PRL (p < 0.05) due to blinding were never prevented by pineal remo

val, no matter how the data were expressed (Table 45). 

RIA-PRL 

Although non-significant trends toward depression may be seen at 

11 and 21 days (Tables 34, and 40), only at 42 days of treatment were 

the reductions significant (Table 46 and Figure 26). RIA-PRL in the 

incubated pituitary after 42 days was depressed by about 50% by blinding 

(p < 0.05) and this depression was completely reversed by pinealectomy, 

regarless of whether the data were expressed per pituitary, per mg of 

pituitary, or per ug of pituitary DNA (Table 46). Interestingly, none 

of the trends were significant for the incubation media values of RIA

PRL. Total RIA-PRL (incubated pituitary plus media), expressed per 

pituitary (Table 46 and Figure 26) or per mg of pituitary, was signifi

cantly depressed by blinding by about 50% (p < 0.05), and these depres

sions were completely prevented by pinealectomy (Table 46). 

Interestingly, serum RIA-PRL in the Blind pnx group after 42 

days of treatment was significantly 2.5-3.5 times higher (p < 0.05) than 
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any other group, and there was a slight, non-significant, trend toward 

depression in the Blind Sham-Pnx group compared with the two controls 

(Table 47). There were no differences in serum RIA-PRL after 11 or 21 

days (Tables 35 and 41). 

Discussion 

In this study we identified early changes in PRL cell activity 

due to light-deprivation, and demonstrated the possible role of the 

pineal gland in mediating these changes, or at least being necessary for 

these changes to manifest themselves after light-deprivation. 

The decrease in PRL mRNA levels, after 11 days of light

deprivation resulting from blinding, is the earliest neuroendocrine 

change in the pituitary due to light deprivation, of which we are aware. 

The work of Steger et al. (1983) is similar to ours in terms of the aims 

of their study -- investigating early effects of restricted amounts of 

light on PRL cell activity in the male Syrian hamster -- but there are 

other differences. First, our animals were blinded while theirs were 

exposed to short photoperiod (5:19 L:D). Second, while they measured 

only release of RIA-PRL, we also measured RIA-PRL in the incubated 

pituitary; and while both studies used a homologous hamster PRL radio

immunoassay (Soares et al., 1983), our incubation protocol was quite 

different. While they pre incubated their pituitaries for 30 minutes, 

discarded the incubation media, and then added fresh media for an 

additional 1 or 2 hour incubation, we did not preincubate our hemipitui

taries. Third, we explicitely investigated the extent of pineal 

involvement by including a pinealectomized group. 
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With these differences in mind, one discrepancy between our 

findings and those of Steger and colleagues (1983) is that we failed to 

see a significant reduction in RIA-PRL release into the incubation media 

even after 15 additional days (42 total) of treatment, compared to their 

27 day timepoint, at which time they did see significantly reduced PRL 

release. Although we do see a nonsignificant trend toward a depression 

in PRL release after 42 days, we found that RIA-PRL in the incubated 

pituitary and total RIA-PRL (incubated pituitary + media) were both 

significantly depressed. Since we both used Medium M-199, the dif

ference in the results of the two studies may be due to the 

preincubation step employed by Steger and his coworkers and not by us. 

While we saw depressed serum prolactin after 6 weeks of blin

ding, the difference did not achieve statistical significace. Others 

have reported depressed serum prolactin in the male hamster after short 

photoperiod exposure for 3 weeks (Orstead and Benson, 1980) or 20 days 

(Goldman et al., 1981). Since these studies used a heterologous assay 

and we used the homologous hamster RIA of Soares et al. (1983), one 

would expect a greater sensitivity to be reported by us, but this was 

not the case. 

The significant depression in pituitary prolactin after 6 weeks 

of treatment is in agreement with a similar finding of Orstead and 

Benson (1980), although blinding was used in the present study and these 

authors used short photoperiod exposure. 

We extended this characterization of early changes in PRL cell 

activity after light deprivation by our finding that prolactin synthesis 
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is also decreased after 6 weeks of treatment. Also, while the blinding

induced depressions in 3H- PRL in the incubatd pituitary, and in total 

3H- PRL, are completely prevented by pinealectomy, depressions in media 

3H- PRL are not significantly prevented by pineal removal, although a 

trend in that direction is evident. 

Our data are consistent with the following hypothesis regarding 

the regulation of PRL cell activity after light-deprivation by blinding: 

At least 11 days after the loss of photic stimulation, levels of PRL 

mRNA are significantly depressed in male hamsters with an intact pineal 

gland. Thus, light-deprivation-induced decreases in PRL mRNA levels 

might be mediated, directly or indirectly, by the pineal gland. It is 

clear that the pineal must be present for the effects of light

deprivation by blinding to have an effect on PRL mRNA levels, at least 

under the experimental protocol of the present study. 

PRL mRNA levels could be depressed by one or more of several 

mechanisms: First, PRL gene, induction itself could be inhibited. 

Second, nuclear processing of primary RNA transcripts of the PRL gene 

could be altered. Third, the stability of cytoplasmic PRL mRNA could be 

altered so that it was more easily degraded. (For a review of mRNA 

formation in eukaryotes see Nevins, 1983). While the first mechanism is 

probably the most likely, the others cannot be ruled out based on pre-

sent evidence. 

With regard to newly synthesized PRL (Figure 25), a curious 

pattern can be seen. Although not significant statistically, Blind pnx 

groups from all three timepoints show an 18-24% decline in total 3H- PRL 
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compared to their respective controls. An important hypothesis for 

further testing is whether blinding itself may cause a degradation of 

newly synthesized PRL, whether or not the pineal is present. The use

fulness of knowing PRL mRNA levels, in addition to total 3H- PRL ("PRL 

synthesis"), can be seen in this case, since PRL mRNA levels in the 

Blind Pnx groups show no such tendency. Whatever the reason 3H- PRL 

shows a tendency to be down in Blind Pnx animals, it is not for lack of 

PRL mRNA, although this idea rests on an important assumption about the 

-assay for measuring PRL mRNA: That is, the recombinant DNA plasmid 

pPRL-l hybridizes only to those species of PRL mRNA that are fully 

translatable, and that non-translatable PRL mRNA's are quickly degraded 

and no longer hybridize to pPRL-I. 

We do not know the mechanism by which light deprivation causes 

depressions in PRL cell activity that depend on the presence of the 

pineal gland. Afternoon injections of the pineal hormone melatonin in 

male Syrian hamsters can lower pituitary PRL after 50 days of treatment, 

although an intact pineal gland is necessary to see this effect (Sackman 

et al., 1977; Reiter et al., 1976a). Various putative pineal peptides 

with PRL-releasing and PRL release-inhibiting activities have also been 

studied (Blask et al., 1976; Vaughan, 1984). 

The significance of the present study is that the first regula

tory events, which act to depress PRL cell activity after light

deprivation by blinding, may take place as early as 11 days after loss 

of photic stimulation and may involve reduced levels of PRL mRNA. Also, 

these regulatory events, after 11 days of treatment, require the 
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presence of the pineal gland. Much additional work is needed to iden

tify the mechanisms involved. 



Table 30. Body weights, testicle weights, and seminal vesicle weights in male hamsters 11 days 
after treatment. 

Body Weight (g) 

Treatment n start 11 days Testicle Wt. (g) Seminal Vesicle Wt. (mg) 

Intact 8 155 + 4 159 + 3 3.15 + 0.14 601 + 29 
(I.98 + 0.07) (397 + 21) 

Sham-Pnx 8 155 + 3 154 + 3 3.33 + 0.12 575 + 24 
(2.17 + 0.10) (374 + 15) 

Blind Sham-Pnx 9 155 + 6 156 + 5 3.26 + 0.15 602 + 38 
(2.09 + 0.08) (399 + 28) 

Blind Pnx 8 154 + 5 152 + 7 3.26 + 0.15 557 + 36 
(2.18 + 0.08) (374 + 24) 

Values are the mean + SEM. Intact group received sodium pentobarbital anesthesia only. Testicular 
weights are the combined wet weight of both testicles in g (no parenthesis), or in g/100 g of body 
weight (numbers in parenthesis). Seminal vesicle weights are wet weights, after the seminal fluid was 
blotted out of the gland, expressed in mg (no parenthesis), or in mg/l00 g of body weight (numbers in 
parenthesis). Sham-Pnx = Sham-Pinealectomy. Pnx = Pinealectomy. There were no significant 
differences. 

N 
N 
1I1 
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Table 31. Pituitary weight and pituitary DNA in male hamsters 11 days 
after treatment. 

Treatment n Pituitary Wt. (mg) Pituitary DNA (ug) 

Intact 8 2.77 + 0.16 12.3 + 1.7 
(1.74 + 0.10) 

Sham-Pnx 8 2.40 + 0.07 11.4 + 1.6 
(1.56 + 0.05) 

Blind Sham-pnx 9 2.34 + 0.13 12.5 + 1.4 
(1.52 + 0.08) 

Blind Pnx 8 2.36 + 0.11 11.9 + 1.4 
(1 .60 + o. 11 ) 

Values are the mean + SEM. Intact group received sodium pentobarbital 
anesthesia only. Pituitary weight is the weight of a hemipituitary 
after a 3 hr incubation, multiplied by 2. Values without parenthesis 
are pituitary weights expressed in mg, and those in parenthesis are 
mg/l00 g of body weight. Pituitary DNA is expressed in terms of ug of 
DNA as determined in the hemipituitary that was not incubated (the same 
one used to measure PRL mRNA levels). Sham-Pnx = Sham-Pinealectomy. 
Pnx = Pinealectomy. There were no significant differences. 



Table 32. PRL mRNA levels in the pituitary in male hamsters 11 days 
after treatment. 

Treatment n 

Intact 8 

Sham-Pnx 8 

Blind Sham-Pnx 9 

Blind Pnx 8 

PRL mRNA levels (CPM) 

7,038 + 809a 
(2,589 + 338) 

[636 + 100]e 

7,020 + 822b 

(2,904 + 313~ 
[678 + 90] 

4 830 + 172abc 
(2;148 + 134)d 

[425 + 40]efg 

8,425 + 777 c 
(3,439 + 370)d 

[725 + 53]g 
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Values are the mean + SEM. Intact group received sodium pentobarbital 
~nesthesia only. Values without parenthesis or brackets are the CPM of 

2p-pPRL-l which hybridized to an aliquot of pituitary cytodot sample, 
in CPM/pituitary. Those in parenthesis are CPM/mg pituitary, and those 
in brackets are CPM/ug pituitary DNA. Sham-Pnx = Sham-Pinealectomy. 
Pnx = Pinealectomy. (a-g, p < 0.05) 



Table 33. 3H- PRL in the incubated pituitary and incubation media after a 3 hr incubation, in male 
hamsters 11 days after treatment. 

Treatment n Pituitary 3H- PRL (DPI1) Media 3H- PRL (DPM) Total 3H- PRL (DPM) 

Intact 8 5,170 + 691 3,815 + 391 8,986 + 1,037 
(1,843 + 197) (1,383 + 115) (3,226 + 284) 

[458 + 56] [355 + 51] [813 + 100] 

Sham-Pnx 8 4,942 + 370 3,857 + 282 8,798 + 595 
(2,079 + 168) (1,621 + 130) (3,699 + 278) 

[515 + 96] [414 + 85] [929 + 180] 

Blind Sham-Pnx 9 3,902 ± 436 2,963 + 375 6,856 + 774 
(1,665 + 129) (1 , 268 + 119) (3,001 + 239) 

[328 + 30] [240 + 16] [578 ±. 43] 

Blind Pnx 8 4,069 + 250 3,341 + 347 7,408 + 518 
(1,756 + 142) (1,440 + 167) (3,196 + 278) 

[385 + 64] [319 ±. 63] [704 ±. 125] 

Values are the mean + SEM. Intact group received sodium pentobarbital anesthesia only. Values 
without parenthesis or brackets are the DPM of 3H-Leucine incorporated into PRL as measured in the 
incubated pituitary, in the incubation media, or in total, all expressed as DPM/pituitary. Those in 
parenthesis are DPM/mg pituitary, and those in brackets represent DPM/ug pituitary DNA. Sham-Pnx = 
Sham-Pinealectomy. Pnx = Pinealectomy. There were no significant differences. 

N 
N 
00 



Table 34. RIA-PRL in the incubated pituitary and incubation media after a 3 hr incubation, in male 
hamsters 11 days after treatment. 

Treatment n Pituitary RIA-PRL (ng) Media RIA-PRL (ng) Total RIA-PRL (ng) 

Intact 8 17 ,294 + 1,028 4,315 + 964 21,608 + 1,290 
(6,371 + 464) (I,534 + 290) (7,905 + 444) 
[1,654 + 281] [371 + 63] [2,026 + 299] 

Sham-Pnx 8 16,239 + 1,580 5,505 + 665 21,744 + 2,080 
(6,727 .:!: 533) (2,281 .:!: 255) (9,008 .:!:. 710) 
[1,730 .:!: 374] [554 + 103] [2,284 + 467] 

Blind Sham-Pnx 9 14,970.:!:. 1,267 4,897 .:!:. 766 19,867 + 1,709 
(6,441 + 323) (2,128 + 352) (8,569 + 583) 
[1,299 + 161] [423 + 63) [1,722 + 189) 

Blind Pnx 8 13,837 + 1,246 4,016 + 522 17,853 + 1,388 
(5,946 .:!: 587) (1,746 + 252) (7,691 + 685) 
[1,303 + 193) [359 + 44] [1,662 + 223] 

Values are the mean + SEM. Intact group received sodium pentobarbital anesthesia only. Values 
without parenthesis or brackets are the ng of RIA-PRL measured in the incubated pituitary, in the 
incubation media, or in total, all expressed as ng/pituitary. Those in parenthesis are ng/mg 
pituitary, and those in brackets represent ng/ug pituitary DNA. Sham-Pnx = Sham-Pinealectomy. Pox = 
pinealectomy. There were no significant differences. 

N 
N 
\0 
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Table 35. RIA-PRL in the serum of male hamsters 11 days after treatment. 

Treatment n Serum RIA-PRL (ng/ml) 

Intact 8 3.9 + 0.8 

Sham-Pnx 8 3.4 + 0.7 

Blind Sham-Pnx 9 2.9 + 0.6 

Blind Pnx 8 4.0 + 1.0 

Values are the mean + SEM. Intact group received sodium pentobarbital 
anesthesia only. Serum was obtained from trunk blood after decapita
tion. Sham-Pnx = Sham-Pinealectomy. Pnx = Pinealectomy. There were 
no significant differences. 



Table 36. Body weights, testicle weights, and seminal vesicle weights in male hamsters 21 days 
after treatment. 

Body Weight (g) 

Treatment n start 21 days Testicle Wt. (g) Seminal Vesicle Wt. (mg) 

Intact 8 123 + 1 130 + 2 2.95 + 0.08 877 + 53 
(2.30 + 0.08) (673 + 36) 

Sham-Pnx 8 124 + 2 129 + 2 3.24 + 0.12 826 + 53 
(2.54 + 0.06) (642 + 49) 

Blind Sham-Pnx 8 122 + 3 128 + 2 2.91 + 0.13 824 + 53 
(2.27 + 0.09) (644 + 39) 

Blind Pnx 8 123 + 1 131 + 2 3.04 + 0.16 874 + 55 
(2.31 + 0.09) (668 + 38) 

Values are the mean + SEM. Intact group received sodium pentobarbital anesthesia only. Testicular 
weights are the combined wet weight of both testicles in g (no parenthesis), or in g/100 g of body 
weight (numbers in parenthesis). Seminal vesicle weights are wet weights, after the seminal fluid was 
blotted out of the gland, expressed in mg (no parenthesis), or in mg/l00 g of body weight (numbers in 
parenthesis). Sham-Pnx = Sham-Pinealectomy. Pnx = Pinealectomy. There were no significant 
differences. 

N 
W ...... 
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Table 37. Pituitary weight and pituitary DNA in male hamsters 21 days 
after treatment. 

Treatment n Pituitary Wt. (mg) Pituitary DNA (ug) 

Intact ·8 2.38 + 0.15 13.4 + 1.2 
(1.83 + 0.13) 

Sham-Pnx 8 2.53 + 0.12 14.6 + 1.0 
(1.96 + 0.10) 

Blind Sham-Pnx 8 2.28 + 0.11 11.2 + 1.3 
(1.79 + 0.08) 

Blind Pnx 8 2.73 + 0.18 12.6 + 0.9 
(2.09 + 0.14) 

Values are the mean + SEM. Intact group received sodium pentobarbital 
anesthesia only. Pituitary weight is the weight of a hemipituitary 
after a 3 hr incubation, multiplied by 2. Values without parenthesis 
are pituitary weights expressed in mg, and those in parenthesis are 
mg/100 g of body weight. Pituitary DNA is expressed in terms of ug of 
DNA as determined in the hemipituitary that was not incubated (the same 
one used to measure PRL mRNA levels). Sham-Pnx = Sham-Pinealectomy. 
Pnx = Pinealectomy. There were no significant differences. 



Table 38. PRL mRNA levels in the pituitary in male hamsters 21 days 
after treatment. 

Treatment n 

Intact 6 

Sham-Pnx 7 

Blind Sham-Pnx 7 

Blind Pnx 8 

PRL mRNA levels (CPM) 

25,243 + 2,546a 
(10,654 + 1,479)d 

[2,087 + 139]e 

22,595 + 2,563b 
(9,168 + 1,057) 
[1,591 + 224] 

14 075 + 2 899abc 

(6:110 + 1:119)d 
[1,241 + 238]e 

22,883 + 1,916c 

(8,751 + 885) 
[1,712 + 187] 
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Values are the mean + SEM. Intact group received sodium pentobarbital 
~nesthesia only. Values without parenthesis or brackets are the CPM of 

2p-pPRL-l which hybridized to an aliquot of pituitary cytodot sample, 
in CPM/pituitary. Those in parenthesis are CPM/mg pituitary, and those 
in brackets are CPM/ug pituitary DNA. Sham-Pnx = Sham-Pinealectomy. 
Pnx = Pinealectomy. (a-e, p ( 0.05) 



Table 39. 3H- PRL in the incubated pituitary and incubation media after a 3 hr incubation, in male 
hamsters 21 days after treatment. 

Treatment n Pituitary 3H- PRL (DPM) Media 3H- PRL (DPM) Total 3H- PRL (DPM) 

Intact 7 6,613 + 728 5,067 + 357 11,680 + 920 
(2 ,671 + 198) (2,077 + 85) (4,748 + 172) 

[575 + 77] [477 2: 103] [1,0522: 173 ] 

Sham-Pnx 5 6,542 + 900 5,059 + 726 11,601 + 1,506 
(2,685 + 306) (2,115 + 313) (4,799 + 550) 

[510 + 149] [403 + 125] [913 + 271] 

Blind Sham-Pnx 7 4,485 2: 698 3,518 2: 467 8,003 + 1,139 
0,951 + 232) 0,551 + 158) (3,502 + 369) 

[432 + 79] [326 + 47] [758 + 126] 

Blind Pnx 7 5,355 + 458 4,020 + 239 9,375 2: 669 
(2,058 + 162) 0,561 + 112) (3,620 + 260) 

[468 + 80] [344 + 46] [812 + 125] 

Values are the mean + SEM. Intact group received sodium pentobarbital anesthesia only. Values 
without parenthesis or brackets are the DPM of 3H-Leucine incorporated into PRL as measured in the 
incubated pituitary, in the incubation media, or in total, all expressed as DPM/pituitary. Those in 
parenthesis are DPM/mg pituitary, and those in brackets represent DPM/ug pituitary DNA. Sham-Pnx = 
Sham-Pinealectomy. Pnx = Pinealectomy. There were no significant differences. 
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Table 40. RIA-PRL in the incubated pituitary and incubation media after a 3 hr incubation, in male 
hamsters 21 days after treatment. 

Treatment n Pituitary RIA-PRL (ng) Media RIA-PRL (ng) Total RIA-PRL (ng) 

Intact 7 13,551 + 1,384 4,689 + 944 18,240 + 1,957 
(5,522 + 414) (1 ,842 2:. 265) (7,364 + 470) 
[1,330 + 367] [430 + 98] [1,760 + 444] 

Sham-Pnx 8 12,736 + 1,375 3,869 2:. 623 16,605 + 1,589 
(4,990 + 424) (1,562 + 255) (6,552 + 517) 

[945 + 167] [295 + 78] [1,240 + 230] 

Blind Sham-Pnx 8 10,553 + 1,470 2,678 + 739 13,231 + 1,839 
(4,528 + 553) (1,139 + 268) (5,667 + 662) 
[1,061 + 177] [252 2:. 67] [1,313 + 207] 

Blind Pnx 7 14,858 + 1,622 3,585 + 711 18,443 + 1,818 
(5,781 + 632) (1,385 + 269) (7,166 2:. 726) 
[1,305 + 274] [297 + 56] [1,602 + 292] 

Values are the mean + SEM. Intact group received sodium pentobarbital anesthesia only. Values 
without parenthesis or brackets are the ng of RIA-PRL measured in the incubated pituitary, in the 
incubat~n media, or in total, all expressed as ng/pituitary. Those in parenthesis are ng/mg 
pituitary, and those in brackets represent ng/ug pituitary DNA. Sham-Pnx = Sham-Pinealectomy. Pnx = 
pinealectomy. There were no significant differences. 
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Table 41. RIA-PRL in the serum of male hamsters 21 days after treatment. 

Treatment n Serum RIA-PRL (ng/ml) 

Intact 8 6.3 + 2.4 

Sham-Pnx 8 6.4 + 1.4 

Blind Sham-Pnx 8 4.6 + 1.2 

Blind Pnx 8 6.9 + 1.5 

Values are the mean + SEM. Intact group received sodium pentobarbital 
anesthesia only. Serum was obtained from trunk blood after decapita
tion. Sham-Pnx = Sham-Pinealectomy. Pnx = Pinealectomy. There were 
no significant differences. 



Table 42. Body weights, testicle weights, and seminal vesicle weights in male hamsters 42 days 
after treatment. 

Body Weight (g) 

Treatment n start 42 days Testicle Wt. (g) Seminal Vesicle Wt. (mg) 

Intact 7 132 + 2 146 + 3 3.24 + 0.13 772 + 49ab 

(2.22 + 0.07) (530 + 36) 

Sham-Pnx 7 131 + 3 140 + 5 3.24 + 0.17 730 + 32 
(2.33 + 0.07) (524 + 34) 

Blind Sham-pnx 8 135 + 3 149 + 6 2.58 + 0.40 585 + 67b 

(1.79 + 0.29) (400 + 51) 

Blind Pnx 9 133 + 2 144 + 5 3.12 + 0.14 604 + 26a 
(2.25 + 0.08) (425 + 25) 

Values are the mean + SEM. Intact group received sodium pentobarbital anesthesia only. Testicular 
weights are the combined wet weight of both testicles in g (no parenthesis), or in g/100 g of body 
weight (numbers in parenthesis). Seminal vesicle weights are wet weights, after the seminal fluid was 
blotted "out of the gland, expressed in mg (no parenthesis), or in mg/100 g of body weight (numbers in 
parenthesis). Sham-Pnx = Sham-Pinealectomy. Pnx = Pinealectomy. (a, b, p < 0.05). 
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Table 43. Pituitary weight and pituitary DNA in male hamsters 42 days 
after treatment. 

Treatment n Pituitary Wt. (mg) Pituitary DNA (ug) 

Intact 7 2.60 + 0.09 11.3 + 0.8 
(1.78 + 0.05) 

Sham-Pnx 7 2.31 + 0.11 13.5 + 1.2 
(1 .66 + 0.11) 

Blind Sham-Pnx 6 2.46 + 0.17 12.7 + 1.4 
(1.74 + 0.15) 

Blind pnx 9 2.47 + 0.18 13.7 + 1.2 
(1.72 + 0.11) 

Values are the mean + SEM. Intact group received sodium pentobarbital 
anesthesia only. Pituitary weight is the weight of a hemipituitary 
after a 3 hr incubation, multiplied by 2. Values without parenthesis 
are pituitary weights expressed in mg, and those in parenthesis are 
mg/l00 g of body weight. Pituitary DNA is expressed in terms of ug of 
DNA as determined in the hemipituitary that was not incubated (the same 
one used to measure PRL mRNA levels). Sham-Pnx = Sham-Pinealectomy. 
Pnx = Pinealectomy. There were no significant differences. 



Table 44. PRL mRNA levels in the pituitary in male hamsters 42 days 
after treatment. 

Treatment n 

Intact 7 

Sham-Pnx 7 

Blind Sham-Pnx 8 

Blind Pnx 9 

PRL mRNA levels (CPM) 

25,543 + 3,479a 
(9,544 +' 1,432)d 
[2,363 + 366]g 

28,196 + 1,801 b 
(12,173 + 971)e 

[2,326 + 366]h 

9 644 + 1 380abc 
(4' 718 +" 750)def 

[889 + 165]ghi 

28,208 + 2,566c 
(11,774 + 1,246)f 

[2,174 + 419]i 
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Values are the mean + SEM. Intact group received sodium pentobarbital 
~nesthesia only. Values without parenthesis or brackets are the CPM of 

2p-pPRL-l which hybridized to an aliquot of pituitary cytodot sample, 
in CPM/pituitary. Those in parenthesis are CPM/mg pituitary, and those 
in brackets are CPM/ug pituitary DNA. Sham-Pnx = Sham-Pinealectomy. 
Pnx = Pinealectomy. (a-f, p < 0.01; g-i, p < 0.05) 



Table 45. 3H- PRL in the incubated pituitary and incubation media after a 3 hr incubation, in male 
hamsters 42 days after treatment. 

Treatment n Pituitary 3H- PRL (DPM) Media 3H- PRL (DPM) Total 3H- PRL (DPM) 

5,877 + 747a 3,696 + 423g 9,573 + 1,152k 
(2,642 + 438)d (1,684 + 281) h (4,326 + 714)n 

[622 + 107]f [396 + 66]3 [1,018 + 171]P 

Intact 7 

Sham-Pnx 7 5,315 + 145b 

(2,618 + 270)e 
3,170 + 233 

(1,574 + 189)i 
8,485 + 2951 

(4,192 + 443)0 
[485 + 92] [298 + 64] [783 + 155] 

2 676 + 363abc 2,209 + 331g 4,885 + 696klm 
(I :247 + 135 ~de (824 + 170}hi (2,071 + 284)no 

[256 + 49] [176 + 43]J [432 + 87]P 

Blind Sham-Pnx 7 

Blind pnx 8 4,921 .:t. 621 c 3,043 .:t. 357 7,964 + 731m 

(2,008 + 192) (1 , 260 + 124) (3,268 + 285) 
[419 + 84] [255 + 43] [674 + 125] 

Values are the mean + SEM. Intact group received sodium pentobarbital anesthesia only. Values 
without parenthesis ~r brackets are the DPM of 3H-Leucine incorporated into PRL as measured in the 
incubat~d pituitary, in the incubation media, or in total, all expressed as DPM/pituitary. Those in 
parenthesis are DPM/mg pituitary, and those in brackets represent DPM/ug pituitary DNA. Sham-Pnx = 
Sham-Pinealectomy. Pnx = Pinealectomy. (a, d, e, k, 1, n, 0, p < 0.01; b, c, f-j, m, p, p < 0.05). 
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Table 46. RIA-PRL in the incubated pituitary and incubation media after a 3 hr incubation, in male 
hamsters 42 days after treatment. 

Treatment n Pituitary RIA-PRL (ng) Media RIA-PRL (ng) Total RIA-PRL (ng) 

17,881 + 854a 7,555 + 522 25,436 + 698j 
(6,908 :; 353)d (2,930 + 223) (9,838 + 372)m 
[1,652 + 176]g [679 + 44] [2,331 + 194]P 

Intact 7 

16,386 + 821 b 6,550 + 1,485 22,936 + 1,986k 

(7,166 + 500)~ (2,756 + 528) (9,922 + 708)n 
[1,285 .:!: 154] [557 + 171] [1,842 + 316] 

Sham-Pnx 7 

Blind Sham-Pnx 7 8 162 + 1 466abc 3,854 .:!: 852 12 016 + 2 234jk1 
(3'313 + 501)def ' -' (1,549 + 277) (4 862 + 729)mno 

[H2 + 144]ghi ' -[318 + 60] [1,030 + 194]P 

17 ,018 + 1,483c 5,051 .:!: 1,260 22,069 + 2,481 1 

(6,959 + 544)f (2,080 + 495) (9,039 + 949)0 
[1,342 + 190]i [378 + 75] [1,720 + 244] 

Blind Pnx 9 

Values are the mean + SEM. Intact group received sodium pentobarbital anesthesia only. Values 
without parenthesis or brackets are the ng of RIA-PRL measured in the incubated pituitary, in the 
incubat!on media, or in total, all expressed as ng/pituitary. Those in parenthesis are ng/mg 
pituitary, and those in brackets represent ng/ug pituitary DNA. Sham-Pnx = Sham-Pinealectomy. Pnx = 
pinealectomy. (a-g, j-p, p < 0.01; h, i, p < 0.05). 
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Table 47. RIA-PRL in the serum of male hamsters 42 days after treat
ment. 

Treatment n Serum RIA-PRL (ng/ml) 

Intact 8 7.0 + 1.7a 

Sham-Pnx 7 8.0 + 2.4 b 

Blind Sham-Pnx 8 4.9 + 2.0c 

Blind Pnx 9 18.5 + 2.3abc 
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Values are the mean + SEM. Intact group received sodium pentobarbital 
anesthesia only. Serum was obtained from trunk blood after decapita
tion. Sham-Pnx = Sham-Pinealectomy. Pnx = Pinealectomy. (a-c, p < 
0.01) • 
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Figure ?4. Prolactin mRNA levels in the pituitary of male hamsters 11, 21,_ or 42 days after being 
left intact (INT). sham-pinealectomized (S), blind sham-pinealectomized (BS), or blind pinealecto
mized (BP). Identical pairs of letters represent a significant difference at the 0.05 level or 
lower. See Tables 32, 38, and 44 for details. 
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Fig~e 25. Total 3H-prolactin after incubation (with 3H-leucine) of pituitaries from male hamsters 
after 11, 21, or 42 days of being left intact (INT). sham-pinealectomized (5), blind sham-pinealec
tomized (BS), or blind pinealectomized (BP). Identical pairs of letters represent a significant 
difference at the 0.05 level or lower. See Tables 32, 38, and 44 for details. 
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Figure 26. Total RIA-PRL after incubation of pituitaries from male hamsters after 11, 21, or 42 
days bf being left intact (INT) sham-pinealectom1zed (S), blind sham-pinealectomized (BS), or blind 
pinealectomized (BP). Identical pairs of letters represent a significant difference at the 0.05 
level or lower. See Tables 34, 40, and 46 for details. 
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CHAPTER 8 

SUMMARY 

Although the findings of the experiments presented in Chapters 

4-7 have been discussed in detail within each of these sections, some 

general conclusions can be made from this data, as a guide for further 

research. 

Measuring Prolactin mRNA in the Hamster 

The plasmid pPRL-l, which contains the rat prolactin cDNA 

insert, was successfully isolated from E. coli, into which pPRL-l was 

inserted by another laboratory (See Appendix R). 

The plasmid pPRL-l was successfully radiolabeled and the proper 

prehybridization, hybridization, and wash conditions were established, 

as evidenced by the ability to repeat certain major findings in the 

literature for the rat. These include the stimulation of prolactin mRNA 

in GH3 cells (a rat pituitary tumor cell line) with calcium and TRH, the 

lack of effect of dexamethasone alone, and a partial inhibition by 

dexamethasone of the increase in prolactin mRNA caused by TRH. (See 

Appendix S, Figures 41 and 42). 

Hybridization of the prolactin mRNA probe pPRL-l was shown to be 

specific to the rat pituitary, to hybridize more to female than to male 

pituitaries, and not to hybridize with identically prepared tissue from 

246 



the cerebellum, hypothalamus, liver, and spleen (See Appendix S, 

Figure 39). 

247 

The suitability of pPRL-l for use in the hamster is suggested by 

the extent of homology between rodent species in the amino acid 

composition of prolactin (Chapter 4, Figure 7) and the finding by 

another laboratory that rat and mouse prolactin mRNA are 90% homologous 

(Chapter 4, Discussion). 

This suggestion (by analogy) of broad similarity between rat and 

-hamster prolactin mRNA was confirmed by agarose gel electrophoresis of 

rat and hamster pituitary and liver RNA. In both the rat and the 

hamster, pPRL-l hybridized to a discrete band of RNA (prolactin mRNA) 

and did not hybridize to liver RNA, which is not known to include 

prolactin mRNA (Chapter 4, Figure 1). Nearly identical depressions in 

prolactin mRNA were noted in the rat and hamster after ovariectomy 

(Chapter 4, Figure 2 and Table 3). 

The finding that long-term changes in 3H-prolactin levels in the 

pituitary were mirrored by changes in prolactin mRNA levels adds further 

credibility to the conclusion that prolactin mRNA is actually being 

measured in the hamster (Chapter 5, Figure 14). 

Furthermore, the significant increase in prolactin mRNA on the 

morning of proestrus (Chapter 4, Figure 4), when media 3H-pro1actin is 

also on the rise (Chapter 4,' Figure 5), is a very reasonable finding; 

prolactin synthesis is increasing in the morning to produce the 

surge in serum prolactin seen later that afternoon. 
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The plasmid pPRL-l could apparently detect depressions in 

prolactin cell activity, by measuring changes in prolactin mRNA, much 

earlier than radioimmunoassay or polyacrylamide gel electrophoresis of 

3H-prolactin, as seen in the male hamster experiments (Chapter 7, 

Figures 24-26). This could be due to a greater sensitivity of this 

assay, or possibly due to prolactin mRNA significantly changing in 

advance of significant changes in these other measures of prolactin cell 

activity. Distinct but nonsignificant trends toward depression in RIA 

prolactin and 3H-prolactin were always seen before statistical 

significance was achieved (Chapter 7, Figures 24-26). 

From all of the above evidence, it seems reasonable to conclude 

that prolactin mRNA was actually being measured in the male and female 

hamster pituitary, which is an original finding for the hamster. 

The Female Hamster After Light Deprivation 

The following general findings of this dissertation research can 

be read as hypotheses for future testing: 

(1) Light deprivation by blinding has little or no effect on 

prolactin cell activity as long as the animals continue to display 

estrous cyclcity (Chapter 6, Tables 20-24). 

(2) Whatever the cause, in the experiments presented in this 

dissertation, females with depressed prolactin cell activity are also 

acyclic (Compare Figure 8 with Figures 11, 12, and 13). 

(3) Under conditions of light deprivation by blinding, there are 

at least two components to prolactin cell activity: 
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(a) ovary-Dependent Component. Since light deprivation by 

blinding does not appear to lead to decreased yrolactin cell activity 

until after acyclicty ensues (See "(1)" above), this is evidence which 

supports the hypothesis that prolactin cell activity is the dependent 

variable and estrous cyclicity is the independent variable. A corollary 

of this hypothesis is that light deprivation by blinding leads to 

acyclicity via a mechanism that is independent of depressions in prolac

tin. No data in this dissertation is inconsistent with either the 

above stated hypothesis or its corollary, although more work is needed. 

The ovary dependent component of prolactin cell activity can be seen by 

comparing intact with ovariectomized females (C~apter 5, Figures 11, 12, 

and 13). 

(b) Ovary-Independent Component. Even in the absence of the 

ovary, however, light deprivation by blinding can produce further 

depressions in prolactin cell activity beyond those seen by ovariectomy 

alone (Compare 12 weeks of ovariectomy (OVX) with ovariectomy combined 

with blinding and sham-pinealectomy (OVX BS), Chapter 5, Figures 11, 12, 

13). 

(4) The ovary-dependent component of depressed prolactin cell 

activity, after light deprivation by blinding, is not completely preven

ted by removing the pineal because many blind pinealectomized animals 

cease estrous cyclicity after about 8-12 weeks (Chapter 5, Figure 8). 

Thus, at least after 12 weeks, blind pinealectomized female,hamsters are 

actually composed of two distinct groups: those which continQe to cycle 

and those which do not. Those which continue to cycle display higher 
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levels of prolactin cell activity than those which are acyclic (Chapter 

5, Figures 11, 12, and 13). 

(5) A critically important finding of this dissertation is that 

blind pinealectomized female hamsters which continue to cycle have 

levels of prolactin cell activity which are indistinguishable from those 

of intact (cycling) females, with one interesting exception; serum RIA

PRL is significantly higher in blind pinealectomized cycling females 

after 12 weeks of treatment, compared to either intact or blind 

pinealectomized acyclic females (Chapter 5, Figure 15). An important 

hypothesis for future testing is that increased serum prolactin levels 

in blind pinealectomized females leads to acyclicity, which in turn 

leads to depressed serum prolactin via the loss of the ovary-dependent 

component to prolactin cell activity. There is absolutely no evidence 

that increased serum prolactin could be responsible for blinding-induced 

acyclicity, although the critical study, which examines in detail 

prolactin cell activity during the transition from cyclicity to acycli

city, has not been performed. 

(6) The depression in the ovary-independent component of prolac

tin cell activity due to 12 weeks of light deprivation by blinding 

(point "(3b)" above) is sometimes, but not consistently, prevented by 

removing the pineal, as is seen with different measures of prolactin 

cell activity in ovariectomized animals (Chapter 5). There is an 

incomplete prevention of depressed prolactin mRNA levels (Table 12) and 

total 3H-prolactin (Table 15), although the depression in total RIA

prolactin by blinding is statistically prevented by pinealectomy (Table 



251 

18). Interestingly, after 4 weeks of blinding without ovaries (Chapter 

6), depressions in total RIA-prolactin by blinding were also completely 

prevented by pineal removal (Chapter 6, Table 28). Unlike 12 weeks of 

treatment, however, depressions in prolactin cell activity after 4 weeks 

of blinding were more consistently prevented, in terms of prolactin mRNA 

(Chapter 6, Table 26 or Figure 18), and total 3H-prolactin (Chapter 6, 

Table 27). Is there some significance in the apparent finding that, in 

the absence of the ovaries, the suppressive effects of blinding are less 

consistently prevented by pinealectomy after 12 weeks than after 4 

weeks? This is addressed in pOint "(7)." 

(7) Interestingly, the inability of pinealectomy to prevent 

depressions in prolactin cell activity due to long-term (12 weeks), but 

not short-term, blinding in ovariectomized animals is remininscent of 

what was seen in ovary-intact animals. From the cyclicity information 

in Figure 8 (Chapter 5), it is evident that, if the animals were killed 

after 8 weeks, with all of the blind pinealectomized animals still 

cycling, one would have reported a complete prevention of the depres

sions in prolactin cell activity due to blinding. After 12 weeks, 

however, the prevention appears incomplete because about half of the 

animals have stopped cycling, and acyclic animals have less prolactin 

than cycling animals. But incomplete preventions of depressed prolactin 

cell activity by pinealectomy in ovariectomized animals after 12 weeks 

cannot, obviously, be explained on the basis of cyclicity. One clue may 

be provided by what appear to be increased pituitary weights~in ovariec

tomized females after 12 weeks; blinding prevents the increase, as does 



252 

blinding combined with pinea1ectomy (Chapter 5, Table 11, or Figure 10). 

In the non-ovariectomized animals, blinding likewise depresses pituitary 

weight and so does blinding combined with pinea1ectomy, as long as the 

animals are not cycling. Could it be that long-term blinding itself 

suppresses (or prevents the increase in) pituitary weight by a mechanism 

that is independent of the pineal? This suppression of pituitary 

weight could be associated with (1) acyc1icity in the nonovariectomized 

blind pinea1ectomized females (which is seen as an "incomplete preven-

tion by pinea1ectomy") and (2) a seemingly incomplete prevention of 

depressed prolactin cell activity in the ovariectomized group by pinea1-

ectomy because those females which were ovariectomized alone realized 

increases in pituitary weight. 

Obviously, this situation is quite complex and cannot be 

resolved with presently available data. It should be remembered that, 

in the present studies, all pituitary weights were obtained from a 

hemipituitary after a 3 hour incubation. Also, the possibility has not 

been eliminated that different treatments (blinding, ovariectomy, 

pinea1ectomy etc.) might affect pituitary weight gain during the incuba-

tion. 

The Normal Cycling Female Hamster 

In Chapter 4, the short-term dynamics of prolactin cell activity 

during the estrous cycle were examined on the morning (09.30-11.00 

hours) of each day of the cycle. Consistent with previous reports, no 
.. 

differences in serum prolactin were observed. However, it was strongly 

indicated by the data that prolactin cell activity was "gearing up" on 
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the morning of proestrus for the afternoon proestrous surge. There were 

increases in prolactin mRNA (Chapter 4, Figure 4) and media 3H-prolactin 

(Chapter 4, Figure 5) on the morning of proestrus and media RIA

prolactin was elevated, although it was not statistically significant. 

Pituitary 3H-prolactin and pituitary RIA-prolactin did not show any sign 

of increase on the morning of proestrus. This is consistent with the 

following hypothesis about the afternoon surge in prolactin on the day 

of proestrus: In the female hamster, the afternoon surge in serum 

-prolactin is due to the release of newly synthesized prolactin, not the 

release of stored prolactin. 

From the morning of proestrus to the morning of estrus, an 

interesting reciprocal change is seen in that, while media 3H-prolactin 

falls significantly back to pre-proestrous levels, pituitary 3H_ 

prolactin and pituitary RIA-prolactin increase dramatically (Chapter 4, 

Figures 5 and 6) while prolactin mRNA levels do not change significantly 

(Chapter 4, Figure 4). To understand the significance of increased 

storage of prolactin on proestrus, one should keep in mind that the 

purpose of the estrous cycle is not merely to maintain the estrous cycle 

but also to prepare for ovulation, fertilization, and implantation. 

Crucial for "rescuing" the corpus luteum (and thus ensuring continued 

production of progesterone) is the release of prolactin during copula

tion via a neuro-endocrine reflex triggered by cervical stimulation 

(Gunnet and Freeman, 1983). Thus, increased storage of prolactin on the 

morning of estrus can teleologically be explained in terms oj the need 

to have adequate supplies of prolactin already synthesized and stored in 
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"anticipation" of the need to release prolactin in response to cervical 

stimulation. This idea is obviously speculative, pending further study. 

Figure 27 of this chapter is a summary depiction of the general 

findings of this dissertation with regard to the normal cycling, 

blinded, and blind pinealectomized hamster. Both the ovary-dependent 

and ovary-independent effects of light deprivation by blinding are 

shown. Before surgery, animals cycle normally and display cyclical 

changes in prolactin cell activity which follow the estrous cycle. If 

animals are ovariectomized, the ovary-dependent component to prolactin 

cell activity is lost, and if ovariectomized animals are also blinded, 

the ovary-independent component of prolactin cell activity is also lost. 

Blinded non-ovariectomized females continue to cycle for a short period, 

and then become acyclic, first losing the ovary-dependent, and then the 

ovary-independent component to prolactin cell activity, as evidence by 

the decline in prolactin cell activity in blinded animals to that of 

ovariectomized blinded animals. Blind pinealectomized animals continue 

to cycle for a period of time but they too begin to lose estrous cycli

city, although whether they would also lose the ovary-independent compo

nent is not known, based on the available data. It is also not known if 

all blind pinealectomized hamsters will stop cycling, or whether those 

that became acyclic will eventually resume estrous cyclicity. The 

possible tendency for prolactin cell activity to increase in the long 

term ovariectomized hamster is depicted with a question mark, since this 

is highly speculative based on available data. 
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The Male Hamster After Light Deprivation 

A major finding of this dissertation is that light deprivation 

by blinding in male hamsters causes a decrease in prolactin mRNA 

(expressed per pituitary) at least by 11 days after treatment and that 

this decrease can be prevented if blinding is combined with pineal 

removal (Chapter 7, Table 32 or Figure 24). This is the earliest repor

ted depression in prolactin cell activity after light deprivation in the 

hamster, and it is also the earliest such depression in prolactin cell 

activity that is preventable by pinealectomy. 

The depression in prolactin mRNA after 11 days is significant 

and pinealectomy-preventable only if measured per gland or per ug of 

pituitary DNA (Chapter 7, Table 32). After 21 days of treatment, pro

lactin mRNA is depressed by blinding and the depression prevented by 

pinealectomy only when the prolactin mRNA, again, is expressed per 

pituitary gland (Chapter 7, Table 38). After 42 days of treatment, the 

depression in prolactin mRNA is significant and pinealectomy-preventable 

no matter how the data are expressed (per pituitary, per mg of pitui

tary, or per ug of piutuitary DNA) (Chapter 7, Table 44). 

There could be several explanations as to why the depression in 

prolactin mRNA not significant when expressed per mg of pituitary after 

11 days of blinding. 

One explanation is that the first change in the pituitary after 

light deprivation is a general decrease in the size of the gland, and 

that the prolactin mRNA assay is much more sensitive in pick}ng up this 

change than measuring pituitary weight (which is based on the weight of 
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a hemipituitary after a 3 hour incubation) or pituitary DNA (which was 

measured at the end of the cytodot assay). There were never any signi

ficant changes noted in pituitary weight or pituitary DNA for the 11, 

21, or 42 day time points (Chapter 7, Tables 31, 37, and 43), and so, in 

a strict sense, it is not necessary to consider the effect of changes in 

pituitary weight and pituitary DNA. The infomration is included to 

provide an alternative view of the data and to stimulate alternative 

hypotheses. 

A diminution of prolactin mRNA levels in the gland as a whole 

may be the most biologically relevant measure of prolactin cell 

activity, since it is the output of prolactin per gland that is the most 

relevant to the organism. 

An important point to recall is that this depression is not 

merely a general debilitation of the pituitary due to the "stress" of 

surgery, since the effect was prevented by additional surgery (pinealec

tomy) , and thus the pineal gland seems to play an active role in 

mediating these early depressions in prolactin cell activity. 

Signficant, pinealectomy-preventable depressions in total 3H-

prolactin and total RIA-prolactin are seen after 42 days (Chapter 7, 

Tables 45 and 46) and progressive trends can be seen in the timecourse 

of this effect (Chapter 7, Figures 25 and 26). 

Since each time point represents a separate experiment, and 

recalling that the animals were not killed by group but, rather, one 

animal from each group at a time, it is all but impossible that the 

identical trends seen according to three separate assays, which are 
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based on quite different principles, could be the result of chance or 

some systematic error introduced into the experiment. Based on the 

results of these experiments, there is little doubt that prolactin cell 

activity is depressed by at least 11 days after blinding and that the 

depression is prevented by removing the pineal. 

In Figure 28, a schematic diagram depicts, in a rather rudimen

tary fashion, the various control points within the prolactin cell that 

could be affected by inhibitory influences. The results of the experi

ments in the male hamster in this dissertation indicate that prolactin 

mRNA levels (and thus, most likely, prolactin gene induction) are 

depressed in advance of other indices of prolactin cell activity. The 

possibility cannot be excluded, however, that this is due to the greater 

relative sensitivity of the prolactin mRNA assay compared to, for 

example, measuring the in vitro release of prolactin. Perhaps a 

different method of measuring prolactin release would reveal that this 

is the first change in prolactin cell activity (this is also shown in 

Figure 28) after light deprivation, although, based on currently 

available data, this does not appear to be the case. 
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Figure 27. Schematic diagram of the changes in prolactin cell activity 
seen after light deprivation in the female hamster. The normal cyclic 
pattern of prolactin cell activity during the estrous cycle is depicted 
before surgery, and this pattern continues for a while in both blind and 
blind pinealectomized females. As expected, the blind animals lose 
estrous cyclicity and, although the blind pinealectomized continue to 
cycle for a while longer, over half of this group also stopped cyclcing, 
leading to depresaed prolactin cell activity. The ovary-independent 
component of prolactin cell activity, which is depressed by hlinding, is 
also shown. See the text for additional explanation. 
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Figure 28. Diagram of the control points in the prolactin cell, the 
depression of which would lead to a general depression in prolactin cell 
activity in the male hamster. The evidence from this dissertation tends 
to support an early effect of blinding on prolactin gene induction (the 
arrow on the right) which eventually leads to a decrease in prolactin 
release. An alternative hypothesis (not supported by evidence in this 
dissertation) is that prolactin release is the first control point to be 
affected by light deprivation (the arrow on the left). See the text for 
additional discussion. 



APPENDIX A 

LARGE SCALE PREPARATION AND ISOLATION OF THE PLASMID pPRL-l 

Background 

The plasmid used to identify PRL mRNA was obtained from Richard 

A. Maurer, Department of Physiology and Biophysics, University of Iowa. 

The construction of this plasmid, pPRL-l, is described by Gubbins et al. 

(1979) and a more complete restriction map and nucleotide sequence 

information can be found in Gubbins et al. (1980). 

Briefly, the plasmid pPRL-l is composed of a sequence of PRL 

cDNA which has been inserted at the Pst I site of the ~coli plasmid 

pBR322. As described more fully in Appendix E, the resulting recombi-

nant pPRL-l plasmid has been constructed in such a way that ~ coli 

carrying this plasmid are resistant to the antibiotic tetracycline (that -is, they can survive in the presence of tetracyline, which normally 

would kill !!. coli). Thus, ~ coli which survive in the presence of 

tetracycline are those which contain the plasmid of interest, pPRL-I. 

The overall purpose of the procedure which follows is to grow a 

large number of the ~~ which contain the plasmid pPRL-l and thus, 

after isolation and purification of pPRL-l, to obtain a large amount of 

this plasmid, which can be used as a specific probe for PRL mRNA. 

A small number of ~ coli (strain HBI01), which contained the 

genetically engineered pPRL-l plasmid, were obtained as described above 

in the form of a stab culture, which is simply a small vile of agar 
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which has been "stabbed" with a probe dipped in the ~ coli. The stab 

culture can be stored at 4 degrees C for several months. 

Procedure 

DAY 1 

1. Autoclave 25 ml of LB Media in a 50 ml Erlenmeyer flask with a foil 

cover to maintain sterility. Cool to room temperature. 

2. Under sterile conditions, add 50 ul of 6.25 mg/ml Tetracyline to the 

LB Media for a final concentration of 12.5 ug/ml. 

3. Under sterile conditions, innoculate the LB Media with the E. coli ---
which contain the pPRL-l plasmid as follows: Place a sterile 

probe into the stab culture and then shake the tip of the probe 

which contains the 1h coli in the LB Media. 

4. Shake overnight in a metabolic shaker at 37 degrees C. 

5. (Preparations for Day 2). Make up Solution A of the M9CA + B1 Media 

and autoclave in a 2 L shaking flask. Autoclave 2 additional 2 L 

shaking flasks, maintaining sterility for all three flasks with foil 

covers. Make up solution B of the M9CA + B1 Media. DO NOT add 

solution A to solution B and then autoclave because a calcium phos-

phate precipitate will form. Add Solution A to Solution B on Day 2, 

after the former has cooled to RT. 

DAY 2 

6. Add the previously sterilized Solution B of M9CA + B1 Media to the 

autoclaved Solution A, WITH CONSTANT STIRRING TO AVOID TUE FORMATION 

OF CALCIUM PHOSPHATE PRECIPITATE. 
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7. Save 10 ml of M9C~ + B1 Media for a spectrophotometer blank (see 

below). 

8. Add 10 ml of the !:. coli-innoculated LB Media (prepared on Day 1, 

which has been shaking overnight) to the 2 L of M9CA + B1 Media. 

Divide these two liters of M9CA + B1 Media among the three auto-

claved 2 L shaking flasks, approximately 670 ml per flask • . 
9. Incubate these three flasks for 4.5 hr at 37 degrees C, with con-

stant shaking, as follows: 

TIME: 0 hrs Begin incubation. 

TIME: 4 hrs Add 667 ul of uridine (100 mg/ml) to each of the 

three flasks for a final concentration of 100 ug/ml. 

Continue incubation with shaking. 

TIME: 4.5 hrs Read a sample of the media on a spectrophotometer at 

an absorbance of 600 nm, using the previously saved 

M9CA + B1 Media without the E. coli as a blank. The ---
reading should be 0.400 - 0.700; if not, continue to 

incubate with shaking and recheck. 

When the proper spectrophotometer reading is achieved, add 1.33 ml 

of 7.5% chloramphenicol to each of the three flasks for a final 

concentration of 150 ug/ml. Continue incubation with shaking over-

night. 

10. (Preparations for Day 3). Make up the NET-A buffer, and the 

Boiling Lysis Buffer. ·Put #30 rotor in the cold room for the Day 3 

spin in the ultracentrifuge. 



DAY 3 

11. Put the three 2 L shaking flasks with the bacteria culture in the 

cold room. 

12. Put GSA rotor in Sorvall centrifuge. 

13. Pour bacteria culture into three plastic bottles which fit in the 

GSA rotor. Balance and spin at 8,000 rpm X 15 min. Pour off the 

supernatant and and pour more bacteria culture on top of pellet. 

Spin and repeat (about three times). Thoroughly drain off super

natant after final spin. 
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14. Resuspend each of the three pellets in 75 ml NET-A Buffer added to 

each GSA bottle. Spin in same bottle at 8,000 rpm X 15 min. Pour 

off supernatant. 

[Note: during this spin, prepare the following: (1) a boiling 

water bath for a 500 ml Erlenmeyer flask, (2) a Bunsen burner, (3) 

an ice bath, and (4) polycarbonate centrifuge tubes. 

15. Resuspend all three pellets in a total of 140 ml of Boiling Lysis 

Buffer ("Duffy's"), all at room temperature. 

16. Transfer cell suspension to two 500 ml Erlenmeyer flasks (70 

ml/flask). Put flasks on ice. 

17. Prepare lysozyme. (Must be freshly prepared.) 

18. Complete all of the following steps for the contents of each Erlen

meyer flask before doing the next flask. For each flask: 

Step #1: Add 4.8 m1 lysozyme (20 mg/ml). 

Step #2: Bring to boil over flame until contents turns white and 

just begins to boil. 
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Step #3: Put flask in boiling water bath for 30 seconds exactly. 

Step #4: Pour into polycarbonate centrifuge tubes. NOTE: Be sure to 

have a plastic tray or large beaker under the polycarbonate 

tubes during the pour because the material is EXTREMELY 

VISCOUS and will not pour easily. It will spill. Catch 

the spills and pour again. 

Step #5: Put the now filled polycarbonate centrifuge tubes on ice 

for 5 min. 

19. Centrifuge in #30 rotor in ultracentrifuge (be sure to balance 

tubes!) at 25,000 rpm X 30 min at 10-15 degree C. [Note: fu.. 

coli DNA and cell membrane together form a good coherent pellet 

using this "boiling lysis" method, leaving the soluble plasmids 

of interest in the cytoplasmic supernatant.] 

20. Transfer the supernatant into the plastic GSA bottles and place in 

the cold room overnight. 

DAY 4 

21. Add DNase-free RNase (10 mg/ml) to a final concentration of 20 

ug/ml. (This is a 1/500 dilution, or 0.27 ml for each 137 ml of 

supernatant). Incubate in a warm water bath for 10 min at 37 

degrees C. 

22. FIRST EXTRACTION: PHENOL. Add 1/2 volume (about 65 ml) distilled 

equilibrated phenol. Shake well by hand, then spin at 3,000 rpm X 

10 min at 20 degrees C in the GSA rotor. After spin, carefully 

pipet off the top layer (which might be cloudy) and save for the 
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second extraction (below) in a clean GSA bottle. Re-extract the 

remaining phenol with 25 ml NET-A buffer; shake and then spin at 

3,000 rpm for 10 min at 20 degrees C. Pool the top phase with the 

previousiy pipetted top (aqueous) phase and save for the second 

extraction. 

23. SECOND EXTRACTION: 1 PHENOL/ 1 CHLOROFORM/ 1/24 ISOAMYL ALCOHOL. 

Extract with 80 ml of phenol/chloroform/isoamyl alcohol. Shake, and 

spin at 3,000 rpm for 10 min at 20 degrees C. Carefully pipet off 

the top layer and save for the third extraction. This phase should 

be getting clearer. 

24. SECOND EXTRACTION: 1 CHLOROFORM/ 1/24 ISOAMYL ALCOHOL. Extract with 

100 ml chloroform/isoamyl alcohol. Shake, and spin at 3,000 rpm for 

10 min at 20 degrees C. Carefully pipet off the top layer and 

save. 

25. ETHANOL PRECIPITATION. Add 4 M sodium acetate (pH 4.8) to a final 

concentration of 150 mM. (Add 4.87 ml to each 130 ml of the now 

clear supernatant. Add 2 volumes of -20 degrees C ethanol and pour 

into 2 clean CLEAR PLASTIC GSA bottles and keep overnight (over 

weekend is OK) at -20 degrees C. [Clear plastiC GSA bottles make it 

much easier to spot the pellet of precipitated DNA after the spin on 

Day 5. 

DAY 5 

26. Set up Sephacryl 1000 column (see below under "Media, Buffers, and 

Reagents"). 
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27. Spin GSA bottles (from step #25, above) at 6,000 rpm for 5 min at 4 

degrees C. Carefully decant supernatant. Dry pellet by inverting 

the bottles on a paper towel for an hour. 

28. Combine both pellets by resuspension in a total of 6 ml of column 

buffer used for the Sephacryl 1000 column. Transfer resuspended 

pellet to a 13 ml Sarstedt centrifuge tube, balance, and spin in 

Sorvall rotor at 6,000 rpm X 10 min at 4 degrees C. Remove the 

supernatant (which contains the plasmid of interest) and take the 

following spectrophotometer readings of the supernatant: Absorbance 

at the following wavelengths: 260nm, 280nm, and 320nm. 

Nucleic Acids: A260 I A280 should be 1.8 to 2.0 to confirm the 

presence of nucleic acids. 

Particulates A320 should be close to zero, to confirm the 

absense of particulate matter contamination. 

29. Add about 3 ml of the supernatant to the Sephacryl 1000 column (set 

up and running as described below) for each run, rinsing with column 

buffer between runs. [Note: save 10 ul of the pre-column super

natant for agarose gels of the supernatant before and after the 

column chromatography.] Collect about 80 fractions of 1 ml (19 

drops) from the column for each run. Fractions can be stored at -20 

degrees C for a few days. 

30. Take a spectrophotometer reading at A260 and A280 for each fraction. 

Use the column buffer for a blank. The fractions which comprise the 

first peak contain the plasmid of interest, pPRL-1 (Figure 29). 

Before pooling these fractions, they, along with the pre-column 
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sample, were electrophoresed individually on a 1.0% agarose gel (see 

Appendix B) in order to confirm the homogeneity of the fractions, as 

determined by ultraviolet fluorescence of ethidium bromide treated 

DNA bands (see Appendix C, Figure 30). (That the pooled fractions 

'contained the plasmid pPRL-1 was confirmed by a Pst I restriction 

endonuclease digest, as described in Appendix D, Figure 31) 

DAY 6 

31. Sephacryl 1000 column fractions from both runs are pooled (see 

comment, immediately above). To confirm the presence of nucleic 

acids, spectrophotometer readings of A260 and A280 are taken, with a 

ratio of A260/A280 of about 1.8-2.0 indicating the presence of 

nucleic acids, in this case DNA. 

32. Use the following equation to calculate the amount of DNA present: 

DNA (ug) = pooled A260 X pooled volume X 50 ug/ml 

33. Place the pooled sample into 1 X 3 1/2 inch thick-walled centrifuge 

tubes which fit in the swing buckets of a SW28 rotor. At room 

temperature, add an equal volume of isopropanol, and let stand 20 

min. 

34. Spin at room temperature in swing buckets of the SW28 rotor at 9,000 

rpm for 20 min. 

35. Pipet off the supernatant and discard. Dry the remaining DNA pellet 

in air by laying the tube on its side for an hour. Resuspend DNA in 

1.4 ml DNA Resuspension Buffer. 
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36. Transfer sample to 5 X 1.5 em centrifuge tube for the swing buckets 

of a SW50.1 rotor. Add 150 ul 4 M sodium acetate, pH 6. Add 2 

volumes (3.1 ml) of -20 degrees C absolute ethyl alcohol, and store 

overnight at -20 degrees C. 

DAY 7 

37. Spin in ultracentrifuge at 11,000 rpm for 15 min at 4 degrees C, 

using the SW50.1 rotor. 

38. Carefully pour off supernatant. Air dry pellet of DNA, and resus

pend in 0.5 ml DNA Resuspension Buffer. Store at -20 degrees C.* 

*Before storing, calculate the amount of DNA (assume all of it is 

the plasmid pPRL-l) by diluting 5 ul in 495 ul DNA Resuspension 

Buffer, and taking spectrophotometer readings as before, i.e., A260 

and A280 : 

A260/A280 should be about 1.8-2.0 for nucleic acids. 

DNA (ug/ml) = A260 X dilution factor (=500 u1/5 ul) X 50 ug/m1 

39. Dilute some of the (1.5 ug/ul) pPRL-l DNA stock to 1 ug/ 7 ul using 

DNA Resuspension Buffer. This dilution makes pipetting more con

venient. Store the stock pPRL-l DNA in several microfuge tubes to 

protect against loss by accident or contamination. Also, aliquot

ting reduces the number of freeze/thaw/freeze episodes, which is 

thought to introduce nicks into the plasmid. The diluted plasmid 

can be stored unfrozen in the refrigerator in small a1iquots. Keep 

in mind that 0.5 ug of pPRL-l is used for each nick-translation 

(Appendix F). 



Media, Buffers, and Reagents 

NOTE: Quantities are for a 2 liter preparat~f bacteria. 

LB (LURIA-BERTANI) MEDIA [see Maniatis et al., 1982:68) 

Bacto-tryptone 10 g 

Bacto-yeast extract 5 g 

NaCl 10 g 

QS to 1 liter with deionized distilled water (DOW). 

pH to 7.5 with NaOH. 

Autoclave in 25 m1 a1iquots in a 50 ml Erlenmeyer flask with a foil 

cover to maintain sterility. 

This media is used for the Day 1 overnight amplification of ~ co1i~ 

M9CA + Bl MEDIA [see Maniatis et al., 1982:68-69] 

solution A 

Na2HP04 

KH2P04 

NaCl 

NH4Cl 

QS to 2 L with DOW. 

pH to 7.4 with 4 N NaOH. 

12 g 

3 g 

0.5 g 

1 g 
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Autoclave in a 2 L shaker flask, LET COOL TO ROOM TEMPERATURE. THE NEXT 

DAY, ADD Solution B WITH CONSTANT STIRRING TO AVOID FORMATION OF 

CALCIUM PHOSPHATE PRECIPITATE. 
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Solution B 

1 M MgS04 8m1 (autoclaved or filter sterilized) 

1 M CaCl2 0.2 m1 (autoclaved or filter sterilized) 

20% glucose 50 ml (filter sterilized) 

15% Cas amino acids 75 ml (filter sterilized) 

0.01% Vitamin Bl 20 ml ( filter sterilized) 

Add entire volume of Solution B to Solution A WITH CONSTANT STIRRING on 

Day 2 of the procedure. M9CA + Bl Media is used for growing the E. 

coli on Day 2 through the morning of Day 3. 

Save 10 ml of M9CA + Bl Media at 4 degrees C for a blank spectrophoto

meter reading. 

TETRACYCLINE (12.5 mg/ml) 

Tetracycline hydrochloride 

Ethyl alcohol 

DDW 

125 mg 

5m1 

5m1 

Filter sterilize, and store in dark (wrap in aluminum foil) at -20 

degrees C. 

NET-A BUFFER 

stock volume final 

NaC1 5 M 5m1 50 mM 

EDTA (pH 8.0) 500 mM 5m1 5 mM 

Tris-CI (pH 8.0) 1 M 25 ml 50 mM 

QS to 500 m1 with DDW. 



BOILING LYSIS BUFFER ("Duffy's") 

stock 

Sucrose 

volume or weight 

40 g 

Triton X-100 

EDTA (pH 8.0) 

Tris-CI (pH 8.0) 

100% 

500 mM 

500 mM 

QS to 500 ml with DDW. 

URIDINE (100 mg/ml) 

Uridine 1 g 

QS to 10 m1 with DDW. 

Filter sterilize and store at 4 degrees C. 

CHLORAMPHENICOL (7.5%) 

Chloramphenicol 7.5 g 

QS to 100 ml with ethyl alcohol. 

Filter sterilize and store at 4 degrees C. 

LYSOZYME (20 mg/ml) 

25 rnM Tris-CI (pH 8.0) 

*Lysozyme (Sigma, Grade I) 

10 m1 

200 mg 

*Add lysozyme immediately before use. 

DNASE-FREE RNASE (10 mg/ml) 

DNase-free RNase 

0.05 M Sodium Acetate (pH 4.8) 

100 mg 

10 ml 

25 m1 

50 ml 

50 ml 

final 

8% 

5% (v/v) 

50 mM 

50 mM 

Heat in a boiling water bath 10 min, then store at -20 degrees C. 
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25 X NET-B 

stock volume final 

Tris-C1 (pH 8) 0.5 M 50 m1 125 mM 

NaC1 5 M 5 m1 125 mM 

EDTA 0.2 M 25 m1 25 mM 

QS to 200 m1 with DDW. 

PHENOL (DANGER: PHENOL CAN CAUSE SEVERE BURNS) 

Most commerica11y obtained phenol must first be distilled to remove 

impurities, although Ultra Pure Reagent Phenol (C1ontech Labora

tories, Inc., Cat. 8040S) can be used without prior distillation. 

The phenol must then be equilibrated with 25 X NET-B and 1 X NET-A 

using a separatory funnel (see Maniatis et a1., 1982:438). This 

soaks the phenol, which is very hydroscopic, with an aqueous 

solution. 

DNA RESUSPENSION BUFFER 

Tris-C1 (pH 7.5) 

EDTA 

QS to 100 m1 with DDW. 

stock 

0.5 M 

0.2 M 

volume 

2m1 

0.5 m1 

final 

10 mM 

1 mM 

1 PHENOL: 1 CHLOROFORM: 1/24 ISOAMYL ALCOHOL 

Chloroform 

Phenol 

Isoamyl alcohol 

Store at -20 degrees C. 

80 m1 

80 m1 (Distilled and equillibrated, see above) 

3.33 m1 



1 CHLOROFORM: 1/24 ISOAMYL ALCOHOL 

Chloroform 100 ml 

Isoamyl alcohol 4.15 m1 

COLUMN BUFFER FOR SEPHACRYL 1000 

stock 

NaC1 

Tris-C1 (pH 8) 

EDTA (pH 8) 

QS to 500 m1 with DDW. 

SEPHACRYL-1000 COLUMN 

5 M 

0.5 M 

0.2 M 

volume 

75 m1 

35 ml 

2.5 m1 

final 

750 mM 

35 mM 

1 mM 
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Pack Sephacry1-1000 in 1.5 X 60 em. column (50 m1 volume) after soaking 

with Column Buffer for Sephacry1-1000 (see above). Using this 

column buffer, establish a flow of 15 m1/hr, and collect 1 m1 (19 

drop) frac tions. 

1 M TRIS (pH 8.0) 

Tris Base 

DDW 

121.1 g 

800 ml 

pH to approximately 8.0 with 42 m1 of conentrated HC1. 

[NOTE: Many types of electrodes cannot accurately pH Tris solu

tions. Suitable ones can be obtained commercially.] 

Allow solution to cool before making final adjustment to exactly pH 8.0. 

QS to 1000 ml, aliquot, and sterilize by autoc1aving. 

[NOTE: If the 1 M solution of Tris has a yellow color, discard it and 

obtain a better quality Tris.] 
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0.5 METHYLENE DIAMlNE TETRAACETATE DISODIUM (EDTA) (pH 8.0) 

EDTA disodium (2H20) 186.1 g 

DDW 800 m1 

Stir vigorously on a magnetic stirrer while adjusting the pH to 8.0 with 

about 20 g of NaOH pellets. (The disodium salt of EDTA will not go 

into solution until a pH of about 8 is achieved.) 

QS to 1000 ml with DDW. 

Dispense into aliquots and sterilize by autoclaving. 
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Figure 29. Sephacryl-l000 column fractions of a sample derived from the 
preparation of E. coli plasmid DNA. (Appendix A, Day 5 of procedure, 
Step 29). The first peak contains a plasmid having the attributes of 
pPRL-l, as determined by agarose gel electrophoresis (Appendix C, Figure 
30), and subsequent Pst I restriction enzyme digest of pPRL-l (Appendix 
D, Figure 31). Recall that the E. coli were propogated in the normally 
lethal antibiotic tetracycline, the resistence to which was conferred by 
the plasmid pPRL-I. 



APPENDIX B 

AGAROSE GEL ELECTROPHORESIS OF DNA 

All quantities are for a "minigel" (the gel slab dimensions are 

6.5 cm X 10 cm X 0.6 cm). (Minnie Submarine Agarose Gel Unit, Model HE 

33, Hoefer Scientific Instruments). 

Procedure 

1. Prepare a boiling water bath that can accomodate a 200 ml Erlen

meyer flask. 

2. Prepare minigel by combining the following in a 200 ml Erlenmeyer 

flask: 

Agarose (Seakem or ICN) 

5 X TBE 

DDW 

0.5 g 

10 m1 

40 ml 

final 

1% (1 g/100 ml) 

1 X TBE 

3. Add a stir bar, cover with foil, and place the flask in the boiling 

water bath. Stir until agarose is completely dissolved and the 

liquid is clear (about 10 - 15 min). Prepare the minigel electro

phoresis unit while the agarose is heating. 

4. When liquid is clear, remove flask from boiling water bath and let 

it cool to 40 degrees C. Immediately add 12.5 ul of ethidium 

bromide (2 mgt ml) for a final concentration of 0.5 ug/ ml, stir for 
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a few seconds, and then immediately pour gel. (Note: After the gel 

cools to 40 degrees C it will harden rapidly, so do not delay the 

ethidium bromide step.) 

5. Be sure to weight down the gel form tray or it will float up and 

result in an uneven slab of gel. 

6. Allow gel to harden at room temperature for at least 1/2 hr. 
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7. Remove gel tray with gel on top from the gel form, and place in the 

electrophoresis unit~ Add Running Buffer until the gel is just 

covered (about 200 ml). 

8. Samples are added to the wells after: 

A. Making sure the salt concentrations are the same for each sample. 

(Salt concentrations may affect the rate of sample migration during 

electrophoresis.) 

B. Adding DNA Loading Buffer (6X concentration) to a final concen

tration of IX. 

C. Heating in a 65 degree C water bath for 5 min. 

[Note: See Appendix C for an example of how much sample to load, 

balancing salt concentrations, and addition of 6X DNA Loading Buffer.] 

9. Run the gel at 60 volts for about 3 hr. Watch the dye front for a 

few minutes after turning on the power source to make sure it is 

migrating toward the positive pole. 

10. Turn off the power when the dye front reaches the edge of the gel. 

11. Bands of DNA (stained with ethidium bromide) can be visualized with 

an ultraviolet light source (Figure 30) (use glasses, ot look 

through glass) or can be blotted onto nitrocellulose paper 
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(Appendix I) and probed with a recombinant DNA sequence (e.g., the 

plasmid pPRL-l) (Appendix J). 



Buffers and Reagents 

RUNNING BUFFER (Use 200 ml for a minigel) 

5X TBE 

Ethidium Bromide (2 mg/ ml) 

DDW 

5X TBE 

Tris-Base 

Boric Acid 

EDTA (0.5 M, pH 8) 

QS to 1000 ml with DDW 

54 g 

27.5 g 

20 m1 

ETHIDIUM BRODMIDE (2 mg/ ml) 

volume 

40 m1 

50 u1 

160 ml 

final 

IX TBE 

0.5 ug/ m1 

DANGER: ETHIDIUM BROMIDE IS A POWERFUL MUTAGEN; USE MASK AND GLOVES 
WHILE WEIGHING 

Ethidium Bromide 200 mg 

DDW 100 ml 
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Stir on magnetic stirrer for several hours to be sure that the ethidium 

bromide has dissolved. Store in dark at 4 degrees C. 

DNA LOADING BUFFER (6X) 

Bromophenol Blue 

Xylene Cyanol 

Glycerol 

DDW 

250 mg 

250 mg 

30 ml 

70 ml 

final 

0.25% 

0.25% 

30% (v/v) 
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0.5 METHYLENE DIAMlNE TETRAACETATE DISODIUM (EDTA) (pH 8.0) 

EDTA disodium (2H20) 186.1 g 

DDW 800 m1 

Stir vigorously on a magnetic stirrer while adjusting the pH to 8.0 with 

about 20 g of NaOH pellets. (The disodium salt of EDTA will not go into 

solution until a pH of about 8 is achieved.) 

QS to 1000 ml with DDW. 

Dispense into aliquots and sterilize by autoclaving. 



APPENDIX C 

AGAROSE GEL ELECTROPHORESIS OF SEPHACRYL 1000 COLUMN FRACTIONS 

The purpose of this procedure is to separate DNA in these column 

fractions by size via agarose gel electrophoresis, visualize the DNA 

bands by ultraviolet illumination of the ethidium bromide interco1ated 

into the stacked DNA nuc1eotides, and select those column fractions from 

the first peak of DNA (see Appendix A). These fractions, presumed to 

contain the plasmid pPRL-l, are then pooled. (For verification that 

these pooled fractions contain pPRL-l, see Appendix D, Pstl Restriction 

Endonuclease Digest of pPRL-l.) 

The agarose gel was constructed as described in Appendix B, 

except that a "maxige1" (gel slab dimensions are 15 cm X 15 cm X 0.5 cm) 

was used to accomodate the larger number of samples. (Max Submarine 

Agarose Gel Unit, Model HE 99, Hoefer Scientific Instruments). The 

maxige1 is three times the volume (150 m1 vs. 50 m1) of the minige1, 

otherwise, the procedure is the same as described in Appendix B. 

Since the shape of the peak containing the plasmid was identical 

for the first and second run of sample on the Sephacry1 1000 Column (see 

Appendix A) only the column fractions from the .first run were 

electrophoresed (Figure 30). 
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Procedure 

1. To the Adjusted Volume of 4.3 ul, 5.7 ul of DDW and 2.0 ul of DNA 

Loading Buffer (Appendix B) were added. This brought the 6 X 

concentration of DNA Loading Buffer down to a 1 X concentration. 

2. Heat at 65 degrees C in a hot water bath for 5 min. 
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3. Load 12 ul into well of maxigel. Run at 150 Volts (35 rnA) for 2 1/2 

hr or until good separation is achieved between DNA bands, as 

revealed by periodic inspection with an ultraviolet light. (Wear 

glasses or look at UV light through glass to protect eyes.) 

4. Photograph Gel. Place gel on UV light box. Use Polaroid high 

speed, 4 X 5 Land Film, Type 57, ASA 3000, at f11, 1 sec. Must use 

a Wratten gelatin filter, Catalogue #149:5563. Coat print 'with 

Polaroid Print Coater. 

5. See Table 48 of this appendix for details of sample preparation, and 

Figure 30 of this appendix for results. 
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Table 48. Sample Preparation for Agarose Gel Electrophoresis •. 

Fractiontl A260 

21 0.466 

22 1.520 

23 2.394 

24 2.820 

25 2.890 

26 2.730 

27 2.230 

28 1.710 

29 1.260 

30 0.928 

31 0.682 

32 0.515 

48 >))3.520 

Pre-column sample 

VL-30 0.701 

DNA 
(ug/ ml) 

23.3 

76.0 

119.7 

141.0 

144.5 

136.5 

111.5 

85.5 

63.0 

46.4 

34.1 

25.8 

35.0 

ul of sample 
per 100 ng DNA 

4.3 

1.3 

1.0 

1.0 

1.0 

1.0 

1.0 

1.7 

1.6 

2.2 

2.9 

3.9 

(1.0) 

(1.0) 

2.9 

Salt 
(ul)* 

o 

3.0 

3.3 

3.3 

3.3 

3.3 

3.3 

2.6 

2.7 

2.1 

1.4 

0.4 

3.3 

3.3 

1.4 

Adjusted Sample 
Volume (ul) 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

*Salt concentration was balanced by adding Sephacryl 1000 column 

buffer to each 100 ng DNA sample up to the largest sample volume, which 

was 4.3 ul. VL-30 is another plasmid, completely unrelated to pPRL-1, 

which was run on this gel for comparison only. 



Figure 30. Ultraviolet light-induced fluorescence of ethidium bromide stained pPRL-1 plasmid DNA 
bands, from fractions which comprise the pooled first peak of two separate Sephacryl-1000 column 
runs. (Appendix A, Figure 29). These bands are from the same fractions shown in Table 48, with "VL-
30" on the extreme left, and fraction #21 on the extreme right. The third lane from the left 
contains no band of plasmid because it is taken from the second peak (Figure 29) which contains only 
small fragments of DNA which migrated out of the shown field of the gel. 
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APPENDIX D 

PST I RESTRICTION ENZYME DIGEST OF THE PLASMID pPRL-1 

In order to further verify that the DNA isolated from the Sepha

cry1 1000 column fractions (see APPENDICES A, B, and C) is the plasmid 

pPRL-1, the restriction enzyme Pst I was used to excise the the PRL cDNA 

sequence from the rest of the plasmid. The plasmid pPRL-1 before and 

after Pst I digest can be seen in Figure D.1. 

Narrowly construed, the result of this digest of pPRL-1 merely 

shows that ~ sequence was inserted at the Pst I site of the plasmid 

pBR322, since Pst I can excise this sequence. That this inserted 

sequence is indeed a segment of PRL cDNA ultimately depends on two 

methods of confirmation. First, biochemical identification by nucleo

tide sequencing was carried out by Gubbins et a1. (1979; 1980). They 

found that the codons of the putative PRL cDNA insert, when translated 

into the corresponding amino acid sequence, coded for a large portion of 

the prepro1actin polypeptide. In order to be absolutely positive that 

the correct plasmid was sent to me, I would have to cut out the PRL cDNA 

insert, as described above, and then sequence it again. This is not 

routinely done because circumstantial evidence (i.e., (1) the size of 

the exised PRL cDNA sequence, (2) the fact that this sequence was inser

ted at the Pst I site of pBR322, and (3) the results of experiments 

using as positive controls agents which are known to stimulate PRL 
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synthesis, and thus increase levels of PRL mRNA can and did overwhel

mingly confirm the identity of the plasmid pPRL-I. 

Procedure 
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I. pPRL-I has already been diluted to a concentration of 1 ug/7 u1 in 

DNA resuspension buffer (1 mM EDTA, 10 mM Tris-C1, pH 7.5) (See 

APPENDIS A, step 39, for details). 

2. Prepare agarose gel for DNA as in Appendix B. 

3. Pst I digested pPRL-I is prepared by mixing the following in a 500 

u1 minifuge tube at room temperature: 

pPRL-I (1 ug/7 u1) 

lOX Core Buffer 

DDW 

Pst I (9 units/ u1) 

7 u1 (= lug) 

3 u1 

17 u1 

0.2 u1 

Mix by tapping on side of tube and leave at room temperature 1 hr. 

To the 26.2 u1 add 4 u1 of 6 X DNA loading buffer, for a total 

volume of about 30 u1. (This is enough for 3 loads (10 u1/1oad) for 

the minige1.) Leave at room tempterature until step 4, immediately 

below, is completed. 

4. UNDIGESTED pPRL-I is prepared by mixing the following in a 500 u1 

minifuge tube at room temperature: 

pPRL-I (1 ug/7 u1) 

lOX Core Buffer 

DDW 

6X DNA Loading Buffer 

7 u1 (= 1 ug) 

3 u1 

17 u1 

4 u1 
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5. Prepare a 65 degree C hot water bath. 

6. After the 1 hr Pst I digest (step 3), place both the Pst I-digested 

pPRL-l, and the undigested pPRL-l in the 65 degree C hot water bath 

for 5 minutes. 

7. Prepare the agarose minigel unit, making sure the running buffer has 

been added and just covers the slab of gel. 

8. Load 10 ul of the Pst I pPRL-l into a single well. Load 10 ul of 

the undigested pPRL-1 into an adjacent well. (Duplicate lanes 

should be run on the same gel if, as in this case, space permits.) 

9. Run the electrophoresis unit at 60 Volts (2 Amps) for 3.5 hr. 

Photograph as in Appendix C, step 4. 

Note: Figure 31 of this appendix depicts the plasmid pPRL-1 before 

and after Pst I digest. 



Buffers and Reagents 

DNA RESUSPENSION BUFFER 

stock volume final 

Tris-CI (pH 7.5) 0.5 M 2 ml. 10 mM 

EDTA (pH 8.0) 0.2 M 0.5 ml 1 roM 

QS to 100 ml with DDW. 

CORE BUFFER (Bethesda Research Labs) 

Core buffer (lOX concentrate) was supplied with the Pst I enzyme 

(Pst I restriction enzyme BRL catelogue No. 5215 SB/SC) 
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After dilution of 1 part 10 X core buffer in 10 parts final reac

tion mixture (step 3 and 4, above) the final concentration of 

core buffer is: 

50 roM Tris-HCI (pH 8) 

10 roM MgCl2 

50 roM NaCI 

lOX core buffer should be stored at 4 degrees C, or -20 degrees C. 

PST I RESTRICTION ENDONUCLEASE (Bethesda Research Labs) 

BRL Catalogue No. 5215 SB/SC. Lot. No. 34111. 9 units/ ul. (1 

unit of Pst I is required to digest to completion 1 ug of lambda 

DNA at 37 degrees C. 
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DNA LOADING BUFFER 
final 

Bromophenol Blue 250 mg 0.25% 

Xylene Cyanol 250 mg 0.25% 

Glycerol 30 ml 30% v/v 

DDW 70 m1 
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a b c d 

Figure 31. Pst I digest of the whole circular plasmid pPRL-1, at its 
unique Pst I site, to yield two linear fragments. Lanes c and d: 
duplicate samples of whole circular undigested pPRL-1. (The two . bands 
in each lane are relaxed and supercoiled conformations of the same pPRL-
1 plasmid.) Lanes a and b: duplicate samples, each showing a small 
fragment at the bottom of the gel (rat prolactin eDNA sequence) and a 
larger fragment at the top of the gel (the "carrier" plasmid, pBR322). 
See Appendix E for the structure of pPRL-1. The DNA is visualized via 
ultraviolet light induced fluorescence of the ethidium bromide stained 
bands of DNA. 



APPENDIX E 

STRUCTURE OF THE PLASMID pPRL-l 

Plasmids are circles of double-stranded DNA which occur.natur

ally in bacteria. In addition to other genes, they contain resistance 

factors which can render their bacterial host unaffected by normally 

-lethal antibiotics. One such plasmid, pBR322, contains two separate 

antibiotic resistence genes; one for ampicillin resistence, and one for 

tetracycline resistence. Within the ampicillin resistence gene is a 

"Pst I site," i.e., a certain sequence of nucleotides which is uniquely 

recognized and cut by the restriction enzyme Pst I. No other Pst I site 

is found on the plasmid pBR322, so that exposing this plasmid to the 

enzyme Pst I opens up the circle of DNA and results in a linear double 

strand of DNA with an inactive ampicillin resistence gene. If a DNA 

sequence (e.g., DNA made from PRL mRNA) is inserted into this break in 

the circle of the original plasmid, a new plasmid is created. This new 

plasmid (e.g., pPRL-l) is simply the.§.. col i plasmid pBR322 with a 

stretch of PRL cDNA spliced in (Figure 32). Since the tetracyline 

resistence gene is still intact, bacteria which are transfected with 

pPRL-l are resistent to tetracycline, and can be selected for this trait 

by adding the antibiotic to their culture media (Appendix A). 

For a general review, see Maurer (1983). 
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Figure 32. The plasmid pPRL-l showing the original pBR322 plasmid with 
its intact tetracyline resistence gene. The .ampicillin resistence gene 
is usually inactivated by being interrupted by the rat PRL eDNA insert. 



APPENDIX F 

NICK TRANSLATION OF THE PLASMID pPRL-1 

The purpose of this procedure is to radiolabel the plasmid 

pPRL-1 with 32p so that it can be detected with a scintillation counter 

or by autoradiography. 32p is a hard beta-particle emitter and thus 

produces ionizing radiation; unshielded exposure should be minimized. 

Shields can be constructed of water, plastic, glass, or lead. 

Procedure 

1. At least one day prior to the nick translation reaction, Sephadex G-

100 must be soaked in Column Buffer. A few hours before the column 

is packed, deaerate by pulling a vacuum on the flask which holds the 

now-soaked Sephadex beads. It can be stored soaking in the Column 

Buffer for several months with refrigeration. 

2. After Sephadex G-100 has soaked overnight in Column Buffer, prepare 

a 14 degree C water bath as follows. Fill a large (about 15 cm3) 

styrofoam container with about 4 cm of water and add a handful of 

ice at a time until the temperature stabilizes at 14 degrees C. 

(This should be set up in a chemical fume hood in an isolated part 

of the lab, since 32p contamination is possible.) 

3. Make the following additions in the specified order, keeping the 

material on ice during the preparation as much as possible. 
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Nick Translation Reaction 

pPRL-1 (1 ug/7 ul) 

DDW (sterile) 

Nick Translation Buffer 

32p-dCTP (wear gloves) 

Enzyme 

volume 

3.5 ul (= 0.5 ug) 

6.5 ul 

10 ul 

25 ul (30 ul is OK) 

5 ul 

50 ul 
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Incubate at 14 degrees C for 2 hr in the previously prepared water bath 

in a fume hood. Terminate reaction after 2 hr with 25 ul 200 mM EDTA. 

4. While the Nick Translation Reaction is taking place, prepare the 

Sephadex G-100 column as follows. Add some Column Buffer to a 0.9 X 

9.0 cm Bio-Rad column with a #16 guage needle on the tip and then 

add the pre-soaked, deaerated Sephadex G-IOO with a pasteur pipet, 

allowing the resin to settle gently through the Column Buffer. 

"Pack" the column in this manner until the resin nearly reaches the 

top of the column. Allow to settle at least an hour. NOTE: The 

column must be kept filled with column buffer or the resin will dry 

out ("crack"), and the column will have to be repacked. 

5. Label 10 1.5 ml minifuge tubes (numbered 1 to 10) and place them in 

a testtube rack in a fraction collector to accept fractions from the 

0.9 X 9.0 Bio Rad column packed with Sephadex G-100. The fraction 

collector should be set to collect 30 drop fractions (when the #16 

guage needle is on the column). 

6. Be sure to stop the Nick Translation Reaction after 2 hr~with 25 ul 

200 mM EDTA, and place on ice until it is loaded on the column. 
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7. After the column buffer has just run down past the top of the resin, 

quickly and gently with minimal bubbles place the entire Nick Tran

slation Reaction (now about 75 ul) on the resin in one load. TURN 

ON FRACTION COLLECTOR and then immediately wash down the sides of 

column just above the top of the resin with about 75 ul of column 

buffer after sample goes down. Repeat wash. Then gently fill to 

the top of the column with Column Buffer. Throughout this proce

dure, never let the top of the resin dry out. 

8. Number 10 scintillation viles (number 1-10) and add 10 ml of ACS 

scintillation fluid. 

9. After 10 fractions have run through the column put 4 ul of each 

fraction into its corresponding scintillation vile and count the 

radioactivity in each vile on a scintillation counter at a 32p 

setting. The first peak (usually fraction #3 or #4) contains most 

of the 32p_pPRL_1 (the radiolabeled plasmid), however, one tube on 

either side of the peak often contains sufficient incorporated 

counts to be usable. The second peak is unincorporated 32p (See 

Figure 33). 

10. Calculate the total counts and specific activity in the first peak 

as follows: 

Total Counts = 100 X CPM of first peak fraction. 

Specific Activity = Total Counts/ug DNA 

Where "ug DNA" refers to the 0.5 ug of pPRL-1 added in step 

3, above. 



Buffers and Reagents 

COLUMN BUFFER 

stock 

20X SSC 

10% SDS 

QS to 50 ml with DDW 

volume 

0.25 m1 

0.50 m1 

20X STANDARD SODIUM CITRATE (20X SSC) 

NaCl 175.3 g 

Sodium Citrate 

DDW 

88.2 g 

100 m1 

pH to 7.0 with a few drops of 10 N HCl. 

QS to 1000 ml with DDW 

Sterilize by autoclaving in aliquots. 

final 

O.lX 

0.1% 

10% SODIUM DODECYL SULFATE (10% SDS) or SODIUM LAURYL SULFATE 

SDS (electrophoresis grade) 100 g 

DDW 900 m1 

Heat to 68 degrees C with stirring to assist dilution. 

pH to 7.2 with a few drops of concentrated HCl 

QS to 1000 m1 with DDW and dispense into aliquots. 
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NICK TRANSLATION KIT (Amersham Kit No. 5000) 

Nick Translation Buffer (Make 12 u1 aliquots and store at -20 C.) 

Enzyme (DNA Polymerase I) (Make 6 ul aliquots and store at -20 C.) 

Aliquots must be made in order to avoid excessive freezing and thawing 

of the material. Keep aliquots on ice after they have been taken 

out of the freezer until actually used in the Nick Translation 

Reaction. 

32p-DEOXYCYTIDINE TRIPHOSPHATE (32p-dCTP) 

Ordered from ICN 

0.015 um/ml 

0.300 mCi 

Concentration 

Total Activity 

Specific Activity 

VollDI1e 

>600 mCi/ w1 or >2,000 mCi/ mM 

0.300 ml 

STOCK 0.5M EDTA 

Disodium ethylene diamine tetraacetate 2H20 

DDW 

Stir vigorously on a magnetic stirrer. 

pH to 8.0 with NaOH (about 20 g of NaOH pellets). 

Dispense into aliquots and sterilize by autoclaving. 

EDTA (200 mM) 

0.5M EDTA (pH 8.0) 

DDW 

volume 

40 m1 

60 ml 

final 

200 mM 

186.1 g 

800 ml 
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Figure 33. Typical results of Sephadex G-IOO column chromatography of 

"nick translation" reaction (the incorporation of 32p into the pPRL-l 

plasmid to yield 32p-pPRL_l). The first peak is the radiolabeled 

plasmid, 32p-pPRL_l. and the second peak is unincorporated 32p. 
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APPENDIX G 

CYTOPLASMIC DOT BLOT TECHNIQUE 

The purpose of this procedure is to prepare a crude denatured 

cytoplasmic fraction from cells grown in tissue culture, or from pitui

taries or other organs, and to immobilize a dilution of this fraction on 

a solid support (nitrocellulose paper) which has a high affinity for 

nucleic acids under high salt conditions. Denatured PRL mRNA immobi

lized in this way can then be "probed" with radiolabed pPRL-l (Appendix 

F) and quantified, as described in Appendix J. 

This procedure is basically that of White and Bancroft (1982), 

with minor modifications. 

Tissue Culture Procedure 

1. (Use this procedure if harvesting dispersed cells or a cell line 

from tissue culture platesJ 

2. Number one set of plastic conical 15 ml centrifuge tubes, one set of 

glass test tubes if the tissue culture media is to be saved, and two 

sets of 1.4 ml minifuge tubes, one red and one black. Prepare a 60 

degree C hot water bath that will accomodate one set of minifuge 

tubes. 

3. Scrape cells free from plate with spatula and pipet media and 

floating cells into 15 ml plastic conical centrifuge tubes. Spin 

5 min at 800 rpm. Aspirate media and save, if desired. 
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4. Add 1.4 ml ice-cold PBS to pellet of cells and vortex to suspend 

pellet. Transfer resuspended cells to the red labeled minifuge 

tubes and keep on ice until all transfers are completed. Spin at 

15,000 X g for 15 sec (Eppendorf 5414 centrifuge). Carefully aspi

rate and discard supernatant. 

5. On ice, add 5 ul 5% NP-40 to each minifuge tube which contains the 

cell pellet. Then add 45 ul Dot Blot Buffer to one tube and mix and 

smash pellet by pipetting 30 strokes and stirring. Repeat for each 

tube. 

6. Pellet nuclei by spinning at 15,000 X g for 2.5 min. While spin

ning, add 45 ul formaldehyde/SSe mix to each of the empty black 

labeled minifuge tubes (all on ice). 

7. Pull off 45 ul of the supernatant (which is a crude cytoplasmic 

preparation) and mix well with the 45 ul of formaldehyde/SSe mix. 

Be sure to mix thoroughly. (The pellet, which contains nuclei, can 

be saved for the microfluorometric DNA assay, described in Appendix 

Q.) 

8. Heat the tubes containing the formaldehyde/SSe-denatured cytoplasmic 

fraction at 60 degrees e for 15 min. Then freeze at -20 degrees e. 

9. (While waiting for the completion of step #8, carefully pipet off 

and discard any remaining supernatant from above the nuclear pellet, 

and then freeze the DNA pellet at -20 degrees C.) 

The cytoplasmic fractions are now ready for blotting onto nitro

cellulose paper, as described in this appendix, below. 



Pituitary Procedure (Figure 34) 

1. (Use this procedure to process whole or hemipituitaries, either 

directly after removal from the animal or after incubation.) 
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2. Prepare a 60 degree C hot water bath that will accomodate one set of 

the following minifuge tubes. Label two sets of 1.4 ml minifuge 

tubes, one red and one black, and place on ice. 1 ml capacity Douce 

homogenizers (with the tight pestle) will be used; each should be 

cleaned and dried between samples. 

3. After the pituitary has been exposed in situ, remove the dura which 

covers it anteriorly and separate the neural lobe of the pituitary 

from the andenohypophysis. 

4. If a hemipituitary will be used for the dot blot procedure, cut it 

in half while in situ. place the pituitary (whole or hemi-) into 

the bottom of the Douce homogenizer. Add 100 ul of ice-cold Dot 

Blot Buffer. After 10-15 short strokes of the Dounce homogenizer 

tight pestle, pipet the homogenate into the red-labeled minifuge 

tube (on ice). 

5. Repeat for each sample, taking one sample from each treatment group 

until all samples are processed. Keep on ice throughout procedure. 

6. When all samples are processed, add 10 ul 5% NP-40 to each red

labeled tube, (which contain the pituitary homogenate). 

7. With pipetter set at 100 ul, mix homogenate/5% Np-40 30 times while 

stirring. (The sample will appear foamy after this step.) Keep 

samples on ice except while actually mixing. 
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8. Pellet nuclei by spinning at 15,000 X g for 2.5 min (Eppendorf 5414 

Centrifuge). 

9. Pull off about 70-80 ul of the supernatant (which is the crude 

cytoplasmic fraction). To whatever volume of supernatant is 

removed, add an equal volume of the formaldehyde/SSC mix to maintain 

a standard 1/2 dilution of the sample. Be sure to mix thoroughly. 

(The pellet, which contains nuclei, can be saved for the micro-

n uorometric DNA assay, described in Appendix Q.) 

10. Heat the tubes containing the formaldehyde/SSC-denatured cytoplasmic 

fraction at 60 degrees C for 15 min. Freeze at -20 degrees C. 

11. (While waiting for the completion of step #10, carefully pipet off 

and discard any remaining supernatant from above the nuclear pellet, 

and then freeze the pellet at -20 degrees C.) 

The cytoplasmic fractions are now ready for blotting onto nitro

cellulose paper. 

Blotting ~ Nitrocellulose Paper 

NOTE: Wear gloves while handling nitrocellulose paper. Oil from the 

hands will interfere with proper binding of nucleic acids. 

1. Cut the nitrocellulose paper to fit the suction manifold, if one is 

being used. (Blotting can be done without a suction manifold, but 

the shape of the spots is very uneven.) A simple but reliable 

manifold can be constructed as described in Appendix P. 

2. Soak the nitrocellulose paper in distilled water (a 9" X~9" glass 

baking dish is convenient to use) for 10 min. Look for any 
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irregularities or discolorations in the paper while it is soaking. 

If the paper does not look perfectly homogeneous after ten minutes, 

get a new piece. 

3. Pour off the water and rinse out the dish with 20X sse to make sure 

the salt concentration is not diluted by residual water in the dish. 

Soak the nitrocellulose paper in 20X sse for 15 min (longer is OK). 

Make the sample dilutions while the paper is soaking in 20X sse • 

. 4. One-half dilutions of an aliquot of the crude cytoplasmic samples 

are blotted onto the nitrocellulose paper, as follows. Fill the 

first well of a microtiter plate (e.g. Falcon 3911) with 190 ul of 

15X sse and then, for as many dilutions as are required (usually at 

least 4), fill an adjacent well with 100 ul 15X sse. After all 

wells contain the correct amount of 15X sse, add 10 ul of the first 

cytodot sample to the 190 ul 15X sse and mix well. Repeat for each 

sample until all the 190 ul 15X sse wells are filled. Make 1/2 

dilutions by taking 100 ul from this first well and adding it to the 

adjacent well containing 100 ul 15X sse. Mix well. Repeat the 

dilutions for each sample as desired. 

5. When all samples have been diluted, prepare the suction manifold. 

Place the soaked nitrocellulose paper over the manifold while the 

suction is on, and carefplly draw guidelines on the paper with a 

ruler and a dull pencil. 
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NOTE: Once the nitrocellulose paper is out of the 20X SSC the subse

quent steps must take place as quickly as possible to avoid having 

the paper dry out during the blotting procedure. Dry nitrocellulose 

paper will ~ bind nucleic acids. 

6. Carefully pipet 60 ul of each dilution through a separate spot. 

Apply suction only as the sample is going through the paper to avoid 

unnecessary drying of the nitrocellulose paper. Blot the samples as 

quickly and as consistently as possible. 

7. When all dilutions have been blotted, draw boxes around all the dots 

with a ruler and dull pencil. Do not touch the spots which contain 

the sample. Put a small pencil mark at the bottom of each column so 

that the paper can be properly oriented when the squares are cut out 

for counting on the scintillation counter after the hybridization 

procedure. 

8. Place the nitrocellulose paper on a piece of filter paper for 

support and put under a heat lamp for 15 min. Trim the excess 

paper, leaving only the boxes with samples, plus some blank squares 

to get some idea of the paper background counts. 

9. Bake the nitrocellulose paper on a piece of filter paper, 80 degrees 

C for 2 hr. 

The nitrocellulose paper can be stored in a dessicator at room 

temperature for at least a few days, but it is desirable to begin the 

prehybridization and hybridization (Appendix J) as soon as possible. (I 

usually do it immediately after the baking step.) 



Buffers, Reagents, and Materials 

5% v/v NONIDET p-40 (NP-40) 

(100%) NP-40 (Sigma) 5m! 

DDW 95 ml 

FORMALDEHYDE/SSC MIX 

(37% w/w) Formaldehyde 

20 X SSC 

500 ul 

750 ul 

Make up 1.25 ml aliquots immediately before use. 

20 X STANDARD SODIUM CITRATE (20 X SSC) 

NaCI 175.3 g 

Sodium Citrate 88.2 g 

DDW 800 ml 

pH to 7.0 with a few drops of 10 N HCI. 

QS to 1000 ml with DDW. 

Sterilize by autoclaving in 500 ml aliquots. 

15 X SSC ----
20 X SSC 

DDW 

DOT BLOT BUFFER 

2 M Tris-CI (pH 7.0) 

200 mM EDTA (pH 8.0) 

DDW 

15 ml 

5 ml 

volume 

25 ul 

25 ul 

4.95 m! 

final 

lOmM 

1 mM 
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NITROCELLULOSE PAPER 

Purchased from Schleicher & Schuell (BA8S, 0.4S urn, 15 X 15 em sheets). 



HEMIPITUIT ARY 
.100ul 10mM Trls 01 (pH 7), 1mM EOTA 

Oounce Homogenizer (tIght pestle, 20 strokes) 

I 
keep on Ice 

I 
iOu' 6% Nonldet P-40 

mIx 20 strokes with plpetter 
16,000 X g, 2.5mln 

mlcrofluorometrlc 

DNA assay 

I 
HEMIPIT 

DNA 

equal volume 40% formaldehyde, 80% 20XSSC 

80° C, 16mln 

I 
serIal 1/2 dilutions In 15XSSC 
blot onto nItrocellulose paper 

dry, bake 80° C, 2hr 

I 
prehybrldlze 42° C, 12hr 

hybridize wlth
'
lp-pPRL-1 42° C, 24hr 

I 
wash In 0.1% SOS, 1 XSSC, 25° C, 6m'" X 4 

0.1% SDS, o. tXSSC, 60° C, 15mln X 4 

I 
dry, autoradlograph -80° C, 1-6hr , 

cut out dots, add 10ml ACS 

count 12p on scIntillation counter 

I 
HEMIPIT 

PRL mRNA 
opm/cytodot 

Figure 34. Schematic diagram of the cytodot technique for pituitaries 

for the assay of prolactin mRNA. 
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APPENDIX H 

SAMPLE PREPARATION AND AGAROSE GEL ELECTROPHORESIS OF RNA 

The purpose of this procedure is to isolate, purify, and 

quantify RNA from tissue or from cells grown in tissue culture, and then 

to electrophorese this RNA sample in an agarose gel (i.e., a "Northern 

gel"; when DNA is electrophoresed it is called a Southern gel) in order 

to separate RNA's in each sample into bands, each representing a dif

ferent size of RNA. Transfer of these bands of RNA to nitrocellulose 

paper (Appendix I) and hybridization with the plasmid pPRL-l (Appendix 

J) must also be carried out in order to identify which band contains PRL 

mRNA. 

Since the endpoint for the sample preparation phase of this 

procedure is a certain quantity of RNA, the amount of tissue used at the 

beginning of the procedure is not critical, as long as two limiting 

practical considerations are kept in mind. That is, if you use too 

little tissue (or too few cells) to begin with there might not be enough 

RNA recovered at the end of the procedure to measure; on the other hand, 

if you use too much tissue the reagents and buffers, in the quantities 

specified in this procedure, might not be sufficient. Although these 

upper and lower limits can only be determined empirically, depending 

upon the type of tissue under investigation and the quantity of PRL mRNA 

present, some examples will be illustrative. 
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I have used up to 10 adult female rat pituitaries (about 100 mg 

combined weight) for one sample and have recovered more than sufficient 

quantities of RNA. Ten whole hypothalami from adult female rats have 

also yielded adequate amounts of RNA when pooled as a single sample. 

These should not be considered maximum or minimum amounts but, rather, 

as a starting point which has yielded successful results. Also, as a 

negative control for PRL mRNA, 10 liver chunks of about 4 mm3 were used 

as a single sample. (Liver has not been reported to produce PRL mRNA.) 

For tissue culture samples, 6-8 100 mm culture plates can be pooled as a 

single sample, as outlined below. 

The sample preparation procedure has been modified from that of 

Auffray and Rougeon (1980) and LeMeur et a1. (1981). 

Procedure 

DAY 1 

Tissue Harvest From Animals. 

Tissue should be removed from the animal as quickly as possible 

and immediately frozen in a minifuge tube in 1iguid nitrogen until the 

start of the procedure, which should begin immediately after the last 

tissue sample is collected. 

For every three samples (e.g., one sample = 10 rat pituitaries) 

mix 50 ml LiC1/Urea/NaAc/Heparin with 0.5 ml 10% SDS, hereafter called 

the "LiC1 Mix," immediately before use. 

place the sample, still frozen, in a 7 m1 capacity g~ound glass 

Wheaton homogenizer and add 5 ml of the LiCl Mix. Homogenize with 10-15 
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short strokes, making sure that the tissue is uniformly homogenized. 

Transfer the homogenate to a sterile 13 ml Sarstedt centrifuge tube. 

Rince the homogenizer with an additional 5 ml of LiCl Mix and pool with 

the first 5 ml in the Sarstedt tube. After all samples have been 

homogenized and transfered to Sarstedt tubes, go to step #1, below. 

DAY 1 

Cell Culture Harvest 

For every three samples (one sample = 6-8 100 mm culture dish) 

mix 50 ml of LiCl/Urea/NaAc/Heparin with 0.5 ml 10% SDS, hereafter 

called the "LiCl Mix." 

Aspirate the media from the plates. Cells are detached by 

washing 3 ml of LiCl Mix serially down all of the plates which comprise 

one sample, and placing these cells suspended in the LiCl Mix in a 

sterile 13 ml Sarstedt tube. Wash serially with an additional 3 ml of 

LiCl Mix and pool with the first wash. Wash the plates serially once 

again with an additional 4 ml of LiCl Mix and pool in the 13 ml Sarstedt 

tube for a total of 10 mI. 

After all samples have been harvested, go to step #1, below. 

(DAY 1 CONTINUED) 

Continuation for Either Animal Procedure or Tissue Culture Procedure 

1. For each sample, label a 5 ml BD (Beckton Dickinson) syringe with a 

21 guage needle. Bring 5 ml of the 10 ml sample in the Sarstedt 

tube into the 5 ml BD syringe via the 21 guage needle aDd eject it 

back into the tube. Repeat a total of 10 times. 



2. Cap the tubes and place in the refrigerator overnight (over the 

weekend is OK) to precipitate the nucleic acids. 

DAY 2 
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3. Pellet the RNA and DNA by spinning at 12,000 rpm for 20 min in the 

Sorvall centrifuge at 4 degrees C. (Be sure to balance the tubes.) 

4. Gently pour of the supernatant and discard. 

5. To the pellet add another 5 ml of the LiCI Mix, and, making sure 

the pellet is completely dispersed in the process, aspirate as 

before into a 5 ml BD syringe with a 21 guage needle ten times. 

6. Spin at 12,000 rpm for 20 min at 4 degrees C. 

7. Discard the supernatant and resuspend the pellet in 3 mIlO mM 

Tris 0.5% SDS. CAP THE TUBES and then vortex vigorously to make 

sure pellet is dispersed and resuspended. 

8. Heat all samples simultaneously in a hot water bath at 65 degrees C 

for 3 min. 

9. Add 3 ml saturated (see "Buffers and Reagents," below) phenol/ chlo

roform/isoamyl alcohol mix to each tube, vortex, and let sit at 

room temperature for 20 min. 

10. Spin at 7,000 rpm for 20 min at 4 degrees C. 

11. Immediately pull of (AND SAVE) with a sterile pasteur pipet the 

top aqueous phase, which contains the RNA, and place in a sterile 

13 ml Sarstedt tube. NOTE: Aspirate the top aqueous phase with the 

pipet very slowly so as not to disturb the whitish interphase or 

the thick DNA right above the interphase. The thick DNA is almost 



312 

indistinguishable from the top aqueous phase. You know you are 

into the thick DNA phase when whitish interphase is sucked into the 

pipet even though the pipet tip is far above it. The thick DNA is 

dragging the interphase along with it. A clean removal of the top 

aqueous phase is critical for reducing DNA contamination and 

particulate contamination in the final sample •. 

12. Add 240 ul 4 M NaAc (pH 7.0) and 6.6 ml of newly opened 100% 

ethanol to each sample. Cap, and mix thoroughly by inverting tube 

several times. Leave at -80 degrees C for 2 hr, (or at -20 degrees 

C overnight is OK). 

13. Immediately after the sample thaws, spin at 12,000 rpm for 20 min 

at 4 degrees C. Before taking the tubes out of the rotor, mark the 

outside edge of each cap so that the pellet can more easily be 

found. (Remove the tubes from the rotor and transfer the mark from 

the cap to the side of the tube.) Carefully pour off the super

natant. Identify the pellet and circle it on the .outside of the 

Sarstedt tube. Invert the tube on a paper towel for 15 min to 

partially dry the pellet. 

14. Add 400 ul 0.3 M NaAc and 800 ul 100% ethanol to each tube and 

vortex vigorously to make sure pellet is dissolved. Transfer to a 

sterile microfuge tube and place in -80 degrees C overnight. 

DAY 3 

15. Spin in minifuge 5 min. (An Eppendorf/Beckman 5414 cenErifuge, 

which spins at 15,000 X g, was used, although a longer spin at 

fewer g's might be adequate.) 
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16. Drain off the supernatant and dry pellet by inverting the opened 

tube on a paper towel for 10 minutes. Dissolve the RNA pellet in 

25-100 ul of sterile deionized distilled sterile water. (The 

volume of water added determines the dilution of your RNA, which is 

important for making up the sample for loading on the gel. For 10 

rat pituitaries, for example, 100 ul is a good first 

approximation.) 

17. Dilute 5 or 10 ul of sample in 495 or 490 ul, respectively, of 

sterile water and read A260, A2S0, and A320 on a spectrophotometer, 

keeping track of the proper dilution of the sample and the original 

volume of the sample. The concentration of RNA in the sample is 

computed with the following formula: 

RNA (ug/ml) = A260 X dilution factor (e.g., 500 ul/5 ul) X 40 ug/ml 

This is the endpoint of the sample preparation procedure. The RNA has 

been quantified and is diluted in sterile water. The sample is now 

ready for preparation for loading into an agarose gel. 

Agarose Gel for RNA Electrophoresis 

1. For a 1.2% agarose gel for RNA, the following quantities are for a 

minigel (gel dimensions are 6.5 cm X 10 cm X 0.6 cm) (Minnie 

Submarine Agarose Gel Unit, Model HE 33, Hoefer Scientific Instru

ments. For a maxigel which can hold up to 30 samples (compared to 

S samples for the minigel) triple all the volumes or weights of the 

gel constituents. 



2. Prepare a boiling water bath that will accomodate a 200 ml 

Erlenmeyer flask. 
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3. Put 0.6 g of electrophoresis grade agarose (e.g., ICN) in a 200 ml 

Erlenmeyer flask. Add 36.75 ml DOW (deionized distilled water) and 

a stirr bar. Dissolve the agarose in the boiling water bath with 

stirring (put a foil cover on the flask) until the liquid is clear. 

Cool to 65 degrees C. 

4. Add 5 mIlO X MOPS and 8.25 ml 37% formaldehyde (formaldehyde is 

usually purchased as a 37% stock solution.). Cool to 50 degrees C 

before pouring into the minigel gel form to avoid melting or 

warping the plastic. 

5. Immediately pour the agarose into the gel form and place the comb 

(which forms the wells for the samples) into the gel. Weight or 

tape down the gel form or it will float up through the agarose and 

result in an unusable uneven gel. Let the gel harden at least 30 

min at room temperature. 

6. Prepare the Running Buffer by diluting 40 mIlO X MOPS with 360 ml 

DOW. 

7. After the samples have been prepared for loading by the addition of 

Sample Buffer and Northern Juice (see below), carefully remove the 

comb and place the gel with its gel form in the electrophoresis 

unit. Pour in the Running Buffer until it just covers the the gel, 

making stre that all the wells are filled. 
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RNA Sample Preparation for ~ Northern Gel 

There are two methods which can be used to prepare the RNA 

sample. The first includes a step which involves dessicating an aliquot 

of RNA sample and then resuspending the RNA in Sample Buffer. I have 

found that this dessication step can be avoided by following an 

alternative procedure in which a Revised Sample Buffer (which, unlike 

the Sample Buffer, contains no water) is diluted to the correct 

concentration by the water in the RNA sample. This alternative 

procedure is presented in Method #2, below. 

Method #1 

This method produces a triple load of RNA; that is, it is enough 

to run in three wells of the agarose gel. 

1. Pipet 15 ug of RNA into a 0.4 ml minifuge tube and evaporate in a 

dessicator. 

2. When dry, add 30 ul of Sample Buffer. Heat to 55 degrees C in a 

hot water bath for 5 min. 

3. Add 9 ul Northern Juice to each sample. 

4. Being careful to avoid spilling sample out of the well, load 13 ul 

into one well of the previously prepared agarose gel. 

5. Run the gel at 60-70 volts for approximately 3 hr, or until the 

dye front reaches the edge of the gel. 

6. Transfer the contents of the gel to nitrocellulose paper (Appendix 

I), and probe for PRL mRNA using the plasmid pPRL-l (Appendix J). 
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Method #2 

1. Take the sample with the lowest concentration of RNA and pipet 8-10 

ug of RNA into a 0.4 ml minifuge tube. (If this volume is more 

than 20 ul, use Method #1, above.) Pipet the same ug amount of RNA 

from the other samples into separate minifuge tubes, and add nnw up 

to the volume of the sample which had the lowest concentration. If 

this is less than 10 ul, add nnw up to 10 ul. 

2. Add 25 ul Revised Sample Buffer to each sample. 

3. Heat in a hot water bath at 55 degrees C for 5 min. 

4. Add 13 ul Northern Juice to each sample and mix well. 

5. Load 13-25 ul per well (that is, load the same volume of prepared 

sample in each well). 

6. Run electrophoresis unit at 60-70 volts for approximately 3 hr, or 

until the dye front reaches the edge of the gel. 

7. Transfer the contents of the gel to nitrocellulose paper (Appendix 

I), and probe for PRL mRNA using the plasmid pPRL-l (Appendix J). 



Buffers and Reagents 

LiCl/Urea/NaAc/Heparin 

LiCl 

Urea (enzyme grade; e.g., 

Ultra Pure brand) 

NaAc (sodium acetate) 

Sodium Heparin 

(1000 USP Units/ml) 

QS to 400 ml with DDW 

Filter sterilize. 

amount 

50.8 g 

144 g 

40 mI 

8mI 

SATURATED PHENOL/CHLOROFORM/ISOAMYL ALCOHOL 

(Wear gloves; phenol can cause burns) 

stock 

0.1 M (pH 5) 

10 mg/mI 

final 

3 M 

6 M 

10 mM 

0.2 mg/ml 
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Mel t 50 ml distilled phenol (or commercially obtainable Ul tra Pure 

Phenol, which need not be distilled) in a boiling water bath. Pour 25 

ml of phenol into two 50 ml centrifuge tubes and add 25 ml sterile DDW. 

Shake tubes and spin at 1,500 rpm for 5 min. Pull off the top aqueous 

phase and discard. (Alternatively, the phenol and sterile water can be 

shaken together in a separatory funnel and the bottom phase (saturated 

phenol) saved and the tope aqueous phase discarded.) Add an equal 

volume of chloroform to the now-saturated phenol, and 1/24 volume 

isoamyl alcohol. 
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SAMPLE BUFFER 

volume stock final 

Formamide 500 ul 100% 50% 

Formaldehyde 170 ul 13.3 M 2.2 M 

MOPS 100 ul 10 X 1 X 

DDW 230 ul 

1 ml 

REVISED SAMPLE BUFFER 

volume stock final 

Formamide 500 ul 100% 50% 

Formaldehyde 170 u1 13.3 M 2.2 M 

MOPS 100 u1 10 X 1 X ----
770 u1 

NORTHERN JUICE 

amount stock final 

Glycerol 2.5 ml 100% 50% 

Bromophenol blue 50 mg 1% 

NaP°4 (pH 7.0) 0.100 ml 0.5 M 10 mM 

QS to 5 ml with DDW. 



10 X MOPS 

NaMOPS 

NaAc (sodium acetate) 

EDTA (pH 8.0) 

QS to 1 L with DDW. 

pH to 7.0 

Autoclave in aliquots. 

1 M TRIS (pH 8.0) 

Tris Base 

DDW 

amount 

84 g 

8.2 g 

3.7 g 

121.1 g 

800 ml 

final 

400 mM 

100 mM 

10 mM 

pH to approximately 8.0 with 42 ml of conentrated HCI. 
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[NOTE: Many types of electrodes cannot accurately measure Tris solu

tions. Suitable ones can be obtained readily from manufacturers.] 

Allow solution to cool before making final adjustment to exactly pH 8.0. 

QS to 1000 ml, aliquot, and sterilize by autoclaving. 

[NOTE: If the 1 M solution of Tris has a yellow color, discard it and 

obtain a better quality Tris.] 

10 mM Tris-CI, 0.5% SDS 

1 M Tris 

10% SDS 

QS to 50 ml with DDW. 

0.50 ml 

2.50 ml 



4 M Na-Acetate (NaAc) 

NaAc (anhydrous) 

QS to 100 m1 with DDW. 

pH to 7.0. 

0.3 M Na-Acetate (NaAc) 

4 M NaAc 

QS to 100 ml with DDW. 

32.8 g 

7.5 m1 

10% SODIUM DODECYL SULFATE (10% SDS) 

SDS (electrophoresis grade) 

DDW 

100 g 

900 m1 

Heat to 68 degrees C with stirring to assist dilution. 

pH to 7.2 with a few drops of concentrated HCl. 

QS to 1000 m1 with DDW and dispense into aliquots. 
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APPENDIX I 

BLOTTING AN AGAROSE GEL ONTO NITROCELLULOSE PAPER 

The purpose of this procedure is to transfer the contents of an 

agarose gel (DNA, RNA or both) onto nitrocellulose paper, which can then 

be probed with the plasmid pPRL-1 (Appendix J). When DNA is transferred 

to nitrocellulose paper it is called a Southern transfer or Southern 

blot. When RNA is transferred to nitrocellulose paper it is called a 

Northern transfer or Northern blot. 

Before the actual transfer takes place the gel (containing 

either DNA (Appendix B) or RNA (Appendix H» is soaked in a series of 

baths to improve the efficiency of ,transfer, especially for the larger 

species of DNA or RNA. 

Procedure 

1. After the dye front has reached the edge of the gel and the 

electrophoresis unit is turned off, soak the gel in the following 

baths: 

2. Deionized distilled water (DDW) for 3/4 hr with several changes of 

water. 

3. 50 roM NaOH, 10 mH NaCl for 3/4 hr. 

4. 100 mM Tris-Cl (pH 7.5) for 3/4 hr. 

5. 20 X SSC for 3/4 hr. During this step the nitrocellulose paper 

(at least a 7.5 cm X 15 cm sheet) must also be prepared by soaking 
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it in nnw until it appears uniformly wet (at least 10 min). If the 

nitrocellulose paper appears spotty or has any unevenness in 

appearance, start with a new piece. After the nitrocellulose paper 

is wet, pour off the nnw, rinse in 20 X SSC to get rid of the 

remaining water, and soak in 20 X SSC for at least 20 min. Try to 

time the gel and the nitrocellulose paper soaks so that they end at 

roughly the same time so that the gel transfer can be set up 

without delay. 

6. Stack about 2 inches of paper towels onto a tray and place some 

filter paper (e.g., Whatman 1) on top of the stack. 

7. Gently (the gel can break) pour the gel and its 20 X SSC bath into 

the bath which contains the nitrocellulose paper and position the 

gel over the paper. Keeping the gel centered on the nitrocellulose 

paper, pick up the nitrocellulose paper (with the gel on top) by 

the edges and transfer onto the filter paper on top of the stack of 

paper towels. 

8. Place a sheet of glass on top of the gel and eliminate all air 

bubbles between the glass and the gel, and between the gel and the 

nitrocellulose paper. Place a moderate weight (e.g., a 1 inch 

thick book) on the glass and place the whole stack in a place where 

it will not be disturbed for 12-24 hr. Keep at room temperature. 

9. Allow the transfer to take place for at least 12 hr. 18 hr is 

preferable and 24 hr is not too long. 

10. Carefully pick up the glass; the gel and nitrocellulose paper will 

probably stick to the glass. Carefully peel off the nitrocellulose 



paper from the gel and place it (the nitrocellulose paper) on a 

piece of filter paper for support. 
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11. Place under an heat lamp for 15 min to dry the nitrocellulose 

paper, and then trim down the size of the nitrocellulose paper to 

match the dimensions of the gel. 

12. Bake in an oven at 80 degrees C for 2 hr 

13. The paper can be stored in a dessicator for a few days, but I 

usually begin the hybridization (Appendix J) immediately. 



Buffers, Reagents, and Materials 

20 X STANDARD SODIUM CITRATE (20 X SSC) 

Nacl 175.3 g 

Sodium Citrate 

DDW 

88.2 g 

800 m1 

pH to 7.0 with a few drops of 10 N HCI. 

QS to 1000 ml with DDW. 

Sterilize by autoclaving in 500 ml aliquots. 

1 M TRIS (pH 7.5) 

Tris Base 

DDW 

121.1 g 

800 m1 

pH to approximately 7.5 with about 65 ml of conentrated HCI. 
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[NOTE: Many types of electrodes cannot accurately measure Tris solu

tions. Suitable ones can be obtained readily from manufacturers.] 

Allow solution to cool before making final adjustment to exactly pH 7.5. 

QS to 1000 ml, aliquot, and sterilize by autoclaving. 

[NOTE: If the 1 M solution of Tris has a yellow color, discard it and 

obtain a better quality Tris.] 

NITROCELLULOSE PAPER 

Purchased from Schleicher & Schuell (BA85, 0.45 um, 15 X 15 cm sheets). 



50 mM NaOH, 10 mM NaCl 

1 M NaOH 

1 M NaCl 

QS to 1000 m1 with nnw. 

100 mM Tris (pH 7.5) 

1 M Tris 

QS to 1000 ml with nnw. 

50 m1 

10 ml 

100 ml 
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APPENDIX J 

HYBRIDIZATION PROCEDURE 

The purpose of this procedure is to take nitrocellulose paper 

onto which has been baked cytodot samples (APPENDIX G) or the contents 

of a DNA or RNA agarose gel (APPENDIX I) and probe for the presence of 

PRL mRNA or even the probe (pPRL-l) itself using the nick translated 

(APPENDIX F) recombinant DNA plasmid 32p_pPRL_l. Both the pre hybrid

ization and hybridization take place in a sealed plastic Seal-a-Meal 

pouch which is placed in a warm water bath. 

The pre hybridization step is necessary to inhibit the nonspe

cific binding of the plasmid pPRL-l, especially to the nitrocellulose 

paper. During the subsequent hybridization step, 32p-pPRL-l avidly 

binds (hybridizes) to PRL mRNA immobilized on the nitrocellulose paper, 

whereas nonspecifically bound 32p_PPRL_l is removed with a series of 

washes which immediately follow the hybridization step. 

Procedure 

1. Prepare a 42 degree C water bath large enough to accomodate a 6 X 

8 inch plastic pouch which must lie flat. 

2. Soak the nitrocellulose paper which contains the samples (which has 

been dried and baked 2 hr) in 5 X SSC for a few minutes, until the 

paper is uniformly wet. 
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3. In a 50 ml plastic connical centrifuge tube, mix the prehybridiza

tion buffer (20 ml), as follows: 

Formamide (use gloves) 

20 X sse 

0.5 M NaP04 (pH 6.5) 

Salmon Sperm DNA 

10 mg/ml (sonicated) 

Denhardt's Solution 

DDW 

volume 

10 ml 

5 ml 

2 ml 

400 ul 

400 ul 

2.2 ml 

final 

50% 

5 X 

50 mM 

200 ug/ml 

200 ug/ml 

Be sure to mix thoroughly with a pasteur pipet (without making 

bubbles) until no "turbulence" can be seen in the fluid due to 

differences in viscocity. 

In order to make a sealed plastic pouch in which to put the 

nitrocellulose paper and the prehybridization mixture, cut approxi

mately 6 inches from a roll of Seal-a-Meal plastic bags. The 

narrow top and bottom of the pouch is sealed already; both of the 

sides are open. 

4. Being careful not to touch the nitrocellulose paper with your 

hands, pick up the long side of the nitrocellulose paper with 

forceps and carefully place it in the open plastic bag. Position 

it so there is about a 1 inch border of plastic around the nitro

cellulose paper. 

5. Seal the top and bottom in the Seal-a-Meal about 1/2 inch from the 

edge of the nitrocellulose paper. Be sure to seal the top and 



bottom (the sides that are aleady closed) first because this 

prevents curling of the open sides of the bag. 
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6. Seal the sides of the bag about 1/2 inch from the long edge of the 

nitrocellulose paper. The bag should now be completely sealed. 

7. Making ~ you leave enough plastic to reseal the bag, cut out 

part of one corner of the plastic bag. 

8. Bevel the end of a 1000 ml pipet tip to increase the size of the 

opening to about 3 mm. Place a tight fitting disposable funnel in 

the large end of the pipet tip so that leakage does not occur 

between the funnel and the pipet tip. 

9. Place the pipet tip in the open corner of the plastic bag and pour 

in a little of the prehybridization mixture. Check for leaks. If 

leaks are found, pour back the prehybridization mixture and reseal 

the bag. [If the leak cannot be found, or the bag is badly 

wrinkled during a seal, start over again with a new bag. The bag 

~ be perfectly sealed at this prehybridization step because very 

radioactive 32p-pPRL-1 will be added next.] 

10. If absolutely no leaks are found, pour in all of the prehybridi

zation mixture, get rid of the inevitable bubbles as best you can 

(losing a little prehybridization mixture in the process is OK), 

and reseal the bag. Check for leaks again. 

11. (Prehybridization) Place the pouch in the 42 degree C water bath 

for 8-15 hr. 

12. After the 8-15 hr prehybridization, prepare a boiling water bath. 
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NOTE: The rest of this procedure should be carried out on at least 3 

layers of disposable underpads. Gloves should be worn at all times and 

glass, plastic, or water shielding should be used to minimize exposure 

to the ionizing radiation of 32p. Change gloves frequently. 

13. Take a tube of the 32p_pPRL_1 (APPENDIX F) from the -20 degree C 

freezer. If the tube contains approximately 100-300 total CPM/ug 

pPRL-1 in a volume of about 400 ul, this is enough for at least 4 

hybridizations using 100 ul per hybridization. (Even smaller 

amounts per hybridization are probably sufficient.) Transfer 100 

ul to a minifuge tube and safety wrap the tube lengthwise with 

Tef 1 on tape. 

14. Place the tube in a styrofoam "boat" and boil for 5 min. 

15. While the 32p-pPRL-1 is boiling, remove the prehybridization pouch 

from the warm water bath, and cut out a small part of another 

corner of the bag, leaving enough plastic to reseal the bag, as 

before. Save the prehybridization buffer in 3! 50 ml plastic 

conical centrifuge tube. 

16. Place 10 ml of the prehybridization buffer in another 50 ml plastic 

contical centrifuge tube. After 5 min, carefully remove the 32p_ 

pPRL-l from the boiling water bath and add it to the 10 ml of 

prehybridization buffer with a pasteur pipet. Mix well but avoid 

introducing bubbles. 
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17. Pour the ~ ml of prehybridization buffer containing the 32p-pPRL-1 

into the bag using the funnel/pipet as before. Eliminate bubbles 

as much as possible and reseal the corner, as before. CHECK VERY 

THOROUGHLY FOR LEAKS. 

18. (Hybridization) Place the pouch in the 42 degree C water bath for 

24-36 hr. 

19. After 24-36 hr, take the pouch out of the water bath and turn up 

the heat on the water bath to 50 degrees C. 

20. place the pouch on at least 3 layers of disposable underpads and 

cut it open with a razor blade, letting the radioactive hybridi

zation buffer drain onto the plastic backed underpad. Cut the 

nitrocellulose paper out of the bag with the razor blade and, using 

forceps, place it into a 9 X 9 inch glass baking dish. Quickly 

dispose of the radioactive underpad, plastic, and razor blade. 

Change gloves. 

21. (Place a bottle of Wash #2 in a 50 degree C hot water bath in 

preparation for the second series of washes.) 

22. Immediately pour about 50 ml of Wash #1 into the baking dish (never 

pour directly onto the nitrocellulose paper), swirl, and discard. 

This removes much radioactivity before the formal washes begin. 

23. Wash the nitrocellulose paper in Wash #1 4 times for 5 min/wash at 

room temperature. (Pour about 100 ml into the dish, rock the dish 

a few times during the 5 min, discard the wash, and repeat for a 

total of 4 washes.) Use a total of about 500 ml of Wash 111 for the 

rinse in step #22 and the washes in step #23. 
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24. Using the preheated (to 50 degree C) Wash #2, wash the nitro

cellulose paper 4 times for 15 min/wash at 50 degree C. Place the 

glass baking dish in the 50 degree C water bath during each of 

these washes, and rock gently occasionally. For all of these 

washes with Wash #2, use a total of about 500 ml, as before. 

25. After the last wash, remove the nitrocellulose paper from the 

baking dish and place it on a piece of filter paper for support. 

Dry under a heat lamp for 20 min. 

26. Genly wrap the dry nitrocellulose paper in clean plastic wrap (e.g. 

Glad Wrap) and autoradiograph using a Corning Lightening Screen to 

enhance the exposure of the film (Kodak X-AR-70). 

27. Load the plastic or lead shielded casset (screen-film-nitro

cellulose paper) and place in a -80 degree C freezer for 1-48 hr, 

depending on the amount of radioactivity present. (Expose for 

about 24 hr for the first exposure to make sure the paper back

ground is at a low level, then try progressively shorter expo

sures.) 

Scintillation Counting for Dot Blots (APPENDIX G) 

1. Put 10 ml ACS scintillation fluid into scintillation viles and cut 

out the squares containing the dot blots, using as guides the lines 

drawn after the blotting procedure (APPENDIX G). place one square 

in each vile; be sure to include several blank squares so that 

the paper background counts can be assessed. 

2. Count each vile on a scintillation counter on a 32p setting. 10 

min counts per vile is desirable. 
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3. Data Manipulation. Graph the 1/2 dilutions to make sure the dilu

tions produce a roughly linear pattern. Dilutions are absolutely 

essential because a spot may produce a wildly discordant value due 

to inadvertent mishandling of the nitrocellulose paper, a gross 

error in the dilution process, or some other unknown cause. If 

doubts exist, reblot the samples. 



Buffers, Reagents, and Materials 

20 X STANDARD SODIUM CITRATE (20 X ssc) 

NaCI 175.3 g 

Sodium Citrate 

DDW 

88.2 g 

800 m1 

pH to 7.0 with a few drops of 10 N HCI. 

QS to 1000 m1 with DDW. 

Sterilize by autoclaving in 500 ml aliqots. 

DENHARDT'S SOLUTION 

Ficoll (M.W. 400,000) 

(Sigma, F-43-75) 

Polyvinylpyrolidone 

(M.W. 40,000) 

(Sigma PVP-40) 

Bovine Serum Albumen 

(RNase free) 

(BRL, 556LUB) 

QS to 5 ml with sterile DDW. 

50 IDS 

50 IDS 

50 mg 

Dispense into 400 ul aliquots and freeze at -20 degree C. 
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NITROCELLULOSE PAPER WASH #1 (WASH #1) 

10% SDS 

20 X SSC 

QS to 1 L with DDW. 

volume 

10 ml 

50 m1 

final 

0.1% 

1 X SSC 

Dispense into 500 m1 aliquots and store at room temperature. 

NITROCELLULOSE PAPER WASH #2 (WASH #2) 

10% SDS 

20 X SSC 

QS to 1 L with DDW. 

volume 

10 m1 

5m1 

final 

0.1% 

0.1 X SSC 

Dispense into 500 ml aliquots and store at room temperature. 

10% SODIUM DODECYL SULFATE (10% SDS) 

SDS (electrophoresis grade) 

DDW 

100 g 

900 m1 

Heat to 68 degrees C with stirring to assist dilution. 

pH to 7.2 with a few drops of concentrated HCl. 

QS to 1000 m1 with DDW and dispense into aliquots. 

AUTORADIOGRAPHY FILM 

Kodak X-AR-5. 

ENHANCEMENT SCREEN FOR AUTORADIOGRAPHY 

Dupont Chronex Lightning-Plus EE 200044 
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DAZEY SEAL-A-MEAL 

Model {18AM3 

DAZEY SEAL-A-MEAL BOILABLE COOKING POUCH MATERIAL 

(Referred to in the Procedure as "plastic bags.") 

10 inches X 20 feet 

0.5 M Sodium Phosphate (NaP04) pH 6.5 

Monobasic (0.5 M NaH2P04) 

NaH2P04 30 g 

QS to 500 m1 with DDW. 

Dibasic (0.5 M Na2HP04 ) 

30.5 g 

QS to 500 ml with DDW. 

Combine the Monobasic and Dibasic solutions until pH 6.5 is achieved. 

"SALMON" SPERM DNA (10 mg/ml) 

Salmon or Herring Sperm DNA 

QS to 100 ml with nnw. 

1 g 

Mix thoroughly, and refrigerate overnight. 

Mix again, and sonicate thoroughly. 
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Divide into 400 ul aliquots in minifuge tubes and store at -20 degrees 

C. 



APPENDIX K 

IODINATION OF PROLACTIN 

In this procedure, 1251 is added to tyrosine residues in the 

prolactin molecule so that the presence of 125I _PRL can be detected with 

a gamma counter. 

This procedure can be used to iodinate either hamster prolactin 

or rat prolactin. 

Procedure 

1. Soak Sephadex G-75 in 0.01 M PBS overnight at 4 degrees C. Bring 

to room temperature and pull a vacuum on the Sephadex to remove 

bubbles. 

2. Use a glass disposable 10 ml pipet for the column. Add a glass 

bead to keep the Sephadex in the column. 

3. Pour the Sephadex G-75 into the column to a height of 20 cm and 

perfuse with 0.01 M PBS for 1 hr. 

4. Coat the column with 2 ml of 2% BSA in 0.01 M PBS, then wash the 

column with 10 m1 0.01 M PBS. 
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5. Add the following to a 400 ul disposable reaction vile: 

2.5 ug of PRL previously dissolved in 25 ul 0.01 M sodium bicarbo-

nate (pH 8.75). 

100 ul 0.5 M PBS. 

1.0 mCi Na_125I in 10 u1 of 0.5 M PBS. 

12.5 ug chloramine-T (Sigma) in 25 ul 0.01 M PBS. Begin vortexing 

and continue for 30 sec. 

250 ug sodium metabisulfite in 100 ul 0.01 M PBS. Vortex 15 sec. 

50 ul 5% BSA-PBS. Vortex 10 sec. 

6. Layer the contents of the reaction vile onto the Sephadex G-75 

column and gently wash with 2 aliquots of 500 ul 0.01 M PBS. 

7. Collect 50 fractions of 5 drop aliquots (#18 guage needle) in 13 X 

100 mm glass tubes containing 50 ul 2% BSA-PBS. 

8. Count 10 ul aliquots of each tube on a gamma counter and graph the 

counts/tube vs. the fraction number. The first peak should contain 

the intact iodinated PRL (125 I _PRL). Save (freeze at -20 degrees 

C) the tubes from this first peak through the trough, i.e., the 

"back shoulder" of the curve (Figure 35). 
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Buffers and Reagents 

CHLORAMlNE-T 

5 mg in 10 m1 0.01 M PBS. 

(Purchased from the Sigma Chemical Co.) 

Avoid light as much as possible while weighing. 

Store in a jar placed inside of a dessicator. Worn out chloramine-T is 

often the culprit in a failed iodination. It has a shelf life of 

1-2 yr but this useful life is often abruptly cut short for unkown 

reasons. 

SODIUM METABISULFITE 

25 mg in 10 m1 0.01 M PBS. 

This has an effective shelf life of about 4 yr. 

2% BSA-PBS 

Lyophilized Bovine Serum Albumin 

(Sigma A-4503) 

2 g 

0.01 M PBS 100 ml 

0.01 M PHOSPHATE BUFFERED SALINE (PBS) 

Dibasic Sodium Phosphate 1.42 g 

(Molecular Weight = 141.96) 

Sodium EDTA 

Sodium Chloride (NaCl) 

Sodium Azide 

QS to 1 L with DDW. 

3.72 g 

8.77 g 

1.00 g 

pH to 7.6 with sodium hydroxide (NnOH). 
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Figure 35. Typical result of Sephadex G-75 column chromatography 

of hamster prolactin labeled with 125I-prolactin. The first peak 

is 125I-prolactin and the second peak is unincorporated 1251• 

339 



APPENDIX L 

HAMSTER PROLACTIN RADIOIMMUNOASSAY 

The purpose of this procedure is to measure the absolute 

concentration of hamster prolactin in a sample of serum, incubation 

media, or pituitary homogenate. It is based on the procedure of Soares 

et al. (1983). The hamster PRL used in the iodination procedure 

(APPENDIX K) and in constructing the standard curve, as well as the 

hamster PRL antiserum, were generously supplied by Dr. Frank Talamantes, 

Department of Biology, Thimann Laboratories, University of California, 

Santa Cruz, California. 

Overview of the Procedure 

Label a sufficient number of 12 X 75 mm glass tubes. There are 

5 sets of tubes: 

TOTAL COUNT TUBES (6 Replicates) 

100 ul of 125I _PRL (10,000 CPM/100 ul 0.1% BSA-PBS). This set 

is made up on Day 2, when the 125I _PRL is added to all the 

tubes. 
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NONSPECIFIC BINDING TUBES (6 Replicates) 

100 ul 0.1% BSA-PBS (Day 1) 

100 ul 3% NRS-PBS (Day 1) 

100 ul 125I _PRL (10,000 CPM/100 ul 0.1% BSA-PBS) (Day 2) 
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100 ul goat anti-rabbit gamma globulins (1:16 dilution in 0.01 M 

PBS) (Day 3) 

ZERO TUBES ("ZERO" PRL) (10 Replicates) 

100 ul 0.1% BSA-PBS (Day 1) 

100 ul rabbit anti-hamster PRL serum (1:30,000 dilution in 3% 

NRS-PBS (Day 1) 

100 ul 125I _PRL (10,000 CPM/100 ul 0.1% BSA-PBS) (Day 2) 

100 ul goat anti-rabbit gamma globulins (1:16 dilution'in 0.01 M 

PBS) (Day 3) 

STANDARD CURVE TUBES (3 Replicates per Point on the Standard Curve) 

100 ul 0.1% BSA-PBS containing 0.1-1.0 ng of hamster PRL (See 

"Construction of Hamster PRL Standard Curve," below) (Day 1) 

100 ul rabbit anti-hamster PRL serum (1:30,000 dilution in 3% 

NRS-PBS (Day 1) 

100 ul 125I _PRL (10,000 CPM/100 ul 0.1% BSA-PBS) (Day 2) 

100 ul goat anti-rabbit gamma globulins (1:16 dilution in 0.01 M 

PBS) (Day 3) 



Day 1 
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SAMPLE TUBES (2 or 3 Replicates per Sample) 

50 u1 Sample (Appropriately diluted in 0.1% BSA-PBS, as deter

mined by a test assay) (Day 1) 

50 ul 0.1% BSA-PBS (Day 1) 

100 ul anti-hamster PRL serum (1:30,000 dilution in 3% NRS-PBS 

(Day 1) 

100 ul 125I _PRL (10,000 CPM/100 ul 0.1% BSA-PBS) (Day 2) 

100 ul goat anti-rabbit gamma globulins (1:16 dilution in 0.01 M 

PBS) (Day 3) 

Protocol for the i Day Hamster Prolactin Radioimmunoassay 

1. Dilute samples in 0.1% BSA-PBS. (A test assay may be necessary to 

determine the proper dilution.) Add 50 ul of the diluted sample 

to 50 ul of 0.1.% BSA-PBS. 

2. Prepare hamster PRL standard curve, as detailed below. 

3. Add 100 ul 0.1% BSA-PBS and 100 ul 3% NRS-PBS to the NONSPECIFIC 

BINDING TUBES. 

4. Add 100 ul of rabbit anti-hamster PRL antiserum ("first antibody") 

diluted 1:30,000 in 3% NRS-PBS to the ZERO TUBES, STANDARD CURVE 

TUBES, and SAMPLE TUBES. Do not add the first antibody to the 

TOTAL COUNT TUBES or the NONSPECIFIC BINDING TUBES. 

5. After all additions have been made, vortex tubes lightly, cover and 

incubate at room temperature for 24 hr. 
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Day 2 

6. Add 100 ul 125 I _PRL (10,000 CPM/100 ul 0.1% BSA-PBS) to all 

tubes. 

7. Vortex tubes lightly, cover, and incubate at room temperature for 

24 hr. 

Day 3 

8. Add 100 ul goat anti-rabbit gamma globulins (the "second antibody") 

(1:16 dilution in 0.01 M PBS) to each tube except the TOTAL COUNT 

TUBES. 

9. Vortex each tube lighly, cover, and incubate at room temperature 

for 24 hr. 

Day 4 

10. Cork and put asside the TOTAL COUNT TUBES. 

11. Spin the other tubes at 2400 rpm for 25 min at 4 degrees C. 

12. The pellet is often very light, and may appear to be a thin film on 

the bottom of the tube. Carefully aspirate the supernatant (be 

consistent) and, along with the TOTAL COUNT TUBES, count the tubes 

in a gamma counter for 1 min. 



Buffers and Reagents 

0.01 M PHOSPHATE BUFFERED SALINE (PBS) 

Dibasic Sodium Phosphate 1.42 g 

(Molecular Weight = 141.96) 

Sodium EDTA 

Sodium Chloride (NaCl) 

Sodium Azide 

QS to 1 L with DDW. 

3.72 g 

8.77 g 

1.00 g 

pH to 7.6 with sodium hydroxide (NaOH). 

0.1% BSA-PBS 

Lyophilized Bovine Serum Albumen 

0.01 M PBS 

3% NORMAL RABBIT SERUM-PBS (NRS-PBS) 

Normal Rabbit Serum (NRS) 

(Gibco 200-6120) 

QS to 100 ml with 0.01 M PBS 

1.00 g 

1000 ml 

3m! 

GOAT ANTI-RABBIT GAMMA-GLOBULINS ("SECOND ANTIBODY") 
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Purchased from Antibodies Incorporated, or TLC antibodies (Chuck Lox). 



Hamster Prolactin Standard Curve 

Stock Hamster Prolactin Standards: 
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Make up 700 ul aliquots of 10 ng haPRL/ml of 0.1% BSA-PBS. 

Immediately before constructing the standard curve, make another 

dilution of PRL standard, as follows: Add 100 ul of 10 ng/ml stock to 

400 ul 0.1% BSA-PBS for an additional stock PRL standard of 2 ng/ml. 

Both the 10 ng/ml and 2 ng/ml haPRL standards will be used in 

the construction of the standard curve (Table 49). 
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Table 49. Construction of a Standard Curve for Hamster Prolactin. 

haPRL haPRL (2 ng/ml) haPRL (10 ng/ml) 0.1% BSA-PBS 

(ng) (ul) (ul) (ul) 

0.01 5 0 95 

0.02 10 0 90 

0.05 25 0 75 

0.10 50 0 50 

0.25 0 25 75 

0.50 0 50 50 

1.00 0 100 0 

Make 3 Replicates for Each Point on the Curve. 



APPENDIX M 

MICROFLUOROMETRIC DNA ASSAY 

The purpose of this assay is to determine the amount of DNA in a 

small sample, where the expected amount of DNA ranges from 1 ug to about 

80 ug. The sample could be a pellet of cells, an aliquot of whole cell 

homogenate, or a nuclear pellet, as obtained in the Dot Blot procedure 

(APPENDIX G). 

This assay is reportedly very specific for DNA, and has little 

or no crossreactivity with polysaccharides, protein, RNA, and 9ther 

substances (Cattolico and Gibbs, 1975), and is a modification of the 

original method of Kissane and Robins (1958). The modified method was 

obtained from the laboratory of Dr. Murray Korc, Univerisity of Arizona. 

Procedure 

1. Make up two DNA standards (2 ug/ul and 0.2 ug/ul) from stock soni

cated Salmon Sperm DNA (10 mg/ml DDW) , as follows: 

2 ug/ul SS DNA 

Salmon Sperm DNA (10 mg/ml) 

2% SDS 
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100 ul 

400 ul 

500 ul TOTAL 



0.2 ug/ul SS DNA 

Salmon Sperm DNA (2 ug/ul) 

2% SDS 

100 ul 

900 ul 

1000 ul TOTAL 

2. Construct a standard curve, as shown in Table 50. 

3. Prepare a 60 degree C water bath large enough to hold all of the 

samples plus the standard curve. 

4. To each pellet add 50 u1 2% SDS. 
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5. Sonicate each pellet so that it is thoroughly resuspended in the 2% 

SDS. 

6. To each tube (standard curve, including zero tubes, and sample 

tubes) add 50 ul of 0.2 g/ml 3'-5'-diaminobenzoic acid dihydro

chloride (DABA). Cover the tubes tightly. 

7. Place in the 60 degree C hot water bath for 30 min. 

8. After 30 min, cool the tubes at -20 degrees C for 5 min. 

9. Add 1.3 ml of 1 N HCl to each tube. 

10. Read each tube on a fluorometer at an excitation wavelength of 405 

nm, and an emission wavelength of 520 nm. 

11. Construct the standard curved to establish the linearity of the 

correlation between the known amount of DNA added to the tubes and 

the emission intensity of the fluorescent product produced by the 

interaction of the DABA and the deoxyribose sugars. 

12. Read the amount of DNA in the unknown samples from the curve, based 

upon their intensity of fluorescence. 



Reagents 

10% SODIUM DODECYL SULFATE (10% SDS) 

SDS 100 g 

DDW 900 ml 

Heat to 68 degrees C while stirring to assist dilution. 

pH to 7.2 with a few drops of concentrated HCI. 

QS to 1000 ml with DDW and dispense into aliquots. 

2% SDS 

10% SDS 

DDW 

40 m1 

160 m1 

200 m1 TOTAL 
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Table 50. Construction of a DNA Standard Curve for the Microf1 uoro-
metric DNA Assay. 

0.2 ug/u1 2.0 ug/u1 2% SDS DNA 

Tube If SS DNA (u1) SS DNA (u1) (u 1) (ug) 

1 0 0 50 0 

2 0 0 50 0 

3 5 0 45 1 

4 5 0 45 1 

5 15 0 35 3 

6 15 0 35 3 

7 30 0 20 6 

8 30 0 20 6 

9 50 0 0 10 

10 50 0 0 10 

11 0 10 40 20 

12 0 10 40 20 

13 0 20 30 40 

14 0 20 30 40 

15 0 30 20 60 

16 0 30 20 60 

17 0 40 10 80 

18 0 40 10 80 



APPENDIX N 

POLYACRYLAMIDE GEL ELECTROPHORESIS OF 3H-PROLACTIN. 

If pituitaries are incubated in the presence of 3H-leucine (see 

APPENDIX 0), proteins (such as PRL) which are synthe9ized during this 

incubation will incorporate 3H-leucine in place of leucine and thus 

become radioactive. With polyacrylamide gel electrophoresis, proteins 

contained in an aliquot of pituitary homogenate or media from such an 

incubation are separated by charge. If a "spike" of nonradioactive PRL 

is added to a sample and all protein bands are stained, the band caused 

by the spike serves as a guide for cutting out PRL bands in other gels. 

After suitable preparation, these cut-out bands of PRL can be counted on 

a scintillation counter, with relatively more counts corresponding to 

the presence of relatively more newly synthesized PRL. (See Blask et 

aI, 1986). 

An important assumption which underlies this procedure for 

experiments where animals are treated in vivo and PRL synthesis is 

measured in vitro is that the synthetic activity of the pituitary during 

the incubation reflects its synthetic activity in vivo. 

An important observation made in the course of using this 

procedure was that, even when using new gel stain, new 7% acetic acid, 

and new electrophoresis buffers, a blank gel (a gel which contained no 

sample) registered a considerable number of counts, when processed 

through the procedure along with gels which contained samples. Thus, 
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based on my own observations, along with those of Dr. Christopher Leadem 

and Mrs. Nancy Machen of his laboratory, I recommend that the following 

guidelines be observed: 

1. Do not run media and pituitary homogenate samples in the 

same electrophoresis unit and especially not in the ~ 

diffusion destainer. Media samples contribute many more 

counts to the blank gel background counts than do samples 

of pituitary homogenates. 

2. Never reuse electrophoresis buffers, gel stain, or 7% acetic 

acid. Counts build up in these solutions, especially in the 

7% acetic acid. 

3. Always run at least two blank gels per electrophoresis unit, 

and make sure they are carried through the entire staining 

and destaining procedure with the sample-containing gels. 

Subtract the average media or pituitary background counts 

from counts derived from media or pituitary homogenate 

samples, respectively, 
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Procedure 

Gel Preparation 

1. Place previously cleaned 5 mm (I.D.) X 75 mm glass tubes in rubber 

grommets and mount in polymerization rack. 

[Tube t-lashing Procedure: Clean in soap with a test tube brush and 

rinse in distilled water. Soak in a 1:300 solution of Foto-flow 

(Kodak) for 1 min. Dry upright in an oven. 

2. Prepare gel solution by combining in a small beaker: 

For 18 gels 

3 ml Solution A 

6 ml Solution C 

3 m1 DDW 

12 m1 Solution G 

Mix well. 

3. With a pasteur pipet, 

10-15 mm of the top. 

For 12 gels 

2 ml Solution A 

4 ml Solution C 

2 ml DDW 

8 ml Solution G 

fill each tube with gel solution to within 

4. After all tubes are filled, very gently layer on top of the gel 

solution enough distilled water to eliminate the meniscus and form 

a flat surface on the polymerizing gel. 

5. Allow the gels to polymerize for at least 45 min. 



Sample preparation 

6. Incubation Media 

Media 200 ul 

10% Sucrose 40 ul 

TOTAL 240 ul 

Load 100 ul in each of 2 gels. 

Pituitary Homogenate 

Pit homogenate 200 ul 

Triton X - 100 20 ul 

TOTAL 220 ul 

l-fix 

Let sit 15 min. 

Sonicate. 

Add 50 u1 10% Sucrose 
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Load 100 ul in each of 2 gels. 

Loading the Samples ~ the Gels 

7. After the gels have polymerized, carefully remove the rubber 

grommets and shake off the water layer. Fit the gels into the 

upper chamber of the electrophoresis unit. 

8. Fill the lower buffer chamber with enough of the Tris-glycine 

buffer to cover the lower end of the gels when the unit is 

assembled. 

9. Assemble the electrophoresis unit by placing the upper chamber 

(which contains the gels) onto the lower chamber. Remove any air 

bubbles under the gels by gently shaking the unit back and forth. 

10. Fill the upper chamber with Tris-glycine buffer that has 5 ml/liter 

tracking dye added to it. The buffer must cover the wire around 

the upper chamber. Remove air bubbles from the tops of the 

gels by gently displacing them with upper buffer dispensed from a 

pasteur pipet. 
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11. With a Hamilton syringe, carefully layer the sample into the well 

formed by the top of the gel and the sides of the glass tube. Each 

sample should be run in duplicate, and at least two blank gels (no 

sample) should be included for each run and processed through the 

whole procedure as if it containted a sample. 

12. Spike the last sample with 50 ul of PRL standard to which 8% 

sucrose has been added. 

The Run ----
13. After all the samples are loaded onto the gels, connect the 

electrodes of the electrophoresis unit to the power supply. 

14. Set the power supply for constant current and run at 4 rnA/gel, 

i.e., 12 gels = 48 rnA, and 18 gels = 72 rnA. 

15. When the dye band reaches a few millimeters from the bottom of the 

gel, turn the power off and begin the gel staining procedure 

immediately. 

Gel Staining 

16. Remove the gels from the glass tubes with distilled water ejected 

from a 50 ml syringe with a blunted 20 guage needle. The needle is 

carefully inserted between the gel and the wall of the tube, and 

the tube is carefully rotated as the water is ejected, loosening 

the gel from the tube. The gel should fallout of the tube. 

17. Place the gel in a 13 X 75 test tube filled with specimen stain. 

18. Stain the gels for 30 min. 



Destaining 

19. Removing the stain from the gels can be accomplished by electro

phoretic destaining, or by diffusion destaining with 7% acetic 

acid. 
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20. With either destaining method, destain until the protein bands are 

distinct and the gel in between the bands is clear. 

Cutting the Q.ili 

21. Place the gels on a light box and line up the dye bands. Try to be 

consistent when cutting out the band(s) of interest with a razor 

blade. For prolactin, cut out the band(s) corresponding to the 

band produced by the spike of prolactin. 

[NOTE: To verify the location of PRL in a gel, radioimmunoassay 5 mm 

segments from the top of the gel to the bottom. Do not stain this gel 

because staining denatures the PRL protein, altering its antigenicity 

for the PRL radioimmunoassay. In order to have a guide for cutting out 

the protein bands in an unstained gel, run a duplicate of the gel. Save 

one on dry ice while the other is stained as usual, thus serving as a 

guide for cutting the unstained gel. Place the 5 mm gel segments in 500 

ul of Earle's Balanced Salt Solution. After 24 hr at 4 degrees C, assay 

the eluent for PRL.] 



22. For each gel segment cut out as described in step #21, above, do 

the the following: 

Cut the gel lengthwise. 
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Put both segments in a scintillation vile with 1 ml NCS (previously 

diluted to 92% with water, by adding 42 m1 nDW to 500 m1 NCS. 

Let stand at room temperature for 24 hr. 

Add 10 m1 ACS scintillation coctail per vile. 

Let stand at room temperature for 48 hr. 

Count on a scintillation counter, using external standards ratio to 

convert counts/min into disintigrations/min. 



Buffers and Reagents 

SOLUTION A 

1 N Hel 

Tris 

TEMED 

QS to 100 m1 with DDW. 

pH to 8.8 - 9.0. 

48 ml 

36.3 g 

0.23 m1 

Good for 4 months if kept refrigerated. 

SOLUTION C 

Acrylamide 28 g 

Bis Acrylamide 0.735 g 

QS to 100 ml with DDW. 

Good indefinitely if kept refrigerated. 

SOLUTION G 

Ammonium Peroxydisulphate 

QS to 100 ml with DDW. 

Good for 1 week, if kept refrigerated. 

TRIS-GLYCINE BUFFER 

Tris 

Glycine 

QS to 1000 m1 with DDW. 

Keep refrigerated. 

3.0 g 

14.4 g 

0.14 g 
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LOWER CHAMBER BUFFER 

Same as Tris-Glycine Buffer, above. 

UPPER CHAMBER BUFFER 

Tris-Glycine Buffer 1000 m1 

0.005% Bromophenol Blue 5m1 

SPECIMEN STAIN 

Aniline Black 1 g 

(Naphthol Blue Black, C.I. 20470) 

QS to 200 ml with 7% acetic acid. 



APPENDIX 0 

INCUBATION OF HEMIPITUITARIES IN VITRO AND 

3H-LEUCINE LABELING OF NEWLY SYNTHESIZED PROLACTIN 

The purpose of this procedure is to incubate hemipituitaries in 

the presence of 3H-leucine so that, as PRL is synthesized in vitro, 3H-

leucine will be incorporated into the PRL molecule. 3H- PRL in the 

culture media or in a pituitary homogenate can be counted on a 

scintillation counter, after separation of PRL from other proteins by 

polyacrylamide gel electrophoresis (APPENDIX N). 

An important assumption of this procedure for experiments where 

animals are treated in ~ and PRL synthesis is measured in vitro is 

that the synthetic activity of the pituitary during the incubation 

reflects its synthetic activty while in vivo. 

One hemipituitary per vial was usually incubated in order to use 

the other hemipituitary for determination of PRL mRNA levels (APPENDIX 

G). Thus a direct correlation of PRL synthesis (3H-Ieucine incorpora

tion into PRL) and PRL mRNA levels could be examined for each animal. 

Procedure 

1. One half hour before the animals are killed, bubble 5% CO2-95% O2 

into Medium 199 (with Earle's Salts and L-Glutamine, GIBCO) at room 

temperature. 
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[NOTE: In order to help eliminate variation introduced by factors 

which might correlate with the order of kill, one animal from each 

treatment group was killed at a time.] 

2. Kill animals by rapid decapitation. Expose the pituitary, remove 

and discard the posterior lobe of the pituitary, and bisect the 

remaining pituitary in situ. 

3. Place the hemipituitary in a small glass vial (14.5 X 45 mm, 1 

dram, Kimble) which contains 0.5 ml Medium 199. 

4. With a 50 ul Hamilton syringe, immediately add 5 ul of 2 uCi/ul 3H-

leucine to the vial. (L-(3,4,5-3H) leucine, specific activity 50 

Ci/mM, total activity 5 mCi/2.5 ml, Research Products Interna

tional, TMM-117B) 

5. Place the vial in a Precision Dubnoff Metabolic Incubator (humidi

fied, 37 degrees C, 5% CO 2-95% 02 on an incubator setting of "10" 

arbitrary units of gas flow, shaking at 20-30 cycles per minute). 

6. Record the time that the vial (containing the hemipituitary, Medium 

199, and 3H-leucine) was placed in the incubator. 

7. Incubate each hemipituitary for 3 hr. 

8. After 3 hr of incubation, remove the vial from the incubator 

(continue to gas and humidify the remaining vials between time

points) and record the time. 

9. Remove the media from the vial with a pasteur pipet and save in a 

1.4 ml plastic minifuge tube. 

10. Weigh the hemipituitary and place it in a 1.4 ml plastic minifuge 

tube which contains 0.5 m1 PBS. 



11. Refrigerate (or freeze) media from the vials immediately, and 

refrigerate the hemipituitary samples. 
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12. When all vials have been removed from the incubator, sonicate the 

pituitary in the minifuge tube containing the PBS. 

13. Freeze all vials until radioimmunoassay (APPENDIX L) and/or poly

acyrilamide gel electrophoresis (APPENDIX N) 
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APPENDIX P 

CONSTRUCTION OF A SIMPLE DOT BLOT SUCTION MANIFOLD 

This procedure describes the construction of a simple device for 

placing 96 cytodot samples (prepared according to the method of White 

and Bancroft (1982) on a piece of nitrocellulose paper. It can be made 

for a few dollars from commonly available items in about five minutes, 

and adequately replaces devices costing hundreds of dollars. 

Procedure 

1. Take a plastic pipet tip box (12 X 8 = 96 holes) with a plastic 

bottom cover and remove any small nubs of plastic on the surface on 

which the nitrocellulose paper will lie. 

2. Drill two holes in the narrow side of the box that will accept two 

Hose Barbs to Male Pipe (hereafter called Hose Barbs). Screw in 

the Hose Barbs. 

3. Place the plastic bottom of the pipet box on a small piece of wood 

thick enough to accept a 1 inch wood screw. Starting with as large 

a washer as will fit in the bottom cover (it's diameter should be a 

little less than the narrow length of the bottom cover) make a 

concentric "pyramid" of washers until the hole in a washer is small 

enough so that the wood screw can hold the washers down and the 

washers can keep the bottom cover down on the wood. Firmly screw 
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in the wood screw. (Without this washer arrangement, the bottom 

cover invariably buckles when suction is applied and the vacuum is 

lost.) 

4. Place the pipet box on the firmly anchored bottom cover. The 

device is now complete, and ready to accept a vaccum hose 

(connectec to a liquid trap) on one Hose Barb. Placing a fingertip 

over the opening of the other Hose Barb allows precise control of 

the suction reaching the holes. 

Wet nitrocellulose paper (soaked in DDW, then 20 X SSC)is placed 

on the top of the box so that all the holes are covered, and a vacuum is 

pulled on the box by closing the open Hose Barb with a fingert~p only 

when a sample is actually being pipetted. 
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Materials 

96 HOLE PIPET TIP HOLDER 

Pipet tips from many suppliers come packed in plastic box-like platforms 

with plastic covers on the bottom. 

HOSE BARB TO MALE PIPE (HOSE BARB) 

These can be found in virtually any hardware store. Made of brass, they 

have a barb on one end to accept a hose, and male pipe threads on the 

other end. Although any similar fitting will work, the one I used was a 

125 Hose Barb to Male Pipe, Part #125, Tube Inside Diameter 1/2 inch, 

Pipe Size 1/2 inch, made by the Robert Manufacturing Co., 10667 Jersey 

Blvd., Rancho Cucamonga, Ca, 91730-0668. 

METAL WASHERS AND WOOD SCREWS 

Many different sizes found in any hardware store. 
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Figure 37. Identical aliquots of the same pituitary cytodot sample 
blotted 96 times onto nitrocellulose paper and hybridized to the radio
labelled plasmid 32P-pPRL-l. The pituitary was from a female rat. 
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Figure 38. Squares containing the cytodots from Figure 37 were cut out 
of nitrocellulose paper and counted on a scintillation counter and the 
variability evaluated by rows and columns. The MEAN + SEM for all of 
the a1iquots was 366 + 4. Note: treatment groups were always grouped by 
columns, never by rows. For example, all or part of the first column 
would be samples from one treatment group. 



APPENDIX Q 

HAMSTER VAGINAL EXUDATE AND VAGINAL SMEAR PROCEDURE 

Before starting an experiment with female hamsters, the estrus 

cycle of each animal was recorded over at least 3 normal (4 day) cycles 

by following the pattern of appearance of the conspicuous vaginal dis

charge seen on the day of ovulation (Estrus, or Day 1). Although the 

quality of the discharge changed from the early morning hours ("stringy" 

and viscous) to early afternoon (less so), the copious vaginal discharge 

was a reliable and regular feature of the day of Estrus in normal 

untreated cycling animals. 

After animals were treated (e.g., blinding and sham-pinealec

tomy) the pattern and appearance of the vaginal exudates often appeared 

to become ambiguous, and so vaginal smears were also taken in order to 

confirm that Estrus had or had not occurred. 

Vaginal Exudate Procedure 

Pick up the animal by the scruff of the neck and gently spread 

and push on the vagina. On the day of estrus (from early morning 

through early afternoon) there should be a very conspicuous white vagi

nal discharge. It is often stringy and has a distinctive pungent odor. 

Occasion1y, a firm waxy plug-like object may corne out but this is 

usually easily distinguished from an estrus exudate. (For additional 

details, see Orsini (1961). 
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Vaginal Smear Procedure 

Vaginal smears are obtained by gently introducing 100-200 ul of 

water into the vagina with an eye dropper and then immediately with

drawing the water back into the dropper. A small amount is spread on a 

microscopic slide and allowed to air dry, or dry on a hotplate. The 

slide is then stained with 1% Toluidine Blue in 1% Sodium Borate, washed 

with deionized distilled water, and examined for the typical histology 

present on each day of the cycle. (For additional details, see Kent 

(1968). 



APPENDIX R 

RECOMBINANT DNA METHODOLOGY 

A plasmid is a continuous circle of double-stranded DNA that 

exists as a semi-autonomous unit in bacteria, such as E. coli. Like 

genomic DNA it is capable of replicating itself and is composed of genes 

that can be transcribed into mRNA which, in turn, are translated into 

various proteins. These proteins include enzymes which, in certain 

plasmids, can inactivate antibiotics such as tetracycline and/or 

ampicillin, and thus bacteria which carry these plasmids are resistent 

to normally lethal antibiotics. As will be discussed, having both 

of these antibiotic resistence genes on the same plasmid is a useful 

feature for selecting bacteria which only contain the plasmid of 

interest. 

This antibiotics resistence feature of plasmids is useful in 

selecting for recombinant DNA plasmids once they are constructed 

because, if a sequence of interest (e.g., PRL cDNA made from PRL mRNA) 

is inserted into a plasmid found in E. coli (e.g., pBR322) and the 

resulting recombinant plasmid (in this case, pPRL-l) is inserted back 

into bacteria, a successful transfection ("insertion") can be confirmed 

because the bacteria will be resistent immediately to the effects of 

tetracycline. (See APPENDIX E for the structure of pPRL-l). Thus, 

bacteria which grow in the presence of, in this case, tetracycline 

contain the plasmid of interest. The desired sequence {e.g., prolactin 
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cDNA made from prolactin mRNA) is inserted into the middle of the ampi

cillin resistence gene, which usually is usually inactivated by the 

presence of the insert. Thus, a plasmid which has been sucessfully 

constructed will confer the following selectable traits on bacteria into 

which it has been inserted: (1) tetracycline resistence, and (2) ampi

cillin sensitivity. 

If a large quantity of bacteria is grown and the plasmid pPRL-l 

is isolated and purified, a virtually limitless quantity of PRL cDNA 

(inserted into the recombinant plasmid) can be obtained. This PRL cDNA 

will hybridize (noncovalently bond) with a strand of PRL mRNA via com

plimentary pairing of nucleotide bases, the same forces which hold the 

two strands of the DNA double helix together. If PRL mRNA from pitui

tary tissue, for example, is immobilized on a solid support and the 

plasmid is radioactively labeled and permitted to hybridize with the 

mRNA, then the presence of PRL mRNA can be detected by the amount of 

radioactively labeled pPRL-l that hybridizes to the PRL mRNA sample. 

General references for the above discussion can be found in Maniatis et 

al. (1982), and Watson, Tooze, and Kurtz (1983). More detailed informa

tion can be found in Lehrach et al. (1977), Wahl, Stern, and Stark 

(1979), Maurer (1980a), Thomas (1980), Seed (1982), Gillespie and 

Bresser (1983), Meinkoth and Wahl (1984), and Gatti, Concannon, and 

Salser (1984). 

Some general implications of recombinant DNA methods for endo

crinology have been discussed by Eiden (1982) and Maurer (1983). 

I obtained from Dr. Richard Maurer, University of Iowa, the 
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plasmid pPRL-l in the form of a "stab cuI ture." That is, pPRL-l had 

already been inserted into E. coli by Maurer's lab (Gubbins et al., 

1979; 1980; Maurer, 1983), and a small smear of the bacteria was 

"stabbed" into soft agar and sent to me. I grew the bacteria in tetra

cycline-containing media and isolated a quantity of the plasmid pPRL-l 

by various extractions and Sephacryl-l000 column chromatography 

(APPENDIX A, Figure 29). The presence and homogeneity of the plasmid 

was confirmed by agarose gel electrophoresis of the whole circular 

plasmid (APPENDIX C, Figure 30) in addition to a digest of the plasmid 

using the restriction enzyme Pst I, which cuts the PRL cDNA sequence out 

of the pPRL-l plasmid. A Pst I digest of pPRL-l thus produced two 

linear fragments of DNA consisting of the PRL cDNA sequence and the 

original pBR322 plasmid sequence into which it was inserted, as con

firmed in APPENDIX C, Figure 31. 

In addition to the above biochemical verification of the iden

tity of pPRL-l, a series of experiments were undertaken to demonstrate 

that pPRL-l could successfully identify changes in PRL mRNA levels in 

vitro as reported in the literature. These experiments in GH3 cells are 

briefly presented in APPENDIX S. In general, the major features of PRL 

mRNA regulation in GH3 cells were replicated (i.e., stimulation by (1) 

calcium and (2) TRH, and (3) inhibition or no stimulation by dexa

methasone, which is known to stimulate growth hormone mRNA (See 

APPRENDIX S for references.) 

Several technical experiments were performed to establish that 

pPRL-l binds in a linear manner to one-half dilutions of cytodot sample. 
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These showed that there is a linear range of sample dilutions and that 

samples of a certain concentration will provide a reliable indication of 

differences in PRL mRNA among treatment groups. This linearity of 

binding was established for samples derived from GH3 cells, rats, and 

hamsters, and a representative linear plot, for GH3 cells, is shown in 

APPENDIX R, Figure 40. 

Other technical experiments included blotting 96 aliquots of 

same sample of female rat pituitary in one assay to ascertain intra

assay variability for the cytodot hybridization procedure. The mean + 

SEM of the 96 samples was 366 + 4 (counts per minute/cytodot). This is 

also a test of the simple dot blot suction manifold which I constructed 

from a pipet tip box and a hose barb (APPENDIX p) and a photograph of 

all 96 cytodots can be seen in APPENDIX P, Figure 37; also seen in 

APPENDIX P is an analysis of the consistency of this suction manifold by 

rows and columns, Figure 38. 

I also compared the ability of the probe 32p-pPRL-l to bind to 

the following tissues in female and male rats: pituitary, cere-

bellum, hypothalamus, spleen, and liver. Figure 39 of APPENDIX R shows 

that, while the probe strongly hybridizes to both male and female 

pituitaries (females more so than males), no binding in any other tissue 

was detected, attesting to the specificity of the probe. That is, the 

probe is not binding indiscriminantly to any tissues, only those estab

lished to contain prolactin mRNA in significant quantities. 

Prolactin mRNA has been reported to be present in the rat hypo

thalamus (Schachter et al., 1984) but their method was much more 
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senstive than the cytodot method of White and Bancroft (1982), which was 

used here. The former authors extracted from total cell RNA the 

approximately 5% that is mRNA, and then used an agarose gel and pPRL-l 

probe to identify specific PRL mRNA. In the cytodot method, whole cell 

RNA is probed. 

The mRNA assay used in all of the experiments discussed above 

was the "cytodot" procedure (White and Bancroft, 1982). A crude cyto

plasmic fraction is obtained by lysing cells with detergent in the 

presence of a buffer, spinning out a nuclear pellet, and denaturing the 

resulting cytoplasmic supernatant with formaldehyde, salt, and heat. It 

is this cr?de cytoplasmic fraction (containing protein, mRNA, rRNA and 

possibly other cytoplasmic components) that is blotted onto special 

filter paper (APPENDIX G) and probed with the plasmid pPRL-l (APPENDICES 

F and J). 

To verify that when pPRL-l hybridizes to a spot of cytoplasmic 

sample it is doing so specifically with a discrete species of RNA, a 

sample of purified RNA can be electrophoresed on an agarose gel, which 

separates RNA by size (APPENDIX H). The resulting bands of RNA in the 

gel after the run can be transferred by blotting to special filter paper 

(APPENDIX I) and probed for the presence of PRL mRNA with pPRL-l 

(APPENDICES F and J). This was done with both rat and hamster pitui

taries, using liver (not known to produce PRL) as the negative control 

tissue. The results of the gel show that pPRL-l hybridizes with a 

discrete band of RNA in both the rat and the hamster, and that these 

bands comigrate when run on the same gel. Both rat and hamster liver 
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failed to produce pPRL-I-hybridizable bands, confirming that PRL mRNA is 

not found in the liver '(Chapter 4, Figure I). 

Using another comparative approach to validate the use of pPRL-I 

for detecting PRL mRNA in the hamster, female hamsters and rats were 

ovariectomized and compared with unoperated controls with respect to 

changes in PRL regulation. Pituitary PRL mRNA levels were substantially 

and significantly reduced in ovariectomized hamsters and rats (Chapter 

4, Figure 2 and Table 3). Thus the plasmid probe pPRL-I was able 

to detect the expected negative changes in PRL mRNA levels in both the 

rat and the hamster, and these changes were in agreement with known 

effects of ovariectomy on PRL synthesis and pituitary prolactin in the 

ovariectomized rat (Leadem and Blask, 1982). 

Additional information bearing on the extent of homology between 

hamster and rat prolactin is presented in the discussion section of 

Chapter 4. 
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Figure 39. Comparison of the hybridization of the plasmid 32P-pPRL-l to 
one-half dilutions of cytodot samples from different tissues in the male 
and female rat. Only cytodot samples from male pituitaries (two lighter 
rows of dots) and female (two darker rows of dots) hybridized to 32P
pPRL-l, which contains the rat prolactin eDNA sequence. Cytodot samples 
from cerebellum, hypothalamus, spleen, and liver (blank spaces) showed 
no visibly detectable hybridization. 
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APPENDIX S 

THE USE OF THE PLASMID pPRL-l WITH GH3 CELLS 

GH3 cells are derived from a rat pituitary tumor cell line which 

produces both growth hormone and prolactin (Tashjian and Hoyt, 1972). 

TRH has been reported to stimulate the in vitro production of prolactin 

while having little or no effect on growth hormone (Yajima and Saito, 

1983). Prolactin mRNA levels have been shown to be increased in GH3 

cells, or subs trains of this line, after treatment with epidermal growth 

factor, TRH, and calcium (Evans et al., 1978; Murdoch, 1983; White and 

Bancroft, 1983; White et al., 1981), and recently vasoactive intestinal 

peptide (Carrillo et al., 1985). 

I successfully repeated the positive effects of TRH and calcium 

in raising levels of prolactin mRNA in GH3 cells, as outlined in the 

following section. 

The cells wer,e propogated in 10% CO2, 90% 02 in serum-containing 

media (Jokliks Media with 15% horse serum and 2.5% fetal bovine serum), 

and then transferred to calcium-free, serum-free media containing no 

hormones or proteins (Bauer, Arthur, and Fine, 1976) for 3 days of 

deinduction before a one day treatment with: (1) media vehicle, (2) 0.4 

mM Ca +2, (3) 0.1 uM TRH, or (4) Ca +2 pI us TRH. 

Calcium (calcium chloride) alone caused a significant increase 

in PRL mRNA levels over control values, and TRH plus calcium caused a 

significant incease in PRL mRNA over calcium or TRH alone (Figure 42). 
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In all GH3 experiments in which TRH was used as a positive control 

(i.e., as a known stimulator of PRL mRNA) elevated levels of PRL mRNA 

were observed compared to control values. This was true in serum-free 

media, and also in later experiments with heat-treated serum-containing 

media (data not shown), and untreated serum-containing media (data not 

shown). 

Dexamethasone is a synthetic glucocorticoid known to increase 

growth hormone mRNA levels and ~ to affect prolactin mRNA levels in 

GH3 cells (White et al., 1981). Treating GH3 cells with dexamethasone 

is a good test of the base pairing specificity of pPRL-l because growth 

hormone and prolactin mRNA's contain substantial sequence homology. 

Keeping in mind that the extent of sequence homology between two single

strands of DNA or RNA determine in large measure the extent of cross 

hybridization between the two, Cook et al. (1981) state that 39% of the 

sequence of growth hormone is identical to prolactin. 

Thus, if pPRL-l, which contains the rat prolactin cDNA sequence, 

cross-hybridized with growth hormone mRNA, then treating GH3 cells with 

dexamethasone would cause an increase in pPRL-l hybridization to the 

sample. Since dexamethasone treatment of GH3 cells does not, in fact, 

result in increased pPRL-l hybridization to the sample (see below) this 

may be regarded as evidence that pPRL-l does not "cross react" with 

growth hormone mRNA. The growth hormone counterpart to pPRL-l, pBR322-

GH1, has been shown to detect increased growth hormone mRNA production 

in response to dexamethasone (White et al., 1981). 
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I have treated GH3 cells with dexamethasone (200 nM) and found 

no increase in PRL mRNA levels when compared to controls. In the same 

experiment, TRH (200 nM) caused a significant increase in PRL mRNA 

levels while, interestingly the combination of TRH and dexamethasone 

resulted in PRL mRNA levels that were intermediate between control and 

TRH levels (Figure 41). Thus dexamethasone counteracted much of the 

stimulatory effect of TRH. 

The important result of this experiment with dexamethasone is 

that an established stimulator of growth hormone mRNA levels, dexametha

sone, failed to increase the amount of pPRL-l-hybridizable mRNA in GH3 

cells. This is additional of evidence that pPRL-l is highly specific 

for binding to PRL mRNA sequences. 

An important recent development with regard to the use of GH3 

cells, to test the prolactin-stimulatory effects of TRH and the inhibi

tory effects of glucocorticoids like dexamethasone, is that this cell 

line may be functionally heterogeneous. Boockfor et al. (1985), using a 

hemolytic plaque assay, have reported that~ in response to TRH, there 

may be an increase in the relative number of cells which secrete prolac

tin, rather than merely an increase in prolactin production in cells 

which have functionally diversified into "prolactin secretors." 

Likewise, the opposite shift (from prolactin to growth hormone) would be 

true for the effects of dexamethasone on prolactin production in GH3 

cells. 

Even if this is the explanation for why TRH increases prolactin 

mRNA in GH3 cells, the validation of the specificity of the pPRL-l probe 
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is no less secure. Whatever the reason, prolactin mRNA is decreased or 

not stimulated by dexamethasone, and is increased by TRH, and both of 

these effects were seen in the experments outlined above. 
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Figure 41. Prolactin mRNA levels in GH3 cells before and after 3 days 
of incubation with media vehicle (VEH) only, dexame~hasone (DEX) (2 X 
10-7M), thyrotropin releasing hormone (TRH) (2 X 10- M), or both. The 
first bar ("paper") represents the average background radiation counts 
on a square of nitrocellulose paper which did not contain a sample. The 
number at the bottom of the bar ia the number of tissue culture plates. 
Statistical analysis: one-way analysis of variance, and Student-Newman
Keuls Multiple Range Test. Identical pairs of letters identify 
significant differences. (a, c, d, p < 0.01; b, p < 0.05). 
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Figure 42. Prolactin mRNA levels in G01 cells before and after 24 hours 
of incubation with media only. calcium (0.4 mM). thyrotropin releasing 
hormone (TRH) (0.1 uM), or both TRH and calcium. The first bar repre
sents the average background radiation counts on a square of nitro
cellulose paper which did not contain a sample. The number at the 
bottom of the bar is the number of tissue culture plates. Statistical 
analysis: one-way analysis of variance, and Student-Newman-Keuls 
Multiple Range Test. Identical pairs of letters identify significant 
differences (a. c, p < 0.05; b, p < 0.01). 
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