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THE EFFECTS OF PHOTOPERIOD ON THE 
PROLACTIN CELLS OF NOTROPIS CORNUTUS 

(MITCHELL).

Matthew Kevin Hettinger, M.A.

Western Michigan University, 1983

Three groups of the common shiner (Notropis cornutus, Mitchell) 

were adapted to three different photoperiods. These photoperiods 

were 16L:8D (summer), 12L:12D (controls), and 8L:16D (winter).

The prolactin cells were studied histologically and morphologically 

with respect to staining characteristics, cell and nuclear morphology, 

nuclear size, and cellular density. The prolactin cells of those 
fish under the long photoperiod exhibited greater cellular activity 

than the controls as evidenced by an increase in nuclear size, cellu­

lar density, and by becoming more circular. The prolactin cells 

of those fish under the short photoperiod exhibited the same char­

acteristics as those in the long photoperiod. The staining char­

acteristics did not vary between photoperiods. The results indi­

cate that prolactin synthesis and secretion may be under seasonal 

control.
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CHAPTER I

INTRODUCTION

Prolactin is a hormone found in the pituitary gland of ver­

tebrates. It is of physiological interest because of the variety 

of physiological processes it regulates. In teleosts (fish) prolactin 

has been reported to regulate ion movement across the gills, pig­

mentation, skin mucous secretion, seminal vesicle growth and secre­

tion, fin fanning and nest building behavior, renal excretion, thy­

roid stimulation, fat deposition, resistance to thermal stress, and 

is an antagonist to toxic effects of estrogen (Bern J967).

It is the purpose of this investigation to study and describe 

the morphological and histological characteristics of the prolactin 

cells of a fish, Notropis cornutus, as influenced by artificial pho­

toperiods. Some investigators of various vertebrates found that 

seasonal changes did influence the secretion of prolactin (Applington 

1942; Hartmann 1944; Lam 1967; Lam and Hoar 1967; Lam and Leatherland 

1969; deVlaming 1973). Serum prolactin levels and morphological 

changes in the prolactin cells were found to correlate. Photoperiod 

effects on prolactin cell cytology has been done only to one spe­

cies of fish: Gasterosteus aculeatus. Leatherland (1970) studied

the marine form (trachus). The prolactin cells appeared minimally 

active in early winter collected in the sea, and maximally active 

in fish collected in freshwater in the spring. Benjamin (1974) 

studied the freshwater form (leuries). The prolactin cells showed 

significant increases in the number of secretory granules, the

1
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number of free ribosomes, the relative volume of rough endoplasmic 

reticulum (RER), and the relative volume of the rostral pars distalis 

from winter to spring.
The prolactin cells of teleosts are found in the rostal por­

tion of the pars distalis and forms one-third to one-half of the 
pituitary gland. The cells take a variety of stains including the 

Massons* stain used in this study (Ball and Baker 1969).
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CHAPTER I I

LITERATURE SURVEY 

Physiological Effects of Prolactin in Fish 

Responses Related to Osmoregulation

Fish, whether they are migratory or not, are subject to sea­

sonal changes in ambient osmolarlty. To remain active, or even to 

survive, fish must adapt to these seasonal changes. Thus those or­

gans responsible for these adaptations undergo rhythms. All of 

these organs have been shown to be responsive to prolactin cell 

activity (Ensor 1978).

The interest in prolactin as an osmoregulatory hormone origi­

nally stems from the work of Burdon (1956), who showed that the 
euryhaline killifish Fundulus heteroclitus, exhibited osmotic fail­

ure in freshwater after being hypophysectomized. Pickford and Phillips 

(1957) then showed that injections of ovine prolactin permitted the 
survival of hypophysectomized fish. It is now known that prolactin 

prevents osmotic failure In a number of teleost species: Poecilia

latipinna (Ball and Olivereau 1964), Xiphoporous maculatus (Schreibman 

and Kallman 1966), Tilipia mossambica (Dharmamba et al. 1968),

Oryzias latapes (Utida et al. 1971), Ictalurus onelas (Chidamberum 

et al. 1972), Mugil cephalis (Sage 1973), and Salmo trutta (Oduleye 

1976).
The target organs of prolactin concerned with osmoregulation

3
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include gill and skin epithelium, the gut, the kidneys, and the 

bladder (Ensor 1978). The primary effect of prolactin on these 

organs is to retain sodium. Prolactin minimizes sodium loss across 
the gills by increasing active uptake by the ioncytes in the gill 

lamellae. Prolactin also minimizes sodium loss by producing a mucous 

sheath surrounding the gill, and by reducing blood flow through the 

lamellae. Both of these mechanisms reduce passive efflux (Ensor 1978). 

Prolactin stimulates mucous production by integumentary mucous cells 

(Blum and Fielder 1964; Schreibman and Kallman 1965; Ogawa and Johnson 

1967). In the kidney, prolactin reduces the urine-to-plasma ratio 

(Lahlou and Sawyer 1967; Lam 1972), increases the glomerular filtra­

tion rate by expanding the glomerlular tuft and increasing urine pro­

duction (Leatherland and Lam 1959), and increased reabsorption of 

prolactin caused a decrease in the permeability of the bladder to 

water which was correlated with an increase in the rate of sodium 
absorption. The gut seems to reduce water flux and decrease the 

chloride transport in response to prolactin (Utida 1972).

Non-osmoregulatory Responses

Various nonsmoregulatory tissues and metabolic processes have 

been shown to be responsive to prolactin. Among these are reproduc­

tive structures, the thyroid, fat deposits and parental behavior 

(Ensor 1978). These tissues and metabolic processes seem to undergo 

seasonal rhythms similar to tissues responsible for osmoregulation.

Reproductive Structures

The reproductive structures studied thus far in fish are the sem-
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inal vessicles and the ovaries. During the prespawing period of 

Heteropneutus fossilis, prolactin inhibits vitellogenesis and induces 

follicular atresia. During the spawning period prolactin induces 
ovarian regression (Sundararaj and Kishavanath 1975). In male fish 

the seminal vehicles regress with hypophysectomy (Tavolga 1955; 

Sundararaj and Goswami 1965; deVlaming and Sundararaj 1972). After 

hypophysectomy, prolactin injections prevent seminal vesicle regression 

(deVlaming and Sundararaj 1972). Prolactin probably stimulates the 

growth of seminal vesicles by potentiating the effects of testosterone 

since it has no effect on the seminal vesicles by itself (Sundararaj 

and Noyzer 1969; deVlaming and Sundararaj 1972).

Parental Behavior

A well documented effect of prolactin on parental behavior is the 

promotion of skin sloughing which produces discus milk in the chichlid 

Symphysodon discus (Blum and Fielder 1965). The epidermal cells of 
this fish undergo division and then are shed with mucus which forms a 

milky substance for the young to use as food. Another well documented 
effect of prolactin is its participation in parental care in the male 

sea horse Hippocampus (Ball and Baker 1969; Ensor 1978). It seems 

that prolactin proliferates the marsupial epithelium and stimulates 

the synthesis and secretion of an epithelial protease. This protease 

digests proteins derived from the yolk of eggs that were arrested 

during early development and are present in the marsupial fluid. The 

resulting amino acids are then absorbed by the embryo.

Prolactin may also play a role in inhibiting aggressive and sexual 

behavior during the parental period. In chlchlids, Blum and Fielder
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(1965) found that prolactin inhibits agressive behavior by suppressing 

androgen synthesis or blocking gonadotrophin release. Bleick 

(1975) found that prolactin causes the regression of the nuchal 

hump, a protrubenee on the forehead of the male and female during 
the mating season, in the chichlid Cichlasome citviovellus. Bleick 

proposed that the main role of prolactin is to prevent the develop­

ment of mating characteristics during the parental period, which is 

associated with the regression of the hump.

Fin-fanning is another parental behavior attributed to prolactin 

(Blum and Fielder 1965; Blum 1974). Prolactin causes the pectoral 

fins to move in a fanning motion to move water across the nest in 

chichlids.

The Thyroid

It has been shown that ovine prolactin induces an increase in the 
activity of the thyrotrophs, which was associated with an increase in 

thyroid activity in eels (Olivereau 1966). This effect was not observed 

in hypophysectomized eels. Olivereau concluded that prolactin may act 

as a thyroid stimulating hormone-releasing factor exerting its effects 

at the hypothalmo-hypophysial level.

Fat Metabolism

Prolactin has been shown to affect fat raetabolisn for a number of 

fish (Lee and Meier 1967; Merhle and Fleming 1970; Joseph and Meier 

1971; deVlaming, Sage and Charlton 1973; deVlaming and Pardo 1974; 

Mckeown, Leatherland and John 1975). The seasonal fluctuations In 

fat metabolism seems to be related to the seasonal fluctuations in
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serum prolactin (Lee and Meier 1967; Meier 1969).

The mechanism by which photoperiod, prolactin, and fat metabo­

lism are related has not been worked out yet. However, there is 

speculation that the circadian rhythm of serum prolactin and fat 
metabolism may be involved. These rhythms fluctuate seasonally, and 

it is thought that it is these phase shifts that give the observed 

seasonal responses (Lee and Meier 1967; Spieler, Meiier and Loesch 

1976). This mechanism is thought to be involved at the hypothalmo- 

hypophysial level. (Spieler, Meier and Loesch 1976).

Another possible mechanism involves the pineal. In 1973 and 

1974, deVlaming and co-workers reported that melatonin effects both 

prolactin levels and fat metabolism. It is known that melatonin 

decreases pituitary prolactin, but beyond that the mechanism is not 

clear (deVlaming et al. 1973).

The Prolactin Cell

The prolactin cell is essentially the same throughout all verte­

brate classes. They have similar morphologies, cytologies, and stain­

ing characteristics (Holmes and Ball 1974). One main difference be­

tween the teleost prolactin cells and the cells of other vertebrates 

is that they are located in a distinct region apart from other cell 

types (Schreibman, Leatherland and Mckeown 1973; Holmes and Ball 1974).

The prolactin cells of fish lie in the anterior portion of the 

rostral pars distalis and may form one-third to one-half of the 

pituitary. They extend ventrally and laterally for various distances 

around the proximal pars distalis. The secretory granules stain red 

with erythrosin in Alizarin Blue Tetrachrome, Clevland-Wolfe stain,
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and Herlants Tetrachrome (Kracier, Herlant and Duclos 1966; Ball and 

Baker 1969). They also stain red with azocarmine or acid fucsin in 

Azana stain, Mallory's stain, and Masson's Trichrome (Ball and Baker 
1969). They are negative to Periodic Acid Shift, Aldehyde Fucsin, 

and Aniline Blue (Ball and Baker 1969).
The teleost prolactin cell, like other cells, contains a 

nucleus, endoplasmic reticulum, Golgi apparatus, mitochondria, and 

secretory granules. Depending on the species, the prolactin cells 

can be in one or two forms. They can be columnar, have apical cilia, 

have secretory granules concentrated at the basal pole of the cell, 

and are arranged in follicles. However, they may be circular evenly 

granulated, have a kidney-shaped nucleus, have Golgi appearing as one 

or more clear tubes shaped in a U or C, and not arranged in 

follicles (Ball and Baker 1969; Holmes and Ball 1974). The 

secretory granules are membrane-bound structures ranging in size 

from 1200 to 3500°A, depending on the species and the environmental 

conditions (Schreibman, Leatherland and Mckeown 1973; Holmes and 
Ball 1974). These granules are released by exocytosis under the 

appropriate physiological conditions (Weiss 1965; Leatherland 1970; 

Holmes and Ball 1974; Benjamin 1978).

It was first suspected that the prolactin cells contained 

prolactin when hypophysectomized fish failed to survive in fresh­

water, when the prolactin cells appeared more active in freshwater 

than seawater, and when prolactin injections allowed the survival 

of hypophysectomized fish (Ball and Baker 1969; Holmes and Ball 1974). 

It was shown by bioassay that there is approximately double the 

pi- . ,;ctin activity in pituitary glands taken from fish adapted to
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freshwater when compared to the pituitary glands of fish adapted to 

seawater (Ball and Baker 1969).
It was confirmed that the prolactin cells contain prolactin 

by the flourescent antibody technique. Flourescent antibody to 

ovine prolactin locates specifically on the granules of the prolactin 

cells. This has been done with Fundulus, Onchoryncus, Circhasome, 

Cerassics, Levcisus, Anguilla, Salmo, and Clupea (Emmart, Pickford 

and Wilhelmi 1966; Emmart 1969; Holmes and Ball 1974). Emmart and 

Mossakowski (1967) used cultured cells of Fundulus heteroclitus 

with this technique.

Environmental Regulation of Prolactin Cell Activity 

Changes in Ambient Osmolarity

Within the past fifteen years numerous studies have been done 

to delineate the relationship between ambient osmolarity and prolactin 

cell activity. Changes in ambient osmolarity, whether due to changing 

sodium concentrations or other ions, causes changes in the activity of 

the prolactin cell. The prolactin cells appear more active in fresh­

water than in seawater. This is seen from evidence on the changes in 

cellular size and shape, cell density and the relative volume taken 

up by the prolactin cells in the pituitary, nuclear size and shape, 

activity of cytoplasmic organelles and staining characteristics of 

the cytoplasm, and the number and size of the secretory granules 

(Dharmamba and Nishioka 1968; Ball and Baker 1969; Olivereau and Ball 

1973; Holmes and Ball 1974; Nagahama et al. 1975; Bonga 1978; Benjamin

1978).
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Cellular Size and Shape

The size of the prolactin cell increases and the shape becomes 

spherical as fish move from saltwater to freshwater. Bonga (1978), in 

his work with G. aculeatus (trachurus), has shown that fish adapting to 

freshwater had approximately twice the cellular volume than fish adapting 

to saltwater. This increase in size has also been shown for the pro­

lactin cells of T. mossamblca (Dharmamba and Nishioka 1968). The pro­

lactin cells of G. aculeatus (trachurus) also shows circular shapes when

sampled from freshwater as compared to those sampled in seawater habitats 

(Leatherland 1970).

Cell Density and Relative Volume

The cell density decreases, and the relative volume in the pituitary 

taken up by the prolactin cells increases when fish move from seawater 

to freshwater. In 1978, Benjamin transferred Pungitius pungitius from
freshwater to seawater for periods of 10 hours, 3, 6, 9, and 21 days, 

and found that the cell density decreases. The prolactin cells of M. 

cephalis and P. latipinna show a similar pattern. The cell densities of 
these fish are two to three times greater in seawater than in freshwater. 

Along with the decrease in cell density, the relative volume taken up by 

the prolactin cells increases approximately two to three times (Ball and 

Pickford 1964; Blanc-Livni and Abraham 1970; Ball and Ingleton 1973).

Nuclear Shape and Size

The nucleus of the prolactin cells of M. cephalus appears three 

times larger in freshwater than in seawater (Abraham 1971). This increase
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in size has also been shown for P̂. pungitius and P. latipinna 

(Ball and Ingleton 1973; Benjamin 1978). Nuclear shape has been re­
ported to he round and oval with occasional evaginations for fish 
adapted to freshwater, whereas the nucleus appears kidney shaped in 

fish adapted to saltwater (Ball and Ingleton 1973; Benjamin 1978.

Cytoplasmic Organelles and Staining Characteristics

The Golgi apparatus and the endoplasmic reticulum seem to change 

with the activity of the cell. The Golgi is small and indistinct in 

seawater but large in freshwater, and may be seen to be shaped in the 

form of a U or C (Dharmamba and Nishioka 1967; Ball and Baker 1969; Ball 

and Ingleton 1973). The endoplasmic reticulum can be seen as a cap or 

halo surrounding the nucleus in active cells if stained appropriately 

(Ball and Baker 1969). It appears that the prolactin cells of fish 

in freshwater take stains more intensely than those cells of fish in 
saltwater. P. pungitius stained heavily with Orange G in freshwater, 

and became erythromophobic with longer periods of exposure to saltwater 

(Benjamin 1978).

Number and Size of Secretory Granules

Both the number and size of secretory granules increase with de­

creasing salinity. This has been shown for T. mossambica (Dharmamba 

and Nishioka 1968), M. cephalus (Abraham 1971), P. latipinna (Ball 

and Ingleton 1973), and X. maculatus (Weiss 1965).

Regulation by Light

Circadian Rhythms

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The circadian rhythm of prolactin cell activity has been de­

monstrated in birds, rats, man, amphibians, and reptiles (Ensor 1978).

In teleosts these rhythms have been demonstrated by fluctuations in 

serum and pituitary prolactin concentrations, and by fluctuations 

in prolactin cell morphology (Leatherland and Mckeown 1973; Sage and 

deVlaming 1973; Leatherland, Mckeown and John 1974; Battan and Ball 
1976; Mckeown and Peter 1976; Spieler, Meier and Loesch 1976). Peaks in 

serum prolactin levels during the day differ among species. The peak 

serum prolactin level occurs between 03.00 and 06.00 hr for Onchorhynous 

nerka (Leatherland and Mckeown 1973; Leatherland, Mckeown and John 1974), 

at approximately 16.00 hr for Fundulus grandis (Spieler, Meier and Noeske

1979), at 09.00 and 24.00 hr for C. auratus in freshwater, and at 06.00 

and 24.00 hr in saltwater (Mckeown and Peter 1976). Fundulis similus 

releases prolactin just after the onset of light (Sage and deVlaming 

1973). M. cephalus also exhibits a peak in serum prolactin after 

the onset of light which leads to daily fluctuations during the course 

of the year (Spieler, Meier and Loesch 1976). During the Fall a peak 

is reached between 04.00 and 06.00 hr, and between 16.00 and 18.00 hr 

in the Winter. Thus it seems that circadian rhythms fluctuate season­

ally.
The prolactin cell also undergoes circadian morphological changes.

In P. latipinna nucleoli numbers were greater during midday than the 

morning. Golgi also occupied a greater volume at midday (Battan and 

Ball 1976). So far no studies have been done to see if the circadian 

peaks of cell activity, as represented by morphological structures, 

vary seasonally.
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Circannual Rhythms

Along with the work of Spieler, Meier and Loesch (1976), 

circannual rhythms seem to be present in other teleosts as well as 
vertebrates in general (Meier, Burns and Dusseau 1969; Butter 1973; 

Pelletier 1973; Forbes et al, 1974; Quadri and Spies 1976; Ensor 1978).

One of the earliest studies done on the correlation between photoperiod 

and prolactin cell morphology was done by Hartmann (1944) with the garter 

snake. Hartmann described the prolactin-containing carrainophilic cell 

(Holmes and Ball 1974) as having coarse, dense, red granules with round 

or oval nuclei. The nuclei also stained red. The shape of the cell was 

oval or columnar. These cells decreased in number during the Spring and 

increased during the Summer. They reach a maximum in July and the decrease 

to winter levels in the fall. Hartmann also noted that the size of the 

cells fluctuate seasonally reaching a maximum in July although no 

quantitative measurements were given.
In the teleosts, only two studies have been done to relate pho­

toperiod with prolactin cell morphology. Leatherland (1970) studied 

G. aculeatus (trachurus) since previous evidence presented by Lam 
and Hoar (1967), and Lam and Leatherland (1969) indicated that the 

marine stickleback does not synthesize and/or release prolactin in 
the winter when placed in freshwater. Leatherland found in fresh­

water juveniles of G. aculeatus (trachurus) that the prolactin cells 

were spherical with many densely packed granules that stain with 

erythrosin and Orange G. The accentric nucleus was irregular in 

shape. The cytoplasm was divided into two regions: a region for

the storage of granules, and a zone with Golgi bodies next to the
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nucleus. In juveniles collected at sea, the granules were smaller 

and less erythrosinophic, but just as well granulated.

Adult sticklebacks collected in late winter had prolactin cells 

that were more ellipsoid and more erythrosinophilic than early winter 

fish. The cellular diameter was significantly larger. The storage 

zone also appeared larger. In spring fish the trend of increasing 

cellular diameter and erythrosinophilic stainability continued.

These characteristics were maximal in freshwater spring fish.

After spawning, the prolactin cells appeared similar to those found 

in winter fish.
In general, the number of cells per unit area (cell density) 

was found to be inversely proportional to the diameter of the cell. 

However, the prolactin cells of fish collected in seawater during 

the spring exhibited increasing cellular diameter and density.

Benjamin (1974) compared the morphological characteristics 

of the prolactin cells of G. aculeatus (leurius) collected in the 

spring to the morphological characteristics of prolactin cells in 

winter fish and found that there was no significant difference in 

staining properties or cell size. The size of the Golgi did not 

change significantly either, but there were significant differences 

at the electron microscope level. It was concluded from these ob­

servations that the prolactin cell is more active in the spring.

Hypothalmic Control of Prolactin Cell Activity

Hypothalmic control of prolactin cell activity was first re­

ported by Ball (1965). It was shown that transplants of the pitu-
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: ary gland allowed fish to survive in freshwater, and that the 

prolactin cells were still functional while other cell types were 

not. This has been confirmed in a wide range of teleosts including 

C. auratus (Leatherland 1972; Peter 1972; Leatherland and Ensor 1973), 

Gillichthys mirabilis (Zambrano 1971), M. cephalus (Abraham 1971), and 

Ictalurus melas (Chidambaren, Myer and Hasler 1972). Leatherland 

and Ensor (1974), in their studies with C. auratus, injected hypo­

thalmic extracts from fish maintained in distilled water and seawater 

and found that the extracts from the fish in distilled water had a 

higher concentration of a prolactin inhibiting factor. They hypothe­

size that osmotic regulation of prolactin release may operate through 

the hypothalmus rather than acting directly on the prolactin cells.

It has been shown that the prolactin cells of P. latipinna are 

synaptically innervated by type B (aminergic) nerve fibers arising 

from the hypothalmus (Battan and Ball 1976; Ingleton, Battan and 

Ball 1977). It has also been shown that destruction of these fibers 

by L-hydroxydopamine causes an increase in the ability of fish to 

survive in freshwater (Zambrano et al. 1974). This suggested that 
dopamine may be the inhibitor. Olivereau (1975) found that injections 

of L-dopa inhibited prolactin release in Anguilla angullla. The same 

results were found with Gillichthys (Magahama et al. 1975). Dopamine 

has been shown to be the inhibitor in both in vivo and.in vitro 

studies. Wigham and his co-workers (1975) found that in in vitro 

studies with isolated pituitary glands and various agonists and 

antagonists, and with dopamine alone and in combination with dimeth- 

ylphenylethylamine (a specific dopamine antagonist) shows dopamine 

to be the prolactin inhibiting factor. Wigham and Ball (1976) confirmed
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the in vitro work with P. latipinna by showing that dopamine inhibited 

the synthesis and release of prolactin.

Wigham and Ball (1976) also found that when the aminergic innerva­

tion of the prolactin cells was destroyed, there was a rise in
plasma osmotic pressure along with an increase in plasma prolactin. 

Ingleton (1973) found that prolactin release was stimulated by low 

plasma osmotic pressure. Thus it would seem that osmotic regulation 

may not be through the aminergic system since it is thought that low

osmotic pressure stimulated hypothalmic response (Ensor 1978).

Catecholaminergic control may then act independently of osmotic 

influences and may explain the existence of circadian and circannual 

rhythms in prolactin cell activity.
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CHAPTER I I I

METHODS AND MATERIALS 

Collection of Fish

N. cornutus were collected on 15 Feb. 1980 from an inlet off of 

Morrow Lake located in Kalamazoo County, Michigan. Using a sein, the 

fish were trapped and placed in buckets filled with stream water and 

transported to the lab within 15 minutes. Other buckets were filled with 

stream water to serve as a source of replenishment water in the 

aquaria. The temperature of the water was maintained at 2° C.

Photoperiod Chambers

Fifteen fish, that ranged in length between 9cm and 15cm (adults), 

were placed in each of three black-bottomed 10 gallon aquaria. This 

number was established by previous experiments to determine the number 

of fish that can survive in this size aquarium. Inlet water was main­

tained in each aquarium at 22cm from the bottom by the extra water ob­

tained at the stream. The filters used were Penn Plax hi-low filters 

which contained super activated carbon (Aquarium Pharmaceutical Inc.) 
and 100% polyester aquarium filter floss (Flexi-Mat Corp.). These 

filters served to prevent the build-up of gaseous and solid wastes, 

and also served as a secondary air supply. The filters were powered 

by Hush 1000 power paks which were connected to the filters by plastic 

hoses. The primary air supply came from the lab bench. Plastic hoses 

connected the outlets on the bench to air stones inside the aquaria.

17
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Each aquarium was placed in a Sherer Gillett Gro-Lab chamber 

preset to a temperature of 2°C and a light intensity of 5400 foot 
candles. This prevented thermal stress that the fish would have 

been exposed to when adjusting to higher temperatures. The light 

intensity was measured using a Gossen Lux meter (Panlus Electronic).

The source of light was Sylvania cool white flourescent bulbs 

(relative irradiance 520nm—620nm) and G.E. Plant Gro and Show in­

candescent bulbs (relative irradiance, 762nm). The photoperiod for 

each chamber was set at 12L:12D for a period of one week with the start 

of the photoperiod 08,00 h. This allowed the fish to acclimate

to lab conditions. After one week one chamber was set at 12L:12D, and

another was set at 8L:16D. The third chamber was left at 12L:12D and 

served as the control. All light cycles started at 08.00 h. at which 

time the fish were fed Guppy Fare (Wardlap). The fish were maintained 
on these photoperiods for 60 days. The extra water was placed in one 

of the chambers to maintain the temperature at 2°C.

Fish Central Nervous System Anatomy

The pituitary gland lies on the ventral side of the brain, and is 

connected to the hypothalmus by the infundibular stalk. The gland lies 

in a hollow cartilagenous tube. The roof of the tube surrounds the 

infundibular stalk, and the floor is the base of the brain case.

After decapitation, the lower jaw and any excess gill was re­

moved along with a layer of connective tissue posterior to the palate.
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The pterygoids were then visible. The pterygoids were removed 

under a disecting scope along with the palate, exposing the para- 

sphenoid and the base of the brain case (Fig. 1). Tissue was then 

scraped off the case and the anterior portion of the head was snipped 

off to free the parasphenoid. This allowed the bottom of the case to 

be lifted off by raising the parasphenoid so the pituitary would not be 
pulled with it. Two sets of muscle fibers were seen running alongside 

the pituitary. The entire pituitary was removed along with excess 

cartilage, after removing the muscle strands, and placed in fixative.

The dissection was completed in one minute. All dissections were done 

between 10.00 and 12.00 h.

Histological Techniques

Fixation Procedures

Three fixatives were tried with various staining techniques.

These fixatives were Bouin's solution, Bouin-Hollande Sublimate, 

and Helley's fixative. After evaluation of the stains with these 

fixatives, it was decided that Bouins’ solution would be used.
Pituitaries from each photoperiod were placed in this solution for 

24 hours (Humason 1979).

Preparation for Staining

Dehydration

After fixing, tissues were placed in 70% ethanol for washing and 

initial dehydration for two hours. Dehydration consisted of passing the 

tissues through a series of ethanol baths: 70%, 80%, 95%, 100% and 100%.
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The tissues remained in each bath for two hours. The tissues were 

then infiltrated with xylene and Paraplast by passing them through 

the following baths: ethanol:xylene, 3:1; xylene:ethanol, 3:1; xylene;

xylene:Paraplast, 3:1; ; Paraplast:xylene, 3:1; Paraplast; and Paraplast. 

All Paraplast baths were held at 59°C. The tissues remained in each 

bath for two hours.

Embedding and Sectioning To embed the tissues, melted para-

To embed the tissues, melted paraplast was poured into metal 

molds that had previously been sprayed with mold release (Tissue Tak). 

Plastic holders were put in place prior to pouring the paraplast. The 

tissues were then placed and oriented in the paraplast with a disecting 

needle that had been heated in a bunson burner. The heated needle kept 

the paraplast melted to aid in orientation. Tissues were oriented so 

sections would be cut transversely, sagittally, or frontally. After the 

paraplast hardened, it was released from the metal mold, the excess 

paraplast was trimmed away with a razor blade, and the entire pituitary 

was sectioned in 4um increments using a Spencer "820" microtome (American 
Optical). Using soft-hair water-color brushes, ribbons of seven sections 

were transferred to a water bath (Lipshaw) kept at 45°C. Three strings 

of seven sections were placed on each slide. The slides had previously 

been washed with Alconox, had tissue adhesive applied to them (Tissue 

Tak), and placed on a slide warmer (Chicago Surgeon and Electrical Co.). 

The ribbons were placed on the slides by passing the slides underneath 

the ribbons floating in the water bath. The slides were then placed on 

the slide warmer for at least 30 minutes before rehydration.
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Rehydration Rehydration consisted of passing the slides

Rehydration consisted of passing the slides through the following 

baths: xylene, xylene, 100% ethanol, 100% ethanol, 95% ethanol, 70%

ethanol, and tap water. The slides were left in each bath for five 

minutes.

Staining Procedures

Of the staining techniques tried, it was found that the Hemotoxylin 

and Eosin stain, and the Aldehyde Fucsin stain gave poor results.

Massons' Trichrome was chosen over the other two on the basis of being 

more consistent, and more convenient. The procedure for Massons' Trichrome 

is as follows (Humason 1979):

1) Place slide in iron alum for one-half hour.

2) Wash in running water for five minutes.

3) Differentiate in saturated aqueous picric acid.

4) Wash in running water for ten minutes.

5) Stain in acid fucsin for five minutes.

6) Rinse in distilled water until excess stain is removed.

7) Stain in ponceau de xylidine for five minutes.

8) Rinse in tap water.

9) Differentiate in phosphomolybdic acid for five minutes.

10) Transfer to fast green for two minutes.

11) Differentiate in acidified water.

Good differentiation of the acidophils was obtained. Prolactin 

cells stained brick-red while the growth hormone cells stained 

yellow-orange to pink. The basophils stained various shades
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of blue. After completion of the staining procedure, the tissues 

were dehydrated by passing the slides through the following baths:

70% ethanol, 95% ethanol, 95% ethanol, 100% ethanol, xylene, and 

xylene. The slides were left in each bath for five minutes.

Permount was used to coverslip the slides.

Measurements and Techniques

Ten fish were exposed to each photoperiod, however, the number of 

pituitary glands used for each photoperiod was ten, nine, and seven for 

the photoperiods 16L:8D, 8L:16D, and 12L:12D, respectively. This was due 

to the loss of some glands during tissue preparation. All sections of 

all photoperiods were examined at a magnification of 1600x with a Ziess 

Photomicroscope under the same illuumination conditions. This allowed a 

comparison of nuclear and cellular shape, and staining characteristics 

between photoperiods under similar lighting conditions. These parameters 

were compared within each section, within each gland, and between 

each photoperiod. These parameters were compared between photoperiods 

by observing sections of a slide from one photoperiod which was then 
followed by sections from slides of the second and third photoperiod.

This procedure was followed until all slides have been examined.

Quantitative Analysis

The quantitative description of the prolactin cells included 

nuclear area and cell density (the number of cells per unit area).
The nuclear area was obtained by selecting a slide with sections 

of a particular gland and selecting a particular section on that 

slide, both at random. Ten nuclei were randomly measured on this
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section. This was done for each pituitary gland until 100 nuclei were 

measured for each photoperiod. Additional sections were used from pre­

vious slides if there were not enough glands to obtain the measurement 

of 100 nuclei. The nuclear area was calculated from the measurements 

of the major and minor axis of the nuclear diameter, and from the 

equation A= r̂ . The axis were measured with micrometer at a magni­

fication of 1600x (Fig. 3). Each division on the micrometer was 

found to be equal to .90909um. The radius was found by averaging 

the major and minor axis measurements and dividing by two. This

value was then used to find the area with A= r̂ .

The cell density was obtained by using the same sections that 

were used to measure the nuclear area. Two lOum  ̂areas in each sec­

tion were selected with the micrometer at 1600x (Fig. 4). Each 

division on the micrometer was one-tenth of a millimeter. The 

number of nuclei contained in these two areas was averaged and divided

by ten to obtain the number of cells per squared micrometer in each

section. A cell was counted to be within the area if more than half 
of its nucleus was contained within the boundry. One section per gland 

was used to obtain 20 cell densities for each photopeiiod. Additional 

sections were used if 20 measurements could not be made for a given 

photoperiod. The average cell density for each photoperiod was calculated 

by averaging the cell densities from each gland for that photoperiod.
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Statistical Analysis

Both data sets (nuclear area and cell density) were subjected 
to a one-way analysis of variance (ANOVA) using the F distribution 

to determine if there was a significant difference between the means 

of any two of the three photoperiods. Both data sets were also 

subjected to a least significant difference analysis (LSD), using 

the t distribution, to determine which means were significantly 

different and to place them in rank order. Both analysis were 

carried out by the statistics lab of Western Michigan University.

All calculations were performed at a significance level of 5%.

The Minitab program calculated the degress of freedom, the 

sum of squares, and the mean square for the photoperiod, the ex­

perimental error between photoperiods, and the sampling error 

within photoperiods. The test statistic F was calculated by MSPP/

MSEE, where MSPP is the mean square of the photoperiods and MSEE is 

the mean square of the experimental error. These values were compared 
to a value derived from the F distribution table. The degrees of 

freedom for the photoperiods were found with the equation n=l; where 

n is the number of variables (i.e. n=3 for three photoperiods). The 

degrees of freedom for the experimental error were calculated from 

the difference between the degrees of freedom for the fish (25, where 

n=26) and the degrees of freedom for the photoperiods, if F f .05=3.42, 

then it can be concluded that the difference between the means for 

at least two of the photoperiods is not due to experimental error, 

but is due to the effects of photoperiod.
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Figure 3. Measurement of Nuclear Area (1600x). The micrometer 
was placed on the major axis and the minor axis. The 
number of divisions were recorded for eaci. axis and 
averaged to get the radius. This converted to um 
and used to find area by A= I Div. = .90909um
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Figure 4. Measurement of Cell Density (1600x), The micrometer 
was placed vertically on the field of vision and then 
moved 90°. This formed a vertical and horizontal axis 
from which a lQrorâ area was outlined. The number of 
nuclei (the number of cells) within this area was then 
counted. If more than one-half of the nucleus was 
inside the area (nucleus A) the cell was counted. If 
more than one-half was on the outside (nucleus B) it 
was not counted. lcm=lmm.
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For the LSD analysis, the differences between the means for 

all combinations of photoperiods were calculated and compared to 

the values 0,08549 and 0.19116 for the nuclear area and cell density 

data respectively. These values were calculated from the equation 
LSD (.05)=t 23 2M5EE/20, where t=2.069 which was obtained from 

the t distribution table. If the calculated difference of the 
means between any two photoperiods is greater than the value calcu­
lated for that data set, then there Is a difference due to daylength, 

and not due to experimental error, for those two photoperiods. This 

allowed the means to be placed in rank order by ordering the means 

from smallest to largest for those photoperiods that show significant 

differences.
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CHAPTER IV

RESULTS

The shape of the prolactin cell was round to oval in all photo­

periods. There was a tendency towards round with the long daylength.

The same results were true for nuclear shape. The nuclei did not 

have any major evaginations. Golgi and other cytoplasmic organelles did 

not stain. There appeared to be a uniform distribution of cellular size 

within the pituitary; i.e. there were no longer cells located peripherally 

or centrally. Occasionally cells were seen to be arranged in chords in 

all photoperiods. The cells were located at the anterior end and took 

up approximately one-third to one-half of the pituitary gland.

The majority of prolactin cells of those fish exposed to the 

long daylength appeared round. Some cells appeared oblong. This was 

true for the nucleus also. The nucleus took up approximately two-thirds 

of the cell. Both the cellular and nuclear membranes appeared intact

with little or no evaginations. The mean nuclear area for these cells
+ _ +was 67.28-3.09unn, and the mean cell density was 5.34-.23 cells/unit area

(Table 1).
The cells appeared brick-red with some variations in intensity

being noted for individual cells, and between cells in different
pituitary glands. The nucleus also appeared red and there was black 

heterochromatin concentrated around the periphery of the nucleus in some 

cells, while being evenly distributed in others. The cytoplasmic 

organelles did not stain; hence there location and distribution

30
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could not be determined. At times the cells were seen to be arrangedN
in chords. Approximately seven cells were found to be arranged in a 

fascicular pattern to delineate a chord (Figs. 5 and 6).

The prolactin cells of those fish exposed to the other two

photoperiods (8L:12D, 12L:12D), were similar to the above except for 

nuclear and cellular shape, nuclear area, and cellular density. The 
cells, and the nuclei of the cells, of those fish exposed to the short 
photoperiod were more ellipsoid than those of the long photoperiod.

Some cells did maintain a circular geometry. The nuclear area of
+ _ +these cells is 60.13-3.55um% and the cell density is 4.23-.22 cell/

unit area (Table 1). The cells, and the nuclei of the cells, of the

fish exposed to the intermediate photoperiod exhibited the greatest

ellipsoidal geometry. The nuclear area and cell density of these cells
+ „ +are 49.66-4.27um^, and 3.77-.16 cells/unit area respectively (Table 1).

Statistical Results

The one-way analysis of variance shows significant differences 

between the means of at least two of the photoperiods for both nuclear 

area and cell denisty (Tables 1 and 2). The F value for the nuclear 

analysis is 75.88, which is greater than 3.42 found in the tables.

The F value for the cell density analysis is 162.66, which is also 

greater than 3.42.

The least significant difference analysis shows that the nuclear 

areas and cell densities of all photoperiods are significantly differ­

ent from each other. The order from smallest to largest for both data
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figure 5 Prolactin cells arranged in cords (lOOOx, 16L-.8D). 
This arrangement was occasionally seen with all 
photoperiods.
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Figure 6. Prolactin cells under a light regimen of 16L;8D 
(Massons' Trichrome, lOOOx). The nuclear and 
cellular shapes are relatively circular and a 
relatively high cell density is shown.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



34

%

Figure 7. Prolactin cells under a light regimen of 8L:16D 
(Massons' Trichrome, lOOOx). These cells show 
nuclear and cellular shapes intermediate to 
those shown for cells exposed to 12L:12D and 
16L:8D. Cell density is also intermediate.
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Figure 8. Prolactin cells under a light regimen of 12L:12D 
(Masson's Trichrome, 1000X). The majority of 
the cells show nuclear and cellular shapes that 
are ellipsoid. The cell density is relatively 
low.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



36

OJ
<D

Je
4-1
<D
-C
4-i

J-i
o

oi
<0
Q>
>-*
cO

e
V-
cO
0)
H a
a
3 ec £

m
<L>
>

•H •
Q

<0 \£>
rH »— i
a -»
J-4 X I

CO
"O n
C o
CO

cT
3 CO
(1) •»

r-1
U
□ r—«c 11
T3
C
«0

CM
tH
«— I - •
<D
a CMf—-t
U-i 11
O CO
0)
C. *
cc Cfl
-C 'O
tn o

•r-i
i)
> <11a.

o
CO 4_t
— 1 O

-Ca-
cr
vuo
JsOHU-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



37

sets is 12L:12D, 8L:16D and 16L;8D (Tables 3 and 4). All cal­

culated differences for both data sets were greater than the 

values of the LSD (.05) test, which was 2.95 for the nuclear 

area, and .19115 for cell density.

Table 1

Nuclear Area and Cell Density of Prolactin Cells (um̂ )

Under the Influence of Photoperiod

+ + Photoperiod Fish_____Nuclear Area (AVE-S.D.) Cell Density (AVE-S.D.)
+ +8L;16D 9 60.13-3.55 4.22-0.22
+ +12L.-12D 7 49.66-4.27 3.77-0.16
+ +16L: 8D 10 67.28-3.89 5.33-0.23

Table 2 

ANOVA TABLE FOR NUCLEAR AREA

Source df SS MS

Total 299 58393.75

Fish 25 18028.91

Photoperiod (PP) 2 ,15689.01 7844.50

Experimental Error (EE) 23 2339.90 101.74

Within Fish (Sampling Error) 274 40364.84 147.32

Note: df=degrees of freedom, SS=sum of squares, MS=mean square
.05

Ftest** MSPP/MSEE=77.10. ftest f2,23=3.42, at least two of 
the photoperiods differ with respect to nuclear area.
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Table 3

ANOVA Table For Cell Densities

Source df SS MS

Total 59 33.096
Fish 25 29.7593

Photoperiod (PP) 2 27.7690 13.8845

Experimental Error (EE) 23 1.9633 0.08536

Within Fish (Sampling Error) 34 3.3367 0.09814

Note: f£est=162.66. Since Ftest 2̂
.05
,23=3*42» at least two of

the photoperiods differ with respect to cell density.

Table 4

LSD Analysis For Nuclear Area

16L:8D(67.28) 8L:16D(60.13) 12L:12D(49.66)

12L:12D(49.66) 17.61 10.48

8L:16D(60.13) 7.13

16L:8D(67.28)

23
Note: Since all values are greater than LSD(.05)=t>Q25 2MSEE/100=2.95,

all means are significantly different and may be placed in rank order 

from largest to smallest as follows: 16L:8D 8L:16D 12L:12D.
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Table 5

LSD Analysis For Cell Density

16L:8D(5.34) 8L:16D(4.23) 12L:12D(3.77)

12L:12D(3.77) 1.62 0.52

8L:16D(4.23) 1.11

16L:8D(5.34)

23
Note: Since all values are greater than LSD(.05)=t#q25 2MSEE/20=*. 19115,

all means are significantly different from each other and may be placed 

in rank order from largest to smallest as follows: 16L:8D 8L:16D 12L:12D.
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CHAPTER V

DISCUSSION 

Cell Density and Nuclear Size

Differences in cell density and nuclear size between photo- 

periods indicate that seasonal variations in photoperiod may influence 

prolactin cell activity. The significant increase in cell density 

and nuclear area of the prolactin cells of fish subjected to the 

long photoperiod (16L:8D), as compared to those on the intermediate 

photoperiod (12L:12D), suggests that the prolactin cells are more 

active during periods of greater daylength.

The increase in nuclear area correlating with increasing daylength 

has not been previously reported. The cellular area must have increased 

also. An increase in cellular area has previously been reported for the 

migratory form of G. aculeatus (Leatherland 1970). Benjamin (1974) 

found no change in cellular area in the freshwater form. However, 

Benjamin did note significant Increases in RER, the number of immature 

secretory granules, and the number of free ribosomes in spring fish 

when compared to winter fish. Benjamin attributed these increases to 

greater cellular activity.
The increase in cell density in response to increasing daylength 

has also been reported for G. aculeatus form trachurus (Leatherland 

1970). Benjamins’ (1974) findings that the increase in the relative
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proportion of the pituitary taken up by the prolactin cells in 

the spring as compared to the winter, along with the fact that 

cellular area did not increase, suggests that cell density in­

creases for the freshwater form also. An increase in density 

usually means the cells have undergone mitosis. No mitosis was 

observed; however, active mitosis probably ceased before the fish 

were sacrificed.

In Leatherland’s study (1970) the correlation between cell density 

and photoperiod ceased to exist, while the correlation between cellular 

area and photoperiod continued, when fish migrated to freshwater. Cell 

density and cellular area were inversly correlated at this time. 

Leatherland concluded that cell activity is regulated by two factors: 

photoperiod and ambient salinity. Leatherland hypothesises that photo­

period controls hormone synthesis which causes an increase In cellular 

size and number, whereas ambient salinity controls hormone secretion 

which decreases cell density as fish move to freshwater. Based on E.M. 

results, Benjamin (1974) concluded that an increase in photoperiod 

stimulates an increase in hormone secretion as well as hormone synthesis, 

and suggested that the mechanism of hormone release is different for 

freshwater fish. However, Benjamin collected fish in their natural 
environment. These fish were undoubtedly subjected to seasonal 

changes in ambient osmolarity just as frequently migratory forms al­
though not to such a great extent. These osmolarity changes could 

be responsible for hormone secretion in freshwater fish as well as 

migratory fish which might be reflected by cellular density (Oreg
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and Chadwick 1975). The quantitative results reported here strengthens 

the hypothesis that increases in photoperiod increases hormone 

synthesis, but sheds no light on the mechanism of hormone secretion.

It was expected that the nuclear area and cell density of the 

fish subjected to the short photoperiod (8L:16D) would be smaller, 
and thus less active, than the prolactin cells of those fish on 

the intermediate photoperiod. The fact that this was not the case 

may be explained by possible seasonal fluctuations in circadian 

rhythms of prolactin cell activity (Meier, Burns and Dusseau 1969;

Spieler, Meier and Loesch 1975; Battan and Ball 1976; Ball and 

Grier 1976; Mckeown and Peter 1976). Thus at the time N. cornutus 

was sacrificed (10.00 - 12.00hr), the prolactin cell activity may 

have reached a maximum for the short photoperiod, and a minimum 

for the intermediate photoperiod.

Another explanation may be that the fish subjected to the short 

photoperiod were under greater stress. It was observed during the 

experiment that these fish were more agitated, which may be due to stress, 

than the fish subjected to other photoperiods. Stress has been found to 

alter serum prolactin levels, which indicates greater cellular activity 

(Dunn, Arimura and Scheving 1972).
It appears that the nuclear area of the prolactin cells of N. 

cornutus is the largest that has been reported for fish. Excluding 

the cells of N. cornutus, nuclear areas range from 2.9um̂  to 43um^ 

(Abraham 1971; Ball and Ingleton 1973; Benjamin 1974, 1978; Bonga 1978; 

Olivereau 1978; Marshall 1979). The cell density appears to be the
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smallest to be reported. Cell densities reported in other studies 

range from 17 cells/unit area to 79 cells/unit area (Abraham 1971; 

Ball and Ingleton 1973; Benjamin 1978; Marshall 1979).

Qualitative Morphology and Staining Properties

Differences in nuclear and cellular shape also indicate that 

seasonal variations in photoperiod influence prolactin cell act­

ivity. The circular shapes of both the nuclei and cells of those 

fish exposed to the long photoperiod, as compared to the nuclei 
of those fish on the short photoperiod, suggests that the prolactin 

cells are more active during periods of greater daylength. Similar 

results have been shown for the migratory form of G. aculeatus 

(Leatherland 1970).

Since cytological organelles did not stain, it could not be 

determined if they fluctuate with photoperiod. Golgi usually appear 

as U or C shaped tubules in active cells (Ball and Baker 1969;

Holmes and Ball 1974). Golgi would thus be expected to be observed 

in cells subjected to the long photoperiod. Endoplasmic reticulum 

would also be observed in cells subjected to the long photoperiod 

(Ball and Baker 1969; Holmes and Ball 1974). The significance of 

the distribution of heterochromatin around the periphery of 
the nucleus is not known and has not been previously reported.

The apparent uniformity of cellular size throughout the rostral 

pars distalis is not usual. The prolactin cells that are located 

next to blood vessels are usually larger, and are localized either 

centrally or peripherally. In general, the prolactin cells follow
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the morphological pattern found in more advanced fish such a Poecilia, 

Fundulis, and cyprinodonts (Ball and Baker 1969; Holmes and Ball 1974).

Staining characteristics did not change with photoperiod.

Benjamin (1974) reported similar results for G. aculeatus (leurieus). 

However, Leatherland (1970) found an increase in stainability with 

increasing daylength. The intensity of the stain indicates the 

amount of hormone present (Ball and Baker 1969). The lack of changing 

intensity is interpreted to mean that photoperiod may regulate hormone 

secretion as well as hormone synthesis. One would expect greater 

stainability of cells subjected to the long photoperiod when compared 

to cells subjected to the control photoperiod if there were no 

hormone secretion. It seems then that the mechanism for hormone 

secretion from the prolactin cells of freshwater fish is different 

from those cells found in migratory forms (Benjamin 1974).

It was also observed under the disecting scope that the rostral 

half of the pituitary gland was dense white and opaque, whereas the 

distal end appeared translucent. This observation is similar to 

others involving Fundulus and Poecilia where the rostral half con­

tained prolactin cells (Ball and Baker 1969).

Hypothalmic Control of Photoperiod Responses

Morphological studies with dopamine and/or dopamine antagonists 

show similar results to those reported here with photoperiod (Ensor 

1978). Type B Fibers (amLnergic), found in the hypothalmus, innervate 

the prolactin cells and synthesize and secrete dopamine, which in turn 
inhibits the synthesis and secretion of prolactin (Nagahama et al. 1975
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Olivereau 1975; Wigharo et al. 1975; Battan and Ball 1976; Wigham and 

Ball 1976; Ingleton, Battan and Ball 1977). Thus, secretion of dopa­

mine inhibits prolactin cell activity as evidenced by decreasing nuclear 

and cellular area, cell density, and stainability.

The synthesis and secretion of dopamine is thought to be regulated 

by an endogenous clock in the hypothalmus, which may be entrained by 

photoperiod (Axelrod 1974; Ensor 1978). Therefore seasonal changes in 

prolactin cell activity, as evidenced by the present study, may be reg­

ulated by the entrainment of an endogenous clock of dopamine synthesis 

and secretion in the hypothalmus. Photoperiod must act as an inhibitor 

to dopamine if this hypothesis is to work.

Tissue Responses to Photoperiod via Prolactin Cell Activity

N. cornutus may have circannual changes in blood glucose, free 

fatty acids fat deposition, reproductive structures, and the kidney 

although no studies in these areas have been performed on this fish.

All of these seasonal fluctuations have been attributed to photo­

period and/or prolactin in other animals (Applington 1942; Lee and 

Meier 1967; Pauley and Scheving 1967; Lam and Leatherland 1968; Ball 

and Baker 1969; Joseph and Meier 1971; Leatherland, Mckeown and 

John 1973; Bartke, Croft and Dalterio 1975: Bangalor, Sundararaj 

and Keshavanath 1976). Thus, there is a correlation between seasonal 

prolactin cell activity, as evidenced by changing morphological and 

cytological characteristics, and seasonal changes i;i other tissues 

and metabolic process (Applington 1942; Hartmann 1944; Ball and 

Baker 1969).
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Serum levels of blood glucose and free fatty acids exhibit 

circadian rhythms which vary seasonally (Joseph and Meier 1971;

Leatherland, Mckeown and John 1973). This would tend to support 

the hypothesis that it is possible for the prolactin cells of N. 

cornutus undergo circadian rhythms that vary seasonally, and may 

support the explanation for the intermediate values found for the pro­

lactin cells subjected to the short photoperiod in this study. This 

would also tend to support the hypothesis of photoperiod entraining an 

endogenous clock in the hypothalmus that regulates prolactin cell activity.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



47

CHAPTER VI 

SUMMARY

The prolactin cells, and the heterochromation of their vessicular 

nuclei, appeared brick-red for all photoperiods with no significant 

difference in intensity between photoperiods. Heterochromatin 

appeared either concentrated around the nuclear membrane, or evenly 
distributed throughout the nucleus for all photoperiods. The cellular 
and nuclear membranes remained intact with little or no evaginations 

throughout the photoperiods. Cytoplasmic organelles did not stain 

in any photoperiod. Both nuclear and cellular shape ranged from

ellipsoidal (12L:12D) to circular (16L:8D). The nuclear areas were
+ + +67.29-3.89um2 (16L:8D), 60.l3-3.55um2 (8L:16D), and 49.66-4.27um2

(12L:12D). The cell densities were 5.34 cells/unit area (16L:8D),

4.23 cells/unit area (8L:16D), and 3.77 cells/unit area (12L:12D).

Cells were found to be grouped in chords in all photoperiods

It was concluded from these results that photoperiod may influence 

prolactin cell activity as evidenced by changes in nuclear and cellu­

lar shape, nuclear area, and cell density. Increases in photoperiod may 

change nuclear and cellular shape from ellipsoidal to circular, in­

creases nuclear area, and cell density. These results strengthen the 
hypothesis that photoperiod regulates hormone synthesis. The lack 

of a significant difference in the intensity of staining between 

photoperiods suggested that hormone secretion may also be regulated by 

photoperiod. The greater activity of the prolactin cells of fish
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exposed to the short photoperiod, when compared to the control 

photoperiod (12L:12D), was explained by a possible circadian rhythm 

which may vary seasonally.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX

I

49

k
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 6

Nuclear Area of Prolactin Cells (umjL)-16L;8D

Cell#

Pit#

1 2 3 4 5 6 7 8 9 10

1 78.53 78.53 78.53 64.91 52.58 93.47 64.91 52.58 78.53 64.91

2 52.58 52.58 64.91 64.91 64.91 78.53 78.53 52.58 64.91 52.58

3 64.91 93.47 52.58 93.47 78.53 93.47 52.58 78.53 64.91 52.58

4 64.91 93.47 64.91 78.53 64.91 52.58 64.91 64.91 52.58 64.91

5 64.91 64.91 52.58 64.91 64.91 64.91 64.91 78.53 78.53 78.53

6 78.53 93.47 52.58 64.91 52.58 78.53 52.58 64.91 52.58 64.91

7 78.53 78.53 78.53 52.58 52.58 64.91 52.58 64.91 78.53 64.91

8 52.58 64.91 52.58 64.91 78.53 64.91 78.53 52.58 52.58 78.53

9 93.47 64.91 64.91 64.91 93.47 52.58 64.91 78.53 64.91 52.58

10 64.91 64.91 78.53 52.58 78.53 78.53 64.91 52.58 64.91 64.91

AVE 64.40 74.98 64.06 66.66 68.15 72.25 63.94 64.06 64.91 63.94

The average nuclear area of prolactin cells exposed to a light regime of 
+16L.-8D is 67.28 - 3.89. N=10
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TABLE 7

Nuclear Area of Prolactin Cells (nm2)—12L:12D.

Pit#
if 1 2 3 4 5 6 7

1 64.91 31.80 78.53 52.58 41.53 64.91 41.53

2 52.58 64.91 41.53 41.53 41.53 52.58 64.91

3 52.58 52.58 52.58 52.58 31.80 52.58 64.91

4 41.53 52.58 78.53 41.53 52.58 31.80 52.58

5 78.53 64.91 31.00 52.58 41.53 78.53 52.58

6 41.53 31.80 41.53 52.58 31.80 41.53 64.91

7 52.58 41.53 52.58 52.58 41.53 23.36 52.58

8 41.53 52.58 41.53 41.53 52.58 52.58 64.91

9 52.58 64.91 41.53 41.53 41.53 52.58 41.53

10 52.58 52.58 41.53 64.91 64.91 52.58 52.58

11 64.91 31.80 64.91 52.58 52.58 52.58 41.53

12 52.58 52.58 64.91 52.58 64.91 23.36 31.80

13 52.58 41.53 52.58 31.80 64.91 41.53 52.58

14 41.53 64.91 31.80 31.80 52.58 41.53 52.58

15 52.58 52.58

AVE 53.00 50.23 57.84 47.33 48.30 47.28 56.00

Average nuclear area for prolactin cells exposed to a light regime of 

12L:12D is 49.66 - 4.27um2. N=7
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TABLE 8

Nuclear Area of Prolactin Cells (umjL)-8L:16D

Cell#
Pit#

1 2 3 4 5 6 7 8 9

1 41.53 64.91 52.58 78.53 52.58 31.80 64.91 52.58 31.80

2 52.58 78.53 64.91 41.53 52.58 64.91 64.91 52.58 52.58

3 52.58 52.58 64.91 64.91 31.80 41.53 78.53 64.91 78.53

4 64.91 78.53 52.58 52.58 64.91 52.58 52.58 64.91 64.91

5 52.58 64.91 78.53 64.91 64.91 78.53 64.91 64.91 52.58

6 64.91 64.91 52.58 64.91 64.91 64.91 52.58 52.58 78.53

7 78.53 52.58 64.91 52.58 52.58 78.53 52.58 64.91 64.91

8 64.91 64.91 52.58 64.91 64.91 52.58 52.58 78.53 52.58

9 52.58 52.58 64.91 52.58 52.58 41.53 64.91 52.58 64.91

10 41.53 64.91 52.58 52.58 78.53 64.91 52.58 64.91 52.58

11 64.91 64.91 78.53 78.53 64.91 78.53 52.58 64.91 64.91

12 64.91

AVE 51.52 64.02 61.79 60.78 58.58 59.11 57.52 61.65 60.30

The average nuclear area of prolactin cells exposed to a light regime of 
+

8L:16D is 60.13 - 3.55. N=9
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