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ABSTRACT 

The morphological and physiological effects of pineal gland 

activity on the prolactin-secreting cells of the anterior pituitary 

were examined in blind-anosmic male and female rats. Prolactin syn

thesis was measured by the ability of anterior pituitaries to incor-

porate H-leucine into prolactin in vitro. Pituitary storage of 

prolactin was assessed by measuring radioimmunoassayable prolactin 

levels in the pituitaries in vivo and the total amount of immunoassay-

able prolactin in vitro. The effects of the activated pineal on pro

lactin release were estimated by monitoring radioimmunoassayable 

serum prolactin levels. Finally, the morphology of the prolactin 

cells was analyzed by both light microscopic immunocytochemistry and 

transmission electron microscopy. 

Eight weeks after blinding and olfactory bulbectomy in pre

pubertal male and female rats, prolactin synthesis, storage and re

lease were all significantly decreased compared to unoperated control 

values. Pinealectomy in blind-anosmic rats completely prevented 

these effects. Similar results were obtained four weeks after treat

ment, but not after only one week. Furthermore, the reductions in 

prolactin synthesis, storage and release were not a consequence of 

the pineal-induced gonadal atrophy in these animals, since these 

effects persisted in ovariectomized-blind-anosmic rats. The pineal 

xvii 
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also elicited these effects in female rats rendered blind-anosmic 

after puberty, though to a lesser degree than when immature animals 

were used. 

Concomitant with these alterations in prolactin synthesis, 

storage and release were regressive changes in the morphology of 

individual prolactin cells and in the number of these cells in the 

pituitary. Anterior pituitaries from blind-anosmic rats were approx

imately half the weight of glands from intact animals and contained a 

third less DNA. This loss of cell number was largely accounted for 

by a reduction in the number of prolactin cells, as shown by immuno-

cytochemistry. Additionally, each prolactin cell was smaller in size 

in blind-anosmic female rats and showed scant endoplasmic reticulum, 

a small Golgi complex, few secretory granules and rare exocytosis 

patterns. 

From these data I conclude that the pineal gland exerts a 

strong inhibition on the prolactin cells of blind-anosmic rats. 



INTRODUCTION 

The Pineal Gland 

General History 

The pineal body has stirred the interest of scientists and 

philosophers for centuries. In humans, this small, piriform organ 

lies deep between the cerebral hemispheres, just inferior to the 

spenium of the corpus callosum. Its close association with the 

cerebral ventricles and unique status as the only unpaired structure 

in the brain led many ancient anatomists to believe that it controlled 

the flow of body humors [1]. The French philosopher Rene Descartes 

(1596-1650) even declared the pineal to be the "seat of the soul". 

In the nineteenth century the mammalian pineal body was re

garded as the vestigal homologue of the nonmammalian photosensory 

epiphysis or "third eye", its photoreceptor cells being lost in the 

evolution of mammals. This idea of vestigiality stuck fast to the 

pineal until late into the present century, despite morphological 

observations indicating that it was an organ of internal secretion [1], 

The turning point for pinealology came during the 1950's in 

two landmark events. The first was the publication of Kitay and 

Altschule's book, The Pineal Gland [2], a sweeping review of all the 

pineal literature to date. The authors concluded that the function 

of the pineal is related to that of the gonads and this insight set 

the course for modern pineal research. The second event was the 

1 



identification of the first pineal hormone, melatonin, in 1958 [3]• 

Although isolated for its skin-lightening effects in frogs, melatonin 

has since been shown to have profound effects on the mammalian repro

ductive system [4]. 

Quickly following upon the discovery of melatonin, Axelrod 

and coworkers [5, 6] began to define the biochemical pathways by 

which this indoleamine is produced. They identified two major en

zymes: hydroxyindole-o-methyltransferase (HIOMT), which o-methylates 

n-acetylserotonin to form melatonin, and serotonin n-acetyltransfer-

ase (NAT), which converts serotonin to n-acetylserotonin. 

The next chapter in pineal research saw the elucidation of a 

relationship between the pineal and evironmental lighting. It was 

already known that continuous light causes a reduction in pineal 

weight and that transection of both optic nerves prevents this 

effect [7, 8]. Wurtman et al. [9] found that pineal levels of HIOMT 

increased in an animal kept in complete darkness and that the low 

levels found in an animal exposed to constant light could be elevated 

by blinding it or removing both superior cervical ganglia. These 

data indicated that darkness stimulates the pineal to produce mela

tonin, and that this effect of light-deprivation is mediated by the 

eyes and optic projections leading to the sympathetic nervous system. 

This apparent relationship led Wurtman and Anton-Tay [10] to charac

terize the pineal as a "neuroendocrine-transducer." 
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The Pineal and Reproduction 

The physiological action of the pineal on the reproductive 

system was first clarified by Hoffman and Reiter [11]. They found 

that when golden hamsters (Mesocricetus auratus) are placed in short 

photoperiod (one hour light: 23 hours darkness, or 1:23 L:D) or 

blinded by bilateral optic enucleation their testes underwent marked 

regression within 30 days. Interestingly, removal of the pineal com

pletely prevented this testicular atrophy whereas pinealectomy of 

hamsters placed in long photoperiod (16:8 L:D) had no gonadal effect. 

This experiment showed that the pineal gland, when stimulated by 

light-deprivation, induces gonadal regression. Today, it is well 

recognized that anything less than 12.5 hours of light per day re

sults in pineal-induced gonadal regression in hamsters [12]. The 

atrophy of the testes that occurs is more than just a change in 

morphology; there is a nearly complete loss of spermatogenesis [11, 

13, 14]. Furthermore, the testosterone-dependent accessory organs 

(ventral prostate, seminal vesicles, and coagulating glands) are also 

hypotrophied in light-deprived male hamsters [13, 14]. 

When female hamsters are placed in a short photoperiod or 

blinded, uterine weights are markedly reduced after four to six weeks 

[14, 15]. Once again, pinealectomy completely prevents this effect. 

The ovaries, in contrast, of these hamsters show no change or only a 

slight increase in weight. There are, however, drastic changes in 

morphology. Ovaries of hamsters blinded for nine weeks contain large 

amounts of interstitial tissue, small numbers of antral follicles and 

very few corpora lutea [14]. Additionally, by seven weeks such 
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animals become acyclic, their vaginal smears containing mostly corni-

fied cells with varying numbers of leucocytes [16]. The smear is 

different from any seen during normal estrous cycles, but resembles 

that found after ovariectomy. Because these blinded hamsters are 

acyclic, the incidence of pregnancy is severely depressed [17]. 

Unlike the hamster, the laboratory rat is not particularly 

sensitive to the antigonadotrophic action of the pineal, even though 

some minor effects are noted. Light-deprivation in female rats is 

known to delay the date of vaginal opening [18, 19] and to cause some 

slight alterations in the estrous cycle [19, 20], but little or no 

effect has been observed on ovarian and uterine weights [19, 20, 21]. 

Dickson et al. [22] did observe, however, that blinding partially 

prevented the compensatory ovarian hypertrophy that ensues after uni

lateral ovariectomy. Furthermore, these investigators found this re

sponse reversed by removal of the pineal gland. 

Pinealectomy by itself in female rats has been reported to 

cause moderate ovarian hypertrophy [23, 24]; this effect, however, 

does not always occur [25, 26]. Additionally, pinealectomy advances 

the onset of vaginal opening [26], precisely the opposite effect to 

that of light-deprivation. Furthermore, pinealectomy increases the 

incidence of vaginal smears in estrous [25], but does not affect fer

tility [26]. It is important to note, however, that most of these 

studies concerning pinealectomy were performed in animals exposed to 

12 or more hours of light per day, a photoperiod known to be inhibi

tory to pineal function. 
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Male rats also show low responsiveness to the effects of the 

pineal gland. Light restriction in these animals results only in 

mild perturbations of reproductive organ morphology. Testicular 

weight is either reduced [27] or unaffected [21, 28] in such animals. 

Accessory organ weights (seminal vesicles and ventral prostate) are 

usually decreased [21, 27, 28]; these effects are counteracted by 

pinealectomy. Furthermore, pineal removal by itself in male rats 

leads to some increase in accessory organ weight [29], though again, 

this effect is inconstant [26]; it does not, however, have any effect 

on testicular weight [26, 29]. 

As seen above, the reproductive systems of male and female 

laboratory rats are relatively unresponsive to the influence of the 

activated pineal gland. Several experimental alterations, however, 

will increase its sensitivity. These sensitizing or potentiating 

procedures are neonatal androgen sterilization, underfeeding, and 

bilateral olfactory bulbectomy. In themselves, these conditions do 

not cause gonadal atrophy, but when combined with light deprivation 

they bring about severe hypotrophy of the reproductive system. 

Treatment of female rats at birth with high doses of androgens 

has been shown to cause permanent sterility [30]. The animals show 

persistent vaginal cornifications and have small polyfollicular 

ovaries with no corpora lutea and uteri which are slightly smaller 

than those of untreated animals. When given at this evidently appro

priate time of development, androgens apparently "masculinize" the 

functional organization of the developing hypothalamus, such that it 

becomes relatively insensitive to the positive feedback effects of 
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gonadal steroids. This lack of sensitivity eliminates the cyclical 

stimulus for gonadotrophin secretion, thereby halting ovulation. In 

the male rat, androgen treatment of neonates results in diminished 

growth of the testes [31]. 

When neonatal androgen treatment is combined with light re

striction, marked regression of the reproductive system ensues, an 

hypotrophy that is greater than that following blinding or androgen 

treatment alone [32]. After eight weeks, female rats so treated have 

severely reduced ovarian and uterine weights [33, 34]. The ovaries 

contain fewer vesicular follicles than the typical polyfollicular 

ovaries seen with androgen treatment alone. Pinealectomy, however, 

in these animals fully reverses the effects of blinding on androgen-

treated females [33, 34]. Similarly, male rats that are both blinded 

and neonatally androgen-treated have testes and accessory organs that 

are markedly atrophic [35], the gonads apparently being aspermatogenic. 

Again, removal of the pineal obviates these effects. As the hypo

thesis goes, neonatal androgen treatment renders the animal more 

sensitive to pineal secretions rather than promoting an increase in 

pineal activity per se [36]. This explanation is based on the obser

vation that HIOMT, the melatonin-forming enzyme, is unaffected by 

neonatal androgen treatment. 

The second procedure which potentiates the effects of an acti

vated pineal in the rat is underfeeding. Malnutrition has long been 

known to decrease gonadal weight and function [37]. The relationship 

between undernutrition, the pineal gland and gonadal regression, how

ever, was first demonstrated by Krecek and Palaty [38]. They found 
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that seminal vesicle weight was decreased in rats 30 days after they 

were prematurely weaned and that pinealectomy reversed this effect. 

Sorrentino et al. [39] demonstrated that the combination of 50% under

feeding with blinding in male rats caused atrophy of the testes and 

accessory organs beyond that obtained by either condition alone. 

Again, this accentuated response to underfeeding induced by light-

deprivation was reversed by pinealectomy. Similar responses can be 

elicited in underfed female rats [40]. Therefore, the reproductive 

system of the underfed rat is apparently more responsive to the 

effects of reduced photic input as mediated by the pineal gland. 

The idea that underfeeding sensitizes the animal to pineal 

hormones has been substantiated directly by Blask et al. [41]. They 

found that underfed male rats were sensitized to the effects of daily 

afternoon melatonin injections, in that the weights of the testes and 

accessory organs were drastically reduced when compared with those of 

underfed controls. Fed animals did not show this gonadal regression 

following melatonin injections. But while this experiment indicates 

that underfeeding is a sensitizing factor, a direct effect of malnu

trition on pineal activity cannot be ruled out [42]. 

The final and most studied potentiating condition to be dis

cussed is anosmia as produced by the removal of the olfactory bulbs. 

The relationship between olfaction and reproduction is an important 

one [43, 44]. In certain strains of female mice, olfactory bulbec-

tomy is known to lead to ovarian and uterine atrophy, but in males it 

has little effect [45]. In rats, on the other hand, less obvious 

perturbations in the reproductive tract are seen. Female rats 



rendered anosmic by olfactory bulbectomy show minor reductions of 

mating receptivity [46, 47] and copulation-induced ovulation [47]. 

Both peripherally-induced anosmia (by chemical destruction of the 

olfactory epithelium) and subtotal olfactory bulb lesions cause a 

delay in the date of vaginal opening [48, 49]. Moreover, ovarian 

weights are decreased with olfactory tract transection [49] but not 

with peripherally-induced anosmia [48] or bilateral olfactory bulb

ectomy [59]. Olfactory bulb lesions in male rats delay puberty [49], 

hamper mating behavior [50, 51] and cause some decline in testicular 

and seminal vesicle weights [49]. Peripherally-induced anosmia, how

ever, does not affect testicular weight, although it does cause some 

decrease in fertility [48]. 

Though these effects of olfactory deprivation are evident, 

they are minor compared to those obtained when it is combined with 

blinding. In prepubertal female rats this dual sensory deprivation 

is followed in four to 14 weeks by atrophy of both the ovaries and 

uteri [50, 53]. The ovaries contain few vesicular follicles and even 

fewer, as well as smaller, corpora lutea. The uteri are infantile in 

appearance in that the myometrium is much reduced. Paralleling these 

morphological changes, both estrogen and progesterone levels are re

duced in blind-anosmic females [54]. Additionally, blinding in com

bination with experimentally-induced anosmia delays vaginal opening, 

decreases number of pregnancies and litter size and increases the 

length of diestrous periods, maternal age at parturition and mortal

ity of pups during nursing [50, 53]. All of these effects, however, 

are prevented by pinealectomy. Similar results can be obtained when 



postpubertal female rats are rendered blind-anosmic and blind-anosmic-

pinealectomized [55, 56]. 

As with the female, the male rat is susceptible to the effects 

of blinding and olfactory deprivation. Pre- and postpubertal male 

rats rendered both blind and anosmic have degenerated testes, seminal 

vesicles and ventral prostates after seven to 11 weeks [57, 58, 59]. 

Histologically, the testes of these animals appear to have a reduced 

rate of spermatogenesis [58]. Fertility and mating behavior, however, 

in such dual sensory-deprived male rats remain to be studied. 

The mechanism by which anosmia potentiates the effects of the 

pineal is not well defined. It is thought that anosmia does not lead 

to an increase in pineal activity, pineal weight does not change in 

the blind-anosmic male or female rat [50, 53, 55-58] and pineal HIOMT 

and melatonin levels are not different from those found with blinding 

alone [50, 53, 56-58], Additionally, the levels of NAT, thought to 

be the rate-limiting enzyme of melatonin formation, are no different 

in blind-anosmic male rats than those seen in blinded-only animals 

[60]. Care must be taken, however, in interpreting these findings 

because these data concern only the production of melatonin and do 

not take into account other potential pineal antigonadotrophins. 

Another mechanism that might explain the potentiating effects of ol

factory deprivation would be for anosmia to sensitize the sites of 

action of pineal hormones [36]. Direct evidence for this hypothesis 

is that olfactory deprivation, like underfeeding, has been shown to 

sensitize male rats to the effects of daily afternoon melatonin in

jections [61, 62]. 
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Prolactin 

Actions 

Prolactin (PRL) was first shown to be an adenohypophysial hor

mone in 1928 [63]. Since then it has been reported to be involved in 

a wide variety of physiological processes in all vertebrate classes. 

These processes include osmoregulation in fishes and reptiles, mor

phogenesis in amphibia, parental behavior in birds and reproduction 

in mammals. The multiplicity of the actions of PRL led one endocrin

ologist to rename the hormone "versitilin" [64]. 

In female rats PRL is known to act on three major sites: the 

mammary gland, ovary and reproductive tract. Of these, its action on 

the mammary gland is the best known. It induces both lobulo-alveolar 

growth [66] and lactogenesis [67]. 

In the ovary, PRL is known to have luteotrophic effects, as 

evidenced by its ability to maintain the corpus luteum after hypo-

physectomy [68], specifically by maintaining both progesterone syn

thesis [69] and circulating progesterone levels [70]. These effects 

may be accomplished through induction of enzymes necessary for ster

oidogenesis [71] and inhibition of enzymes involved in intraovarian 

progesterone catabolism [72]. In contrast to the data presented 

above, some evidence [73] indicates that PRL requires the presence of 

luteinizing hormone (LH) to fully maintain the corpus luteum. 

Interestingly, Holt et al. [74] found that PRL can increase the num

ber of LH receptors in young corpora lutea, a finding indicating that 
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the luteotrophic role of PRL involves sensitization of luteal cells 

to LH, which then might increase steroidogenesis. 

In addition to a luteotrophic action of PRL, evidence also 

exists which links PRL to luteolysis.' Malven [75] found that if in

jections of PRL given to hypophysectomized rats were delayed 80 hours 

after an injection of LH leading to ovulation, they could produce a 

strong luteolytic effect. If, on the other hand, the PRL injection 

was given sooner after LH administration, a luteotrophic effect 

was observed. Thus it seems that PRL may work on "old" corpora lutea 

to hasten their degeneration. In fact, it has been proposed that the 

PRL surge that occurs on the day of proestrus (see below) may help 

destroy the corpora lutea from the previous cycle [65]. 

The final major target site for PRL in the female rat is the 

reproductive tract. Apparently independent of its luteotrophic role, 

PRL has been shown to enhance the ability of progesterone to sustain 

decidual growth [76]. It has also been shown to cause relaxation of 

the uterine cervix [77] and to exert a marked inhibitory effect on 

uterine contractility [65]. These effects, however, may be more in 

the line of action of placental lactogen than pituitary PRL. 

The function of PRL in the male rat is less clearly defined. 

It is thought to be involved in maintaining the accessory organs and 

testicular steroidogenesis. Changes in circulating PRL during puberty 

(see below) parallel growth of the testes and accessory organs, a 

correlation perhaps indicating some role for PRL in their develop

ment [78]. Considerable evidence exists that in the testes PRL syn-

ergises with LH to maintain androgen steroidogenesis [79, 80], 
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possibly by increasing the number of LH receptors [81]. In the acces

sory organs PRL has also been shown to work synergistically with tes

tosterone to increase the weight and citric acid content of the la

teral lobe (but not the ventral or dorsal lobe) of the prostate [82]. 

It apparently accomplishes this by increasing testosterone uptake [83]. 

Additionally, PRL may affect the seminal vesicles, in that inhibition 

of PRL secretion decreases their weight in mice [84]. This effect, 

however, has not been tested in rats. 

Physiological Changes in Circulating PRL Titers 

The first changes in peripheral PRL levels in postnatal rats 

occur with puberty. PRL levels remain relatively low in both male and 

female neonates until approximately day 20 [77, 85-87]. At that time, 

blood PRL rises steadily, peaking on the day of vaginal opening in 

females and presumptive puberty in males. In female rats PRL declines 

after puberty [85, 86] and assumes its normal adult pattern of cycli

cal secretion (see below). In males the levels of PRL have been re

ported both to drop after puberty [86, 87] and to remain stable for 

20 days followed by two further step-like increases at 50 and 70 days 

of age [77]. The rise in PRL at puberty appears to play a functional 

role in that PRL injections or an implant of PRL in the median emi

nence of prepubertal female rats significantly advances the date of 

vaginal opening [88], while pituitary transplants in males promote 

precocious maturation [89]. Further definition of the involvement 

of PRL in the onset of puberty remains to be elucidated. 
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Postpubertally, female rats display a cyclical secretion of 

PRL that is locked to the estrous cycle. There is a sharp increase 

in blood PRL at 1500 hours on the day of proestrus [90-92] which is 

usually thought to subside by 0600 estrus. Some reports give a 

second peak of PRL at 1500 on estrus [90, 92] but this is not a con-

sistant observation [91]. The proestrous surge of PRL is apparently 

induced by the rising estrogen levels during diestrus [93] . Male 

rats show no such cyclical variations in PRL titers [94]. 

Less clearly defined in rats is the possibility that there 

are dirunal or circadian fluctuations in circulating PRL levels. In 

adult male rats, several studies have shown such a rhythm [95-99], 

but the time of peak PRL levels differs in each: just before the 

lights are turned off [97], in the middle of the dark phase [95, 98] 

and just before the lights are turned on [96, 99]. In contrast, 

Seggie and Brown [100] could find no significant circadian rhythm in 

PRL levels in males. In adult female rats Koch et al. [101] reported 

an increase in PRL titers in the afternoon as compared to the morning. 

Moreover, Dunn et al. [102] observed peaks of PRL in the afternoon at 

all stages of the estrous cycle except diestrus I. Slight afternoon 

or nocturnal increases in PRL have also been observed in ovariectom-

ized rats, an effect which was potentiated by estrogen-treatment [103, 

104]. The majority of recent reports, however, indicate that there 

is no circadian PRL rhythm in adult female rats other than the peaks 

normally seen on the day of proestrus and, occasionally, the day of 

estrus [92, 105-109]. Interestingly, a circadian rhythm has been ob

served in immature female rats which is apparently lost at puberty 
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[110]. This rhythm consisted of two daily surges of PRL in the light 

period. 

One physiologic state in the adult that is associated with 
4 

marked diurnal fluctuations in PRL titers is pseudopregnancy. Stimu

lation of the uterine cervix at proestrus has been known for sometime 

to maintain corpus luteum function for about 12 days [111]. Neill 

and coworkers [106, 112, 113] found that during pseudopregnancy two 

daily surges of PRL occur: a diurnal surge which begins when the 

lights are on and which peaks as the lights are turned off, and a 

nocturnal surge which begins when the lights are off and peaks as 

they are turned on. When expressed graphically, each surge haS a 

characteristic shape. These surges of PRL have been shown to be the 

initial luteotrophic stimulus following cervical stimulation [114] . 

Additionally, Neill and coworkers [109, 115] have demonstrated that 

the surges of PRL during pseudopregnancy are truly circadian in na

ture and entrained by the lighting cycle, probably via the supra-

chiasmatic nucleus [116]. 

During pregnancy, PRL levels change dramatically. Throughout 

the first nine days of pregnancy the pattern of PRL secretion is in

distinguishable from that seen during pseudopregnancy [117]. There

after, the surges subside and PRL levels remain fairly low until the 

day before parturition (day 22). At this time PRL levels increase and 

remain high during the postpartum period [118]. That the PRL surges 

of early pregnancy end sooner than those of pseudopregnancy may re

late to negative feedback on pituitary PRL of either placental 
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lactogens [117, 118] or an unidentified inhibitory substance from the 

unterine-placental unit [119]. 

One of the best known and most dramatic fluctuations in blood 

PRL levels occurs with suckling. Reece and Turner [120] were the 

first to show that pituitary PRL stores were depleted after suckling. 

Later it was found that the normally high blood PRL levels of post

partum rats decline within 30 minutes after pup removal [94] but in

crease rapidly (six minutes) when the pups are returned and resume 

suckling [94, 121]. This response of PRL is fully present on the 

first postpartum day, but tends to decline late in the lactation per

iod [122, 123]. Furthermore, litter size seems to influence the amp

litude of the suckling-induced PRL surge, in that the fewer the pups 

the lower the amount of PRL secreted [122]. 

The last physiologic state to be considered which affects 

serum PRL levels is stress. Nicoll et al. [124] observed that severe 

cold, intense light, restraint, starvation or subcutaneous formalde

hyde injections all caused lactation in estrogen-treated female rats. 

They concluded that "non-specific" stress caused an increase in cir

culating PRL titers. Neill [91] later confirmed this early work by 

the finding that blood sampling from the abdominal aorta after lapa

rotomy under ether anesthesia significantly increased PRL levels 

over that seen in decapitated controls. Since that time numerous 

reports have appeared to show that non-specific stress causes PRL 

release in both male [125-127] and female [128-130] rats. The stress-

induced release of PRL in the female is interesting in that it seems 

to vary with the estrous cycle [91, 129, 131]. When PRL levels are 
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low, as during diestrus, stress will cause a rise in serum PRL; but 

when PRL levels are already high, such as during the proestrus surge, 

stress will decrease blood PRL titers. This paradoxical effect of 

stress on PRL indicates a possible role of gonadal steroids in the 

stress response. Along this line, Smith and Gala [130] found that 

estrogen treatment could restore the response of PRL to stress in 

ovariectomized animals. 

Control of PRL Secretion 

PRL appears to be under predominantly inhibitory control by 

the hypothalamus. Indirectly, Everett [132] was the first to show 

this when he found that pituitaries, separated from the hypothalamus 

and transplanted beneath the kidney capsule, secreted enough PRL to 

maintain corpus luteum function. Later, it was shown that such 

ectopic pituitaries can increase plasma PRL values to as much as 

that seen during lactation [133]. Hypothalamic lesions have also 

been shown to increase circulating PRL levels [133, 13A]. Direct 

evidence for a prolactin inhibitory factor (PIF) in the hypothalamus 

comes from the work of Talwalker et al. [135], who showed that the 

high rate of PRL synthesis and secretion seen during incubation of 

pituitaries in vitro was inhibited by addition of hypothalamic extracts. 

Similar effects of hypothalamic extracts in vivo were seen by Kamberi 

et al. [136]. 

In addition to its PIF, the hypothalamus may also contain a 

prolactin releasing factor (PRF). Nicoll et al. [137] found that the 

addition of extracts of the median eminence from male rats caused the 
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typical inhibition of PRL secretion in vitro during the first four 

hours, but if the incubations were prolonged the extracts could elicit 

a significant stimulation of PRL release. The authors hypothesized 

that the PRF activity eventually overrides the initial PIF response. 

Similarly, Valverde et al. [138] found PRF activity in hypothalamic 

extracts injected in vivo into estrogen-progesterone treated male rats. 

Since these original studies, several reports have been published 

which lend support to the existence of a PRF or possible PRFs [139-

141]. Interestingly, PRF-like activity has recently been found in 

extracts of rat plasma; such activity apparently varies upon pharma

cological manipulation of PRL [142]. 

Considerable evidence has accumulated in recent years to in

dicate that dopamine is a major PIF. Not only has dopamine been 

shown to inhibit PRL secretion in vivo [143, 144] and in vitro [145, 

146], but dopamine receptors have been found in the adenohypophysis 

[146, 148] and specifically localized to PRL-secreting cells [149]. 

Moreover, there are dopaminergic neurons in the arcuate nucleus of 

the rat hypothalamus with axons which terminate upon the capillaries 

of the primary portal plexus located in the external layer of the 

median eminence [150]. Finally, dopamine has been found in pituitary 

portal blood in higher concentration than in peripheral plasma [151, 

152] and in amounts sufficient to tonically inhibit PRL [153]. 

Recently, evidence has emerged which links changes in dopamine 

levels to physiological changes in PRL concentrations. Ben-Jonathan 

[152] found that dopamine concentrations in portal blood are lowest 

on the day of the proestrous PRL surge. Similar correlations have 
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been seen during gestation [152], parturition [152, 154], lactation 

[152, 154] and suckling [155], as well as in the presence of an 

ectopic PRL-secreting pituitary tumor which supresses in situ pitui

tary PRL secretion [156] . DeGreef and Neill [157], however, observed 

that though stalk plasma levels of dopamine tended to be depressed 

during pseudopregnancy these titers did not vary with either the 

diurnal or nocturnal surges of PRL seen in these animals. Further

more, when they blocked endogenous dopamine synthesis with a-methyl-

p-tyrosine and then infused exogenous dopamine at rates which mim

icked the changes seen with cervical stimulation, the PRL peaks that 

were elicited did not attain the same amplitude as that seen during 

pseudopregnancy. They concluded that changes in dopamine levels can

not account for all changes in PRL secretion, and that other PIFs and/ 

or PRFs might be involved. 

That dopamine is not the only PIF finds support in a study by 

Enjalbert et al. [158]. They found that eliminating 99.9% of the 

dopamine from mediobasal hypothalamic extracts did not abolish PIF 

activity in vitro. Furthermore, dopamine antagonists in vitro re

duced, but did not eradicate, it. By their own estimate dopamine 

probably accounts for only half the PIF activity of hypothalamic 

extracts. Shally et al. [159] was able to identify a non-dopaminergic 

PIF as gamma-amino butyric acid (GABA). They found that GABA could 

inhibit PRL secretion in vitro, though less effectively than dopamine. 

Enjalbert et al. [160] also found GABA in their hypothalamic extracts, 

in sufficient concentrations to inhibit PRL but picrotoxin, a GABA 
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antagonist, did not block the non-dopaminergic PIF activity of the 

extracts in vitro. 

The identification of possible PRFs is less clear. Thyrotro-

phin-releasing hormone (TRH) has been shown to be a potent stimulator 

of PRL release in vitro [161, 162] and in vivo [163]. But, absorb-

tion of TRH with antibodies does not affect the PRF activity of hypo

thalamic extracts [139-141]. Additionally, treatment of animals with 

enough anti-TRH to suppress thyroid-stimulating hormone release does 

not affect either basal levels of PRL or the surges normally seen 

during proestrus or after cold exposure [164]. Koch et al. [165], 

however, reported that anti-TRH could suppress PRL levels. 

Another possible PKF is vasoactive intestinal peptide (VIP). 

This peptide, like TRH, has been shown to cause release of PRL, both 

in vivo [166] and in vitro [167]. Neuronal perikarya containing VIP 

are found in the suprachiasmatic nucleus; axons appear to project to 

the dorsomedial and paraventricular nuclei of the hypothalamus [168]. 

Additionally, VIP appears to be secreted into the pituitary portal 

vessels, inasmuch as higher concentrations of this peptide were found 

in the portal circulation than in peripheral plasma [169]. Other 

possible, but less studied, PRFs include: substance P [170], neuro

tensin [170], arginine vasotocin [171] and melatonin [171]. Endo

genous opiates have also been proposed as possible PRFs, in that 

they are potent stimulators of PRL in vivo [172]. In fact, they have 

been reported to be responsible for the stress-induced surge of PRL 

[173]. However, endogenous opiates themselves do not stimulate PRL 



release in vitro and hence cannot be classified as PRFs. Interest

ingly, these compounds have been found to significantly antagonize 

dopamine inhibition of PRL secretion [174], an effect which apparently 

involves opiate receptors rather than competition for dopamine recep

tors. 

Gonadal Steroids and PRL 

Estrogen has long been recognized as a powerful stimulator of 

PRL. Wolfe [175] first showed this in 1935 with his findings that 

the injection of estrogens into rats caused a pseudopregnancy-like 

state accompanied by an increase in pituitary weight. Later, Ratner 

et al. [176] found that estrogen injections in vivo increased the 

pituitary content of PRL and the ability of pituitaries to secrete 

PRL in vitro. Similar results were obtained with implants of estro

gen in either the median eminence or the anterior pituitary [177]. 

Serum PRL levels in male and female rats increase less than six hours 

after a single injection of estrogen [178, 179], an effect which 

lasts for several days [178, 180, 181]. In estrogen-treated males 

the secretion of PRL appears to be pulsatile [179]. 

The localization of the site(s) at which estrogen might act 

to affect PRL secretion is controversial. Some evidence indicates 

that estrogen can directly affect PRL release from the pituitary. 

Nicoll and Meites [182] first showed that prolonged incubation of 

pituitary explants (six to seven days) in vitro with estrogen could 

increase the amount of PRL in both the pituitaries and the medium. 

Additionally, Chen et al. [133] showed that estrogen can act to 
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increase the amount of PRL secreted from ectopic pituitaries in vivo. 

Many hours are required to elicit these effects, as shown by the lack 

of an effect when three to four hour incubations were used [183] in 

comparison to incubations lasting 12 hours or more [184-186]. Fur

ther support for a direct effect of estrogen on PRL cells is that 

there are estrogen receptors localized to PRL cells of the adenohypo-

physis [187, 188]. Interestingly, estrogen, along with TRH, can in

duce calcium-dependent action potentials in PRL cells within one 

minute of application [189]. 

In addition to its direct effects on the pituitary, estrogen 

has also been shown to affect PRL secretion at the hypothalamic level. 

Estrogen receptors have been found in the hypothalamus [187] and, as 

already stated, implants of estrogen in the hypothalamus stimulate 

PRL release [177]. Ratner and Meites [190] found decreased levels of 

PIF activity in estrogen-treated rats, a finding later confirmed by 

Ajika et al. [191]. Evidence also exists that estrogen can increase 

both hypothalamic dopamine turnover [192] and the concentration of 

dopamine in the portal blood [193] , but cannot affect the steady-

state concentration of hypothalamic dopamine [194]. The effects of 

estrogen on hypothalamic dopamine appear to be mediated by the in

creased PRL titers in these animals by short-loop negative feedback, 

rather than through a direct effect of estrogen on dopaminergic neur

ons [194]. In addition to these effects of estrogen on PIFs, estro

gen has also been shown to increase the hypothalamic content of PRF 

activity [195, 196]. 
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Another mechanism by which estrogen might stimulate PRL se

cretion is through interference with the action of PIF(s) on the 

PRL cell. Raymond et al. [197] and West and Dannies [198] found that 

prior incubation of pituitary cells with estrogen partially prevented 

the effects of dopamine agonists on PRL release in vitro; a similar 

effect has been observed in vivo [199]. Likewise, the anti-estro-

genic agent tamoxifen has been shown to increase the responsiveness 

of PRL-secreting pituitary tumor cells to inhibition by dopamine [200]. 

The anti-dopaminergic effects of estrogens may be mediated by the 

conversion of estrogens to catecholestrogens; the necessary enzymes 

for this reaction are present in the hypothalamus [201]. The cate-

cholestrogen, 2-hydroxyestradiol (a metabolite of 173-estradiol) has 

been found to effectively compete with dopamine agonists for binding 

to pituitary dopamine receptors [202] but have no intrinsic PRL re

leasing activity. Estrone, 17 3-estradiol or estriol in physiologic 

concentrations have little or no affinity for dopamine receptors. 

Therefore, estradiol could be converted to 2-hydroxyestradiol in the 

hypothalamus, then travel down to the pituitary to competitively in

hibit dopamine at the PRL cell. Interestingly, estrogen has also 

been shown to decrease the uptake of dopamine by the PRL cells [193]; 

this effect may or may not be related to catecholestrogens. 

Progesterone has also been shown to affect PRL secretion in 

rats. The increase in serum PRL levels just prior to parturition is 

proceeded by a decline in circulating progesterone [203]. That these 

two events might be related was suggested by Vermouth and Deis [204] , 

who found that ovariectomy late in pregnancy led to a rise in serum 
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PRL titers. This increase was partially blocked by progesterone, 

but not by estrogen. Further evidence that progesterone is generally 

inhibitory to PRL secretion comes from in vitro data that show pro

gesterone inhibits the release of PRL from GH^ cells and counteracts 

the stimulatory effects of estrogen [205]. When progesterone is 

injected in vivo, however, the results are equivocal [180, 206]. 

Evidence also exists to indicate that progesterone might stim

ulate PRL release. Injection of a large dose of progesterone between 

0700-1000 hours on the day of estrus can induce pseudopregnancy, with 

its associated diurnal and nocturnal PRL surges [207, 208]. Likewise, 

the normal cessation of PRL surges on the 11th day of mechanically-

induced pseudopregnancy can be postponed by implantation of proges

terone-filled capsules [209]. The action of progesterone on PRL se

cretion has been shown to be dependent on the previous hormonal 

mileu of the animal. Caligaris et al. [210] found that progesterone 

had no effect, in ovariectomized rats in vivo unless the animals were 

pretreated with estrogen two to four days earlier, in which case a 

single injection of progesterone produced a dose-dependent rise in 

serum PRL levels within three to four hours. This priming effect of 

estradiol may be due to an induction of progesterone receptors in the 

hypothalamus and pituitary [211]. Interestingly, progesterone has 

been shown to be autoinhibitory: injection of it before the critical 

period (0700-1000) on the day of estrus inhibited the effects of a 

subsequent injection to induce pseudopregnancy [207]. 
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The last class of gonadal steroids which affects PRL levels 

comprises the androgens. Androgen receptors have been found in both 

the hypothalamus and anterior pituitary [212]. The action of andro

gens on PRL release appears to be stimulatory, in that castration of 

male rats leads to a slight depression in serum PRL levels which is 

reversed by testosterone treatment [213]. Furthermore, testosterone 

can stimulate PRL release both in vivo and in vitro [180, 205]. 

Compared to estrogen, however, testosterone is a poor stimulator of 

PRL. 

Prolactin Cells 

The PRL-producing cell (mammotroph) of the rat can be identi

fied at the light microscopic level by either tinctorial or immuno-

cytochemieal properties. Three types of cells have long been recog

nized on the basis of staining affinities: the acidophils, basophils 

and chromophobes [132, 214]. Because of changes in acidophils during 

lactation, the PRL cell was considered to belong to this population. 

It can be distinguished from its fellow acidophil, the somatotroph, 

by the former's affinity for erythracin or orange G [214, 215]. De

spite these differences in staining, immunocytochemistry provides 

greater reliability in cell identification. Using this method, Shiino 

and Rennels [216] conclusively proved that somatotrophs and mammo-

trophs are distinct cell types, and this was later confirmed by Baker 

et al. [217]. Also, immunocytochemistry has shown the mammotrophs to 

be evenly distributed throughout the pars distalis of the female rat 

pituitary [214, 218]. 
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The ultrastructural appearance of mamotrophs was first de

scribed by Farquhar and coworkers [219, 220], based on the alterations 

in pituitary cell morphology seen during lactation. The cells had a 

round, oval or polygonal shape; a large eccentric nucleus; large, 

dense, irregularly-shaped secretory granules (600-900 nm); a well-

developed Golgi apparatus with small irregularly-shaped immature 

secretory granules, and a large amount of lamellar rough endoplasmic 

reticulum. Their content of the largest secretory granules seen in 

the adenohypophysis, combined with the irregular shape of these 

organelles, make the PRL cell the most readily identifiable secre

tory element of the pituitary. Further proof that this is, indeed, 

the PRL-producing cell comes from the work of Nakane [221, 222], who 

used electron microscopic immunocytochemistry to show that PRL anti

bodies attach only to the granules of the presumptive mammotrophs. 

Additionally, the heaviest and largest (220-880 nm) granules that 

can be recovered from sucrose-gradient centrifugation contain, almost 

exclusively, bioassayable PRL [223]. 

Farquhar et al. [224], in an exquisitely detailed quantitative 

study, defined the morphological correlates of PRL synthesis and in

tracellular transport. Using dissociated anterior pituitary cells, 

3 
they pulse-labelled the cells with H-leucine for five minutes and 

then incubated the cells for various lengths of time in medium con

taining unlabelled leucine. The leucine was incorporated into PRL 

and the pulse of labelled PRL followed through the cell by electron 

microscopic autoradiography. They found the label first appeared 
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(zero to five minutes) over the endoplasmic reticulum where, osten

sibly, it was incorporated into newly synthesized PRL. Within five 

minutes, the labelled PRL was found over the .Golgi apparatus where 

the PRL was concentrated into secretory granules. The pulse was sub

sequently associated with the immature granules on the concave sur

face of the Golgi. The immature granules coalesced over time (15— 

115 minutes) into the large secretory granules. The label was found 

predominately over these large or mature secretory granules only 

after three hours. The pattern and kinetics of intracellular PRL 

movement correspond well to those found in other protein-secreting 

cells. 

The classical idea on how PRL is secreted from the mammotrophs 

is via exocytosis of the mature secretory granules. In these cells, 

exocytosis involves movement of the mature granule to the cell mem

brane, possibly along microfilaments or microtubules, and then fusion 

of the granule membrane with the cell membrane, thereby extruding the 

concentrated PRL into the pericapillary space [225]. The content 

of the granule slowly dissolves, possibly under the influence of PIFs 

and PRFs [226]. Eventually, the granule membrane is incorporated 

into the cell membrane, thereby creating a mechanism for membrane 

turnover [227]. 

Exocytosis, however, may not be the only method whereby PRL 

can be released from the cell. During periods of intense mammotroph 

stimulation, such as suckling (see below), PRL appears in the blood 

before there is evidence of any exocytosis [228, 229]. Chang and 



Nikitovitch-Winer [228] associated this non-granule mediated release 

with a collapse of the endoplasmic reticulum, perhaps indicating di

rect release of soluble PRL from this organelle. A similar phenomenon 

is observed when pituitaries are incubated in vitro away from hypo-
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thalamic control. Newly synthesized PRL, as assessed by H-leucine 

incorporation, appears in the incubation media within 15-45 minutes 

[230, 231], long before the newly synthesized PRL is packaged into 

mature secretory granules [224]. This phenomenon appears to be re

lated to the fact that newly synthesized PRL is preferentially re

leased over the older, stored PRL [230, 232]. However, this newly 

synthesized PRL released in vitro does not appear to by-pass the 

usual packaging mechanisms within the cell in that it probably in

volves exocytosis of immature secretory granules [230, 231]. Addi

tionally, Walker et al. [230] have noted a functional heterogeneity 

within the mammotroph population with some mammotrophs rapidly se

creting newly synthesized PRL while others exhibit slower rates of 

intracellular transport. This heterogeneity might also extend to 

the mararaotroph's response to regulating factors [230, 233]. 

In addition to exocytosis, the secretory granules of mammo

trophs can also undergo intracellular degradation. The phenomenon is 

particularly prevalent during periods of high PRL production but low 

rates of secretion (i.e., pup removal during lactation). During these 

times lysosomes of various kinds (i.e., dense bodies and multi-vesic

ular bodies) have been seen to fuse with both immature and mature 

secretory granules [220]. The enzymes in these lysosomes then break 
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down the contents of the granules, seeming to return the essential pro

ducts to the cytoplasm. Such lysosomal degradation of secretory pro

ducts has been termed "crinophagy" 12203 . 

As alluded to above, physiological alterations of PRL levels 

in the rat are associated with changes in the morphology of both indi

vidual mammotrophs and the PRL cell population as a whole. PRL cells 

first appear in the rat pituitary late in gestation (16-21 days) [234, 

235]. If data from the mouse can be extrapolated to the rat, the PRL 

cell population comprises approximately 5-10% of the total number of 

adenohypophysial cells from birth to puberty [236, 237]. At puberty 

there is, apparently, a proliferation of mammotrophs, such that PRL 

cells in adult females constitute approximately 40% of adenohypophys

ial cells. Not only do they proliferate, the mammotrophs also in

crease in size, probably due to an increase in the amount of endo

plasmic reticulum as well as in the number of secretory granules [236]. 

This pubertal increase in the apparent activity of mouse mammotrophs 

corresponds well to the increase in PRL synthesis noted in male and 

female rats at puberty [238]. In apparent conflict with these data 
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is the observation of Kalbermann et al. [239] that H-thymidine in

corporation into rat pituitaries decreases throughout the prepubertal 

period; these authors, however, did not investigate the period of 

puberty per se. 

Puberty is also associated with the development of the sex 

differences between mammotrophs. Prepubertally, male and female mam

motrophs are virtually indistinguishable from each other with respect 
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to either their morphology [236] or synthesis of PRL [238]. Although 

following puberty the mammotrophs of both sexes increase in synthetic 

activity, the female mammotrophs become far more active than those of 

the males [238]. This effect is a consistent feature throughout 

adulthood [238, 240, 241]. 

Postpubertally, the mammotrophs of the female rat go through 

several changes. The first of these alterations is seen during the 

estrous cycle. Both anterior pituitary weight and PRL synthesis in

crease during estrus as compared to the other stages of the cycle 

[242]. In correlation with these data, there is also an increased 

incidence of cell division in the pars distalis during estrus t243]. 

Additionally, exocytosis is found during proestrus and estrus but not 

diestrus [244] , probably in direct correlation to the increased cir

culating PRL levels seen during these periods. 

While pregnancy is associated with only minor changes in mam-

motroph number or morphology [218] , lactation is accompanied by some 

of the most dramatic modifications observed in mammotrophs. During 

lactation they enlarge, and appear to be very active [220]. The endo

plasmic reticulum increases in abundance, forming parallel arrays 

which line the periphery of the cell. Often, the endoplasmic reticu

lum is seen in the form of whorls, termed "nebenkern". The Golgi com

plex becomes enlarged, often occupying a space the size of the nucleus, 

and many immature granules (20-50) can be seen forming along its con

cave face. There are few mature secretory granules in the cytoplasm, 

most likely due to the high rate of release. Additionally, many 
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exocytosis patterns are seen at the cell membrane. If the pups are 

removed from the mother for several hours (eight to 12), a step which 

lowers serum PRL titers, the number of mature granules markedly in

creases [228, 229, 244] and there is concomitant dilatation of the 

endoplasmic reticulum [228]. Few or no exocytosis patterns are seen. 

When the pups are returned, within one minute of suckling the dilated 

endoplasmic reticulum collapses. At five, 15 and 30 minutes of suck

ling, massive exocytosis of secretory granules is observed, and the 

lamellar endoplasmic reticulum changes into a vesicular form. Pro

longed suckling (i.e., one to two hours) causes enlargement of the 

Golgi and an increase in the number of immature granules being formed 

there. These changes in mammotroph cytology correspond well with the 

suckling-induced surge of PRL [228, 244]. 

Nearly all of these changes in PRL cell morphology are asso

ciated with periods of high estrogen secretion from the ovary. Ovar

iectomy of prepubertal mice completely blocks the hyperplasia and 

hypertrophy of mammotrophs normally seen at puberty [236]. In adult 

rats, ovariectomy abolishes the changes normally seen during the 

estrous cycle [243]. Also, the mammotrophs of ovariectomized adult 

females are much smaller in size and probably fewer in number than 

those of intact rats [217, 245]. They appear to have a very low level 

of synthetic and secretory activity, in that they have little endo

plasmic reticulum, a very small Golgi apparatus, few or no immature 

granules and a moderate number of mature secretory granules [237]. 
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As stated earlier, estrogen is a potent stimulator of PRL 

release. But it has other and perhaps more profound effects on the 

PRL cell. First, estrogen treatment causes an increase in mammotroph 

size and secretory activity. Gersten and Bake [245] showed that 

implantation of an estrogen-containing pellet in the pars distalis 

caused an enlargement of the surrounding PRL cells. Ultrastructurally, 

estrogen-treated mammotrophs are very similar to those seen during 

lactation [246]. The increased synthetic apparatus in these cells is 

associated with a strong stimulatory effect of estrogen on PRL syn

thesis. Pituitaries from estrogen-treated rats synthesize and secrete 

more PRL in vitro than those from untreated animals [182, 198, 240, 

247, 248]. Likewise, estrogen treatment in vitro increases both the 

synthesis and release of PRL [186, 249, 250]. Estrogen appears to 

accomplish these effects on synthesis through a direct action on the 

cell nucleus, as evidenced by the increase in pre-PRL messenger RNA 

in estrogen-treated pituitary cells [250, 251]. 

Estrogen has also been found to exert a strong mitogenic 

effect on PRL cells. It has also long been known to increase pitui

tary weight [175, 247]. Gersten and Baker [245] noted that, along 

with an increase in mammotroph size with intrahypophysial estrogen 

implants, there was also an increase in PRL cell number in the ipsi-

lateral half of the pars distalis. In keeping with this pituitary 

mitogenic effect, estrogen has been shown to increase DNA content 
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[247], H-thymidine incorporation [247, 252, 253], DNA polymerase 

activity [253], and mitotic activity [254] of the adenohypophysis. 
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Though these effects have been evaluated for the pituitary as a whole, 

they correlate with increases in PRL synthesis, pituitary PRL content 

and PRL release [247, 252-254]. Maurer [247] found that, if the mito-

genic effect of estrogen were blocked by hydroxyurea, there was a 

significant decrease in the estrogen-induced stimulation of PRL syn

thesis; thus illustrating that mammotroph proliferation is at least 

partially responsible for the effects of estrogen on PRL synthesis 

and, probably, release. Though the work of Gersten and Baker [245] 

suggests a direct action of estrogen on mammotroph proliferation, 

estrogen may also work at the hypothalamic level to cause secretion 

of a mitogenic agent [255]. Besides evoking proliferation, estrogen 

might also increase the PRL cell population by converting somatotrophs 

to mammotrophs [256]. 

Mammotroph morphology also changes under the influence of 

hypothalamic PIFs and PRFs, particularly dopamine. When the pituitary 

is separated from its connection to the hypothalamus, either by stalk 

section, ectopic implantation or culture in vitro, the mammotrophs 

undergo a marked increase in activity. Within minutes after stalk 

section, mammotrophs show frequent exocytosis patterns, a decreased 

number of secretory granules and an enlarged Golgi complex [257], 

After 30 minutes, the cell enlarges, the secretory granules move to 

the cell membrane and the endoplasmic reticulum changes from lamellar 

to vesicular form. Prolonged separation of PRL cells from hypotha

lamic control results in a continuation of the active state seen after 

stalk section [258-260]. 
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Similar changes were observed when rats were given dopamine 

antagonists for five to 20 days [261], an administration which also 

increases PRL synthesis [262]. Treatment of pituitaries with dopamine 

for six hours in vitro leads to an accumulation of mature secretory 

granules near the Golgi apparatus [263], probably indicative of the 

reduced rate of release from these cells. Likewise, treatment with 

dopamine agonists for two weeks caused a marked decrease in the num

ber, size and apparent activity of the mammotrophs in transplanted 

pituitaries [264] , but had no noticeable effect on the morphology of 

the gland in situ. In keeping with these morphological changes in the 

mammotrophs is the finding that dopamine has been shown to be a potent 

inhibitor of PRL synthesis [145, 265, 266]. Maurer [266] found that 

this effect involves a reduction of PRL messenger RNA, an observation 

suggesting a direct or indirect action of dopamine on the cell nucleus. 

Additionally, dopamine and its agonists have been shown to stimulate 

intracellular PRL degradation [267, 268]. 

Dopamine also has effects on mammotroph proliferation. Mac

Leod and Lehmeyer [269] showed that the dopamine agonist bromocryptine 

dramatically inhibited the growth of subcutaneous PRL-secreting pitui

tary tumors but had no effect on the weight of the normal in situ pi

tuitary. Dopamine and its agonists probably do not affect the pro

liferation of mammotrophs unless the cells are stimulated to multiply 

[270, 271]. This is particularly true for the effects of estrogen, in 

that dopamine agonists inhibit the estrogen-induced increase in mammo

troph proliferation [252, 254, 270, 271]. Further support for an 
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effect of dopamine on mammotroph proliferation is that pimozide, a 

dopamine antagonist, increases the mitotic activity of pituitary cells 

[271] and potentiates the mitogenic effect of estrogen [272] . Addi

tionally, r enoval of the pituitary from hypothalamic control results 

in an increGBe in the number of mammotrophs [273] , an effect at least 

partially inhibited with dopamine [274] . These influences of dopamine 

and estrogen led Kalberman and coworkers [239, 253, 275] to postulate 

that a change in the intracellular PRL content was the key event in 

promoting or inhibiting cell replication, rather than a direct effect 

of dopamine o r estrogen on mammotroph proliferation. 

Pineal-PRL Relation ships 

Studies in ~ne Hamster 

The p ineal gland of the hamster exerts a profound effect upon 

the pituitary gland. Light deprivation in these animals usually 

causes a significant reduct1on in pituitary weight in both males [276] 

and females [277-281]. Concomitant with this decrease in pituitary 

weight is a d ecrease in the content and concentration of pituitary PRL 

with short ?~otoperiod or blinding [276-285]. Both of these effects 

of reduced ?~otic input are either partially or fully reversed by 

pinealectomy . 

Blood levels of PRL in light-deprived hamsters are also 

changed. In male hamsters, circulating PRL titers are usually de

creased after blinding or placement in a s h ort photoperiod [276, 283-

289]. In s~larly treated females, howev er, no significant 
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differences in blood PRL titers have been reported [277-281]. Pinea-
4 

lectomy in male hamsters does not appear to reverse the decline in 

peripheral PRL titers observed with blinding [276]. Additionally, 

Matt and Stetson [290] found that PRL titers paralleled the spontan

eous increase in testicular weight normally seen after 20-22 weeks of 

light deprivation. 

The time course of these events runs many weeks, usually eight 

to ten. Interestingly, Reiter [280] found that the pituitary concen

tration of PRL was higher in intact female hamsters ten days after 

exposure to short photoperiod than in similarly treated pinealectom-

ized animals; the normal decrease with short photoperiod was subse

quently seen at eight weeks. This might indicate that at early time 

points the pineal gland inhibits PRL release earlier than PRL synthe

sis such that pituitary PRL titers increase. 

As already stated, daily afternoon injections of melatonin can 

induce gonadal atrophy in rodents. Reiter and coworkers [291-294] 

found that this treatment in hamsters could also reduce pituitary PRL 

content and concentration. Furthermore, melatonin injections cause a 

decrease in circulating PRL titers in male [293, 295] but not in fe

male hamsters [292]. Thus it appears that melatonin injections mimic 

the effects of light deprivation on hamster PRL. 

This apparent inhibition of PRL by the hamster pineal may play 

a role in the gonadal regression seen with light deprivation. Bartke 

and coworkers [286, 296-298] showed that the pineal-induced gonadal 

hypotrophy in male hamsters exposed to short photoperiod is 
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accompanied by a reduction in both circulating testosterone levels 

and testicular LH binding and that daily PRL injections in these ani

mals could fully reverse these declines and partially reverse the de

crease in testes weight. Transplantation of one or two anterior pi-

tuitaries beneath the kidney capsule can also partially overcome 

pineal-induced gonadal regression [284, 287, 298]. Full reversal has 

been obtained with four pituitary transplants [285]. Chen and Reiter 

[288] found that PRL is probably not the only anterior pituitary hor

mone involved, in that they could fully prevent gonadal atrophy in 

blinded male hamsters by combining two pituitary transplants with 

luteinizing hormone-releasing hormone (LH-RH) injections twice daily. 

These injections increase gonadotrophin levels, while the transplants 

increase PRL; the experiment points up the need for both of these 

hormones to reverse the effect of the pineal. This interpretation 

has recently been supported by others [299]. 

Studies in the Rat 

In the rat, the evidence concerning the role of the pineal in 

PRL regulation is fraught with conflicting data. Relkin [300, 301] 

found that exposure of male and female rats to constant darkness for 

one to 21 days caused a decrease in pituitary PRL titers and an in

crease in plasma PRL levels. Pinealectomy in these animals, and also 

in males and females exposed to 10:14 L:D, resulted in the reverse 

effect. Relkin [301] also examined the ultrastructure of the pitui-

taries and found that in rats exposed to constant darkness the 



mammotrophs contained few mature secretory granules. From these data, 

he concluded that the pineal gland stimulates PRL release into the 

blood at the expense of intracellular storage. In contrast to this 

idea, however, blinding of either male [302, 303] or female rats [304] 

does not significantly alter plasma PRL levels after five weeks; 

though there is a slight, but not always significant, decrease in 

pituitary PRL content. Additionally, Kizer et al. [98] could not 

confirm Relkin's findings that constant darkness increases blood PRL 

levels after eight days exposure. 

Pinealectomy alone in rats appears to cause only minor modi

fications in PRL levels. Ronnekleiv et al. [99] found that pineal

ectomy in male rats abolished the rise of PRL levels they observed in 

the early morning, but these results could not be confirmed [98]. 

Furthermore, Willoughby [305] and Niles et al. [303] observed only 

minor modifications in circadian PRL patterns in male rats after 

pinealectomy. The pineal gland also does not appear to affect acute 

surges of PRL such as those found during proestrus [306], pseudo-

pregnancy [307, 308] and stress [303], or in ovariectomized, estrogen-

treated rats [308, 309]. The pineal, however, has been shown to have 

some effect on PRL levels in pregnant rats, in that pinealectomy 

lowers both pituitary content and serum levels of PRL late in gesta

tion [310]. This effect could possibly be mediated through pineal-

ectomy-induced changes in the prepartum steroid milieu [311]. Finally, 

Chazov et al. [312] found that pinealectomy in rats, presumed to be 
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on a 12:12 L:D cycle, caused a 50% reduction in PRL synthesis by the 

pituitary in vitro. 

Much greater effects of the pineal on PRL are seen when rats 

are rendered anosmic in addition to being blinded; though, again, con

flicting reports exist. In blind-anosmic males, circulating PRL 

titers are consistently reduced [302, 313, 314]; pinealectomy in 

these animals, however, does not appear to reverse this depression 

[302, 313]. In blind-anosmic female rats, peripheral PRL levels have 

been reported to be either increased [315-317], decreased [317, 318] 

or unchanged [304, 317]. Pinealectomy was shown to reverse the effect 

of blinding and anosmia on PRL irrespective of the nature of the 

change in this hormone. 

In spite of the inconsistencies among reports on peripheral 

PRL titers, by far the most reproducible effect of the pineal in rats 

is its ability to reduce both pituitary weight and PRL content. The 

adenohypophysial weight in blind-anosmic rats is nearly half that 

seen in intact animals [55, 56, 58, 59, 304, 313-316, 318-320], with 

the decrease being somewhat more evident in females than males. Pi

tuitary PRL content and concentration-are also consistently decreased, 

regardless of the changes, if any, in peripheral titers of the hor

mone [302, 303, 313-316, 318-320]. Pinealectomy or pineal denervation 

fully or partially reverse the decrease in pituitary weight and fully 

ameliorate the depression in pituitary PRL stores. 

Shiino et al. [316] examined the ultrastructure of the mammo-

trophs in blind-anosmic female rats. They found that the cells 



39 

contained few mature secretory granules, many immature granules, a 

highly developed endoplasmic reticulum a large Golgi complex and many 

exocytosis patterns. These morphological data agreed well with their 

observation of increased serum PRL levels and decreased pituitary PRL 

titers and led the authors to conclude that the cells were actively 

synthesizing and releasing PRL. Pinealectomy caused a build-up of 

mature secretory granules and a decrease in the incidence of exocy

tosis, again indicative of a stimulatory action of the pineal on 

PRL cells. 

One way in which the pineal gland could affect the PRL cells 

is through the hypothalamus. Blask and Reiter [315] found that hypo

thalamic extracts taken from blind-anosmic female rats had predomi

nately PIF activity when injected into ovariectomized, estrogen-

progesterone treated females. When similar procedures were performed 

with blind-anosmic-pinealectomized rat hypothalamic extracts, there 

appeared to be predominately PRF activity. This effect of blinding, 

olfactory deprivation and pinealectomy on PRF activity was later con

firmed in an in vitro test system [321]. 

The pineal gland contains several substances which could alter 

PRL levels both directly and/or indirectly. Both melatonin and sero

tonin have been shovm to stimulate PRL release when injected into the 

third ventricle [322, 323], but not when infused directly into portal 

vessels [322]. Melatonin can, however, stimulate PRL release from 

pituitary clonal cells in vitro [171]. In apparent contradiction to 

these acute effects, chronic administration of melatonin as daily 
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afternoon injections in anosmic or underfed male and female rats 

decreases both pituitary and plasma PRL levels [40, 61, 62, 318]: 

similar injections in intact or fed animals had no effect [41, 61, 62]. 

This chronic effect of melatonin might be mediated through the hypo

thalamus, because the dopamine receptor blocker, pimozide, fully 

reversed these declines in PRL titers [324]. In addition to indol-

eamines, the pineal also contains as yet unidentified PIFs and PRFs 

[325-327], factors that are possibly peptides. One putative pineal 

peptide, arginine vasotocin, is generally stimulatory to PRL release 

[328]. 



STATEMENT OF THE PROBLEM AND SPECIFIC AIMS 

It is apparent from the foregoing review that the pineal 

gland exerts strong effects on prolactin secretion, but the specifics 

of these effects remain to be investigated. In particular, the na

ture of the pineal influence on PRL (i.e., whether stimulatory or 

inhibitory) is still a question in the rat. Since monitoring serum 

and pituitary PRL levels alone have not provided the needed informa

tion, I propose to study the physiology and morphology of the PRL 

cells in the blind-anosmic rat. 

The specific questions addressed in this study are: 

1. Does the pineal gland influence prolactin synthesis, 

storage and release in the female rat? 

2. Is there a differential response of prolactin cells 

to the effects of the pineal in male versus female 

rats? 

3. What are the temporal aspects of the pineal-induced 

changes in prolactin synthesis, storage and release? 

4. Are the effects of the pineal on prolactin cells 

dependent on gonadal regression? 

5. Can the effects of the pineal on prolactin cells be 

elicited in both prepubertal and adult animals? 

6. What are the morphological correlates of the effects 

of the pineal gland on the prolactin cells? 

41 



MATERIALS AND METHODS 

Experiment 1: The Effects of Blinding and Induced Anosmia 
and of Blinding, Induced Anosmia and Pinealectomy on 

Prolactin Synthesis, Storage and Release in Female Rats 

Thirty-four prepubertal female Sprague-Dawley rats (24-27 

days-old, 60g, Camm Laboratories) were divided into the following 

groups: ten intact, 12 blind-anosmic, and 12 blind-anosmic-pineal-

ectomized. 

Blinding was performed by bilateral optic enucleation. Anosmia 

was produced by olfactory bulbectomy according to the technique of 

Reiter et al. [57] , in which two burr holes were drilled in the skull 

over the olfactory bulbs and the bulbs aspirated with mild suction. 

Pinealectomy was accomplished by the technique of Hoffman and Reiter 

[329]: an approximately four mm circular bone disc was removed from 

the skull overlying the confluence of sinuses, the dura at the con

fluence then pierced and the underlying pineal removed with fine 

forceps. All operations were performed under ether anesthesia. After 

surgery the animals were placed, five to six per cage, in a light 

(14:10 L:D; lights on 06.00-20.00) and temperature (23°C) controlled 

room. Laboratory chow and tap water were provided ad libitum. 

Eight weeks following the operations the animals were weighed 

and then killed by decapitation during the morning hours (08.00-10.00). 

Trunk blood was collected in plastic tubes and allowed to clot at room 

temperature for two-three hours. The clotted blood was then 
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centrifuged at 3,200 rpm (l,000:x g) for 30 minutes. The serum was 

removed and stored at -20°C. The pituitary gland from each animal 

was excised, the posterior lobe removed and the anterior lobe bi

sected. Fifteen hemipituitaries from the INT group and 18 from each 

of the blind-anosmic and blind-anosmic-pinealectomized groups were 

used for the in vitro incubations (see below). Ovaries and uteri 

were removed from each animal and weighed on a torsion balance. 

Pituitary incubation was performed by placing three hemipi

tuitaries in a glass scintillation vial (five to six vials/group) 

containing one ml of medium 199 (Microgiolocical Associates) to which 

had been added 100 U penicillin, 100 yg streptomycin and 0.25 yg 

3 
fungizone. Additionally, each vial contained 10 yCi of L-(3,4,5- H) 

leucine (Research Products International, specific activity=40 Ci/mM). 

The vials were incubated at 37°C in a Dubnoff metabolic shaker with 

constant shaking (60 rpm) and gassed with 95% O2: 5% (X>2 for five 

hours. At the end of the incubation the hemipituitaries were weighed 

and then homogenized by sonication in 0.5 ml 0.01 M phosphate buf

fered saline (PBS, pH=7.6). Media and pituitary homogenates from 

the incubations were stored at -20°C until assayed. 

PRL levels in the serum, incubation media and in vitro pitui-

taries were determined by National Institute of Arthritis, Metabolism 

and Digestive Diseases (NIAMDD) double antibody radioimmunoassay (RIA; 

for details see Appendix A). Occasionally, one to two animals in a 

group had serum PRL values that were greater than two standard devia

tions from the mean of that group and, as such, were eliminated. 
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Labeled PRL in vitro was assayed by polyacrylamide gel electrophoresis 

followed by scintillation spectroscopy of the PRL band (for details 

see Appendix B). rhe total DNA content of the in vitro pituitaries 

was determined by the Burton colorimetric assay (for details see 

Appendix C). 

Levels of rRL in the serum were considered indicative of PRL 

release, whereas tctal RIA PRL in vitro (i.e., medium + pituitaries) 

and glandular content in vivo were representative of PRL storage. PRL 

synthesis was defined as the total amount (i.e., medium + pituitaries) 

3 of H-leucine inccrporated into PRL in vitro. Statistical comparisons 

between intact and blind-anosmic groups were made with Student's t-

test, while a one—*~ay analysis of variance (ANOVA) was used to com

pare blind-anosmic-pinealectomized to either blind-anosmic or intact 

groups. 

Experiment 2: The Effects of Blinding, Olfactory Bulbectomy 
and Pinealecromy Evaluated Individually and in Combination 
on Prolactin Synthesis, Storage and Release in Female Rats 

Thirty-twc female Sprague-Dawley rats (24-27 days-old, 60 g, 

Hilltop Laboratories) were separated into the following groups: four 

intact, six anosmi", six blind, six pinealectomized, five blind-pi-

nealectomized, four anosmic-pinealectomized and four sham-bulbectom-

ized-sham pinealectomized. 

All the operations were performed as described in Experiment 

1. The sham procedures were identical to those described for bulbec

tomy and pinealectr^ry, except that neither the olfactory bulbs nor 
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the pineal glands were removed. The remaining protocol was the same 

as in Experiment 1, except that there were two hemipituitaries in 

each incubation vial (four to six vials/group). Student's t-test 

was used to compare anosmic, blind and pinealectomized groups to 

intact animals, while ANOVA was used for all other statistical 

analyses. 

Experiment 3: A Comparison of the Effects of Blinding 
and Induced Anosmia and of Blinding, Induced Anosmia and 

Pinealectomy on Prolactin Synthesis, Storage and 
Release in Male and Female Rats 

Fifty-three male Sprague-Dawley rats (24-27 days-old, 60 g, 

Camm Laboratories) were divided into the following groups: 16 intact, 

19 blind-anosmic and 18 blind-anosmic-pinealectomized. Similarly, 56 

female Sprague-Dawley rats (of identical age, weight and source) were 

divided into the same groups: the numbers were 18, 19 and 19, respec

tively . 

The operations and protocol were the same as in Experiment 1, 

except that five to seven whole anterior pituitaries were saved from 

each group to assess any in vivo changes in RIA-PRL levels. These 

glands were homogenized by sonication in 0.5 ml PBS and stored in 

-20°C until assayed. Additionally, the weights of the testes, seminal 

vesicles and ventral prostates were recorded for all male rats. 
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Experiment 4: The Effects of Blinding and Induced Anosmia 
and of Blinding, Induced Anosmia and Pinealectomy on 

Prolactin Synthesis, Storage and Release 
in Ovariectomized Female Rats 

Fifty-two female Sprague-Dawley rats (24 days-old, 60 g, 

Breeding colony of Division of Animal Resources, University of Arizona) 

were placed in the following groups: eight intact, nine blind-anosmic, 

eight blind-anosmic-pinealectomized, nine ovariectomized, nine ovari-

ectomized-blind-anosmic and nine ovariectomized-blind-anosmic-pineal-

ectomized. 

Bilateral ovariectomy was performed under ether anesthesia 

by two incisions in the dorsal body wall, through which the ovaries 

were exteriorized, ligated and cut. The animals were allowed to 

recover for three days before the remaining operations were performed. 

The remainder of the experiment was conducted as in Experiment 1, 

except that all the hemipituitaries were used for the in vitro incu

bations . 

Experiment 5: The Time Course of the Changes in Prolactin 
Synthesis, Storage and Release Brought About by Blinding 

and Induced Anosmia and by Blinding, Induced ( 

Anosmia and Pinealectomy in Female Rats 

Fifty-three female Sprague-Dawley rats (24 days-old, 60 g, 

Breeding colony of Divison of Animal Resources, University of Arizona) 

were divided into the following groups: 18 intact, 18 blind-anosmic 

and 17 blind-anosmic-pinealectomized. 

One-half of the animals in each group were killed one week 

after the operations, while the remaining rats were killed after four 
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weeks. All of the hemipituitaries were used for the in vitro incuba

tions. All other procedural, aspects of this experiment were performed 

as in Experiment 1. 

Experiment 6: The Effects of Blinding and Induced Anosmia 
and of Blinding, Induced Anosmia and Pinealectomy on Prolactin 

Synthesis, Storage and Release in Adult Female Rats 

Fifty-one female Sprague-Dawley rats (55 days-old, 150 g, 

Breeding colony of Division of Animal Resources, University of Arizona) 

were divided into the following groups: 17 intact, 17 blind-anosmic 

and 17 blind-anosmic-pinealectomized. 

The operations and protocol were the same as in Experiment 1 

except that five whole anterior pituitaries from each group were saved 

to assess in vivo changes in RIA-PRL levels. 

Experiment 7: The Effects of Blinding and Anosmia and of 
Blinding, Anosmia and Pinealectomy on the Sensitivity 

of Prolactin Cells (Mammotrophs) to Dopamine in the Male Rat 

Thirteen male Sprague-Dawley rats (25-27 days-old, 60 g, 

Breeding colony of Divison of Animal Resources, University of Arizona) 

were divided into the following groups: four intact, four blind-anos

mic and five blind-anosmic-pinealectomized. Operations and animal 

care procedures were performed as in Experiment 1. 

After eight weeks the animals were killed and large amounts of 

trunk blood collected. The pituitaries were then excised, the poster

ior lobes removed and the anterior lobes bisected. Hemipituitaries 

were placed, one per vial, in one ml of medium 199 and preincubated 

for 30 minutes at 37°C and gassed with 95% 02:5% (X^. At the end of 
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preincubation, the medium was removed and either one ml of medium 

-5 -4 
199 containing 10 M dopamine and 5.6 x 10 M ascorbic acid or one ml 

of medium 199 with only 5.6 x 10 Si ascorbic acid added to each vial. 

The hemipituitary of one animal served as the control for its corre

sponding half incubated with dopamine. The incubation was continued 

for another three hours, after which the media and pituitary homo-

genates were stored at -20°C until assayed for RIA PRL. 

Experiment 8: The Effects of Blinding and Anosmia and of 
Blinding, Anosmia and Pinealectomy on the Light Microscopic 

Morphology of Prolactin Cells in the Adenohypophysis 

Fourteen female Sprague-Dawley rats (24 days-old, 60 g, 

Breeding colony of Division of Animal Resources, University of Arizona) 

were divided into the following groups: four intact, six blind-anos-

mic and six blind-anosmic-pinealectomized. The operations and subse

quent care of the animals were performed as in Experiment 1. 

After nine weeks animals were killed and pituitaries pro

cessed for light microscopy according to the following procedure. 

Whole pituitaries (i.e., anterior and posterior lobes) were immersion-

fixed in aqueous Bouin's fixative (25 ml formalin + 75 ml saturated 

aqueous picric acid + 5 ml glacial acetic acid) for 24 hours at room 

temperature. The tissue was then washed overnight in 50% ethanol, 

followed by an overnight wash in 70% ethanol, and then dehydrated in 

a graded series of ethanol washes, cleared in two changes of toluene 

and embedded in paraffin. Five ym sections were cut and mounted on 

glass slides. 
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Localization of PRL cells was accomplished by the peroxidase-

antiperoxidase complex unlabeled antibody method of immunocytochem-

istry [330]. The immunocytochemical staining procedure consisted of 

the following steps [331]: 

1. Sections were deparaffinized in xylene and rehydrated in 

decreasing concentrations of ethanol. 

2. Tris-buffered saline (0.5M Tris (hydroxymethyl) amino-

methane with 0.9% sodium chloride pH=7.6) containing 

1% normal sheep serum (TBS:NSS) was applied to the 

sections and allowed to stand for 20 minutes. This 

procedure is supposed to block nonspecific staining 

sites in the tissues [330]. 

3. Anti-rat PRL (S-7 NIAMDD, diluted 1:200 in TBSrNSS) 

was applied directly after the blocking solution. The 

slides were placed in sealable plastic containers lined 

with wet paper towels and incubated at 4°C for 48 hours. • 

After incubation the slides were washed in TBS:NSS. 

4. Sections were then incubated with sheep anti-rabbit 

gamma globulin (Antibodies Incorporated, diluted 1:1000 

in TBS:NSS) for ten minutes at room temperature. The 

slides were again washed in TBS:NSS. 

5. The horseradish peroxidase-antiperoxidase complex (Cappel 

Labs, diluted 1:50 with TBS:NSS) was then applied for ten 

minutes after which the slides were rinsed in 0.5M tris 

buffer (pH=7.6) and left to soak in 0.5M tris. 
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6. The substrate for the peroxidase was freshly prepared by 

dissolving 22 mg of 3,3*-diaminobenzidine tetrahydro-

chloride (Sigma Chemical Co.) in 175 ml of 0.5M tris 

buffer (pH=7.7), and then by adding 1.5 ml of 0.03% hydro

gen peroxide solution and adjusting the pH to 7.6. This 

solution was applied to the sections for 15-20 minutes. 

The progress of the staining was monitored through a 

microscope and when the precipitate was sufficiently 

visualized the slides were rinsed in distilled water. 

7. The sections were then osmicated for ten seconds with 1% 

osmium tetroxide, rinsed in distilled water, dehydrated 

in ethanol, cleared in xylene and coverslips applied. 

As a control the specificity of staining with this system was 

evaluated according to Petrusz et al. [332] as follows: 

1. Areas of the pituitaries known not to contain PRL cells 

(i.e., pars intermedia and pars nervosa) were included 

in all sections. 

2. Intensity of stain was evaluated in increasing dilutions 

of the primary antiserum until no stain could be detected. 

3. Primary antiserum was replaced by a 1:200 dilution of 

normal rabbit serum. 

As a further control, the specificity of the primary antiserum 

was assessed according to the following criteria: 

1. Whether or not staining was limited to the cytoplasm of 

morphologically distinct cells. 
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2. Whether staining could be eliminated by absorption of the 

primary antiserum with purified rat PRL. This was accom

plished by adding 1 pg iodination grade PRL (1-4, NIAMDD) 

to 400 yl of 1:200 anti-rat PRL and incubating for 48 

hours at 4°C. The solution was then centrifuged at 5000 

x g for 20 minutes and then supernatant used for staining 

[331]. 

All of these control reactions were performed on whole pitui-

taries obtained from adult male rats and processed as outlined above. 

Experiment 9; Changes in the Ultrastructural Appearance 
of Pituitary Mammotrophs in Response to Blinding and Induced 

Anosmia and to Blinding, Induced Anosmia and 
Pinealectomy in Female Rats 

Four hemipituitaries from each of the intact, blind-anosmic 

and blind-anosmic-pinealectomized groups of female rats in Experiment 

3 were processed for transmission electron microscopy according to 

the following procedure: \ 

1. An approximately one by three piece from the lateral 

portion of each hemipituitary was fixed in a solution of 

3.5% gluteraldehyde in 0.2M cacodylate buffer (ph=7.4) 

at 4 C°for three hours, then rinsed repeatedlj' in 2% 

sucrose in 0.2M cacodylate buffer at 4°C and allowed to 

soak overnight in the final rinse. 

2. The tissues were then post fixed in 2% osmium tetroxide in 

0.2M cacodylate buffer at 4°C for two hours followed by 

rinsing in cold 2% sucrose. 
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3. Dehydration was accomplished by subjecting the tissues 

to an increasing series of ethanol concentrations which 

was followed by two changes in propylene oxide. 

4. The tissue was then infiltrated with a 1:1 solution of 

propylene oxide and Epon 812 (Ted Pella Co.) overnight 

followed by two further changes in pure epon, both for 

two hours. 

5. The tissue was embedded in flat molds and then epon 

polymerized for 48 hours at 60°C. 

Thin (gold to silver-colored) sections were cut with glass 

knives on a Porter-Blum MT2-B Ultramicrotome. The sections were 

mounted on copper grids and stained with 5% aqueous uraynal acetate 

for ten minutes. Sections were next counterstained with lead citrate 

(0.04 g lead citrate + 10 ml distilled water + 1 ml IN sodium hydrox

ide) for two minutes. The grids were then viewed on a Phillips 300 

transmission electron microscope. 

Abbreviations for Animal Groups 

From this point on, the following abbreviations will be used: 

Intact INT 

Blind-Anosmic BA 

Blind-Anosmic-Pinealectomized BAP 

Anosmic Anos 

Blind Blind 

Pinealectomized Pinx 



Sham Bulbectomized-
Sham Pinealectomized 

Ovariectomized 



RESULTS 

Experiment 1: The Effects of Blinding and Induced Anosmia 
and of Blinding, Induced Anosmia and Pinealectomy on 

Prolactin Synthesis, Storage and Release in Female Rats 

Body, ovarian and uterine weights were all significantly 

(p < 0.001) decreased in the BA group (see animal group abbreviations, 

p. 52-53) as compared to INT animals (Table 1). The reduction in 

ovarian and uterine weights was evident in terms of both absolute (mg) 

and relative organ weights (mg/100 g body weight). Pinealectomy fully 

reversed all of these parameters (Table 1). 

The average combined weights of the hemipituitaries from the 

in vitro incubations were also decreased 50% (p < 0.001) in the BA 

rats, from values in the INT group (Table 2). Concomitant with this 

weight decrease was a 30% reduction (p < 0.02) in the DNA content of 

these glands (Table 2). Pinealectomy fully reversed the decrease in 

pituitary DNA content and partially reversed the reduction in weight 

(Table 2). 

Serum PRL levels in the BA animals were significantly reduced 

(P < 0.01) from levels found in INT rats (Fig. 1). PRL levels in the 

BAP animals tended to be higher than either the INT or BA groups, but 

the intragroup variability was too great to make these differences 

significant (Fig. 1). 

The total amount of imraunoreactive PRL in vitro was decreased 

by 26% (p < 0.001) in the vials containing the BA versus the INT 
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pituitaries (Fig. 2). The total amount of PRL from BAP pituitaries 

was at a level intermediate between and significantly different from, 

both INT and BA groups. However, when total PRL was expressed as a 

function of pituitary weight, the depression seen in the BA group was 

not only negated, but total PRL was actually elevated over control 

levels (Fig. 2). 

With regard to the synthetic ability of the PRL cells in each 

group, there was a dramatic 63% decrease (p < 0.005) in the total 

3 amount of H-leucine incorporation into PRL in vitro in the BA versus 

INT groups (Fig. 3). Pinealectomy not only reversed this depression 

but caused the values to significantly exceed (P < 0.01) intact con

trol levels. On a statistical basis, the expression of the amount of 

newly synthesized PRL on a pituitary weight basis negated the decrease 

seen in the BA group. However, the elevation of PRL synthesis in the 

BAP group remained unchanged when expressed in terms of tissue weight. 

3 3 
The percent release of H-PRL (levels of H-PRL in the medium/ 

3 total H-PRL in each vial) was greater than the percent release of 

RIA-PRL (Table 3). Blinding and anosmia caused a slight increase 

(p < 0.001) in the percent release of RIA-PRL, but had no effect on 

3 3 
that of H-PRL. The percent release of H-PRL in the BAP group was 

slightly increased over both the INT and BA groups (Table 3). 

The specific activity of PRL (i.e., 3H-PRL/RIA-PRL) in the 

pituitaries in vitro was not changed in any of the groups tested 

(630 ± 35 dpm/yg PRL for INT, 620 ± 80 for BA and 643 ± 138 for BAP). 



Table 1. The effects of blinding and anosmia (Blind + Anos) and blinding, anosmia and pinealectomy 
(Blind + Anos + Pinx) on mean body, ovarian and uterine weights in 80 day-old female rats eight weeks 
after treatment. 

Treatment n Body Wt. (g) Ovarian Wt. (mg) Uterine Wt. (mg) 

Intact 10 227.4 + 8.5 96.8 + 3.4 432.0 + 18.4 
(43.0 + 1.8) (190.7 + 18.4) 

Blind + Anos 12 178.8 + 4.1C 64.4 + 4.8C 180.7 + 24.2C 

(36.0 + 2.5)a (101.0 + 13.7)' 

Blind + Anos + Pinx 13 206.5 + 3.5b'x 99.4 + 1.5X 376.9 + 21 .  f -
(48.2 + 0.9)X (184.0 + 14.8) 

Values are the mean ± standard error of the mean (SE) of the number (n) of animals in each group. 
Numbers in parenthesis indicate the relative organ weights (mg/100 g body weight). 

a, differs from Intact group p < 0.05 x, differs from Blind + Anos group p < 0.001 
b, differs from Intact group p < 0.01 
c, differs from Intact group p < 0.001 

Ul 
CT> 



Table 2. The effects of blinding and anosmia (Blind + Anos) and blinding, 
anosmia and pinealectomy (Blind + Anos + Pinx) on pituitary weight and 
pituitary DNA content of 80 day-old female rats eight weeks after treatment. 

Treatment n Pituitary Wt. (mg) Pituitary DNA (yg/vial) 

Intact 5 13.2 ± 0.7 54.9 ± 5.3 

Blind + Anos 5 6.4 ± 0.3b 38.0 ± 1.8a 

Blind + Anos + Pinx 5 10.2 ± 0.3b'X 47.0 ± 2.7X 

Values are the mean ± SE of the number (n) of incubation vials in each group. 
Each incubation vial contained three hemipituitaries. 

a, differs from Intact group p < 0.02 
b, differs from Intact group p < 0.001 
x, differs from Blind + Anos group p < 0.05 
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Figure 1. The mean amount of immunoassayable PRL in serum obtained 
from 80 day-old female rat eight weeks after they were either rendered 
blind and anosmic (B-A) or blind, anosmic and pinealectomized (B-A-P) 
or left intact (INT). — The number of rats in each group is indi
cated in Table 1. The vertical lines from the top of bars signify 
SE. a, p < 0.01 vs. INT. 
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Figure 2. The total amount (medium + pituitaries) of the radioimmuno-
assayable PRL (RIA-PRL) present in each vial following five hours of 
incubation of anterior pituitaries obtained from 80 day-old female 
rats eight weeks after they were rendered blind and anosmic (B-A) or 
blind, anosmic and pinealectomized (B-A-P) or left intact (INT). — 
Open bars represent the*mean content of RIA-PRL (yg/vial) while the 
cross-hatched bars signify the mean concentration of RIA-PRL (lig/mg 
pituitary tissue in each incubation vial). There were five to six 
vials per group with three hemipituitaries per vial. Vertical lines 
from the top of each bar signify SE. a, p < 0.05 vs. INT; b, p < 0.01 
vs. INT; c, p < 0.001 vs. INT; x, p < 0.01 vs. B-A; y, p < 0.001 vs. 
B-A. 
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Figure 3. The total amount (medium + pituitaries) of incorporation 
of ^H-leucine into PRL (%-PRL) after five hours of in vitro incuba
tion by hemipituitaries obtained from 80 day-old female rats that 
were either intact (INT) or rendered blind and anosmic (B-A) or blind, 
anosmic and pinealectomized (B-A-P) eight weeks previously. — Open 
bars represent the mean content of ^H-PRL (dpm/vial) while cross-
hatched bars signify the mean concentration of H-PRL (dpm/mg of 
pituitary tissue per vial). There were five to six vials per group 
with three hemipituitaries per vial. Vertical lines from the top of 
each bar signify SE. a, p < 0.01 vs. INT; b, p < 0.005 vs. INT; c, 
p < 0.001 vs. INT; x, p < 0.001 vs. B-A. 
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Table 3. The effects of blinding and anosmia (Blind + Anos) and 
blinding, anosmia and pinealectomy (Blind + Anos + Pinx) on the per
cent release of PRL in vitro from pituitaries obtained from 80 day-
old female rats eight weeks after treatment. 

m _ _ Percent Release 
Treatment n RIA-PRL 3„_PRL 

Intact 5 59 ± 2 93 ± 1 

Blind + Anos 6 69 ± lb 89 ± 2 

Blind + Anos + Pinx 6 68 ± 3 97 ± la,X 

Values are the mean ± SE of the number (n) of incubation vials in 
each group. Each vial contained three hemipituitaries. Percent re
lease was calculated by dividing the levels of PRL in the medium by 
the total PRL in each vial. 

a, differs from Intact group p < 0.05 
b, differs from Intact group p < 0.001 
x, differs from Blind + Anos group p < 0.001 
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Experiment 2: The Effects of Blinding, Olfactory Bulbectomy 
and Pinealectomy Evaluated Individually and in Combination 
on Prolactin Synthesis, Storage and Release in Female Rats 

Body weights were reduced in the Anos and Blind groups from 

intact controls (Table 4) with the effects of anosmia being reversed 

by pinealectomy. There were no significant differences in ovarian or 

uterine weights between any of the groups tested (Table 4). 

The anterior pituitary weights were decreased in all of the 

groups compared with INT animals (Table 5). There was a 30% reduction 

(p < 0.001) in hemipituitary weight in the Anos group, an approximately 

20% (p < 0.01) reduction in each of the Blind, Pinx and Anos + Pinx 

groups and a 14% (p < 0.05) decrease in the Blind + Pinx and Sham 

groups. Pituitary DNA content, on the other hand, was significantly 

decreased in only the Anos and Anos + Pinx groups (Table 5). 

No significant differences were seen in serum PRL values among 

any of the treatment groups (Table 6), though the values were quite 

variable. Similarly, none of the treatments had any significant 

3 
effects on the absolute amount of either RIA-PRL or H-PRL (Table 7). 

When these values were corrected for pituitary weight, however, slight 

but significant increases were observed in total RIA-PRL in both the 

Pinx and Sham groups. 



Table 4. The effects of anosmia (Anos), blinding (Blind), pinealectomy (Pinx) and sham operations 
on mean body, ovarian and uterine weights in 80 day-old female rats eight weeks after treatment. 

Treatment n Body Wt (g) Ovarian Wt (mg) Uterine Wt (mg) 

Intact A 300 ± 20 123.0 ± 11.3 
(AO.9 ± 1.9) 

425 ± 7 
(143 ± 9) 

Anos 6 234 ± 7b 102.3 ± 6.2 
(A3.7 ± 2.2) 

385 ± 17 
(165 ± 9) 

Blind A 267 ± 13a 110.8 ± 9.A 
(A1.7 ± 3.8) 

478 ± 111 
(186 ± 56) 

Pinx 6 278 ± 10 112.7 ± 3.A 
(A1.0 ± 1.6) 

447 ± 46 
(163 ± 20) 

Blind + Pinx 5 268 ± 6 107.0 ± 5.3 
(AO.O ± 2.A) 

394 ± 28 
(147 ± 8) 

Anos + Pinx A 296 ± 10X 106.0 ± 9.7 
(35.8 ± 3.1) 

405 ± 54 
(136 ± 17) 

Sham Pinx + Sham Anos A 280 ± 13 108.8 ± 6.0 
(39.2 ± 3.0) 

396 ± 7 
(142 ± 7) 

Values are mean — of the number (n) of animals in each group. Numbers in parenthesis indi' 
cate the relative organ weights (mg/100 g body weight). 

a, differs from Intact group p < 0.05 
b, differs from Intact group p < 0.001 

x, differs from Anos group p < 0.001 
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Table 5. The effects of anosmia (Anos), blinding (Blind), pineal^ 
ectomy (Pinx) and sham operations on pituitary weight and pituitary 
DNA content of 80 day-old female rats eight weeks after treatment. 

Treatment n Pituitary Wt. (mg) Pituitary DNA (yg/vial) 

Intact 4 12.1 + 0.6 49.5 + 2.4 

Anos 6 8.5 + 0.7d 43.3 ± 1.3a 

Blind 4 9.6 ± 0.4b 44.1 ± 3.1 

Pinx 6 9.4 ± 0.3C 43.9 ± 2.9 

Blind + Pinx 5 10.3 ± 0.3a 43.9 + 5.4 

Anos + Pinx 4 9.7 + 0.8b 39.2 + 3.8C 

Sham Anos + 4 10.3 ± 0.8a 45.9 + 5.8 
Sham Pinx 

Values are the mean ± SE of the number (n) of incubation vials in 
each group. Each incubation vial contained two hemipituitaries. 

a, differs from Intact group p < 0.05 
b, differs from Intact group p < 0.01 
c, differs' from Intact group p < 0.005 
d, differs from Intact group p < 0.001 
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Table 6. The effects of anosmia (Anos), blinding (Blind), pineal-
ectomy (Pinx) and sham operations on radioimmunoassayable serum 
prolactin levels in 80 day-old female rats eight weeks after treat
ment . 

Treatment n Serum PRL (ng/ml) 

Intact 4 64.60 + 28.51 

Anos 6 30.00 + 7.67 

Blind 4 73.00 + 21.55 

Pinx 6 141.56 ± 49.74 

Blind + Pinx 5 118.40 ± 54.13 

Anos + Pinx 4 31.80 ± 12.47 

Sham Pinx + Sham Anos 4 93.80 ± 40.68 

Values are the mean ± SE of the number (n) of animals in each group. 
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Table 7. The effects of anosmia (Anos), blinding (Blind), pineal-
ectomy (Pinx) and sham operations on the total amount (medium + 
pituitaries) of both radioimmunoassayable PRL (RIA-PRL) and newly 
synthesized PRL (%-PRL) in vitro. 

Treatment n 
Total RIA-PRL 
(yg/vial) 

Total H-PRL 
(dpm/vial) 

Intact 4 237.61 + 7.70 281,015 + 32,663 
(19.70 + 0.69) (23,432 ± 3,242) 

Blind 6 235.37 + 12.47 261,817 ± 43,604 
(28.74 + 3.14) (32,159 ± 5,989) 

Anos 4 239.13 + 11.31 263,747 + 21,988 
(25.14 + 2.37) (27,526 ± 2,401) 

Pinx 6 253.11 + 11.56 319,382 + 36,859 
(27.09 + 1.52)b (34,162 ± 3,977) 

Blind + Pinx 5 221.76 + 15.62 215,281 + 27,885 
(21.79 + 1.84) (21,213 + 3,009) 

Anos + Pinx 4 226.50 + 17.34 195,226 + 23,091 
(23.85 + 2.62) (20,508 ± 2,645) 

Sham Anos + 4 268.34 + 10.40 270,604 ± 46,311 
Sham Pinx (26,49 + 2.20)a (25,791 + 2,376) 

Values are the mean ± SE of the number (n) of incubation vials in 
each group. Numbers in parentheses indicate RIA-PRL or ̂ H-PRL con
centration (yg or dpm/mg tissue in each incubation vial.) Each vial 
contained two hemipituitaries in one ml of medium. 

a, differs from Intact group p < 0.05 
b, differs from Intact group p < 0.01 



67 

Experiment 3; A Comparison of the Effects of Blinding 
and Induced Anosmia and of Blinding, Induced Anosmia and 

Pinealectomy on Prolactin Synthesis, Storage and 
Release in Male and Female Rats 

In the females, body, ovarian and uterine weights were all 

decreased (p < 0.001) in the BA group from INT values (Table 8). 

Pinealectomy reversed the declines in body and uterine weights, but 

had little effect on the decrease in ovarian weights (Table 8). In 

the male rats, the weights of the testes, ventral prostate and seminal 

vesicles were reduced (p < 0.001) in BA animals (Table 9). When these 

reproductive organ weights were corrected for body weight, ventral 

prostate and seminal vesicle weights were still decreased, but the 

decrease in relative testicular weight was not significant. Pineal

ectomy partially reversed the declines in accessory organ weights and 

fully reversed the depression in body and absolute testicular weights 

(Table 9). 

Adenohypophysial weights after in vitro incubation were re

duced (p < 0.001) in both male and female BA groups from intact con

trols (Fig. 4). The decrease was approximately the same for both 

sexes. Pituitary weights of the BAP animals in males and females were 

intermediate between the INT and BA groups (Fig. 4). Anterior pitui

tary DNA content for male BA rats was decreased by 40% (p < 0.001) from 

INT levels; pinealectomy partially ameliorated this effect (Table 10). 

There was a decrease in serum PRL levels in BA females 

(p < 0.001) and males (p < 0.02) from their intact controls (Tables 11 

and 12). Levels in BAP females significantly exceeded both BA and INT 
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values (Table 11) while serum PRL titers in BAP males were not sig

nificantly different from other groups (Table 12). 

The pituitary content of PRL in female BA rats was decreased 

(p < 0.001) from INT values, though this effect was not reversed by 

pinealectomy (Table 11). Pituitary PRL concentration (yg/mg tissue) 

was not significantly altered by any of the treatments. In males, on 

the other hand, both pituitary PRL content and concentration were 

drastically reduced (p < 0.001) in BA versus INT animals (Table 12); 

pinealectomy reversed these depressions. 

The total amount of RIA PRL in vitro for INT male rats was one-

third of that found, for INT females (Fig. 5). Blinding and anosmia 

caused a reduction in total RIA-PRL in vitro in both males and fe

males (Fig. 5). This reduction was approximately 50% (p < 0.001) in 

females and 74% (p < 0.001) in males. Pinealectomy fully reversed 

the decrease in females and partially reversed the decrease in males 

(Fig. 5). 

Female rat hemipituitaries incorporated approximately six-fold 

3 
more H-leucine into PRL in vitro than did hemipituitaries from male 

rats (Fig. 6). Pituitaries from male and female BA rats incorporated 

3 
significantly less H-leucine into PRL in vitro than those obtained 

from INT animals (Fig. 6); this effect was more pronounced in females 

(45%, p < 0.001) than in males (34%, p < 0.005). Pinealectomy in both 

3 
groups fully reversed these decreases (Fig. 6). H-PRL levels in the 

female BAP group were higher than levels in the INT group but this 



effect was not significant; no such tendency was seen in BAP male 

rat pituitaries. 



Table 8. Repeat of the effects of blinding and anosmia (Blind + Anos) and blinding, anosmia and 
pinealectomy (Blind + Anos + Pinx) on mean body, ovarian and uterine weights in 80 day-old female 
rats eight weeks after treatment. 

Treatment n Body Wt. (g) Ovarian Wt. (mg) Uterine Wt. (mg) 

Intact 18 199 + 6 77.6 + 3.5 396 + 28 
(39.4 + 1.9) (198 + 13) 

Blind + Anos 19 178 + 4C 52.1 + 3.4C 206 + 23° 

(30.2 + 1.9) (119 + 13)' 

Blind + Anos + Pinx 19 190 + 5y 58.4 + 3.0C 308 + 25a 

(30.9 + 1-4) (162 + 13)" 

Values are mean ± SE of the number (n) of animals in each group. Numbers in parenthesis indicate 
the relative organ weights (mg/100 g body weight). 

a, differs from Intact group p < 0.02 
b, differs from Intact group p < 0.005 
c, differs from Intact group p < 0.001 

x, differs from Blind + Anos group P < 
y, differs from Blind + Anos group P < 
z, differs from Blind + Anos group P < 



Table 9. The effects of blinding and anosmia (Blind + Anos) and blinding, anosmia and pineal-
ectomy {Blind + Anos + Pinx) on the mean body, testes, ventral prostate and seminal vesicle 
weights of 80 day-old male rats eight weeks after treatment. 

Treatment n Body Wt (g) Testes Wt (mg) Prostate Wt (mg) Seminal Vesicle Wt (mg) 

Intact 16 257 + 14 3124 + 111 261.0 + 22.0 416.9 + 36.1 
(1254 + 55) (98.9 + 5.0) (160.3 + 0.7) 

Blind + Anos 19 189 + 8d 2085 + 195d 61.5 + 15-3d 
120.5 + 26.9dd 

(1092 + 88) (29.9 + 6.9) (57.6 + 10.7) 

Blind + Anos + Pinx 17 248 + 13X 3027 + 99x 203.1 + 19.2a'x 299.9 + 29.3C'X 

(1249 + 43) (81.2 + 6.5)a'x (121.5 + ll.l)b'X 

Values are the mean ± SE of the number (n) of animals in each group, 
indicate the relative organ weights (mg/100 g body weight). 

Numbers in parentheses 

a. differs from Intact group P < 0 .05 
b,  differs from Intact group P < 0 .02 
c,  differs from Intact group P < 0 .01 
d,  differs from Intact group P < 0 .001 

x, differs from Blind + Anos group p < 0.001 
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Table 10. The effects of blinding (Blind), anosmia (Anos) and 
pinealectomy (Pinx) on the mean DNA content of pituitaries obtained 
from 80 day-old male rats eight weeks after treatment. 

Treatment n Pituitary DNA (yg/vial) 

Intact 5 39.3 ± 1.2 

Blind + Anos 6 23.5 ± 2.3b 

Blind + Anos + Pinx 6 32.3 ± 2.3a'X 

Values are the mean ± SE of the number (n) of incubation vials in 
each group. There were three hemipituitaries in each incubation vial. 

a, differs from 
b, differs from 
x, differs from 

Intact group 
Intact group 
Blind + Anos 

p < 0.05 
p < 0.001 
group p < 0.01 



73 

Table 11. The effects of blinding and anosmia (Blind + Anos) and 
blinding, anosmia and pinealectomy (Blind + Anos + Pinx) on radio-
iramunoassayable prolactin levels in the serum and pituitaries of 
80 day-old female rats eight weeks after treatment. 

Treatment Serum PRL (ng/ml) Pituitary PRL (yg) 

Intact 29.25 + 3.22 85.58 + 2.55 
(11.11 + 0.54) 

Blind + Anos 13.60 + 1.24a 61.75 + 3.99C 

(12.70 + 0.94) 

Blind + Anos + Pinx 117.47 + 34.72b'X 59.64 + 8.24 
(9.80 + 1.64) 

Values are the mean ± SE of 18-19 animals per group for the serum PRL 
levels and six to seven animals per group for the pituitary values. 
The numbers in parentheses indicate the concentration of PRL in the 
pituitaries (yg/mg tissue). 

a, differs from Intact group p < 0.05 
b, differs from Intact group p < 0.01 
c, differs from Intact group p < 0.001 
x, differs from Blind + Anos group p < 0.01 
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Table 12. The effects of blinding and anosmia (Blind + Anos) and 
blinding, anosmia and pinealectomy (Blind + Anos + Pinx) on radio-
irnmunoassayable prolactin levels in the serum and pituitaries of 
80 day-old male rats eight weeks after treatment. 

Treatment Serum PRL (ng/ml) Pituitary PRL (yg) 

Intact 35.92 + 5.43 73.18 ± 2.94 
(11.65 ± 1.35) 

Blind + Anos 20.90 + 2.87a 16.72 ± 5.61C 
(3.67 + 1.02)C 

Blind + Anos + Pinx 27.73 + 3.46 48.97 + 6.40b'y 

(8.99 ± 0.44)X 

Values are the mean ± SE of 16-19 animals per group for the serum 
PRL levels and five to seven animals per group for the pituitary 
values. The numbers in parentheses indicate the concentration of 
PRL in the pituitaries (yg/mg tissue). 

a, differs from Intact group p < 0.02 
b, differs from Intact group p < 0.005 
c, differs from Intact group p < 0.001 
x, differs from Blind + Anos group p < 0.005 
y, differs from Blind + Anos group p < 0.001 
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Figure 4. The mean of the combined weights of hemipituitaries ob
tained from intact (INT), blind-anosmic (B-A) and blind-anosmic-
pinealectomized (B-A-P) female (open bars) and male (cross-hatched 
bars) rats. — There were five to six vials per group with three 
hemipituitaries per vial. The vertical lines from the top of each 
bar signify SE. a, p < 0.005 vs. INT; b, p < 0.001 vs. INT; x, 
p < 0.01 vs. B-A; y, p < 0.001 vs. B-A. 
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Figure 5. The total amount (medium + pituitaries) of the radio-
immunoassayable PRL (RIA-PRL) present in each vial following five 
hours of incubation of anterior pituitaries obtained from 80 day-
old female (open bars) and male (cross-hatched bars) rats eight weeks 
after they were rendered blind-anosmic (B-A) or blind-anosmic-pineal-
ectomized (B-A-P) or left intact (INT). — There were five to six 
vials per group with three hemipituitaries per vial. Vertical lines 
from the top of each bar signify SE. a, p < 0.001 vs. INT; x, 
p < 0.001 vs. B-A. 
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Figure 6. The total amount (medium + pituitaries) of incorporation of 
%-leucine into PRL (̂ H-PRL) after five hours of in vitro incubation 
by hemipituitaries obtained from 80 day-old female (open bars) and 
male (cross-hatched bars) rats that were either intact (INT) or ren
dered blind-anosmic (B-A) or blind-anosmic-pinealectomized (B-A-P) 
eight weeks previously. — There were five to six vials per group 
with three hemipituitaries per vial. Vertical lines from the top of 
each bar signify SE. a, p 0.005 vs. INT; b, p < 0.001 vs. INT; x, 
p < 0.02 vs. B-A; y, p < 0.005 vs. B-A. 
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Experiment 4: The Effects of Blinding and Induced Anosmia 
and of Blinding, Induced Anosmia and Pinealectomy on 

Prolactin Synthesis, Storage and Release 
in Ovariectomized Female Rats 

Body, ovarian and uterine weights were all decreased (p < 0.05) 

in BA versus INT rats (Table 13). When uterine weight was corrected 

for body weight, however, the decrease in the BA group was not sig

nificant. Pinealectomy reversed the decreases in ovarian and uterine 

weights but not body weight (Table 13) . Uterine weights were not re

corded for the ovariectomized groups, due to the atrophic condition 

of these organs in the absence of ovarian steroids. The body weights 

of Ovx-BA animals were reduced (p < 0.001) from that of the Ovx group 

(Table 13); pinealectomy reversed this effect. 

The anterior pituitary weight of BA rats was 50% (p < 0.001) 

less than that found in INT animals (Fig. 7). Adenohypophysial weights 

in BAP rats were intermediate between, and significantly different 

from, either INT or BA values. Although ovariectomy alone did not 

significantly alter anterior pituitary weight, the glandular weight 

in Ovx-BA rats was reduced by 37% (p < 0.001) from Ovx animals (Fig. 

7). Pinealectomy fully reversed this depression in Ovx-BA animals. 

Paralleling these changes in pituitary weight were alterations 

in the DNA content of these glands. There was a 32% (p < 0.02) reduc

tion in pituitary DNA content in BA versus INT animals (Table 14). 

Pinealectomy tended to reverse this decrease, though not significantly. 

Ovariectomy alone resulted in a slight but nonsignificant decrease in 

DNA content (Table 14). Ovx-BA animals contained 36% (p < 0.001) less 
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pituitary DNA than Ovx rats. Pinealectomy partially reversed the 

suppressive effect of blinding and anosmia on pituitary DNA content 

(Table 14). 

Serum PRL levels in BA rats were significantly (p < 0.02) 

decreased from INT animals (Table 15) ; levels in the BAP group were 

not significantly different from either INT or BA animals. Ovari

ectomy caused a reduction (p < 0.01) in serum PRL titers from INT 

rats but serum PRL levels in both the Ovx-BA and Ovx-BAP animals did 

not differ significantly from the levels in Ovx rats (Table 15). 

Immunoreactive PRL in vitro was reduced by 44% (p < 0.001) in 

BA rats from intact control values (Fig. 8); pinealectomy reversed 

this decrease. Levels of RIA-PRL in vitro in the Ovx group were 62% 

(p < 0.001) reduced from the INT group (Fig. 8). Blinding and anos

mia in these animals resulted in a further 67% (p < 0.02) decrease in 

immunoreactive PRL. RIA-PRL content in the Ovx-BAP group was inter

mediate between but not significantly different from either Ovx or 

Ovx-BA groups (Fig. 8). 

3 A similar pattern was seen for H-leucine incorporation into 

PRL in vitro, with the BA rat pituitaries synthesizing 47% (p < 0.01) 

3 3 
less H-PRL than INT pituitaries (Fig. 9). Incorporation of H-leucine 

into PRL in the BAP group significantly exceeded levels in both the 

INT and BA groups. Ovariectomy resulted in a 64% (p < 0.001) reduc-

3 
tion in total H-PRL in vitro, while levels in the Ovx-BA group were 

reduced a further 59% (p < 0.01) from Ovx values (Fig. 9). 
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Incorporation of 3H-leucine into PRL by Ovx-BAP pituitaries was not 

significantly different from either Ovx or Ovx-BA groups. 



Table 13. The effects of blinding (Blind), anosmia (Anos), pinealectomy (Pinx) and ovariectomy 
(Ovx) on mean body, ovarian and uterine weights in 80 day-old female rats eight weeks after 
treatment. 

Treatment n Body Wt (g) Ovarian Wt. (mg) Uterine Wt. (mg) 

Intact 

Blind + Anos 

Blind + Anos + Pinx 

268 ± 5 

221 ± 7 

236 ± 5 

96.1 ± 3.8 
(36.0 ± 1.6) 

48.5 ± 7.7°, 
(23.7 ± 3.5) 

89.9 ± 6.1f. 
(38.2 ± 2.6) 

425 ± 22 
(158 ± 7) 

272 ± 68a 

(123 ± 29) 

506 ± 73e 

(214 ± 28) 

Ovx 330 ± 7 

Ovx + Blind + Anos 

Ovx + Blind + Anos + Pinx 9 

259 ± 14 

308 ± 11S 

Values are the mean ± SE of the number (n) of animals in each group. Numbers in parentheses 
indicate the relative organ weights (rag/100 g body weight). 

e, differs from Blind + Anos group p < 0.02 a, differs from Intact group p < 0.05 
b, differs from Intact group p < 0.02 
c, differs from Intact group p < 0.001 
d, differs from Ovx group p < 0.001 

f, differs from Blind + Anos group p < 0.005 
g, differs from Ovx + Blind + Anos group p < 0.0(15 

00 



Table 14. The effects of blinding (Blind), anosmia (Anos), pineal-
ectomy (Pinx) and ovariectomy (Ovx) on pituitary DNA content of 80 
day-old female rats eight weeks after treatment. 

Treatment n Pituitary DNA (yg/vial) 

Intact 5 

Blind + Anos 6 

Blind + Anos + Pinx 5 

Ovx 6 

Ovx + Blind + Anos 6 

Ovx + Blind + Anos + Pinx 6 

83.5 ± 7.6 

56.4 ± 3.8a 

65.1 ± 3.4b 

71.2 ± 2.7 

45.2 ± 3.2d 

55.5 ± 3.4°'e 

Values are the mean ± SE of the number (n) of incubation vials in 
each group. There were three hemipituitaries in each incubation vial. 

a, differs from Intact group p < 0.02 
b, differs from Intact group p < 0.01 
c, differs from Ovx group p < 0.005 
d, differs from Ovx group p < 0.001 
e, differs from Ovx + Blind + Anos group p < 0.05 
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Table 15. The effects of blinding (Blind), anosmia (Anos), pineal-
ectomy (Pinx) and ovariectomy (Ovx) on serum prolactin levels in 80 
day-old female rats eight weeks after treatment. 

Treatment n Serum PRL (ng/ml) 

Intact 8 27.4 + 6.4 

Blind + Anos 9 6.7 + 3.7a 

Blind + Anos + Pinx 8 30.0 + 13.8 

Ovx 9 6.6 + 2.6b 

Ovx + Blind + Anos 9 6.2 + 2.5 

Ovx + Blind + Anos + Pinx 9 .8.3 + 3.3 

Values are the mean ± SE of the number (n) of animals in each group. 

a, differs from Intact group p < 0.02 
b, differs from Intact group p < 0.01 
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Figure 7. The mean combined weights of hemipituitaries obtained from 
intact (INT), blind-anosmic(BA), blind-anosmic-pinealectomized (BAP), 
ovariectomized (Ovx), ovariectomized—blind—anosmic (Ovx-BA) and ovari-
ectomized—blind—anosmic—pinealectomized (Ovx-BAP) female rats eight 
weeks after treatment. — There were five to six vials per group with 
three hemipituitaries per vial. The vertic&l lines from the top of 
each bar signify SE. a, p < 0.001 vs. INT; b, p < 0.001 vs. Ovx; x, 
p < 0.001 vs BA; y, p < 0.005 vs. Ovx-BA. 



Figure 8. The total amount of the immunoassay able PRL (RIA-PRL) 
present in each incubation vial following five hours of incuba
tion of anterior pituitaries obtained from 80 day-old female 
rats eight weeks after they were rendered blind-anosmic (BA) , 
blind-anosmic-pinealectomized (BAP), ovariectomized (Ovx), ovari-
ectomized-blind-anosmic (Ovx-BA), ovariectomized-blind-anosmic-
pinealectomized (Ovx-BAP) or left intact (INT). — There were 
five to six vials per group with three hemipituitaries per vial. 
Vertical lines from the top of each bar signify SE. a, p < 0.001 
vs. INT; b, p < 0.02 vs. Ovx; x, p < 0.001 vs. BA. 
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Figure 8. The total amount of the immunoassayable PRL ... 



3 
Figure 9. The total amount of incorporation of H-leucine into 
PRL (%-PRL) after five hours of in vitro incubation by hemi-
pituitaries obtained from 80 day-old female rats that were either 
intact (INT) or rendered blind-anosmic (BA), blind-anosmic-
pinealectomized (BAP), ovariectomized (Ovx), ovariectomized-
blind-anosmic (Ovx-BA) or ovariectomized-blind-anosmic-pineal-
ectomized (Ovx-BAP) eight weeks previously. — There were five 
to six vials per group with three hemipituitaries per vial. 
Vertical lines from the top of each bar signify SE. a, p < 0.01 
vs. INT; b, p < 0.001 vs. INT; c, p < 0.01 vs. Ovx; x, p < 0.001 
vs. BA. 
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Figure 9. The total amount of incorporation of H-leucine ... 
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Experiment 5; The Time Course of. the Changes in Prolactin 
Synthesis, Storage and Release Brought About by Blinding 

and Induced Anosmia and by Blinding, Induced 
Anosmia and Pinealectomy in Female Rats 

Body, ovarian and uterine weights were all reduced (p < 0.001) 

in BA versus INT rats, both one and four weeks after treatment (Table 

16). With the exception of relative ovarian weights, pinealectomy 

did not reverse these declines after one week. At four weeks, how

ever, body and uterine weights of BAP rats were not different from 

INT animals (Table 16). Pinealectomy partially reversed the decrease 

in absolute ovarian weight after four weeks, but relative ovarian 

weight remained depressed. 

Pituitary weight and pituitary DNA content were not changed 

in either experimental group at one week (Table 17). At four weeks, 

however, INT rat pituitary weights and DNA content increased by 65% 

(p < 0.001) and 55% (p < 0.001), respectively, over INT animals at 

one week (Table 17). Adenohypophysial weight was decreased by 61% 

(p < 0.01) in BA versus INT animals at four weeks; likewise DNA con

tent of the gland was reduced by 42% (p < 0.001, Table 17). Blinding 

and anosmia completely prevented the gain in pituitary weight which 

occurred in INT rats between one and four weeks and partially pre

vented the increase in DNA content which also occurred during this 

same period. Pinealectomy partially reversed the effects of blinding 

and anosmia on pituitary weight and DNA content (Table 17). 

Serum PRL levels were reduced in BA rats both one (p < 0.01) 

and four (p < 0.05) weeks after treatment (Table 18). At one week, 
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sertnn PRL levels in the BAP rats were significantly reduced from INT 

values, however, at four weeks these levels were markedly elevated but 

not significantly different from either INT or BA animals. 

Total RIA-PRL in vitro (Fig. 10) was slightly but significant

ly (p < 0.05) depressed in BA versus INT groups at one week. Pineal-

ectomy did not reverse this effect. The levels of total RIA-PRL in 

vitro in the INT group at four weeks were increased by 81% over INT 

animals at one week (Fig. 10). Blinding and anosmia after four weeks 

caused a 73% (p < 0.001)decrease in these titers, an effect that was 

partially reversed by pinealectomy. 

3 
There were no changes in the incorporation of H-leucine into 

PRL by either the BA or BAP pituitaries after one week of treatment 

3 
(Fig. 11). At four weeks there was a 78% increase in H-PRL levels 

in vitro in the INT group versus the INT group at one week. Pitui

taries from BA rats at four weeks incorporated 68% (p < 0.001) less 

3 
H-leucine than the intact controls (Fig. 11); pinealectomy partially 

reversed this decline. 

\ 



Table 16. The effects of blinding (Blind), anosmia (Anos) and pinealectomy (Pinx) on the mean 
body, ovarian and uterine weights of female rats one and four weeks after treatment. 

Treatment n Body Wt. (g) Ovarian Wt. (mg) Uterine Wt. (mg) 

Week 

Intact 9 105 ± 3 27.4 + 1.7 134.6 + 18.0 
(26.1 + 1.9) (128.5 + 17.5) 

Blind + Anos 9 95 ± 3b 17.6 + °*5ba 46.6 + 3-4bb 
(20.6 0.6) (54.1 + 3.6) 

Blind + Anos + Pinx 9 85 ± 2b 19.8 + 1.3b 45.2 + 3-?bb 
(23.4 + 1.8) (53.0 + 4.4) 

Weeks 

Intact 9 192 ± 11 68.8 + 4.5 316.9 + 18.1 
(33.9 + 1.8) (157.3 + 10.4) 

Blind + Anos 9 148 ± 3d 34.9 + 2,9dd 
128.2 + 13-4d 

(23.3 1.8) (86.7 + 9.5) 

Blind + Anos + Pinx 9 179 ± 4X 49.6 2.1X 286.9 + 31.4y 

/ (27.8 + 1.4)C (160.8 + 18.4) 

Values are the mean ± SE of the number (n) of animals in each group. The numbers in parentheses 
indicate the relative organ weights (mg/100 g body weight). 

a, differs from 1 week-Intact group p < 0.02 d, differs from 4 week-Intact group p < 0.005 
b, differs from 1 week-Intact group p < 0.001 x, differs from 4 week-Blind + Anos group p < 0.005 
c, differs from 4 week-Intact group p < 0.02 y, differs from 4 week-Blind + Anos group p < Q'.OOl 
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Table 17. The effects of blinding (Blind), anosmia (Anos) and pineal-
ectomy (Pinx) on pituitary weight and pituitary DNA content of female 
rats one and four weeks after treatment. 

Treatment n Pituitary Wt. Pituitary DNA 
(mg) (yg/vial) 

1 Week 

Intact 6 4.6 + 0.4 24.3 + 2.4 

Blind + Anos 6 4.2 + 0.4 24.5 + 0.9 

Blind + Anos + Pinx 6 3.7 + 0.2 22.3 + 1.3 

Weeks 

Intact 6 13.2 + 0.4b 55.2 + 0.9b 

Blind + Anos 6 5.1 + 0.5C 31.7 + 1.0a'c 

Blind + Anos + Pinx 5 8.3 + 0.3C'e 39.7 + 3.2c'd 

Values are the mean ± SE of the number (n) of incubation vials in 
each group. Each incubation vial contained three hemipituitaries. 

a, differs from 1 week-Intact group p < 0.02 
b, differs from 1 week-Intact group p < 0.001 
c, differs from 4 week-Intact group p < 0.001 
d, differs from 4 week-Blind + Anos group p < 0.01 
e, differs from 4 week-Blind + Anos group p < 0.001 
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Table 18. The effects of blinding (Blind), anosmia (Anos) and pineal-
ectomy (Pinx) on serum prolactin levels of female rats one and four 
weeks after treatment. 

Treatment n Serum PRL (ng/ml) 

1 Week 

Intact 9 11.9 ± 2.9 

Blind + Anos 9 2.5 ± 0.8a 

Blind + Anos + Pinx 9 1.6 ± 0.3̂  

4 Weeks 

Intact 9 16.8 ± 6.8 

Blind + Anos 9 1.2 ± 0.3° 

Blind + Anos + Pinx 8 13.9 ± 8.1 

Values are the mean ± SE of the number (n) of animals in each group. 

a, differs from 1 week-- Intact group P < 0. 01 
b,  differs from 1 week-•Intact group P < 0. 001 
c,  differs from 4 week-•Intact group P < 0. 05 
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Figure 10. The total amount (medium + pituitaries) of radioimmuno— 
assayable PRL (RIA-PRL) present in each incubation vial following 
five hours of incubation of anterior pituitaries obtained from intact 
(INT), blind—anosmic (BA) and blind, anosmic and pinealectomized 
(BAP) female rats one and four weeks after treatment. — There were 
five to six vials per group with three hemipituitaries per vial. The 
vertical lines from the top of each bar signify SE. a, p < 0.05 vs. 
1 week—INT; b, p < 0.005 vs. 1 week—INT; c, p < 0.001 vs. 4 weeks-
INT; x, p < 0.005 vs. 4 weeks-BA. 
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Figure 11. The total amount (medium + pituitaries) of incorporation 
°f H-leucine into PRL (̂ H-PRL) after five hours of in vitro incuba
tion by hemipituitaries obtained from intact (INT), blind-anosmic 
(BA) and blind—anosmic-pinealectomized (BAP) female rats one and four 
weeks after the operations. — There were five to six vials per group 
with three hemipituitaries per vial. Vertical lines from the top of 
each bar signify SE. a, p < 0.005 vs. 4 weeks-INT; b, p < 0.001 vs. 
4 weeks-INT; x, p < 0.005 vs. 4 weeks-INT. 
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Experiment 6; The Effects of Blinding and Induced Anosmia 
and of Blinding, Induced Anosmia and Pinealectomy on Prolactin 

Synthesis, Storage and Release in Adult Female Rats 

Body weights were not affected by either blinding and anosmia 

or blinding, anosmia and pinealectomy (Table 19). However, both 

absolute and relative ovarian (p < 0.005) and uterine (p < 0.02) 

weights were decreased in BA versus INT rats (Table 19). Pinealec

tomy partially, though not significantly, reversed the decline in 

ovarian weights and fully reversed the decrease in uterine weights 

(p < 0.05). 

There was also a 30% (p < 0.001) reduction in the anterior 

pituitary weights in the BA rats (Table 20) with pinealectomy partial

ly reversing this effect. There were no significant differences in 

pituitary DNA content among any of the groups tested (Table 20). 

Serum PRL levels were slightly decreased in BA rats from INT 

values but this effect was not statistically significant (Table 21). 

Serum PRL levels in BAP animals also did not differ significantly from 

either BA or INT rats. There was a slight reduction in pituitary PRL 

content in BA rats, though again this was not significant (Table 21). 

Pituitary PRL concentration was not altered by any of the treatment 

groups. 

Total immunoassayable PRL in vitro was reduced by 25% 

(p < 0.05) in the BA group from intact controls (Fig. 12); pineal

ectomy reversed this depression. 



3 
The total amount of H-PRL was also reduced by 20% (p < 0.05) 

in the BA group (Fig. 13). Again, pinealectomy fully reversed this 

decline. 



Table 19. The effects of blinding and anosmia (Blind + Anos) and blinding, anosmia and pineal-
ectomy (Blind + Anos + Pinx) on mean body, ovarian and uterine weights in 109 day-old female 
rats eight weeks after treatment. 

V 

Treatment n Body Wt. (g) Ovarian Wt. (mg) Uterine Wt. (mg) 

Intact 17 270 ± 6 94.8 ± 4.0 440 ± 19 
(33.9 ± 1.1) (158 ± 8) 

Blind + Anos 17 268 ± 5 76.0 ± 4.2b 341 ± 33a a 
(28.2 ± 1.2) (126 ± ll)a 

Blind + Anos + Pinx 17 271 ± 6 85.0 ± 3.7 411 ± 16x 

(31.8 ± 1.8) (156 ± 7) 

Values are the mean ± SE of the number (n) of animals in each group. Numbers in parentheses 
indicate the relative organ weights (mg/100 g body weight). 

a, differs from Intact group p <0.02 
b, differs from Intact group p < 0.005 

x, differs from Blind + Anos group p <0.05 
y, differs from Blind + Anos group p <0.02 

vo 
CT> 
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Table 20. The effects of blinding and anosmia (Blind + Anos) and 
blinding, anosmia and pinealectomy (Blind + Anos + Pinx) on pituitary 
weight and pituitary DNA content of 109 day-old female rats eight 
weeks after treatment. 

Pituitary Wt. Pituitary DNA 
Treatment n (mg) (yg/vial) 

0.7 60.3 ± 3.8 

0.6b 57.9 ± 2.0 

0.6a'X 59.7 ± 4.0 

Values are the mean ± SE of the number (n) of incubation vials in 
each group. Each incubation vial contained three hemipituitaries. 

a, differs from Intact group p < 0.05 
b, differs from Intact group p < 0.001 
x, differs from Blind + Anos group p < 0.01 

Intact 6 16.3 ± 

Blind + Anos 6 11.4 ± 

Blind + Anos + Pinx 6 14.2 ± 



Table 21. The effects of blinding and anosmia (Blind + Anos) and 
blinding, anosmia and pinealectomy (Blind + Anos + Pinx) on serum 
and pituitary prolactin levels in 109 day-old female rats eight 
weeks after treatment. 

Treatment Serum PRL (ng/ml) Pituitary PRL (yg) 

Intact 12.0 + 3.3 21.2 + 1.7 
(1.9 + 0.1) 

Blind + Anos 7.5 + 2.8 16.5 + 1.4 
(1.9 + 0.2) 

Blind + Anos + Pinx 13.6 + 4.5 19.7 + 0.2 
(1.9 + 0.2) 

Values are the mean ± SE of 17 animals per group for the serum PRL 
levels and five animals per group for the pituitary values. The 
numbers in parentheses indicate the pituitary concentration of PRL 
(yg/mg tissue). 
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Figure 12. The total amount (medium + pituitaries) of radioimmuno-
assayable PRL (RIA-PRL) present in each vial following five hours of 
incubation of anterior pituitaries obtained from 109 day-old female 
rats eight weeks after they were either rendered blind and anosmic 
(BA) or blind, anosmic and pinealectomized (BAP) or left intact (INT). 
— There were six vials per group with three hemipituitaries per 
vial. Vertical lines from the top of each bar signify SE. a, p < 
0.05 vs. INT; x, p < 0.05 vs. BA. 
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Figure 13. The total amount (medium + pituitaries) of incorporation 
of ̂ H-leucine into PRL (̂ H-PRL) after fivê hours of in vitro incuba
tion by hemipituitaries obtained from 109 day-old female rats that 
were either intact (INT) or rendered blind and anosmic (BA) or blind, 
anosmic and pinealectomized (BAP) eight weeks previously. — There 
were six vials per group with three hemipituitaries per vial. 
Vertical lines from the top of each bar signify SE. a, p < 0.05 vs. 
INT; x, p < 0.05 vs. BA. 
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Experiment 7; The Effects of Blinding and Anosmia and of 
Blinding, Anosmia and Pinealectomy on the Sensitivity 

of Prolactin Cells (Mammotrophs) to Dopamine in the Male Rat 

Body and absolute testicular, ventral prostate and seminal 

vesicle weights were all reduced (p < 0.005) in BA rats from INT 

values (Table 22). Relative weights of the testes and seminal ves

icles were not significantly reduced in BA rats. Pinealectomy 

either partially or fully reversed each of these declines (Table 22). 

Adenohypophysial weight was decreased (p < 0.01) with blind

ing and anosmia (Table 23). The pituitary weights of BAP animals 

were not statistically different from BA rats. 

Serum PRL levels tended to be decreased in BA animals, though 

not significantly (Table 24). Total PRL in vitro for BA rats was 74% 

less (p < 0.005) than levels found in the INT group (Table 24). Pi

nealectomy did not significantly reverse this decrease. 

The percent inhibition of PRL release in vitro (i.e., yg PRL 

in the medium of dopamine treated hemipituitaries/mg tissue divided 

by yg PRL in the medium of control hemipituitary/mg tissue) by 10 "*M 

dopamine was increased by 27% (p < 0.005) in the BA versus INT groups 

(Fig. 14). This concentration of dopamine elicited an inhibition of 

PRL release in BAP rats that was intermediate between, and signifi

cantly different from, either INT or BA values. 



Table 22. The effects of blinding and anosmia (Blind + Anos) and blinding, anosmia and pineal-
ectomy (Blind + Anos + Pinx) on the mean body, testes, ventral prostate and seminal vesicle 
weights in 80 day-old male rats eight weeks after treatment. 

_ Body Wt. Testes Wt. Prostate Wt. Seminal Vesicle Wt. 
Ire"ment " (g) Cmg) (ms) (mg> 

Intact 4 429 + 4 3541 + 26 474 + 6 604 + 26 
(827 + • 12) (110 + 8) (141 + 6) 

Blind + Anos 4 309 + lld 2830 + 144C 197 + 39C, 351 + 50° 
(922 + •  69) (63 + 12) (113 + 16) 

Blind + Anos + Pinx 5 378 + 2i
a>y 3145 ± 47b'X 367 + 19a'Z 494 + 37

x 

(842 + 51) (98 + 6)y (132 + 12) 

Values are the mean ± SE of the number (n) of animals in each group. Numbers in parentheses 
indicate the relative organ weights (mg/100 g body weight). 

a, differs from Intact group P < 0.05 x, differs from Blind + Anos group P < 0.05 
b, differs from Intact group P < 0.01 y, differs from Blind + Anos group P < 0.02 
c, differs from Intact group P < 0.005 z, differs from Blind + Anos group P < 0.005 
d, differs from Intact group P < 0.001 

o-
NJ 
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Table 23. The effects of blinding and anosmia (Blind + Anos) and 
blinding, anosmia and pinealectomy (Blind + Anos + Pinx) on anterior 
pituitary weight of 80 day-old male rats eight weeks after treatment.. 

Treatment n Pituitary Wt. (mg) 

Intact 4 9.75 ± 0.39 

Blind + Anos 4 6.87 ± 0.54& 

Blind + Anos + Pinx 5 7.43 ± 0.26̂  

Values are the mean ± SE of the number (n) of animals in each group. 
Weights were recorded after five hours of in vitro incubation. 

a, differs from Intact group p < 0.01 
b, differs from Intact group p < 0.005 
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Table 24. The effects of blinding and anosmia (Blind + Anos) and 
blinding, anosmia and pinealectomy (Blind + Anos + Pinx) on radio
immunoassay able prolactin in both the serum and in vitro in 80 day-
old male rats eight weeks after treatment. 

Treatment n Serum PRL RIA-PRL in vitro 
(ng/ml) (jJg/vial) 

Intact 29.6 ± 9.4 10.72 ± 1.24 

Blind + Anos 9.1 ± 2.4 2.73 ± 0.57' 

Blind + Anos + Pinx 11.0 ± 5.2 4.52 ± 0.88e 

Values are the mean ± SE of the number (n) of animals in each group. 
The total RIA-PRL in vitro represents the combined amounts of immuno-
assayable PRL in both the medium and pituitaries of both control 
hemipituitaries and those treated with dopamine. 

a, differs from Intact group p < 0.005 
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Figure 14. Percent inhibition of PRL release in vitro by 10 M 
dopamine from pituitaries obtained from 80 day-old male rats that 
were either rendered blind and anosmic (B-A) or blind, anosmic and 
pinealectomized (B-A-P) eight weeks previously or left intact (INT). 
— One half of each gland was designated as the control and incubated 
in medium alone, while the other half was designated as the experi
mental and incubated in medium containing dopamine. After three 
hours of incubation the radioinnnunoassayable PRL levels in the media 
were compared for each half. There were four to five pituitaries 
per group. The vertical lines from the top of each bar signify SE. 
a, p < 0.05 vs. INT; b, p < 0.005 vs. INT; x, p < 0.05 vs. B-A. 
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Experiment 8: The Effects of Blinding and Anosmia and of 
Blinding, Anosmia and Pinealectomy on the Light Microscopic 

Morphology of Prolactin Cells in the Adenohypophysis 

Individual cells in the male rat pars distalis were localized 

with PRL immunocytochemistry (Fig. 15a). These cells were not found 

in either the pars intermedia or pars nervosa. Staining was entirely 

eliminated by previous absorption of the primary antiserum with puri

fied rat PRL (Fig. 15b). Similar eradication of staining was observed 

by either replacing the primary antiserum with normal rabbit serum or 

diluting the antibody to 1:10,000 or 1:100,000. 

When pituitaries from INT female rats were stained for PRL 

with immunocytochemistry, many more PRL cells were observed than were 

found in male rats (Fig. 16a). Again, no staining was seen in either 

the pars nervosa or pars intermedia. Pituitaries from BA female rats 

(Fig. 16b) had a much smaller pars distalis than seen in intact rats. 

However, the density of PRL cells (i.e., the number of PRL cells over 

a given area) did not seem to be different from INT rats. Pineal

ectomy resulted in a partial reversal of the regression in pars dis

talis size (Fig. 16c), but no change in PRL cell density. 

Higher magnification of the pars distalis yielded a clearer 

picture of the effects of the various treatments on cell density (Fig. 

17 and 18). First, the staining was seen to be localized to indi

vidual cells, and in each cell only the cytoplasm appeared to be 

stained. Empirically, blinding and anosmia resulted in a decrease 

in PRL cell size from intact controls (Fig. 17 and 18). No effect, 

however, was observed on the number of PRL cells in each field. 
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Pinealectomy resulted in an increase in cell size from that seen in 

BA rats (Fig. 17 and 18) but, again, had no apparent effect on mannno-

troph density. 



Figure 15. Immunocytochemistry specificity controls 

a. Immunoperoxidase staining of PRL cells in a horizontal sec
tion of adult male rat pituitary showing staining of spe
cific cells in the pars distalis (PD). No staining can be 
observed in either the pars intermedia (PI) or pars nervosa 
(PN). X30 

b. A near adjacent section that was stained with antiserum pre
viously absorbed with purified rat PRL. X30 
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Figure 15. Immunocytochemistry specificity controls 



Figure 16. A low power view of immunoreactive PRL cells inpitui-
taries from intact, blind-anosmic and blind-anosmic-pinealectom-
ized female rats. 

a. Immunostained PRL cells in a horizontal section of an 80 day-
old female rat pituitary showing the distribution of PRL 
cells in the pars distalis (PD). No staining can be observed 
in either the pars intermedia (PI) or pars nervosa (PN). X32 

b. Immunostained PRL cells in a pituitary obtained from a blind-
anosmic female rat eight weeks after treatment. X32 

c. Immunostained PRL cells in a pituitary obtained from a blind-
anosmic-pinealectomized female rat eight weeks after treat
ment . X32 
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Figure 16. A low power view of immunoreactive PRL cells in pitui
taries from intact, blind-anosmic and blind-anosmic-pinealectomized 
female rats. 



Figure 17. A medium power view of immunoreactive PRL cells in 
pituitaries from intact, blind-anosmic and blind-anosmic-pineal-
ectomized female rats. 

a. Immunostained PRL cells in the pars distalis of an 80 day-
old intact female rat. X300 

b. Immunostained PRL cells in the pars distalis of a blind-
anosmic female rat eight weeks after treatment. X300 

c. Immunostained PRL cells in the pars distalis of a blind-
anosmic-pinealectomized female rat eight weeks after treat
ment . X300 
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Figure 17. A medium power view of immunoreactive PRL cells in pitui
taries from intact, blind-anosmic and blind-anosmic-pinealectomized 
female rats. 



Figure 18. A high power view of immunoreactive PRL cells in pi-
tuitaries from intact, blind-anosmic and blind-anosmic-pineal-
ectomized female rats. 

a. Immunostained PRL cells in the pars distalis of an 80 day-old 
intact female rat. X1200 

b. Immunostained PRL cells in the pars distalis of a blind-
anosmic female rat eight weeks after treatment. X1200 

c. Immunostained PRL cells in the pars distalis of a blind-
anosmic-pinealectomized female rat eight weeks after treat
ment. X1200 
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a 

Figure 18. A high power view of immunoreactive PRL cells in pitui
taries from intact, blind-anosmic and blind-anosmic-pinealectomized 
female rats. 
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Experiment 9: Changes in the Ultrastructural Appearance 
of Pituitary Mammotrophs in Response to Blinding and Induced 

Anosmia and to Blinding, Induced Anosmia and 
Pinealectomy in Female Rats 

Prolactin cells in INT female rats were identified mainly by 

their large pleomophic secretory granules. These cells were usually 

oval or polygonal in outline with a large eccentric nucleus (Fig. 19 

and 20). There were extensive arrays of dilated rough endoplasmic 

reticulum that occasionally formed whorls or "nebenkern" (Fig. 20). 

The Golgi complexes were large and centrally placed with many immature 

secretory granules along their concave surfaces (Fig. 19 and 20). 

There was a moderate number of mature secretory granules in these 

cells. Exocytosis patterns were frequently observed (Fig. 21). 

Mammotrophs from BA female rats were much smaller than those 

of INT animals (compare Fig. 19 and 22) and often assumed stellate 

or crescentic shapes. The nuclear-to-cytoplasmic size ratio was also 

drastically increased in these cells. The PRL cells of BA rats con

tained scant endoplasmic reticulum, punctate Golgi bodies with few 

or no immature secretory granules, few mature secretory granules and 

only occasional exocytosis patterns (Fig. 23 and 24). Additionally, 

the cytoplasm of these cells was usually darker than that found in 

mammotrophs from INT rats. 

Pinealectomy resulted in a reversal of the decrease in PRL 

cell size observed in the BA rats (Fig. 25 and 26). The mammotrophs 

of BAP rats were similar in appearance to those of INT animals in that 

they contained a large amount of rough endoplasmic reticulum, a large 



Golgi complex and many mature secretory granules (Fig. 25). Exocy-

tosis patterns were often observed. One BAP animal contained PRL 

cells that were quite different from those seen in the other BAP 

rats. These cells were almost completely devoid of mature secretory 

granules and contained vesicular rather than lamellar endoplasmic 

reticulum (Fig. 26). The Golgi complexes of these cells usually 

contained many more immature secretory granules than those seen in 

the other BAP rats. Interestingly, the serum PRL level in this par

ticular animal was 436.6 ng/ml whereas the mean for the other BAP 

rats whose pituitaries were examined was 17.7 ± 4.4. 
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Figure 19. Ultrastructure of two PRL cells (P) from an 80 day-old 
intact female rat pituitary. Xl0,300 



Figure 20. Ultrastructure of a PRL cell (P) from an intact female 
rat pituitary. Xl3,200 
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Figure 21. Exocytosis patterns (arrows) in a PRL cell from an intact 
female rat pituitary. X35,200 



117 

Figure 22. Ultrastructure of two PRL cells (P) from a blind-anosmic 
female rat pituitary eight weeks after treatment. X9,000 
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Figure 23. Ultrastructure of a PRL cell (P) from the pituitary of a 
blind-anosmic female rat eight weeks after treatment. X28,700 
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Figure 24. Highpowerview of a PRL cell (P) from the pituitary of a 
blind-anosmic female rat eight weeks after treatment. X31,100 



Figure 25. Ultrastructure of a PRL cell (P) in the pituitary of a 
blind-anosmic-pinealectomized female rat eight weeks after treat
ment. Xl2,133 
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Figure 26. Ultrastructure of two PRL cells (P) in the pituitary from 
a blind-anosmic-pinealectomized female rat eight weeks after treat
ment. X8,720 



DISCUSSION 

Inhibitory Effects of the Pineal on the Reproductive System 

In rats, the pineal gland exerts a strong inhibitory effect 

on the reproductive system, and this effect becomes strikingly evi

dent in certain experimental situations, as follows. 

Consistent with the findings of Reiter and coworkers [50, 52], 

blinding and olfactory bulbectomy in my experiments on prepubertal 

female rats caused consistent reductions in body, ovarian and uterine 

weights eight weeks after treatment. Consistent again was the find

ing that pinealectomy usually reversed these effects. The failure 

of the operations of blinding, olfactory bulbectomy and pinealectomy 

individually to induce changes in reproductive organ weights indicates 

that only the combination of blinding with anosmia causes reproductive 

hypotrophy [50]. 

When the effects of prepubertal blinding and anosmia were 

followed over time, it was apparent that the pineal exerts the above 

inhibitory influence on the female reproductive system between 30 and 

60 days of age. This finding agrees well with that of Reiter [53] 

who found that both ovarian and uterine growth rates were severely 

retarded in BA rats. Since the normal time for the onset of puberty 

is 35-40 days of age, blinding and anosmia may inhibit the accelerated 

growth of the reproductive system during this period [50, 53, 333-335]. 
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It is interesting that pinealectomy did not prevent the de

crease in body and reproductive organ weights one week after prepu

bertal blinding and anosmia. This finding could mean that the early 

mechanisms of gonadal atrophy in prepubertal BA female rats does not 
V 

involve the pineal gland. However, it may be that the stress of 

surgery inhibited the normal somatic and reproductive organ growth 

during this period and that it took more than one week for the neuro-

endocrin-reproductive system to recover. The inclusion of sham-

operated animals would have been informative regarding the validity 

of this theory. 

Remarkably, the degree of reproductive organ hypotrophy was 

not as great in animals rendered blind-anosmic after puberty as.it was 

in similarly treated immature rats. This result was unexpected, inas

much as Reiter et al. [55, 56] found that the degree of gonadal 

atrophy in adult BA female rats was similar to that in animals ren

dered blind-anosmic prior to the onset of puberty. 

As with female rats, male rats rendered blind and anosmic be

fore puberty also underwent reproductive organ regression within eight 

weeks [57]. 

Since the blind-anosmic rat undergoes pineal-induced reproduc

tive organ hypotrophy, as shown here and in other studies [50, 53, 55-

57], this animal is a good model in which to study the effects of the 

pineal on the anterior pituitary. 
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Effects of the Pineal on the Anterior Pituitary Gland 

In addition to its effects on the reproductive system, blind

ing and anosmia markedly affected the anterior pituitary gland. The 

dramatic decrease in pituitary weight observed in both male and fe

male BA rats and its partial reversal by pinealectomy are in accord 

with published reports [55, 56, 58, 59, 304, 313-316, 308-311]. A 

direct effect of this dual sensory deprivation on the hypothalamico-

pituitary axis independent of the pineal is possible, since pineal

ectomy does not fully reverse the decrease in adenohypohpysial 

weight. 

Considering the structure of the anterior pituitary, there 

are several ways in which adenohypophysial weight could be decreased 

in BA rats. The anterior pituitary is composed of both stromal and 

parenchymal elements. The stroma is the minor component, probably 

comprising less than 10% of the gland; therefore, the 50% reduction 

in pituitary weight seen with blinding and anosmia cannot be accounted 

for by a decrease in this compartment alone. Most, if not all of the 

weight loss probably occurs in the parenchymal cell population. 

There are at least two ways in which a loss in the mass in the 

parenchymal compartment can occur: 1) a decrease, in cell size (hypo

trophy) , and 2) a decrease in cell number (hypoplasia). To differen

tiate between these two events, the DNA content of the pituitaries 

was measured to assess the influence of blinding and anosmia on cell 

number. 
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The decrease in pituitary DNA content in male and female rats 

rendered blind—anosmic before puberty attests to a decrease in pitui

tary cell number. This decrease, however, was only 30-40% compared 

to the 50% reduction in weight; therefore, the decrease in cell num

ber is probably responsible for most, but not all, of the weight re

duction. The remaining weight loss might be due to some degree of 

cellular hypotrophy in one or more of the secretory cell populations. 

The slight pituitary weight decrease seen with the individual 

operations of blinding, olfactory bulbectomy and pinealectomy were not 

as great as that seen when blinding is combined with anosmia. Addi

tionally, the lack of a change in pituitary DNA content with these 

treatments indicates that only the combination of blinding and anosmia 

can decrease pituitary cell number. In Experiment 2, the marginal 

decrease in pituitary weight of the sham-operated animals might re

flect surgical stress on the pituitary. This nonspecific effect can

not, however, account for the 50% reduction in glandular weight or the 

30% reduction in cell number seen with blinding and anosmia. 

From Experiment 5 it is evident that there is a drastic in

crease in pituitary weight between 30 and 60 days of age that repre

sents both a doubling of cell number and an increased cell size. To 

my knowledge, this has never been reported in the rat. It appears to 

corraborate studies on the immature mouse which indicate that there 

is an ovarian-dependent proliferation of PRL cells at puberty [236, 

237]. Surprisingly, ovariectomy before puberty in the rat had little 

effect on the normal occurance of pituitary cell hyperplasia and 
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hypertrophy, as evidenced by the near normal pituitary weight and DNA 

content in ovariectomized versus intact animals. Such immunity im

plies that the pubertal changes in the pituitary are not the result 

of gonadal influences. On the other hand, Ramaley [336] has stated 

that puberty is an ongoing process from birth to maturity and not 

just a sudden change in the rat's reproductive system at 35-40 days 

of age. Therefore, the influence of the ovaries on the pituitary 

or hypothalamus may already have been exerted before the animals 

were ovariectomized at 24 days of age [336]. 

What is clear is that the combination of prepubertal blinding 

and olfactory bulbectomy severely retards the hyperplasia and hyper

trophy of pituitary cells that normally occurs between 30 and 60 days 

of age, and that the pineal is heavily implicated in this effect. 

Because the ovaries do not appear to play an important role in these 

cellular changes in intact rats, it is not surprising that these 

effects of blinding and bulbectomy occur independent of gonadal 

regression. 

The 30% reduction in anterior pituitary weight of female rats 

rendered blind-anosmic after puberty was not as great as that seen in 

animals rendered blind-anosmic prior to puberty. This finding pro

bably relates to the observation that the total cell number was not 

altered in these glands. Therefore, the reduction in pituitary weight 

in adult BA rats probably represents hypotrophy of one or more of the 

secretory cell populations. 
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From the data on anterior pituitary weight and DNA content, 

it can be concluded that: 1) the pineal can inhibit pituitary cell 

proliferation but cannot substantially decrease an established popu

lation of adenohypophysial cells; 2) the pineal probably causes hypo

trophy of one or more of the secretory cell populations; and 3) these 

pineal-mediated events occur independent of gonadal regression. Of 

course, one cannot discriminate from these data between effects of the 

pineal on the mammotroph population verses those on the other cell 

types, though they are suggestive of dramatic changes. 

To test the possible effect of the pineal on mammotrophs 

specifically, PRL cells were visualized with peroxidase-antiperoxidase 

immunocytochemistry. The specificity of the technique for immuno-

cytochemical localization of PRL-containing cells met all the criter

ia of Petrusz et al. [332]: 1) staining was restricted to the cyto

plasm of individual cells; 2) positively staining cells were never 

found in the pars intermedia or pars nervosa; 3) serial dilutions of 

the primary antiserum progressively eliminated staining; and 4) both 

the replacement of the primary antiserum with the same concentration 

of normal rabbit serum and previous absorption of the antiserum with 

purified antigen eliminated all staining. Further support for the 

validity of this procedure was that many more cells immuno-stained 

for PRL in the female rat pars distalis than in the male, as has been 

reported previously [238, 240, 241], 

The most noticeable change in the pituitaries of female BA 

rats was a drastic decrease in the size of the pars distalis, which 
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correlates well with the weight decrease of these glands. An im

portant observation made in this study was that the number of PRL 

cells distributed over a given area (i.e., PRL cell density) was 

virtually identical in the BA rats and INT animals. This lack of 

change in PRL cell density in the face of a marked reduction in the 

size of the pars distalis indicates that the total number of PRL cells 

in the pituitary must be proportionally decreased as well. Since 

pinealectomy resulted in a partial reversal of pars distalis size 

without a change in PRL cell density, the pineal gland appears to 

be at least partially responsible for the reduction in the PRL cell 

population in female BA rats. 

The Effects of the Pineal on PRL Levels In Vivo 

Serum PRL levels in female rats were consistently reduced both 

four and eight weeks after prepubertal blinding and anosmia. Pineal

ectomy tended to reverse this depression, but the values in pineal-

ectomized rats were usually too variable to make these trends statis

tically significant. The finding of decreased serum PRL titers in BA 

female rats is consistent with some reports [317, 318] but not others 

which show increases [315-317] or no change [304, 317]. This dis

crepancy between studies is difficult to reconcile. It might be 

accounted for by differences in experimental design, perhaps involv

ing the age and strain of the animals, time of day the animals were 

killed, degree of stress at that time, assay methods, etc.. A new and 

consistent finding of the present study is that serum PRL levels in 
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BAP female rats are highly variable, covering a wide range of values. 

This variability might indicate some type of pulsatile or episodic 

release of PRL. 

Ovariectomy, as expected, caused a decrease in circulating 

PRL levels [94, 104], probably due to the lack of a positive feedback 

effect of estrogen. Interestingly, blinding and induced anosmia and 

blinding, induced anosmia and pinealectomy had no further effect on 

PRL levels in these animals. These findings imply that the effect 

of blinding and olfactory deprivation on PRL secretion in vivo is 

dependent on ovarian feedback. 

Blood PRL levels in female rats rendered blind and anosmic 

after puberty were reduced, albeit not significantly. Interestingly, 

the levels in BAP rats did not show the variability observed with 

prepubertal blinding, induced anosmia and pinealectomy. 

The reduction of serum PRL levels in BA male rats and the 

failure of pinealectomy to reverse this decrease are consistent with 

the findings of both Reiter [313] and Ronnekleiv and McCann [302]. 

The levels of PRL in the serum are dependent on two physio

logical processes : 1) the release of the hormone from the raammo-

trophs and 2) its clearance rate from the circulation. Of these two 

factors, release of PRL from the pituitary appears to be the most 

affected when changes in blood PRL levels are noted [337-339]. In 

fact, the clearance rate of PRL has been shown to remain fairly con

stant in the face of various physiological changes in PRL levels. 



130 

Therefore, changes in serum PRL levels are generally indicative of 

changes in PRL release. 

From the data discussed above, it can be concluded that PRL 

release is reduced in BA male and female rats and that this effect is 

at least partially attributable to the pineal gland. However, two 

points must be kept in mind in interpreting these findings: first, 

that measurement of serum PRL levels in BA rats has previously yielded 

equivocal results and second, that these PRL levels were measured only 

in the morning and therefore do not represent the possible dynamic 

changes in PRL levels at other times during the day. 

As noted previously, a much more consistent change in PRL 

levels in BA rats is the reduction in the pituitary levels of the 

hormone [302, 304, 313-316, 318-320]. As expected, pituitary PRL con

tent in vivo was decreased in both male and female rats rendered blind 

and anosmic prior to puberty. In the BA females in Experiment 3, 

however, the decrease in pituitary PRL was not observed when the data 

were expressed in terms of pituitary weights. Although this lack of 

reversal is at odds with the majority of reports on pituitary PRL in 

BA female rats, it is not a unique finding [318]. What is unique in 

Experiment 3 is that pinealectomy clid not reverse the decrease of 

pituitary PRL content in BA female rats, apparently because two of 

the animals in this group had very low pituitary PRL values and cor

respondingly high serum PRL titers. These data are perhaps indicative 

of an episodic release of PRL into the blood at the expense of gland

ular storage in BAP female rats. 
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In female rats rendered blind and anosmic after puberty, 

there was a slight but significant decrease in pituitary PRL content, 

but no change in PRL concentration. All this corresponds well with 

the slight changes in blood PRL levels in these animals and suggests 

that the effects of the pineal on PRL storage and release are much 

more subtle following puberty. 

The Effects of the Pineal on PRL Levels in vitro 

All of the in vitro PRL data were expressed as the total 

amount of either immunoassayable or newly synthesized PRL in each 

incubation vial (i.e., levels in the medium + levels in the pituitar-

ies). The rationale was that the changes occurring in these levels 

with the various treatments were equal in magnitude and direction in 

both the medium and pituitaries, as shown in Experiment 1, in which 

neither blinding and induced anosmia nor blinding, induced anosmia 

and pinealectomy had major effects on the percent release of RIA-PRL 

3 
or H-PRL. Since hormone release is perhaps the most readily affected 

activity of the PRL cell, it is not surprising that the effect of 

blinding and olfactory deprivation on PRL release noted in vivo would 

be lost during the five hours of incubation in vitro, in that the 

pituitaries were separated from the suprahypophysial structures con

trolling PRL release. 

Additionally, the in vitro PRL data were expressed as the con-

3 
tent of RIA-PRL or H-PRL in each incubation vial, rather than in terms 

of tissue weight of the hemipituitaries present in each vial. The 
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reason was that when these two methods were compared quite different 

results were obtained. For example, when the data in Experiment 1 

3 
were expressed as content, both RIA-PRL and H-PRL were significantly 

reduced in the BA group. However, when expressed in terms of tissue 

weight, these decreases were obviated because the pituitaries from 

BA rats were half that of those from intact animals. Since in BA rats 

the decrease in pituitary weight appears to be largely a function of 

the reduced mammotroph population, the expression of the in vitro 

PRL data in terms of tissue weight would be misleading. Other authors 

have expressed similar concerns regarding the expression of in vitro 

PRL data in terms of glandular weight when, in fact, pituitary weight 

was affected by the physiological process being examined [247, 340]. 

The decrease in immunoassayable PRL content in vitro in BA 

male and female rats was a consistent finding throughout all of the 

experiments, but was more prnounced in males than in females. None 

of the operations of blinding, olfactory bulbectomy or pinealectomy 

alone caused significant alterations in this parameter. A decrease in 

RIA-PRL in vitro was also seen in female rats that were postpubertally 

rendered blind and anosmic; however, the magnitude of the reduction of 

PRL was smaller than when prepubertal rats were used. The depression 

of RIA-PRL was not a result of gonadal regression, in that the effect 

was seen in Ovx-BA rats; in fact, ovariectomy slightly potentiated the 

decrease. This effect of blinding and anosmia develops between one 

and four weeks after treatment (30 and 60 days of age) and apparently 
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represents an inhibition of the increase in pituitary PRL levels 

normally seen during this period. 

The pineal gland is responsible for the reduction in total 

RIA-PRL in vitro in BA rats in that its removal almost always sub

stantially reversed this decrease. In one of the few instances 

(Experiment 3) where pinealectomy did not reverse the effect of blind

ing and induced anosmia, the slight depression in RIA-PRL values in 

vitro in BA rats was actually further reduced in BAP animals one week 

after treatment. These data suggest that one week following surgery 

the effect of blinding and olfactory deprivation is either indepen

dent of the pineal or due to a nonspecific effect of surgical stress. 

The levels of immunoassayable PRL in vitro represent both the . 

PRL stored in the gland in vivo prior to extirpation and that amount 

synthesized during the five hours of incubation in vitro. On the 

basis of the in vitro and in vivo PRL levels it can be concluded 

that: 1) the pineal inhibits PRL storage in the pituitaries of BA 

male and female rats; 2) the effect is potentiated if the pineal is 

allowed to act before the onset of puberty; and 3) the reduction in 

PRL storage is not a result of gonadal regression. 

The last phase of mammotroph physiology studied in this dis

sertation research was prolactin synthesis. Synthesis was measured by 

3 
the incorporation of H-leucine in to PRL in vitro during five hours 

of incubation, with the labeled PRL being separated from other labeled 

proteins by polyacrylamide gel electrophoresis. This protocol for 

evaluating PRL synthesis is a well established and reliable technique 



134 

[238, 240-242, 247]. The gel electrophoresis system used here is an 

excellent method for isolating PRL for the following reasons: 1) 

standard (NIAMDD) prolactin and growth hormone, two very similar 

proteins, are easily separated; 2) prominent protein bands from both 

media and pituitary samples co-migrate with standard PRL and growth 

hormone; 3) the location within the gels of both the PRL and growth 

hormone bands agree well with published reports [341-348]; 4) these 

bands contain by far the most radioactivity of all pituitary pro

teins [238, 343, 349-350]; 5) the amount of tritium dn the PRL band 

compared with that in the growth hormone band in gels from both media 

and pituitary samples is consistent with other reports [238, 343, 349-

350]; 6) the density of the PRL band varies among treatment groups in 

accordance with the changes in the total RIA-PRL in vitro; and 7) the 

majority of the immunoassayable PRL present in the gel is found in 

the PRL band. 

Sinha and Gilligen [347] have shown that there are actually 

four separate proteins in the PRL band of 7.5% polyacrylamide gels. 

Three of these four have potent immunoassayable and bioassayable PRL 

activity; the fourth protein contains a minor amount of PRL activity 

and has a molecular weight about double that of the others. These 

authors conclude that the first three proteins represent various forms 

of PRL, with the fourth perhaps being a dimer of PRL. Furthermore, 

despite the possible presence of other labeled proteins in the PRL 

band, Cheung et al. [349] were able to eliminate 80% of the radio

activity in the PRL band of 7.5% polyacrylamide gels by 
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immunoabsorbtion of the PRL present in the incubation medium prior 

to electrophoresis. 

One final factor must be considered before drawing conclu-

3 
sions about PRL synthesis on the basis of H-leucine incorporation 

in vitro: the various experimental manipulations could alter the 

3 
availability of H-leucine for incorporation into PRL. These alter-

3 
ations could result from changes either in the uptake of H-leucine 

from the medium or in the size of the intraglandular pool of free 

3 
leucine [351-353]. Therefore, the reduction of H-leucine incorpora

tion into PRL by BA female rat pituitaries in Experiment 1 could be 

interpreted either as a reduced rate of PRL synthesis or as a reduced 

3 3 
availability of H-leucine. Since the same amount of H-leucine was 

added to each incubation vial and each vial contained one ml of 

medium 199, the specific activity of leucine (i.e., the amount of 

labeled leucine versus total leucine) in the medium is the same in 

each incubation vial. Similarly, in Experiment 1 the specific activ

ity of labeled PRL in the glands in vitro was not altered by any of 

the treatments. This lack of effect indicates that the availability 

of labeled leucine for incorporation into PRL does not appear to be 

altered with blinding and anosmia or with blinding, anosmia and pineal-

3 
ectomy; therefore, the reduction in H-leucine incorporation by BA 

rat pituitaries is representative of reduced PRL synthesis. 

In agreement with these results in Experiment 1, prepubertal 

blinding and anosmia caused a consistent reduction (45-63%) in PRL 

synthesis in female rats. Additionally, the individual operations of 
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blinding, olfactory bulbectomy and pinealectomy had no effect on PRL 

synthesis. The decrease in PRL synthesis in BA rats was not affected 

by ovariectomy and, therefore, could not have been the result of go

nadal regression. Furthermore, this effect apparently develops be

tween one and four weeks after treatment (30 to 60 days of age) and, 

once again, seems to represent an inhibition of the increase in PRL 

synthesis that normally occurs during this period. As with RIA-PRL 

in vitro, rendering female rats blind and anosmic after puberty re

sults in a decrease in PRL synthesis, an effect that is much less 

pronounced than when the operations are performed before puberty. 

Finally, an effect of blinding and anosmia on PRL synthesis was also 

seen in male rats. 

Pinealectomy consistently reversed all of the effects of 

blinding and anosmia on PRL synthesis in the various animal models. 

Interestingly, pinealectomy of female rats rendered blind and anosmic 

prior to puberty resulted not only in a reversal of the decrease in 

PRL synthesis but also in a stimulation of PRL synthesis above in

tact levels. This effect appears to be dependent on gonadal feedback 

in that no such stimulation of PRL synthesis was noticed in ovariec-

tomized animals. Moreover, an augmentation in PRL synthesis was not 

observed in BAP rats four weeks after treatment, indicating that this 

effect develops fairly late, sometime between four and eight weeks. 

This stimulation of PRL synthesis also appears to be dependent on 

pubertal mechanisms, because adult female rats did not show 
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an increased level of PRL synthesis after blinding, olfactory de

privation and pinealectomy. 

3 
From these data on H-leucine incorporation in vitro, it can 

be concluded that: 1) the pineal inhibits PRL synthesis in male and 

female BA rats; 2) the effect is potentiated if the pineal is allowed 

to act before the onset of puberty and 3) the reduction in PRL synthe

sis is not the result of gonadal regression. 

The Effect of the Pineal on Mammotrophs 

As already discussed, the number of PRL cells is reduced in 

BA female rat pituitaries. The activated pineal gland in addition 

to depleting the total number of mammotrophs, also brings about re

gressive changes in the morphology of individual PRL cells; as shown 

by immunocytochemical data, it causes mammotroph hypotrophy in BA 

rats. This loss of size is well supported by the ultrastructural 

appearance of the PRL cells: they were smaller, more angular in shape 

and apparently much less active than mammotrophs from intact animals 

in several ways. Consistent with the actual decline in PRL synthesis 

measured in these animals, the PRL cells had regressed synthetic 

apparatuses with scant endoplasmic reticulum and small Golgi complexes 

which contained few immature secretory granules. Moreover, the cells 

contained few mature secretory granules, which correlates well with 

the reduced PRL storage in BA rats. Finally, the reduced number of 

exocytosis patterns seen in mammotrophs of BA rats suggests a reduced 

release of the hormone. 
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The ultrastructure of the PRL cells from BAP rats was quite 

interesting. The appearance of the mammotr-ophs in the majority of the 

BAP pituitaries was very similar to that of the intact rats and repre

sents an apparent reversal of the ultrastructural changes induced by 

blinding and anosmia. However, the appearance of PRL cells from one 

BAP pituitary was substantially different, in that the cells were de-

granulated and the endoplasmic reticulum was vesicular in form. This 

is the same kind of morphological change that has been noted in PRL 

cells five to 30 minutes after the commencement of suckling [228, 229, 

244]; it suggests a massive release of PRL just prior to sacrifice. 

Supporting these ultrastructural data, the serum PRL concentration 

in this animal was very high compared to the other BAP rats examined. 

These ultrastructural findings in BA and BAP rats are at odds 

with the observations of Shiino et al. [316]. Contrary to the find

ings of the present study, they observed that blinding and olfactory 

bulbectomy of prepubertal female rats leads to an activation of PRL 

cells. I cannot explain this discrepancy. The only other difference 

in findings between the two studies is that Shiino and coworkers ob

served an increase in serum PRL levels while as decrease was seen 

here. The demonstration in the present study of pineal-induced mammo-

troph involution is fully supported by the physiological data. 

Conclusions 

It is clear that in blind, anosmic male and female rats the 

pineal causes mammotroph hypotrophy which encompasses reductions in 
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PRL synthesis, storage and release. It is only the combination of 

blinding and olfactory deprivation which produces these effects; 

none of the other combinations of blinding, anosmia or pinealectomy 

can approach the degree of mammotroph inhibition noted in BA rats. 

This mammotroph hypotrophy can be potentiated if the pineal 

is allowed to act before the onset of puberty. At puberty, a pro

liferation of PRL cells apparently occurs, as evidenced by increases 

in pituitary weight, DNA content, PRL storage and PRL synthesis ob

served between 30 and 60 days of age. This PRL cell proliferation is 

almost entirely inhibited by the pineal in BA rats. Thus the reduc

tions in PRL synthesis, storage and release in BA rats are greater if 

the animals are treated before puberty. 

Interestingly, prepubertal blinding and olfactory bulbectomy 

also caused a greater degree of gonadal atrophy than when these oper

ations were performed after puberty. Such an augmented effect might 

be related to the greater degree of mammotroph hypotrophy in these 

animals. 

One could hypothesize that these effects of the pineal on the 

PRL cell were consequences of gonadal regression, particularly since 

estrogen, a potent stimulator of PRL [175-179, 186, 245-250], is re

duced in BA female rats [54]. However, with the possible exception of 

PRL release, all of the effects of the pineal on the PRL cell were 

observed in ovariectomized-blind-anosmic animals. Therefore, the 

pineal-induced PRL cell hypotrophy and hypoplasia are not secondary 
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to gonadal regression and, indeed, could be part of the mechanism(s) 

that cause regression [286, 288, 296-299]. 

It is difficult to identify the precise mechanism(s) by 

which the pineal may accomplish its effects on the PEL cell. There 

are two general pathways through which the pineal could work. The 

first is that the pineal hormones may act directly at the pituitary 

level to inhibit the activity of the mammotrophs. Blask and coworkers 

[325] were the first to demonstrate that the pineal gland contains 

both PIF and PRF activity; this finding was later confirmed by others 

[326, 327] . One such pineal peptide that does affect PRL secretion 

is arginine vasotocin [328], but whether this peptide is inhibitory 

or stimulatory remains in question [354]. Additionally, melatonin 

has been shown to directly stimulate PEL release [171] . The second 

pathway by which the pineal could affect the PEL cell is by affecting 

sites within the brain which control PEL secretion, particularly the 

hypothalamus. Blask and Eeiter [315, 321] have shown that the hypo

thalamic levels of PIF and PEF activity are changed in BA rats. A 

logical hypothesis to explain the pineal-induced PEL cell inhibition 

is that the pineal could increase dopamine secretion from the hypo

thalamus. Such a scheme has been shown to be the case with respect 

to the inhibition of PEL secretion by daily afternoon melatonin in

jections [324]. 

In the present study, pituitaries from BA male rats were more 

sensitive to the dopamine-induced inhibition of PEL release in vitro 

than those of either INT or BAP rats, as evidenced by the increased 
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percent inhibiton of PEL release by 10 "*M dopamine in BA rat pitui-

taries. These data suggest that a dopaminergic mechanism might be 

involved. One possible explanation for this effect is that the pineal 

hormones sensitized the PRL cells to a constant supply of hypothalamic 

dopamine. An alternative hypothesis is that this increased sensitiv

ity to dopamine is the result of changes in portal blood dopamine con

centrations, resulting either in a "self-priming" effect of dopamine 

on its own receptors or a supersensitivity of the mammotrophs to re

duced dopamine titers, as has been shown for rats with basomedial 

hypothalamic lesions [349]. With regard to this latter possibility, 

once the mammotrophs are in a regressed state, less dopamine may be 

required to maintain them in this condition. Obviously, much more 

data are needed to determine the exact role of dopamine in pineal-

induced mammotroph regression. 

One final set of conclusions remains to be drawn from the 

data presented here, and that concerns the condition of the PRL cells 

in female rats blinded, bulbectomized and pinealectomized prepuber-

tally. As already discussed, these animals have highly variable serum 

PRL titers and a high rate of PRL synthesis. Furthermore, the BAP 

animals with high serum PRL levels have pituitaries with decreased 

PRL stores and degranulated PRL cells. All these findings are con

sistent with the hypothesis that BAP animals show some form of epi

sodic PRL release. The variability of PRL titers in both the blood 

and pituitaries suggests that such episodic release of PRL in BAP 

rats may be asynchronous among this experimental group of animals. 
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The release of PRL in this pulsatile manner may occur at the expense 

of intracellular storage, with the cells degranulating at the time of 

each pulse of release and then replenishing PRL stores during the 

interval between pulses. Finally, the high levels of PRL synthesis • 

in these glands indicate a high rate of PRL secretion and suggest 

that its apparent episodic release is not an acute effect of stress 

at the time of sacrifice, but a physiological state. Curiously, this 

pulsatile response of the PRL cell to blinding, anosmia and pineal-

ectomy develops only in prepubertally treated female rats and does 

not manifest itself until sometime between four and eight weeks 

after treatment. 

The possibility of episodic PRL release in BAP female rats 

appears to correlate, with the findings of Blask and Reiter [321] . 

They observed an increase in PRF activity in hypothalami obtained 

from BA female rats that were subjected to either pineal removal or 

denervation. Perhaps this increase in PRF activity is responsible 

for the episodic release of PRL. 

Since the signs of episodic PRL release in BAP rats were 

eliminated with ovariectomy, the gonads likely play a major role in 

the development of this effect. Vaughan et al. [54] observed that 

pinealectomy of BA female rats reversed the decline in progesterone 

levels noted in these animals, while estrogen titers remained low. 

Therefore, a possible mechanism for this episodic PRL secretion is 

that the shift in the estrogen-progesterone ratio toward progesterone 
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perhaps creates a pseudopregnancy-like secretion of PRL character

ized by two daily surges of PRL [207, 208]. 



SUMMARY 

At the beginning of this study, I set about to further define 

the effects of the pineal gland on the prolactin cell, or mammotroph, 

of the adenohypophysis. From the data presented here, it is evident 

that the pineal exerts a strong inhibition on all phases of PRL pro

duction and secretion. Specifically, the answers to my initial ques

tions are: 

1. Q. Does the pineal gland influence PRL synthesis, stor

age and release in the female rat? 

A. Yes, the pineal strongly inhibits all three of these 

processes. 

2. Q. Is there a differential response of PRL cells to the 

effects of the pineal in male versus female rats? 

A. No, the pineal inhibits PRL cells in both sexes. 

3. Q. What are the temporal aspects of the pineal-induced 

changes in PRL synthesis, storage and reliease? 

A. The pineal-induced inhibition of the PRL cell takes 

at least one week to get underway, and is fully de

veloped after four weeks. 

4. Q. Do the effects of the pineal on PRL cells depend on 

gonadal regression? 

A. No, the pineal-induced inhibition of the PRL cell is 

independent of gonadal regression. 
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Can the effects of the pineal on PRL cells be elic

ited in both prepubertal and adult rats? 

Yes, the pineal can induce PRL cell hypotrophy in 

both prepubertal and adult female rats; however, in 

prepubertal animals the pineal can also inhibit the 

PRL cell proliferation that occurs at puberty. 

What are the morphological correlates of the effects 

of the pineal gland on the PRL cells? 

Striking; the pineal causes hypotrophy of the PRL 

cells that includes a loss of endoplasmic reticulum, 

decreased size of the Golgi complex, fewer mature 

secretory granules and fewer exocytosis patterns. 



APPENDIX A 

Prolactin Radioimmunoassay 

The rat PRL for iodination (1-3, 1-4), standard rat PRL 

(RP-1, RP-2) and anti-rat PRL (S-6, S-7) were all generously supplied 

by NIAMDD Rat Pituitary Hormone Distribution Program. The procedures 

were as follows: 

I. Iodination of PRL 

A. Preparation of the column 

1. Sephadex G-75 was soaked overnight in 0.01M phos-

phate-buffered saline (PBS) at 4°C. On the day 

of use the sephadex was brought to room tempera

ture and placed under vacuum to remove excess 

bubbles. 

2. Columns were prepared from disposable glass 10 

ml pipettes to which was added a glass bead to 

keep the sephadex from running out the tip. 

3. The sephadex was poured in the column to a height 

of 20 cm and PBS perfused through it for one hour. 

4. The column was then coated with 1 ml of 2% bovine 

serum albumin (BSA, Sigma Chemical Co.) in PBS 

and the column washed with 10 ml PBS. 
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B. Iodination 

To a 400 yl disposable reaction vial was added in the 

following order: 

1. 2.5 yg iodination grade rat PRL previously di-

solved in 100 yl 0.01M sodium bicarbonate buffer. 

2. 100 yl 0.5M sodium phosphate buffer. 

125 
3. 0.8-1.0 mCi Na- I (New England Nuclear Corp.) 

4. 5 yg chloramine-T (Sigma Chemical Co.) in 25 yl 

0.01M PBS and vortexing begun. 

5. After 30 seconds, 250 yg sodium metabisulfite in 

100 yl 0.01M PBS. 

6. After another 15 seconds, 50 yl 5% BSA-PBS and 

vortexing continued for ten more seconds. 

125 
C. Chromatography of I-PRL 

1. The contents of the reaction vial were layered 

on top of the sephadex column and washed in with 

PBS. 

2. Five drop aliquots of the column eluent were col

lected in tubes to which had been added 50 yl 2% 

BSA-PBS. 

3. 50 tubes were collected. 

4. 10 yl aliquots of each tube were then counted in 

a gamma counter (Packard) to determine the peak 

values. The first peak was supposed to contain 
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125 
the intact I-PRL. The contents of the tubes 

from the first peak to the subsequent trough 

were saved for the talc check. 

125 
D. Talc Check- determines the percent of I-PKL left 

intact after iodination. 

1. 10 yl aliquots of each tube from above was added 

to 1 ml of 2% BSA-PBS. Each sample was run in 

duplicate* 

2. One 50 mg talc tablet was then added to each tube 

and the tube vortexed, counted and centrifuged 

for five minutes at 2500 rpm. 

3. The supernatant was aspirated and the pellet 

counted. 

125 
4. Percent of I bound was calculated for each 

tube by dividing the counts in the pellet by the 

counts obtained before centrifugation. These 

tubes which contained the most counts and high

est binding (70-90%) were used in the assay. 

Assay Protocol 

A. The appropriate number of 10 x 75 mm glass tubes were 

labeled. 

B. To each tube was added: 

1. 350 yl 1% BSA-PBS. 

2. 50 yl sample (each sample was run in duplicate) 

or appropriate amount of standard PRL. 
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1 ?5 
3. 50 yl I-PRL previously diluted to 25,000-

30,000 cpm/50 yl 0.1% BSA-PBS. 

4. 100 yl anti-rat PRL previously diluted to 1:2500 

with 3% normal rabbit serum (NRS) in 0.01M PBS 

containing 1.88 g/100 ml ethylenediamine tetra-

cetic acid. 

Two sets of additional tubes were added to each assay 

125 
1. Total count tubes-50 yl I-PRL solution. 

125 
2. Non-specific binding tubes-50 yl I-PRL solu

tion and 500 yl 1% BSA-PBS. 

The tubes were then incubated either at 4°C for five 

days or at room temperature for 24 hours. 

To each tube, except total count tubes, was added: 

1. 200 yl 2% NRS-PBS 

2. 25 yl of sheep anti-rabbit gamma globulin (TLC 

Antibodies) and the tubes vortexed. 

Incubation was continued for another 24 hours. 

The tubes were then centrifuged at 2500 rpm for 20 

minutes and the supernatant aspirated (except for the 

total count tubes). 

The tubes were counted for one minute. 
\ 

The percent binding was calculated for each tube by 

dividing the cpm for that tube by the average cpm of 

the total count tubes. 
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J. A standard curve was plotted as percent binding for 

each dilution of standard PRL versus the log of the 

known PRL concentration of that dilution and the 

slope determined by linear regression. 



APPENDIX B 

3 H-Prolactin Assay 

Labeled PRL in vitro in both the media and pituitary homoge-

nates was separated from other labeled compounds by polyacrylamide 

gel electrophoresis according to Reisfeld et al. [355] and MacLeod 

and coworkers [341, 342] as follows: 

I. Reagents 

Solution A (pH=8.8-9.0): 

IN HC1 48 ml 

Tris 36.3 g 

Tetramethylethylenediamine 0.36 ml 

Water to make 100 ml 

Solution C: 

Acrylamide 28.0 g 

Bis Acrylamide 0.735 g 

Water to make 100 ml 

Solution G: 

Ammonium Peroxydisulphate 0.14 g 

Water to make 100 ml 

Tris-Glycine Buffer: 

Tris 3.0 g 

Glycine 14.1 g 

Water to make 1 liter 
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Tracking Dye: 

0.005% Bromphenol Blue solution 

Specimen Stain: 

Aniline Black 1 g 

7% acetic acid to make 200 ml 

All reagents except HCl and acetic acid were obtained from 

Eastman Organic Chemicals. 

II. Preparation of Gels 

A. Previously cleaned 5 mm ID x 75 mm OD tubes were 

placed in rubber stoppers and mounted in a poly

merization rack. 

B. The gel solution was prepared by combining: 

1 part solution A 

2 parts solution C 

1 part water 

4 parts solution G 

C. Each tube as filled with the gel solution to within 

5-10 ram of the top. 

D. After all the tubes were filled, a few drops of dis

tilled water were layered on top of the gel solution 

with a syringe to eliminate the meniscus and form a 

flat surface on the polymerized gel. 

E. The polymerization rack was then placed in the dark 

and the gels allowed to polymerize for 30-45 minutes. 
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III. Preparation of Samples 

A. Media: 

150 yl of an 8% sucrose solution was added to 1 ml of 

media (i.e., 15% volume:volume of an 8% sucrose solu

tion) . 

B. Pituitary homogenate: 

Hemipituitaries were homogenized in 500 yl 0.01M PBS 

to which was added 50 yl 10% Triton X-100 (Sigma 

Chemical Co.). The homogenates were then left to 

stand at room temperature for 15 minutes, homogenized 

again, and 75 yl 8% sucrose added ant?, the tubes centri-

fuged for five minutes at 3,200 rpm. 

IV. Loading the Samples on the Gel 

A. After the gels were polymerized the rubber stoppers 

were removed, the water layer shaken off and the tubes 

fitted into the upper buffer chamber of an electro

phoresis unit (Canalco Corporation or Bio-Rad Lab

oratories). 

B. The lower buffer chamber was filled with the appro

priate amount of tris-glycine buffer. 

C. The upper buffer chamber was filled with tris-glycine 

buffer that contained 5 ml/liter of tracking dye. 

D. A Hamilton syringe was used to carefully layer 100 yl 

of the sample into the well left on the top of each gel. 

Each sample was run in either duplicate or triplicate. 
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V. Electrophoresis 

A. Once all the samples were loaded on the gels the 

electrodes were connected. 

B. The power supply was set for constant current at 

4 ma/gel. 

C. Electrophoresis was continued until the dye front 

reached a point within a few mm of the bottom of the 

gel. 

VI. Staining 

A. The gels were removed from the gel tubes by using a 

large (50 ml) syringe filled with water that had a 

blunted 20 gauge needle attached. The needle was 

inserted between the gel and tube wall and water 

injected to loosen the gel. 

B. The gels were then placed in 13 x 75 mm tubes and 

the tubes filled with specimen stain. 

C. The gels were stained for at least one hour. 

VII. Destaining 

A. The unbound stain was electrophoretically removed in 

a destaining apparatus (Bio-Rad Laboratories). 

B. Destaining was continued until the protein bands were 

clearly visible. 
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VIII. Cutting the Gel 

A. The gels were placed on a light table and that por

tion of the gel containing the appropriate band cut 

with a razor blade. 

B. The gel segments were placed in scintillation vials 

with 1 ml NCS tissue solubilizer (Amersham Searle 

Corporation) that had previously been diluted to 

92% with water. 

C. The segments were incubated at room temperature for 

24 hours. 

D. 10 ml ACS scintillation cocktail (Amersham Searle 

Corporation) was then added to each vial and left to 

stand another 48 hours at room temperature. 

E. The vials were counted in a scintillation counter 

(Searle). The external ratios method was used to 

correct cpm to disintegrations per minute (dpm) . 

IX. Validation 

A. Comigration with standard rat PRL 

Three major protein bands were seen in the gels 

after destaining (Fig. 27). The first, in order from 

the origin, comigrated with rat growth hormone 

(NIAMDD, RP-1); the second is possibly serum albumin 

[341-347], and the third comigrated with standard rat 

PRL (RP-1). The PRL band of both the samples and the 

standards actually consists of three bands (PRL-1,2,3), 
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with PRL-1 being the most prominent. When either 

growth hormone or PRL was added to the samples before 

electrophoresis, only the presumptive growth hormone 

or PRL band, respectively, were enhanced in density 

(Fig. 27). 

When the entire gel from either pituitary 

homogenates or media was cut into five mm segments 

and each segment assayed for tritium, two major peaks 

of activity were observed (Fig. 28 and 29). The first 

derives from that region of the gel that contains 

growth hormone and the second from that segment which 

contains PRL. Additionally, in gels from pituitary 

homogenates (Fig. 29) a considerable quantity of 

tritium remained at the origin, suggesting that this 

tritium was membrane bound or incorporated into very 

large proteins. When media samples were assayed, the 

activity corresponding to PRL was much higher than 

that associated with GH (Fig. 28); the opposite was 

true for pituitary homogenates (Fig. 29). 

Radioimmunoassay for PRL 

To ensure that the presumptive PRL band actually 

contained the majority of the PRL from the samples, 

segments of the gel were radioimmunoassayed for rat 

PRL. To accomplish this, duplicates of media and 

pituitary samples were electrophoresed as outlined 
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above except that only one of each pair was stained 

for proteins; the other gel was frozen over dry ice. 

The stained gels were destained then used as cutting 

guides for the unstained gels. Each gel was cut 

into five mm segments from the origin to the dye band 

and each segment was placed in 0.5 ml of Earle's 

balanced salt solution or 0.01M PBS for 24 hours at 

4°C [345]. The gel eluents were then assayed for 

PRL as described in Appendix A. 

With this procedure, a single peak of PRL was , 

observed in both the media and pituitary homogenates 

(Fig. 30, 31). This peak represented approximately 

78% and 67% of the total RIA-PRL in the gels from the 

media and pituitary samples respectively. 
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Figure 27. Polyacrylamide disc gels showing the protein bands seen 
after electrophoresis of either 100 ~1 of medium (M) from in vitro in
cubation of three female rat hemipituitaries or electrophoresis of 30 
~g of either standard rat prolactin (PRL) or rat growth hormone (GH). 
-- All media samples shown were from a homogeneous stock solution. 
The location of the presumptive serum albumin band (Alb) is also shown. 
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Figure 28. The total amount of tritium in five mm polyacrylamide gel 
segments after electrophoresis of 100 yl of medium obtained from in 
vitro incubation of three female rat hemipituitaries for five hours. 
— The incubation medium contained 10 yCi ̂ H-leucine/ml. The location 
of the presumptive growth hormone (GH), serum albumin (Alb) and pro
lactin (PRL) bands are indicated (arrows). 
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Figure 29. The total amount of tritium in five mm polyacrylamide gel 
segments after electrophoresis of 100 yl of pituitary homogenates ob
tained from in vitro incubation of three female rat hemipituitaries 
for five hours. — The incubation medium contained 10 pCi ̂ H-leucine/ 
ml. The pituitaries were homogenized in 0.5 ml 0.01M PBS-1% triton 
X-100. The location of the presumptive growth hormone (GH), serum 
albumin (Alb) and prolactin (PRL) bands are indicated (arrows). 
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Figure 30. The total amount of radioimmunoassayable prolactin (PRL) 
(RIA PRL) in eluents of five mm polyacrylamide gel segments after 
electrophoresis of 100 yl of medium obtained from in vitro incubation 
of three female rat hemipituitaries for five hours. — The location of 
the presumptive growth hormone (GH), serum albumin (Alb) and prolactin 
(PRL) bands: on duplicate gels stained for proteins are indicated 
(arrows). 
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Figure 31. The total amount of radioimmunoassayable prolactin (RIA 
PFL) in eluents of five mm polyacrylamide gel segments after electro
phoresis of 100 JJI of pituitary homogenates obtained from incubation 
of three female rat hemipituitaries for five hours. — The pitui-
taries were homogenized in 0.5 ml 0.01M PBS-1% triton X-100. The 
location of the presumptive growth hormone (GH), serum albumin (Alb) 
and prolactin bands on duplicate gels stained for proteins are indi
cated (arrows). 



APPENDIX C 

DNA Assay 

The DNA from the in vitro pituitary homogenates was extracted 

according to Maurer [247] and measured by the Burton colorimetric 

assay [356] as follows: 

I. Extraction Procedure 

A. To 100 yl aliquots of the pituitary homogenates was 

added: 

1. 25 yl 1% BSA. 

2. 125 yl distilled water 

3. 250 yl 0.5M perchloric acid (PCA). 

B. The samples were vortexed, placed on ice, then centri-

fuged at 3,000 rpm for 20 minutes. 

C. The supernatant was aspirated and the pellet washed > 

once by suspension in 500 yl 0.25M PCA and centrifuged 

again. 

D. The supernatant was again aspirated and the pellet 

hydrolyzed by suspension in 250 yl 0.5M PCA and heated 

to 80°C for 30 minutes. 

E. The samples were then cooled and centrifuged at 3,000 

rpm for 30 minutes. 
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II. Preparation of Standard 

A. 50 mg calf thymus DNA (Worthington Biochemical) was 

dissolved in 10 ml 0.5M PCA. 

B. The DNA was hydrolyzed by heating to 70°C for 15 

minutes, then cooled on ice and centrifuged at 3,000 

rpm for five minutes. 

C. The supernatant was decanted into a 50 ml volumetric 

flask and 10 ml 0.5M PCA added to the residue and 

steps 1 and 2 repeated. 

D. The supernatants were combined and the volume brought 

to 50 ml with 0.5M PCA (final dilutions=lmg/ml). 

III. Assay Protocol 

A. Either 200 yl of the sample (supernatant from step 

I-E) or 200 yl of the appropriate concentration of 

DNA standard (2-20 yg) was added to 10 x 75 mm glass 

tubes. 

B. 400 yl diphenylamine reagent (1.5 g diphenylamine + 

100 ml glacial acetic acid + 1.5 ml concentrated sul

furic acid + 500 yl 1.6% acetaldehyde) was added to 

each tube. 

C. The tubes were then incubated at 30°C in the dark for 

15-17 hours. 

D. The absorbance of each tube was then read against a 

blank tube (200 yl 0.5M PCA incubated as described 

above) at 600 my on a spectrophotometer (Gilson). 



A standard curve was constructed as absorbance 

versus yg DNA in the standard solutions and the slope 

determined" by linear regression. 



APPENDIX D 

Abbreviations 

Alb Albumin 

Anos Anosmic 

ANOVA Analysis of Variance 

BA Blind-Anosmic 

BAP Blind-Anosmic-Pinealectomized 

BSA Bovine Serum Albumin 

°C Degrees Celsius 

Ci Curie 

cm Centimeter 

cpm Counts Per Minute 

DNA Deoxyribonucleic Acid 

dpm Disintegrations Per Minute 

g Gram 

GABA Gairana-Amino Butyric Acid 

GH Growth Hormone 

HIOMT Hydroxyindole-o-Methyltransferase 

INT Intact 

L:D Light:Dark Cycle 

M Molar 

ma Milliampere 

mg Milligram 
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Milliliter 

Millimeter 

Millimolar 

Microcurie 

Microgram 

Microliter 

Micromolar 

Normal 

Number 

Serotonin n-Acetyltransferase 

Nanogram 

National Institute of Arthritis, Metabolism and 
Digestive Diseases 

Normal Rabbit Serum 

Ovariectomized 

Phosphate Buffered Saline 

Perchloric Acid 

Pinealectomized 

Prolactin Inhibitory Factor 

Prolactin Releasing Factor 

Prolactin 

Radioimmunoassay 

Ribonucleic Acid 

Revolutions Per Minute 

Standard Error of the Mean 



Sham Olfactory Bulbectomy + Sham Pinealectomy 

Tris Buffered Saline: Normal Sheep Serum 

Thyrotrophin Releasing Hormone 

International Units 

Vasoactive Intestinal Peptide 

Gravity 
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