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SUMMARY

The intention of this study was to investigate if prolactin had

an influence on the epididymis, a region of the male reproductive

tract concerned with the functional development of the sperm. The

epididymis helps sperm acquire the characteristics of motility

and fertilizing ability. This is made possible by the special

milieu in which the sperm are bathed while being nurtured within

the duct. The composition of this milieu is further dependent on

the secretory and absorptive nature of the epididymal epithelium.

The nature of the epididymal epithelium is in turn dependent on

several factors, both hormonal and non-hormonal. Thus, it seems

that one big cascade of events is involved, that finally

culminates in the production of functionally developed sperm.

The crux of the problem was to first select an appropriate

parameter to assess the functional status of the epididymis and

then identify the various factors that influence it. The next

step was to investigate if prolactin had a role to play. Sialic

acid was one of the parameters that was chosen. Although there is

yet no clear appreciation of the significance of sialic acid for

sperm function, there is evidence to suggest that the epididymis

synthesizes this compound. Experiments involving sham-operated,

duct ligated and orchidectomised animals clearly showed that the

sialic acid derived from testis could significantly contribute to

the levels in the epididymis. Nevertheless, the presence of

sialic acid in epididymis even after efferent duct ligation and

the higher levels of this compound in cauda than in the caput

made it amply clear that the epididymis is capable of

synthesizing sialic acid. Moreover, these studies also showed

that factors derived from testicular fluid including androgens

controlled sialic acid level in the epididymis.

A simple way to see if prolactin is involved is to inject

prolactin in animals from an exogenous source (as practised by

other investigators) and then look for the impact on the

epididymis. But then, it was inferred from the preceeding



experiment that several factors of testicular origin affect

sialic acid level in the epididymis. For this reason, prolactin

treatment in intact rats was not preferred. The choice now was to

use efferent . duct ligated or orchidectomised animals for

prolactin treatment because all components of testicular origin

could be kept away. Accordingly, when prolactin was

administered at various doses, the epididymis of orchidectomised

and not the duct ligated animals responded to prolactin

treatment. The following explanations could be offered. Efferent

duct ligation prevents the testicular fluid and spermatozoa from

reaching the epididymis but maintains the availability of

androgens through general circulation. Orchidectomy, on the

otherhand, involves the removal of the primary source of

androgens together with all testicular factors known to influence

epididymal function. Since the androgens continue to reach the

epididymis in duct ligated animals and the epididymis is

predominantly an androgen dependent organ, it has been proposed

that the action of prolactin is perhaps masked by the much

greater effects of androgens in the tissue. In view of these

results it was clear that orchidectomised animals would be the

most appropriate model to study the effect of prolactin in the

epididymis.

Prolactin treatment to orchidectomised rats increased the sialic

acid levels in a dose dependent manner. It had been suggested

that prolactin directly influences the epididymal sialic acid,

perhaps at the level of synthesis. The experiment when repeated

with bromocryptine treatment (an ergot alkaloid that reduces

circulating levels of prolactin) to orchidectomised rats

confirmed that prolactin was involved. It was also clarified that

prolactin does not interfere with the assay of sialic acid.

The activity of two representative glycosidases was used as yet

another parameter to monitor the effoct of prolactin on the

epididymis. In this case, the response although positive, was

not exactly dose related, implicating that different parameters

need not necessarily respond alike to tho samo treatment. It has
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been suggested that the activity of glycosidases measured may

represent the net result of an interaction between steroid

(androgen) and protein (prolactin) hormone action at each dose of

prolactin treatment.

In order to see how long the injected prolactin remains in

circulation, the circadian pattern of serum prolactin bioactivity

in orchidectomised animals given various doses of prolactin

injection was determined. It appeared that the half life of

injected prolactin was small, perhaps less than 15 min. In

addition, a rebounding phenomenon was observed.

In the first two Chapters prolactin was shown to influence

biochemical parameters like the sialic acid and the activity of

glycosidases in the epididymis. However, the impact of prolactin

on the structure of the epididymal epithelium particularly the

principal cells, was not known. For this purpose, both light and

electron microscopic studies were performed. From the light
microscopic studies it was clear that prolactin had a positive

effect on the epididymal epithelium but had no influence on the

muscular layer. Electron microscopic studies revealed that

prolactin profoundly influenced the ultrastructure of the

principal cell. Orchidectomy induced atrophic changes and

prolactin treatment to these animals brought about rejuvenation.

Thus, prolactin was shown to have a trophic action in the

epididymis.
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INTRODUCTION



For many years now endocrinologists are busy evaluating the role

of prolactin in the male reproductive system. Although prolactin

was at first recognised to be a hormone confined to the females,

its importance has now come to be recognized in males as well.

The ability of prolactin to affect the growth of male accessory

sex glands and spermatogenesis together with the reported

coexistence of several male reproductive disorders with disturbed

levels of circulating prolactin have been chiefly responsible for

research in this direction. One of the disorders that is known

to occur Is related to sperm maturation, the genesis of which Is

believed to be In the epididymis. In addition, the demonstration

of specific prolactin binding sites In the epididymis of

laboratory animals has added further interest and has been the

main driving force for Initiating the present studies.

The epididymis was once thought to be a mere conduit for sperm

passage but now known to create conditions ideal for the

maturation of sperm at Its proximal region and storage of the

same at its distal end. This Is made possible by the secretory

and absorptive nature of epididymis which carefully controls the

composition of the fluid in which these sperm are bathed.

Several factors, both hormonal and non-hormonal have been known

to modulate the events that occur In the epididymis. While some

of major factors have been identified, the impact of several

others need to be elucidated. In this regard, very little Is

known about the role of prolactin and hence the study. A two

dimensional approach has been used : one Involving the structure



and the other function, to ascertain the Influence of prolactin

on the epididymis. It Is believed that studies of this kind

would throw light on the events that take place in the epididymis

and how prolactin modulates them.

The objectives of the present studies are as follows:

(a) To identify factors that influence the functioning of the

epididymis.

(b) To generate an appropriate model that would limit the

interference from these factors and help in pinpointing the

action of prolactin.

(c) To identify the effect of exogenous prolactin on the

epididymal originates as a means of assessing the functional

status of the epididymal duct.

(d) To find out the circadian levels of serum prolactin

bioactivity in animals treated with prolactin from an

exogenous source.

(e) To find out the impact of prolactin on the structure of the

epididymal epithelium at the light and electron microscopic

levels.

(f) To suggest the possible mechanism (s) by which prolactin

could exert its effects on the epididymal structure and

function.



LITERATURE REVIEW



2.1 PROLACTIN

2.1.1 History

Prolactin was discovered by Strieker and Grueter (1928) as a

lactogenic substance present In mammalian pituitary extracts some

63 years ago. However, due to Its presence in small amounts in

the pituitary and to the strong intrinsic lactogenic effect of

growth hormone, It was not until 1970 that the existence of

prolactin as a separate substance was finally demonstrated (Li et

al., 1970). Since then, the entire amino acid sequence of

prolactin from several species has been elaborately worked out.

Prolactins of different species contain about 190 amino acid

residues, lack carbohydrate and have molecular weights some

where in the region of 22,000 (Karg and Schams, 1970). The

primary amino acid sequence data have been interesting and

Informative In elucidating evolutionary relationships, but not In

terms of Insights into the chemical basis of biological function.

However, with improved ways of studying tertiary structure, the

day seems not far off when the protein chemist would be in a

position to explain how prolactin works at the molecular level.

2.1.2 Synthesis, Secretion and Metabolism of Prolactin

In mammals, prolactin is predominantly synthesized by the

acidophilic cells of the anterior pituitary gland (Frledgood and

Dawson, 1940; Holmes and Ball, 1974). In addition, the decidual

cells of the placenta and non-endocrine tumours like the

carcinoma cells of the lung and kidney are some of the several

extrapltuitary sites of prolactin synthesis that have been
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reported (Turklngton, 1971; Rees et al., 1974; Rlddlck et al.,

1978). Under normal conditions, prolactin is released from

lactotrophs into extracellular space by exocytosis (Zimmerman et

al., 1974). It is secreted continuously In small amounts.

However, like other pituitary hormones, It Is also released

episodically and has a relatively short half life of 5-10 mln In

the circulation (Grosvenor and Whltworth, 1979). Prolactin

clearance is not a single constant process and may not be

relevant for endogenous prolactin levels (van der Gugten and Kwa,

1970).

2.1.3 Factors Effecting Serum Prolactin Levels

Circadlan variations, in circulating levels of prolactin have

been reported in animals (Clark and Baker, 1964; Koch et al.,

1971). Several investigations have also indicated that a sporadic

surge in prolactin levels may be influenced by photoperlods

(Lincoln and Peet, 1977), stress (Frantz et al., 1972), strenous

exercises (Noel et al., 1972; Frantz, 1973;, breast manipulation

(Kolodny et al., 1972; Noel et al., 1974), sexual intercourse

(Frantz et al., 1972) or may even be sleep related (Sassin et

al., 1972).

The peripheral level of prolactin in male mammals is comparable

to that of non-pregnant non-lactatlng females (Meites, 1973). The

release of prolactin Is Influenced by a number of factors of

hypothalamic origin collectively termed as prolactin inhibiting

factors (Talwalker et al., 1963). Besides, prolactin Is known to



control Its own secretion by an autoregulatory or short loop feed

back mechanism (Herbert et al., 1979). It Is also shown that

transplantation of pituitary to an extra pituitary site in the

same animal causes Increased prolactin secretion (Everett, 1954;

Chen et al., 1970). This has been attributed to the removal of

Inhibition from central nervous system caused by disconnecting

the pituitary from the hypothalamus (Chen et al., 1970). The

neuronal control of prolactin secretion involves not only classic

neurotransmitters like acetyl choline, noradrenaline, seratonin

and dopamine (Clemens, 1976) but also other polypeptides, gamma

amine butyric acid, histamine, enkephalins (Mc Cann et al.,

1978) and possibly prostaglandins (Ojeda et al., 1978).

Serotonergic control Is of Importance as It. Is known to alter tho

clrculatln prolactin levels (Koeing et al., 1979).

Another overtopping means of control is through the

tubero-infendibular dopaminergic system (Fuxe et al., 1970). This

pathway Is highly relevant, since ergot alkaloids or dopamine

agonists like bromocryptlne which act by interfering with

dopamine function are extonslvoly used to control circulating

levels of prolactin (Fluckiger, 1978). Bromocryptlne Is the

drug of choice because at therapeutic doses, rapid and prolonged

Inhibition of prolactin is brought about (Fluckiger and Wagner,

1968). This ergot alkaloid acts at the level of hypothalamus and

also on dopamine receptors of pituitary lactotrophs (Fluckiger,

1978; FlUcklger and Vlgournet, 1979). It thus reduces circulating

levels by inhibiting transcription and translation of this



hormone (Klnch, 1980; Uelnsteln et al., 1981) without changing

the LH and testosterone concentrations (Harper et al., 1976).

The levels of most hormones are interdependent and happen to be

finely tuned and delicately balanced. Prolactin is no exception.

Thyroid releasing hormone (TRH) produced in the hypothalamus

enhances prolactin release thereby implicating a stimulatory

effect of the central nervous system (Jacobs et al., 1971).

Estrogen by acting at both the hypothalamic and pituitary levels

is considered an important modulating factor in the control of

prolactin secretion (Dufy et al., 1979). Testosterone is able to

increase peripheral prolactin levels while castration produces;

the opposite effect (Grosser and Robaire, 1987).

2.1.4 Distribution in Body Fluids

Although prolactin is to a large extent synthesized by the

pituitary, Its presence has been detected in several body fluids.

Like all other hormones, prolactin Is perhaps secreted into

blood but finds its way into cerebrospinal fluid (Clemens and

Sawyer, 1974), antral fluid of ovary (Rlddlck et al. 1978), milk

(Gala et al., 1975; Grosvenor and Whitworth, 1976) and in the

case of males, even seminal fluid (Sheth et al., 1975; Dericks-

Tan et al., 1978). At the present time, the precise functional

significance for the presence of prolactin in body fluids is not

entirely clear, but it is likely that it has growth promoting

effects. Prolactin found in amniotic fluid is derived from

decidual tissue and is implicated to be involved in fetoplacental



osmoregulation (Clements et al., 1977).

2.1.5 Synonyms Used in Literature

Prolactin Is phylogenetleally the oldest polypeptide hormone

secreted by the pituitary gland and it subserves a great number

of different functions among the vertebrates, many Important only

to certain species or groups (Nlcoll, 1974). At least 85 actions

of prolactin have been described in vertebrates and this

diversity suggests that unlike other pituitary hormones, it did

not become highly specialized early in vertebrate evolution. Its

principal functions in teleosts and amphibians are related to

osmoregulation and growth, whereas its major role in mammals is

concerned with lactation and reproduction with lesser actions on

other systems. In view of the number and variety of its actions,

several other names like galactln, lactotropin, mammotropln,

luteotropin, luteomammotropln, paralactln and versatalln have

been proposed but the term prolactin has prevailed (Kurcz, 1971;

Nicoll, 1974).

2.1.6 Binding Sites For Prolactin

Like all other water soluble signalling molecules, prolactin also

binds to specific receptor proteins on the surface of the target

cell they Influence. These cell surface receptors bind the

signalling molecule (prolactin) with high affinity and convert

this extracellular event Into an intracellular signal that alters

the behavior of the target cell.
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Prolactin is known to bind to many tissues like liver (Costlow et

al., 1975; Posner et al., 1975), adrenal cortex (Marshall et al.,

1979), kidney (Costlow and Mcguire, 1977; Marshall et al., 1979),

brain (Walsh et al., 1978), lung (Josimovich et ai., 1977), red

blood cells and lymphocytes (Lesnlak et al., 1977), although

discrepancies exist which may reflect species differences. In

females, especially mammals, It binds to the mammary glano

(DJlane et al., 1979 a,b) and ovary (Salto and Saxena, 1975) as

well. Consistent with these findings, the role of prolactin in

females has remained undisputed for a long time. The part played

by prolactin In puberty and sexual development (Riddle, 1963;

Nicoll and Bern, 1971), menstrual cycle (Archer, 1977; Chang,

1978), pregnancy (Smith and Nelll, 1976; Yogev and Terkel,

1978) and lactation (Houdeblne and DJlane, 1980) have all led to

the popular belief that prolactin Is essentially a hormone whose

Importance Is confined to the females.

In males, prolactin has not received the attention It deserves.

However, in recent years the hormone has become the subject of

intensive study for two main reasons. Firstly, binding sites for

prolactin have been identified in the testis (both Interstitial

and germ cells), prostate, seminal vesicles and epididymis

(Aragona and Frlesen, 1975; Barkey et aJ., 1977 a,b, 1979 ;

Charreau et al., 1977; Orgebln-Crist and Djiane, 1979; Amit et

al., 1983). Secondly, the occurrence of reproductive disorders

are found to be associated with abnormal levels of circulating

prolactin (Hosteller- and Plascete, 1977; Bartko, 1980; Porryman



and Thorner, 1981; Buvat et al., 1985; Cohen et al., 1988 ,

Gonzales et al., 1989). This has Infact made analysis of serum

prolactin profiles part of routine practice among clinicians

Investigating gonadal dysfunction.

2.1.7 Prolactin and Male Reproduction

Gonadal dysfunction in hyperprolactinemia is now widely

recognized in males. High levels of prolactin might reduce

libido and potency (Thorner and Besser, 1978); impotence is not

solely related to low levels of testosterone In

hyperprolactlnaemlc patients (Bartke et al., 1976; Dosser et al.,

1977; Carter et al., 1978; Franks et al., 1978) and bromocryptlne

might restore sexual function in Impotent hyperprolactlnaemlc men

(Nilllus et al., 1978). In patients with galactorrhea and/ or

gynaecomastla, It Is not uncommon to find reduced androgen

secretion with testis and prostate involution (Carter et al.,

1978; Franks et al., 1978), oligospermia (Segal et al., 1976) and

even defective sperm maturation (Franks et al., 1978). The

pathogenic role of hyperprolactlnaemia in hypogonadism is

confirmed in men by its reversal when prolactin Is lowered either

by surgically oblatlng a prolactinoma or by the use of drugs

(Frantz and Kleinberg, 1978). Low circulating levels of

prolactin have also been reported to delay puberty, hamper

seminal quality and alter serum testosterone (Cohen et al., 1988;

Gonzales et al., 1989).

In laboratory animals too a role for prolactin in male fertility
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has been clearly demonstrated on a number of occasions. One of

the most convincing evidence comes from studies with prolactin

deficient hereditary male dwarf mice which are sterile.

Injection of highly purified prolactin preparation to these

animals had a stimulating action on the fertility (Bartke ana

Lloyd, 1970). On the other hand, in male rats hyperprolactinemia,.

derived from a transplanted prolactin producing tumor has also

been shown to be primarily responsible for hypogonadism (Fang et

al., 1974). Other studies involving pituitary transplantation in

intact, castrated, castrated-adrenalectomlzed and hypophysec-

tomized rats have revealed that prolactin exerts a small

independent influence on the male reproductive system

(Negro-Vilar et al., 1977). Prolactin has been shown to have its

action on several accessory sex glands like seminal vesicle and

prostate (Bartke, 1967; Grayhack et al., 1967; Bartke and Llyod,

1970; Shah et al., 1976; Negro-Vilar et al. , 1977; Rui and

Purvis, 1987). Fewer studies have been carried out on other-

regions of the male reproductive tract like the epididymis. There

Is probably more to learn on Its role In the epididymis

particularly in view of the fact that this organ is actively

engaged In poHl-loRllcului' sperm mulurut loiml ovonta.

2.2 THE EPIDIDYMIS

The mammalian epididymis was once considered to be a passive

conduit through which spermatozoa pass from testis to the

ejaculating duct (Hamilton, 1975). It was later found that

testicular sperm spent varying periods of time in the epididymis



11

depending upon the species (Amann et al., 1976; Courot, 1981;

Orgebln-Crist and Olson, 1984). During their stay In the

epididymis, sperm undergo several morphological, biochemical

(Courot, 1981; Orgebln-Crist and Olson, 1984) and physiological

changes collectively termed "sperm maturation" (Hamilton, 1975;

Voglmayr, 1975). This has led to the logistic belief that

processes initiated in the testis are perhaps completed in

the epididymis. The analysis of the epididymal fluid collectea

from various points along the duct radically changed this view.

Further investigations revealed that the epididymis is capable of

resorption, absorption, synthesis and secretion of several

substances thereby carefully controlling the composition of the

epididymal fluid in which sperm are bathed. The epididymis is

today undoubtedly regarded as a dynamic organ which provides a

unique micro-environment conducive for sperm maturation at it-.s

proximal region and effective storage at its distal end.

In view of the important role of the epididymis in the

development and maintenance of the functional integrity of the

spermatozoa, considerable research has been directed in recent

years towards understanding the basic physiology of this organ.

A number of reviews have been published compiling voluminous data

on the morphology, biochemistry and physiology of the epididymis,

yet the complex inter-relationship between the epididymal milieu

and the spermatozoa is not completely understood. In the survey

that follows an attempt has been made to consolidate our current

state of knowledge and outline the direction of research
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activities in the epididymal area.

2.2.1 Histoarchitecture of the epididymis

The mammalian epididymis Is an elongated colled duct derived from

the cellular differentiation and development of the embryonic

wolfian duct (Ortiz, 1945; Fllckinger, 1969; Alexander, 1972).

In adult testlcond rodents, the epididymis is located in the

scrotum, adjacent and loosely adherent to the testis by tunica

albugenia and embedded in a highly vascular fat pad. Further, its

lumen opens cranially into the testis via the efferent duct and

caudally into the lumen of the vas deferens which in turn opens

into the urethlca.

Because of the long tubular nature of the epididymis and the

variation In the function that is performed at its proximal and

distal ends, it would be convenient to divide the epididymis into

appropriate segments, before detailed studies are undertaken.

Based on characteristics like shape, position on the testis,

tubular diameter, height of epithelial cell, histological

appearance, ultrastructure of main cell types and functions, many

terminologies have been used to refer to specific regions of the

epididymis (Nicander, 1957. 1958; Reid and Cleland, 1957; Bishop,

1961; Glover and Nicander, 1971; Hamilton, 1972; Zuncke and

Grossrau, 1981). Even within the same animal, say for instance,

the rat, the regions of the epididymis have been demarcated very

differently (Reid and Cleland, 1957; Hamilton, 1975) making P.

obligatory to specify the nomenclature adopted. However, for
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convenience sake, it is generally agreed that the epididymis of

the rat could have three gross points of reference the caput

(head), the corpus (body) and cauda (tall) (Brooks et al., 1974).

The histology and ultrastructure of the epididymis has been

reported by numerous investigators for a number of species and

provides valuable information regarding the regional

differentiation (Nicander, 1957; Reid and Cleland, 1957).

Interesting correlations between the regional differences in the

pattern of innervation and morphologically distinguished types of

smooth muscle cells have also been made (Baumgarten et al.,

1971). In a way these studies have helped in explaining the

local, slow, rhythmic, migratory contractions in the proximal

epididymidis and the quiscent state of the distal region

(Baumgarten et al., 1971). The pattern of vascularization also

relates well with the regional changes in the metabolic activity

of cells that line the epididymal duct (Waites and Setchell,

1969; Turner and Johnson, 1973 a,b).

The epididymal duct is lined by pseudostratified epithelial cells

with non-motile stereocilia on their free surfaces. The height

of the epithelial cells and the length of their stereocilia vary

greatly in different regions of the epididymis. The epithelium

varies from the tall columnar cell with long stereocilia to the

low cuboidal cells with short stereocilia along the duct

(Glover and Nicander, 1971; Nicander and Glover, 1973). The

cell height is however dependent on the degree of stretch imposed

on the tissue by the accumulating spermatozoa and fluids
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(Martan and Rlsley, 1963; Vitale-Calpe and Aokl, 1970).

In most of the species investigated so far, the presence of five

cell types viz the principal, basal, halo, apical and clear cells

have been shown (Nicander and Glover, 1973; Hamilton, 1975; Ramos;

and Dym, 1977; Moore and Bedford, 1979 a,b; Abe et al., 1983;

Goyal, 1985). These cells differ In their structure, function and

distribution along the epididymis (Reid and Cleland, 1957; Hoffer

et al., 1973). It appears from the estimates provided by

Yeung and Cooper(1982) that the principal (597.) and basal cells

(27%) are the most abundant in the rat, a laboratory animal

commonly used for experimental work.

The main function of the cell types that line the epididymal

epithelium are the resorption and modification of testicular

fluid entering the epididymis and the elaboration of epididymal

secretion (Moore and Bedford, 1979 a,b; Abe et al., 1983; Goyal

1985). Resorption of fluid increases the concentration of

sperm cells and that of secreted lmpermeant compounds

(Setchell and Hlnton, 1981; Turner, 1984). The Interaction of the

secretions with spermatozoa are thought to modulate the functions;

of spermatozoa (Cooper, 1986; Amann, 1987). Considering the

large number of sperm it is unlikely that direct contact with the

microvilli of epithelial cells Is essential to their maturation.

2.2.2 Resorptive Activity of the Epididymis

The most substantial evidence for the absorptive nature of the

epididymis comes from packed cell volume or sperm cell
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concentration of luminal fluid in various parts of the tract

(Turner et al., 1977; Hunter and Schellpfeffer, 1981; Turner and

Cesarini, 1983; Turner, 1984). Sperm cell is considered to be an

Ideal volume marker since they are not being metabolized and arv

too large to move between epididymal epithelial cells (Cooper and

Hamilton, 1977; Murakami et al., 1984 a,b; Murakami and Nlshlda,

1985). Both fluid phase and receptor mediated mechanisms of

endocytosis have been identified in the epididymis (Morales

and Hermo, 1983; Djakiew et al., 1984; Hermo and Morales, 1984).

In addition, water soluble compounds placed In the lumen of the

epididymis have been recovered from the urine (Shaver, 1954).

2.2.3 Synthetic/Secretory Activity in the Epididymis

Several constituents of the epididymal luminal fluid are found to

vary in their concentration along the epididymal duct. While

some components like glycerophosphocholine (GPC) have their

origin In epididymal tissue (Dawson and Rowlands, 1959; Scott

et ai., 1963; Hinton and Setchell, 1980; Killian and Chapman,

1980; Hoffman and Kill Ian, 1981), some others like myo-lnosltol

and carnitine are selectively accumulated from the blood (Brooks

et al., 1973; Lewln and Sullmovici, 1975; Lewln et al., 1978).

Whether the high concentration of GPC found In the epididymis has

a direct action on spermatozoa Is controversial. It might Just be-

that being a secondary metabolite of lecithin metabolism, its

accumulation in the epididymal fluid may be merely a reflection

of its water soluble property (Levine and Marsh, 1971). The

variation in the myo-lnosltol concentration Is believed to result
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from differential absorption of water along the epididymal duct.

In other tissues, inositol has been suggested to act as a second

messenger (Berridge and Irvine, 1984; Mitchel, 1986), control

protein release (Slaby and Bryan, 1976), behave like growth

factors in cell culture (Eagle et al., 1957), maintain epithelial

cell cytoskeleton (Chargaff et al., 1948; Murphy et al., 1951;

Kirazov and Lagando, 1977) and play a role in osmoregulation

(Setchell and Hinton, 1981). However, its precise function in the

epididymis has not been established. Carnitine Is implicated in

transport of fatty acids (Wittles and Hochstein, 1967; Brooks,

1979). Thus, these compounds are ultimately linked to major

events that occur in the epididymis: sperm maturation and

storage. The role of specific ions has also come to be

recognized. By providing and depriving the sperm cells of

particular ions, the epididymal epithelium can exert control over

the activity of spermatozoa or their interaction with secreted

compounds (Hamilton et al., 1976; Au et al., 1978; Jenkins et

al., 1983; Turner, 1984).

A large number of proteins are known to be synthesized In the

epididymis and the factors that regulate their synthesis are

also becoming known (Lea et al., 1978; Brooks and Hlggins, 1980;

Jones et al., 1980, 1981, 1982; Killian and Chapman, 1980;

Hoffman and Killian, 1981; Brooks, 1984). Attempts have also

been made to isolate, purify and identify at least some of them.

Forward motility protein (FMP) (Brandt et al., 1978; Acott and

Hoskins, 1981), sperm agglutination factor (SAF) (Dauchex et al.,
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1983) and lmmobllln (Usselman and Cone, 1983) are select examples

of such an endeavour. These proteins are directly relevant to the

functional characteristics attained by spermatozoa during

epididymal transit. Recently, the trend seems to be shifting

towards cloning the genes responsible for the proteins, obtaining

the gene products and trying to understand their functions in the

epididymis (D'Agnostino et al., 1980; Brooks et aJ., 1986).

The sperm, on the other hand, has little or no capacity for

protein synthesis and is perhaps the only cell lacking an

elaborate endoplasmic reticulum (Abraham and Bhargava, 1963 a,b;

Witkin and Bendrlch, 1977). It Is now known that proteins are

packaged Into their membranes in the testis where they are

produced (Wilson and Grishold, 1979; Wright et al., 1981).

However, It has been repeatedly reported that a majority of these

proteins have carbohydrate moieties and undergo extensive

remodelling during the passage of the sperm through the

epididymis (Vierula and Rajaniemi, 1982; Brooks and Tiver,

1984). Several enzymes Involved In such post-translational

modification of sperm membrane proteins are believed to be-

synthesized in the epididymal epithelial cells and secreted Into

the lumen, enabling them to act on the sperm membranes (Jones and

Glover, 1975; Skudlarek and Orgebin-Crist, 1984). Thus, the

epididymis not only provides a unique microenvironment but also

actively participates in transforming the immature sperm to a

mature sperm capable of recognizing and fertilizing ova.

The sperm by virtue of their limited synthetic capacity has to
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depend upon the epididymis for Its needs. The epididymis also

synthesizes lipids which provide their fatty acid side chains as

important sources of oxldlzable substrate to meet the energy

demands of spermatozoa (Voglmayr, 1975; Evans and Setchell,

1979). In addition, phospholipids and cholesterol form

constituents of the plasma membrane of the epididymal epithelial

cells and thus control such delicate characteristics like

fluidity and permeability (Go and Wolf, 1983). This In turn is

responsible for the selective passage of substances from and/or

to the lumen that ultimately decides the composition of the

luminal fluid In regions along the epididymis.

2.2.4 Endocrines and Epididymal Functions

The presence of steroids in the epididymis was first demonstrated

by an androgen bioassay (Gallagher, 1928). Since then, it has

been established in rats that the proximal epididymis contains;

more androgens than the distal region (Vreeburg, 1975; Vreeburg

et al., 1976; Purvis et al., 1978). In addition, they have shown

that among androgens, 5a-dihydrotestosterone is most potent and

the concentration of this hormone exceeds that of eve.i

testosterone. The testis has been Identified as an important

source of androgen and its precursors (Aafjes and Vreeburg,

1972). Years of careful experimentation have indicated that these

steroids find their way into the epididymis through the

testicular fluid (Aafjes and Vreeburg, 1972; Pujol et al., 1976)

and blood stream (Back, 1975; Cooper and Waltes, 1979, 1980;

Cooper, 1980; Turner et al., 1981).



19

The conversion of acetate into cholesterol has been observed in

the epididymis (Hamilton el al., 1969; Hamilton and Fnwcctt,

1970). The synthesis of other steroids from cholesterol has

also been demonstrated. In addition, interconverslon of

dehydroepiandrosterone and testosterone to androstanediol and

androstanedlone Is known (Frankel and Eik-Nes, 1970). Steroid

hydroxylases and 5a-reductase, the enzymes related to metabolism

of androgens are found in abundance in the epididymis (McGadey et

al., 1966; DJoseland et al., 1973, 1974; Saksena et al., 1976;

Pujol and Bayard, 1978; Prakash and Moore, 1982; Scheer and

Robalre, 1982). There Is also evidence that aroroatlzatIon of

androgens can occur (Kumari et al., 1980). These studies have

firmly established that the epididymis Is not only capable of

synthesizing steroids but also has the potential for generating a

variety of active steroid metabolites.

It is by now clear that the epididymis influences spermatozoa]

maturation and this event is Just not. an aging process. Whether

the steroids secreted into the epididymal lumen interact with

sperm is still a subject of controversy. But, it seems likely

that the steroids, particularly the androgens influence the

spermatozoa in a more indirect way, perhaps by maintaining the

structure of epithelial cells that ensure the resorptive and

secretory functions of the epididymal epithelium (Hamilton, 1975;

Orgebin-Crlst et al., 1975; Jones et al., 1979;Moore and Bedford,

1979 b). The role of estrogens, corticosteroids, aldosterone and

progestins, however, require further detailed examination
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(Orgebin-Crist et al., 1975).

An increasing number of peptides, bioactive in other tissues,

have been demonstrated in epididymal tissue by immunocytochemical

and biochemical methods. They include 8~endorphin (Sharp et

al., 1980), enkephalin (Rama Sastry et aJ., 1982), somatostatin

14 and 28 (Pekary et al., 1984), thyroid releasing hormone

(Pekary et al., 1980, 1983), epidermal growth factor (Elson et

al., 1984), retlnol binding proteins (Ong et al., 1982),

angiotensin converting enzyme (ACE) (Cushman and Cheung, 1971),

neuropeptide Y (Adrian et al., 1984) and vasoactive intestinal

peptide (VIP) (Larsson et al., 1977). The precise role of these

peptides is unclear but they seem to be in appropriate positions

to modulate contractions of the epididymis or to modify the

capillary bed and thus influence sections of the epithelium and

their interactions with spermatozoa.

2.3 SCOPE OF THE PRESENT INVESTIGATION

One of the polypeptide hormones whose role in males remains as

yet undefined is prolactin. Immunocytochemical staining methods;

have revealed little or no staining of prolactin in epididymal

epithelial cells. On the other hand, tissue sections bind

exogenous prolactin (Wltorsch, 1978). Binding sites for prolactin

have also been reported In laboratory animals like rats (Aragona

and Friesen, 1975) and rabbits (Orgebin-Crist and Djiane, 1979).

In one study, Jones et al. (1983) have shown that prolactin does

not augment testosterone stimulated protein synthesis in the rat
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caput. But Cooper (1986) has suggested that prolactin may have

a function in the control of lactalbumin synthesis in the

epididymis. In addition, Reyes et al. (1979) have shown that

prolactin promotes the uptake of calcium by human epididymal

spermatozoa in vitro. From these and few other stray reports, it

can be inferred that studies concerning prolactin and the

epididymis have largely remained neglected.

The action of prolactin on several other male accessory sex

organs like seminal vesicle and prostate have received

comparatively greater attention (Fransworth, 1972; Kledzlk et

al., 1975; Negro-Vilar et al., 1977; Jones et al., 1983). It has

been suggested that prolactin may bring about its effects either

Independently or by potentiating the actions of androgens in

these organs (Bengmark and Hesselsjo, 1963; Bartke and Lloyd,

1970; Moger and Geschwlnd, 1972; Thomas and Keenan, 1976).

Whatever may be the mechanism of its action, it is now felt that

the importance of prolactin in male reproduction can no longer be

Ignored. Only a systematic approach based both on structure

and function of reproductive tissues like the epididymis would

help in Improving our understanding of how prolactin modulates

these characteristics.



CHAPTER 1

THE EFFECT OF PROLACTIN ON

EPIDIDYMAL SIALIC ACID

CONCENTRATION
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3.1 INTRODUCTION

In 1936, Bllx Isolated in crystalline form the first member of

a class of compounds now collectively called "Sialic acid".

Because of Its preparation from salivary gland mucin, It has

been given the name sialic acid (Bllx et al., 1952). Sialic acid

Is the group name for acylated derivatives of an amlno-

deoxynonulosonlc acid called neuraminic acid, a nomenclature now

in general use.

Ten naturally occurring sialic acids have so far been described.

The amino group of neuraminic acid Is always substituted by

either an acetyl or glycolyl radical. As a rule, sialic acid

occurs in nature In glycosldlc linkage as structural units of

oligosaccharides, homo- and heteropolysaccharldes, glycolIpids

and glycoproteins. Only exceptionally, and in very small amount

unbound sialic acid has been found in body fluids and tissues

(Svennerholm, 1958).

Sialic acid Is widely distributed in animal tissues. Bose et al.

(1966) have reported that the male reproductive tissues have

considerably higher concentration of sialic acids than most

other tissues. This has been substantiated and confirmed by the

detection of high sialic acid levels In the testis, epididymis,

seminal vesicle, prostate, semen and spermatozoa (Bose et al.,

1966).

The physiological significance of sialic acid In the epididymis

is not clear. At first, it was speculated that sialic acid acts
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as a kind of "lubricant" that could facilitate the transport and

propulsion of spermatozoa along the epididymal duct (Rlar et al.,

1973). However, the presence of unusually high levels of

N-acetylneuraminidase activity in epididymal fluid has added

another dimension to the possible role of sialic acid (Bey,

1965). The removal of sialic acid residue from the membrane of

sperm during their transit through the epididymis is reported to

be associated with the stabilization of acrosome, change in

surface charge and antigenicity of spermatozoa (Bedford, 1963;

Yanagimachi et al., 1972; Chulavatnatol et al., 1978; Lea et al.,

1978; Moore, 1979; Toowicharanont and Chulavatnatol, 1983; Jones

et al., 1985; Moore et al., 1985). A masklng-unmasklng phenomenon

has been suggested (Czuppon, 1984; Hall and Killian, 1987).

Several other investigators have shown that sialic acid may not

only be involved in sperm maturation but also In events leading

upto fertilization (Prasad et al., 1973; Laporte et al., 1975).

The presence of sialic acid In the epididymal epithelium even

before the arrival of sperm and fluid from testis (Rajalakshml

and Prasad, 1969) provide Indirect evidence that synthesis of

this compound takes place in the epididymis. On the basis of

cellular content analysis In Isolated basal and principal cells,

it has convincingly been shown that the epididymis synthesizes

sialic acid (Killian and Chapman, 1980). The high sialyl

transferase activity of the epididymis may be responsible for the

Incorporation of these sugars Into proteins (Bernal et al.,

1980). Further studies have revealed that the synthesis of this
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compound in the epididymis is predominantly under the control of

androgens (Fournler, 1966; Bose and Kar, 1968; Rajalakshml and

Prasad, 1968; Prasad et al., 1973; Setty et al., 1979).The

involvement of several other hormones In modulating the action

of androgens has also been suggested (Llao et al., 1965; Fang

and Llao, 1971). No studies have as yet been undertaken to

establish if prolactin could regulate the sialic acid level in

the epididymis. Since the sialic acid level is profoundly

Influenced by androgens, fluid and sperm derived from the

testis (Rajalakshml and Prasad, 1968, 1971; Gupta et al., 1974;

Brooks, 1977), in this chapter, an attempt has been made to

analyze the Impact of prolactin on epididymal sialic acid in the

absence of these over-riding factors.

3.2 MATERIALS AND METHODS

3.2.1 Chemicals

All reagents used were of analytical grade. Ovine prolactin

(oPRL- 18-NIADDK-NIH, Biopotency 30 I.U./mg) was a generous gift

from the National Pituitary Agency, NIADDK-NIH, Bethesda,

Maryland, USA. Bromocryptlne mesylate was a gift from Ms. Sandoz

Chemical Co. Ltd., Switzerland. N-acetylneuramlnic acid was

provided by Ms.Sigma Chemical Co., USA, under the co-operative

allowance program.

3.2.2 Animals

Adult male albino rats (200-250 g body weight) of Wistar strain

were purchased from commercial sources and were acclimatized
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to a 12h L: 12h D lighting schedule. They were fed a

standard pelleted diet (Llpton India Ltd.) and water was

provided ad iibltum.

3.2.3 EXPERIMENTS

3.2.3.1 Experiment 1

In all, twenty three animals were utilized In this experiment.

One group of 8 animals was bilaterally orchidectomised by

surgical means. Bilateral orchidectomy was done under mild ether

anaesthesia via a scrotal Incision. Each testis and epididymis

was located through an Incision in the tunica vaginalis and the

epididymis was carefully Isolated from the testis. A ligature

was placed around the testicular artery and vein which was then

severed to remove the testis. The epididymis was replaced In the

scrotum, the Incision closed and Loraxane applied locally.

Another group comprising of an equal number of animals had their

efferent duct of either side ligated keeping the testis intact.

After exposing the testis and epididymis by a procedure Just

described for orchidectomy, a silk ligature was Introduced by a

needle through the loose connective tissue between the efferent

ductules and the blood vessels near the testis. The ductules

were tightly occuluded, the testis carefully returned to the

scrotum, the incision closed and Loraxane applied locally. A

third group consisting of 7 animals were sham-operated and used

as controls. Three weeks later, all animals were killed by

cervical dislocation and perfused transcardially.
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Perfusion was carried out using a transfusion set (bottle with

the polythene catheter containing the fluid suspended at about

150 cm above the animal) at room temperature. After exposing

the heart, the ascending arota was cannulated with the polythene

catheter of about 1 mm Internal diameter, through an Incision In

the left ventricle. Care was taken not to let in air while

perfusion was conducted. Animals were perfused with about 50 ml

Kreb ringer's solution for 15 mln until both the liver and the

epididymis turned pale, an Indication that perfusion was complete

and the epididymis was free from blood.

The organs associated with the male reproductive tract were now

excised, cleared of adhering adipose and connective tissue. All

organs were weighed on a monopan balance. The weights recorded

were rounded up to the nearest milligram. Further, the

epididymis was divided into caput, corpus and cauda (Brooks et

aJ., 1974). The tissue was wrapped in aluminium foil and stored

at -20 C until it was processed further for sialic acid

estimation, the next day. This experiment helps In identifying

the factors that Influence the epididymal sialic acid levels.

From the results, it became clear that several factors of

testicular origin influence the level of epididymal sialic

acid. Therefore, It was felt necessary that the subsequent

experiment should be carried out In the absence of these

over-riding factors.
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3.2.3.2 Experiment 2

This study was conducted on 38 animals whose efferent duct of

both sides were ligated. Fifteen days after ligation was done,

the animals were randomly divided into 5 groups. Ovine prolactin

was administered subcutaneously, to each group of these animals

at doses of 0 Mg (8 animals), 50 Mg (6 animals), 100 Mg (9

animals), 150 Mg (8 animals) and 200 Mg (7 animals)/100 g body

weight, respectively, once dally, for a period of 7 days. Twenty

four hours after the last of 7 Injections, the animals were

killed and perfused as detailed earlier. The sialic acid

concentration in the epididymis was estimated.

In another but related experiment, a very similar protocol was

used except that the various doses of prolactin were injected in

orchidectomised animals Instead of duct ligated ones. Forty three

animals were randomly divided into 5 groups and each group

consisting of 8-10 rats received 0, 50, 100, 150 and 200 Mg of

ovine prolactin. The dose of the injection specified Is per 100 g

body weight and was administered, subcutaneously, once dally,

for a period of 7 days. Ovine prolactin for Injection was

prepared Initially at a concentration of 2.5 mg/ml in 0.03M

NaHC03 In 0.15 M NaCl (pH 10.8) with very gentle agitation. After

solubilization was effected, the pH was lowered to 7.0 by the

drop-wise addition of 2 N HCl. This preparation was diluted

appropriately to match the dose of ovine prolactin to be

administered. The schedule was so arranged that a particular

animal received the Injection at the same time each day for the 7
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day period.

3.2.3.3 Experiment 3

The preceedlng experiment showed that the Influence of

prolactin on the epididymis could be visualized better In

orchidectomised animals than in duct ligated ones. Therefore,

the present experiment was confined to orchidectomised animals

alone.If the exogenous administration of prolactin could initiate

a set of responses In the epididymis then It Is logical to expect

that a depletion of this hormone could bring about opposite

effects. To check this hypothesis, bromocryptlne at doses of

0 mg, 0.15 mg, 0.30 mg and 0.50 mg/100 g body weight was

administered to 15 days post-orchidectomlsed rats subcutaneously,

once dally, for a period of 7 days (bromocryptlne has been used

by several workers as a drug of choice to reduce the circulating

levels of prolactin). In the present study, bromocryptlne

mesylate was used, 457. ethanol being the vehicle. All together

29 orchidectomised animals were used, 6-9 animals being

included in each group given a particular dose of bromocryptlne.

The sialic acid levels in the epididymal segments of these

animals were quantified biochemically.

3.2.3.4 Experiment 4

To known concentration of a standard preparation of N-acetylneura

-mlnlc acid, was added, 0, 50, 100, 150 or 200 Mg of ovine

prolactin and the concentration of sialic acid estimated by the

Thlobarbutric Acid Assay (Warren, 1959). The Impact of prolactin
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on the assay procedure of slullc acid was determined by plotting

the known value of sialic acid In the presence and absence of

ovine prolactin against the actual value obtained by biochemical

estimations. Regression analysis was used for the statistical

treatment of data.

3.2.4 SIALIC ACID ESTIMATION

The naturally occurring sialic acids are substituted neuraminic

acid derivatives (N-acetyl, N-glycol, N,O-diacetylneuramlnlc

acid). These are collectively termed "Sialic Acids". The

unsubstituted 9 carbon chain Is called neuraminic acid ( Bllx et

al., 1957).
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In 1957, Waravdekar and Saslaw reported a method for the
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measurement of 2-deoxyrlbose, In which the periodate oxidation

product, malon-aldehyde, was coupled with 2-thlobarblturlc acid.

Weissbach and Hurwltz (1959) have reported that 2-keto-3-deoxy

sugar acids could also be assayed by the same method with some

modifications. Here the periodate oxidation product was 8-formyl

pyruvic acid.

Although sialic acids are 2-keto-3-deoxy sugar acids, the amino

group Is always substituted and should not be reactive in

thiobarbiturlc acid assay. The Waravdekar and Saslaw, and

Weissbach and Hurwltz assays on sialic acids do, In fact, lead

only to a small amount of color formation.

Warren, 1959 suggested that color formation could be Increased

considerably by carrying out the periodate oxidation in strong

acid solution and by extracting the final colored solution Into

cyclohexanone. The molecular extinction coefficient thus

obtained was 12 times higher than the previously used resorclnol

method (Svennerholm, 1957). The thiobarblturic acid is specific

enough to permit accurate direct measurement of the sialic acid

content of tissues.

3.2.4.1 Reagents

1. Sodium meta periodate : 0.2 M, in 9 M phosphoric acid

2. Sodium arsenite : 10*/., in a solution of 0.5 M

sodium, aulphate-0. 1 N H„S0
2 4

3. Thiobarblturic acid : 0. 6V. ,in 0. 5 M sodium sulphate
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All these aqueous solutions were prepared with warming. Solutions

were stored at room temperature and were stable for more than a

month.

3.2.4.2 Procedure

Tissue was homogenized In 2 ml of distilled water and 1 ml of IV.

phosphotungstlc acid was added. The resulting precipitate was

washed twice with 1 ml of 5 % trichloroacetic acid and dried in

a desiccator for 12 hrs. Since the thiobarblturic acid assay

measures only free sialic acids, 1 ml of 0. 1 N H SO was added to

the precipitate and digested for 1 h at 80°C to release bound

sialic acids without degradation. To 0.2 ml of hydrolysate,

0.1 ml of the porlodate solution was addod, The tubos were shaken

and allowed to stand at room temperature for 20 min. Arsenite

solution, 1 ml was added and the tubes were shaken until the

yellow-brown color disappeared. Thiobarblturic acid solution,

3 ml, was added, the tubes shaken, capped with a glass bead, and

then heated In a vigorously boiling water bath for 15 min. The

tubes were then removed and placed in cold water for 5 min. The

total 4.3 ml, solution was extracted with an equal volume of

cyclohexanone. The tubes were shaken twice and then centrlfuged

for 3 min In a table top centrifuge at 1000 xg. The clear upper

cyclohexanone phase was red and the color was more Intense than

It was when In water. The organic phase was taken in a

3 ml cuvette (1cm, light path) and optical density was

determined at 532 mM and 549 mn in a Beckman DU-6

Spectrophotometer. Color production varies linearly with
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concentration of N-acetylneuramlnlc acid (Standard stock 1 mM)

over the range usually used, 0.01 to 0.06 Mmole. The molecular

extinction coefficient Is 57,000. The amount of

N-acetylneuraminic acid present in a given sample was determined

from equation 2 of Warren's formula:

Mmoles N-acetylneuraminic acid

0.090 x0D54g -0.033 xOD^

The constants of equation 2 are calculated as follows:

0D,

C2C3 ~ C1C4
549

0D,

C2C3~ C1C4
532

X4.3

Where Cj and c£ are the molecular extinction coefficients x 10~3

of N-acetylneuramlnlc acid at 532 and 549 mM, respectively, c

= 26, c2 = 57, Cj = 133, c^ = 48. The final volume of the test

solution • 4.3 ml.

3.2.4.3 Interfering Substances

When tissues were subjected to the thiobarblturic acid assay for

sialic acid, an absorption maximum was found at 549 mM, due to

sialic acid. However, there was also a second absorption maximum

at 532 mM due to 2-deoxyrlbose for which a correction has been

made since the light absorption of this interfering material at

549 mM was considerable. Other substances such as unsaturated

lipids (Bernhei* et al.. 1948) may also yield malonaldehyde upon
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periodate oxidation and contribute to the optical density at

532 and 549mM, but the source of the malonaldehyde does not

affect the calculations for correction.

Equation 2 corrects for the optical density at 549 mM which

does not derive from N-acetylneuramlnlc acid. The correction

Is based upon the observed molecular extinction values of

N-acetylneuramlnic acid and 2-deoxyrlbose at 532 and 549 mM-

3.2.5 STATISTICAL ANALYSIS

The data were subjected to statistical analysis by the Student's

t-test. The SEM was calculated by the following formula:

Ix2-
Ex

n

SEM =
n (n-1)

where x = Individual observations

n = number of observations

t-values were obtained by using the following equation and

compared with the standard table values for Student's

t-distributlon based on the degrees of freedom (Fischer and

Yates, 1948):

x.- x~
1 2

1 1
s - +

n„ n„
1 2
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Where.

EXl2 -<£*1>2 ♦ Ix/ -<*/
"l n2

nt ♦ n2 - 2

where n and n denote the number of observations In the two

classes being compared (Ostle, 1954).

If the calculated value was more than the table value, It was

considered significant at that probability level. The following

levels of significance were used p<0.001 to p<0.05 for

significant data and p>0.05 for non significant data.

3.3 RESULTS

The effect of bilateral efferent duct ligation and orchidectomy

on the weight of organs associated with the male reproductive

tract are highlighted in Fig.l. Compared to sham-operated

controls, duct ligation significantly decreased the weight of the

epididymis (p <0.01) but not that of the seminal vesicle and

ventral prostate. On the other hand, the weight of all three

organs were substantialiy lower in the orchidectomised animals

than the sham-operated controls.

The sialic acid levels in the caput, corpus and cauda

epididymides of sham-operated, duct ligated and orchidectomised

rats are presented In Fig. 2. When comparisons are made with the

sham-operated controls, It Is evident that orchidectomy reduces

the sialic acid levels in all three segments of the epididymis
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but in the duct ligated animals, the reduction Is significant

only In the caput (p<0.05).

The Influence of ovine prolactin on the epididymal sialic acid

concentration of efferent duct ligated rats is depicted in

Fig.3. No significant differences In the sialic acid levels

could be observed between prolactin treated animals and the

vehicle treated controls.

The impact of exogenous prolactin on the sialic acid profile in

the epididymis of orchidectomised rats is shown in Fig.4. It

appears that the corpus and caudal epididymal segments are more

responsive than the caput to prolactin treatment. The histograms

also give the impression that the sialic acid concentration in

the epididymis Is more or less related to the dose of ovine

prolactin administered in orchidectomised animals.

Only the highest dose of bromocryptlne (0.5 mg/lOOg body wt) Is

able to reduce the sialic acid concentration In the epididymis of

orchidectomised animals (Fig. 5). This again is restricted to

the distal region of the epididymis (p<0.05).

The regression analysis of data to test. If prolactin Interferes

with the thlobarbutrlc acid assay for sialic acid is presented in

fig.6. The slope and Intercept of the regression lines obtained

for standard preparations of N-acetylneuramlnlc acid without

prolactin are no different from those that in which prolactin has

also been included.



Fig. 1. THE EFFECT OF DUCT LIGATION AND ORCHIDECTOMY ON THE
WEIGHT OF ORGANS ASSOCIATED WITH THE MALE REPRODUCTIVE

TRACT.

The weight of organs (Epl-Epldidymis; SV-Seminal

Vesicle; VP-Ventral Prostate) of the duct ligated

( aaca ) and orchidectomised ( tnmm ) groups have been

compared with sham-operated controls (BESEZ&a ). The number

of animals Included In each group ar& given In

parenthesis. The results are presented as Mean 4 SEM
• *

( p<0.01 Student's t-test).

>
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Fig. 1



Fig. 2. THE EFFECT OF THE DUCT LIGATION AND ORCHIDECTOMY ON THE
SIALIC ACID CONCENTRATION IN THE EPIDIDYMAL REGIONS OF
MALE RAT.

The values of sialic acid for the sham-operated ( $ ),
duct ligated ( <jJJ> ) and orchidectomised ( -O ) groups

of animals are shown in the form of kites, each

representing Mean ± SEM. The number of animals included

in each group are provided' within parenthesis. The

impact of duct ligation and orchidectomy on each

epididymal region has been analysed by making
comparisons with the values obtained for sham-operated
controls ( p<0.05; p<0.01 Student's t-test).

*
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Fig. 3. EFFECT OF OVINK PROLACTIN (oPRL) ON THE SIALIC ACID
CONCENTRATION IN EPIDIDYMAL REGIONS OF EFFERENT DUCT

LIGATED RATS.

Fifteen days after the efferent ducts were ligated, the

animals were divided into five groups and injected with

( GSSSESSa ) Vehicle; ' | l) 50 Mg oPRL; ( ir-••.••••••'.••-J ) 100 Mg

oPRL; (DEE!!) 150 Mg oPRL and (mnnn) 200 Mg oPRL/100 g

b wt respectively, once daily, s.c, for a period of 7

days. The concentration of epididymal sialic acid in

each of these groups is presented in the histogram as

Mean ± SEM. The number of animals included in each group

is given within parenthesis. No significant differences

in sialic acid levels could be observed between the

prolactin treated and vehicle treated controls.

(Student's t-test).
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Fig. 4. EFFECT OF OVINE PROLACTIN (oPRL) ON THE SIALIC ACID
CONCENTRATION IN EPIDIDYMAL REGIONS OF ORCHIDECTOMISED
RATS.

Fifteen days after orchidectomy, the animals were

divided Into flvo groups and injected with ( BBOBMB )

vehicle; (BSSS) 50 Mg oPRL; (EHESt) 100 Mg oPRL;

(EBBED ) 150 Mg oPRL and ( llllllll) ) 200 Mg oPRL/100 g b wt

respectively, once dally, s.c, for a period of 7 days.

The concentration of sialic acid is shown as Mean ± SEM

and the number of animals belonging to each group is

given within parenthesis. The values obtained for each

group of prolactin treated animals have been compared

Individually with those of vehicle treated controls
• ««

( p<0.05; p<0.01 Student's t-test).
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Fig. 5. THE EFFECT OF BROMOCRYPTINE ON THE SIALIC ACID
CONCENTRATION IN EPIDIDYMAL REGIONS OF ORCHIDECTOMISED
RATS.

Fifteen days after orchidectomy, the animals were

divided Into four groups and Injected with (BBBSBB5I )
vehicle; (=J) 0.15 mg; (GEES3) 0.30 mg and (mim)
0.50 mg of bromocryptine/lOOg b wt respectively. The
injections were administered, once dally,
subcutaneously, for a period of 7 days. The values for

epididymal sialic acid obtained are presented as Mean ±

SEM in the bar diagrams. The figures within parenthesis
represent the number of animals used in each group. The

values obtained In each epididymal region of
bromocryptlne treated animals have been compared
individually with the corresponding value of vehicle

treated controls ( p<0.05 Student's t-test).
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Fig. 6. THE EFFECT OF VARYING CONCENTRATION OF PROLACTIN AND

BROMOCRYPTINE ON THE ASSAY OF SIALIC ACID

No hormone effect was seen as observed by

nonsignificant change in slope and intercept from

regression equations for different concentrations.

(F-test).

i
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3.4 DISCUSSION

It is a well known fact that the epididymis is a conduit

connecting the testis with the vas deferens. It is in this duct

that spermatozoa produced in the testis spend varying period of

time, depending upon the species, in order to be able to achieve

forward progressive motility and fertilizing ability (Amann et

al., 1976; Courot, 1981; Orgebin-Crist and Olson, 1984).

Thus, the weight of this organ is substantially influenced by the

presence of spermatozoa. In addition, the structural integrity

of epididymis is to a large extent under androgen control

(Brooks, 1977; Hamilton, 1975; Moore and Bedford, 1979b;

Orgebin-Crist and Djiane, 1979). Androgens find their way to the

epididymis either directly from the testis via the testicular

fluid or from circulation through the blood supply (Aafjes and

Vreeburg, 1972; Turner et al., 1981; Cooper and Waites, 1979,

1980). Efferent duct ligation prevent spermatozoa and testicular

fluid from reaching the epididymis. Therefore, it is not

surprising that the weight of the epididymis in the duct ligated

animals are substantially lower than the sham-operated controls.

Perhaps, the weight cf other sex accessories is not much

affected by efferent duct ligation because these organs lean more

heavily on the blood vascular system for their source of

androgens, which is apparently not disturbed. On the otherhand,

surgical orchidectomy results in the removal of the primary

source of androgens which is of testicular origin. Since the

maintenance of most parts of the male reproductive tract is

androgen dependent, it is but natural to expect degenerative
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changes when androgen support is withdrawn. This accounts for

the significant loss in the weight of organs associated with the

male reproductive tract in the orchidectomised animals.

The main interest of the present study was to examine the effect

of prolactin on epididymis. The sialic acid level in the

epididymis was used to monitor the functional status of the

organ. In order to use the parameter effectively, it was felt

necessary to fj\rst identify the factors that normally influence

the sialic acid levels in the epididymis. At this stage, it must

be mentioned that epididymis comprises of three compartments-

the tissue, fluid and spermatozoa. Most early studies concerning

sialic acid in the epididymis have dealt with the organ as a

whole, making it difficult to interpret data relating to any one

compartment (Fournler, 1966; Hose and Kar, 1968; Rlar et al.,

1973; Setty et al., 1979). The continuous delivery of

spermatozoa and fluid from the testis makes the situation even

more complex. In the present studies, comparisons between the

sham-operated controls and efferent duct ligated or

orchidectomised animals have helped in clarifying if there exist

sialic acid of epididymal origin and if so, whether they are

under the control of androgens.

The sialic acid level of caput epididymidis are found to be

substantially lower in the duct ligated animals than the

sham-operated controls. It is also observed that the level of

sialic acid in other regions of the epididymis is not severely

affected by duct ligation and the concentration of this compound
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is higher in the cauda than in the caput. These findings do

implicate that epididymis is capable of synthesizing sialic

acids. It appears that the testicular fluid and spermatozoa

whose entry Into the epididymis is curtailed by efferent duct

ligation contribute significantly to the level of sialic acid,

particularly In the caput. Support to this contention could also

be drawn from previous findings that sialic acid is also produced

by the testis (Bose et al., 1966) and Incorporated In the

spermatozoa (Bernal et al., 1980). As mentioned earlier, duct

ligation cuts off one of the routes of androgen supply to the

epididymis, while orchidectomy ensures the removal of the major

source itself thereby depriving the epididymis of androgens.

This is reflected In the present studies as all three segments In

the epididymis in orchidectomised animals show lower levels of

sialic acid than the sham-operated controls. Thus, it may be

inferred that the levels of sialic acid in epididymal segments

may be Influenced by the presence or spermatozoa, testicular

fluid and the availability of androgens.

Since several factors of testicular origin are shown to influence

the sialic acid level in the epididymis, it was felt necessary to

design experiments that would help rule out the interference from

these factors. Thus, further experiments involving prolactin

treatment were carried out In the duct ligated and

orchidectomised animals. In the efferent duct ligated animals,

prolactin treatment did not show any effect on the epididymal

sialic acid level. On the otherhand, In orchidectomised animals
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prolactin administration resulted in an increase In epididymal

sialic acid concentration, a response which seems to be dose

related. It Is interesting to note that the epididymis of duct

ligated and orchidectomised animals respond differently to

prolactin treatment. Since the epididymis is an androgen

dependent tissue, it may be suggested that the effect of

prolactin observed in orchidectomised animals is masked by

the much greater Influence of androgens on the epididymal sialic

acid levels In duct ligated animals. However, from these results

It Is suspected that the effect or prolactin on the epididymal

sialic acid may be Independent of androgens. This possibility

may be true since receptors for prolactin have been reported in

the epididymis of rat (Aragona and Friesen, 1975) and other

laboratory animals (Orgebin-Crist and DJlane, 1979).

In the preceeding experiment the sialic acid levels in the

epididymis of orchidectomised animals were shown to respond to

prolactin treatment. To verify if the withdrawal of endogenous

prolact-in In orchidectomised animals had any effect, an ergot

alkaloid bromocryptine was used. The mode of action and

pharmacokinetics of bromocryptlne have been extensively worked

out and it has been shown that bromocryptine reduces circulating

levels or endogenous prolactin (Harper et al.; 1976

Ciron-Forest and Schonleber, 1979; Kinch, 1980; Weinstein et al.,

1981). Thererore, varying doses or bromocryptine were Injected

in orchidectomised animals and the epididymal sialic acid

concentration determined. Only the highest dose of bromocryptlne
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used in the study was able to reduce the level of epididymal

sialic acid. The results of bromocryptlne treatment when viewed

together with those obtained ror prolactin treatment in

orchidectomised animals give the impression that prolactin may

have a direct role to play In the epididymis.

It was now relt necessary to investigate the errects of prolactin

and bromocryptine on the assay of sialic acid if prolactin

interferes positively with the assay, the dose dependent Increase

In the sialic acid In the epididymis may reHect the higher

amount or prolactin In the tissue. If bromocryptlne treatment

reduces the amount of sialic acid detected, the opposite would be

observed. This was highly relevant since binding sites for

prolactin have been detected In the epididymis. The analysis of

standard preparations of sialic acid in which various amounts of

prolactin were added clearly showed that prolactin does not

Interfere with the assay of sialic acid.

3.5 CONCLUDING REMARKS

J. Efferent duct ligation reduced the weight or the epididymis

but not of the seminal vesicle and ventral prostate. The

restriction in the entry of spermatozoa and testicular fluid

is most likely the cause of this loss in weight.

2. The weights or the epididymis, seminal vesicle and ventral

prostate were drastically lower in the orchidectomised

animals than in sham-operated controls. The reduction might

be due to the withdrawal of androgen support to these organs.
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3. From the experiments with sham-operated, duct ligated and

orchidectomised animals, It Is clear that the sialic acid

level In the epididymis Is InHuenced by factors originating

in the testis.

4. Prolactin administration to duct ligated animals did not

influence the epididymal sialic acid levels. The same

treatment to orchidectomised animals resulted in an increase

in the epididymal sialic acid which seemed to be dose

related. Based on this data, an action of prolactin

Independent of androgens has been suggested. The lack of any

significant response in duct ligated animals may be

attributed to the greater ejects or androgens which may have

masked the effects of prolactin.

5. The action of prolactin Is perhaps at the level of sialic

acid biosynthesis since the Increase in epididymal sialic

acid was more or less dose related. Studies with

bromocryptine treated orchidectomised animals have provided

support to the view that the action of prolactin may be

direct.

6. It has also been shown convincingly that prolactin does not

interfere with the assay of sialic acid and hence the results

obtained could be considered a treatment efrect.



CHAPTER 2

THE EFFECT OF PROLACTIN ON

EPIDIDYMAL GLYCOSIDASE ACTIVITY



48

4.1 INTRODUCTION

Over the past few decades the Importance of glycosidases in the

male reproductive tract has been well recognized. A survey of

the distribution of mammalian glycosidases in body tissues has

revealed that the epididymis Is one or the richest source

(Conchie and Hay, 1959; Conchle et al., 1959 a,b). From

hlstochemlcal studies It Is clear that these enzymes are

localized In the epididymal epithelium (Rutenberg et al., 1958;

Pugh and Walker, 1961; Hayashl, 1967; Moniem and Glover, 1972).

Although the precise runctlon or these enzymes has not been

clearly established, there is convincing evidence to show that

these enzymes are synthesized in the epididymis, secreted into

its lumen and act In the process or sperm maturation (Jones and

Glover, 1975; Skudlarek and Orgebln-Crist, 1984, 1986).

Pre-existing sperm membrane glycoproteins are reported to be

modiried during epididymal transit (Killian and Amann, 1973;

Bostwlck et al., 1980; Jones et al., 1981). In view of the fact

that epididymal spermatozoa have limited blosynthetlc activity

(Abraham and Bhargava, 1963 a,b; Wltkln and Bendlrch, 1977) and

carbohydrate chains associated with sperm surface are not

primary gene products (Beyer et al., 1979), it seems most likely

that the modification of carbohydrate residues on sperm surface

are regulated by glycosidases or epididymal origin (Hamilton and

Gould, 1980).

Alterations In the carbohydrate moieties may possibly serve as

potential signals ror the transrer or biological inrormations
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(Olden et al., 1985). Alternatively, It has been suggested

that monosaccharides liberated as a result of hydrolysis may

either serve as energy source or be recycled by enzymes

Involved in the synthesis of complex carbohydrate chains

associated with proteins at the sperm surface and In epididymal

fluid (Hall and Killian, 1987). At least some of these changes

may be linked to sperm capacltat Ion, acrosome retention (Schwartz

and Koehler, 1979) and even In events such as cumulus dispersion

or zona attachment or penetration leading to fertilization

(Allison and Hartree, 1970; Gwatkln and Anderson, 1973; Farooqul

and Srlvastava, 1980; Rodger and Young, 1981; Shur and Hall,

1982; Shalgi et al., 1986).

Like most other enzymes present in the epididymis, the

glycosidases are also known to be androgen dependent (Conchle and

Mann, 1957; Conchle and Flndlay, 1959; Mann, 1964; Mann et al.,

1971; Slnowatz et al., 1975). The Interplay or Involvement of

other hormones has, however not received any attention. An

attempt has therefore, been made to see if prolactin has a role

to play in the control of the epididymal glycosidases.

4.2 MATERIALS AND METHODS

4.2.1 Chemicals

All reagents used were of analytical grade. p-Nltrophenyl (3-D-

galactopyranoslde and p-Nltrophenyl-a-D-mannopyranoslde that were

used as substrate In enzyme assays were purchased rrom the CSIR

Centre for Blochemlcals, V P Chest Institute, Delhi.
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4.2.2 Experiment

Male albino rats (200-250 g) of Wistar strain were surgically

orchidectomised. In this study, only orchidectomised animals were

used since it was shown in the earlier chapter dealing with

sialic acid that the effects of prolactin are probably masked by

the greater effects of androgens in duct ligated animals.

Fifteen days after orchidectomy, the animals were injected with

either prolactin (0, 50, 100, 150 and 200 ug oPRL/lOOg body

weight) or bromocryptine (0, 0.15, 0.30 and 0.50 mg/100 g body

weight as described under section 3.2.3.2 and 3.2.3.3. Ten rats

were included In every group receiving a particular dose of

prolactin/bromocryptine. Briefly, the Injections were

administered subcutaneously, once daily, for a period of 7 days.

Twenty four hours after the scheduled treatments, the animals

were killed and transcardially perfused. The epididymis from

these animals was excised and weighed accurately on a single pan

balance. 6-galactosidase and a-mannosidase activity was assayed

in the three epididymal segments (caput, corpus and cauda). The

amount of tissue for each epididymal segment from individual

animals was not sufficient for determining the enzyme activity.

Therefore, the tissue belonging to all animals of a particular

group were pooled, the extract of which was used in 5 replicates

to determine the activity of /3-galactosidase / a- mannosidase.

4.2.2.1 Analytical Methods

Epididymal tissue extracts were initially prepared in water

(50 mg/ml). Homogenization was done manually in a mortar
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and pestle using a little acid washed sand. The procedure used

ror enzyme assays was essentially the same as that or

Conchle et al. (1959a) but with very slight modifications.

The assay conditions for two representative glycosidases,

/3-galactosidase and a-mannosidase used in the present studies

were standarized. Accordingly, a pH of 4.8 and a substrate

concentration of 2.5 mM p-Nltrophenyl p-D-galactopyranoslde was

used for the assay of 3-galactosidase activity (Fig.7.). As is

clear from Fig.8., a pH of 5.2 and a substrate concentration of

5 mM p-Nltrophenyl a-D-mannopyranoside was optimum for the

enzyme a-mannosidase. For both the enzymes, the conversion or

the substrate into p-Nitrophenol was found to be maximal at 37°C

and 20 min incubation time was ideal for this purpose.

4.2.3 ENZYME ASSAY

4.2.3.1 Principle Of The Enzyme Assays

Glycosidases (a-mannosidase and fi-galactosidase) are allowed

to react with the appropriate p-Nitrophenyl glycoside at their

optimal pH which is in the acidic range. p-Nitrophenol is

released from the substrate by enzymatic hydrolysis. This

reaction is terminated by the addition of Na CO which makes the

pH alkaline. The change in pH also results in the development of

a yellow color whose intensity could be measured in a

Spectrophotometer at 400 nm.



Fig. 7. OPTIMIZATION OF ASSAY CONDITIONS FOR a-MANNOSIDASE FROM

RAT EPIDIDYMIS.

a: Hydrolysis of 5mM p-Nitrophenyl a-D-mannopyranoside at

varying pH values in 0.2 M sodium acetate-acetic acid

buffer, by enzyme from rat epididymis at 37°C' for a

period of 20 min. Enzyme activities are expressed as

umol of p-Nitrophenol liberated/g tissue/min.

b: Efrect or varying the substrate concentration on the

rate of hydrolysis or p-Nitrophenyl a-D-mannopyranoside

in 0.2 M sodium acetate-acetic acid buffer, pH 5.2, by

enzyme from rat epididymis at 37°C for a period of 20

min. Reaction velocities are expressed as umol of

p-Nitrophenol liberated/ min.

c: Effect of incubation time on the hydrolysis of 5 mM

p-Nitrophenyl a-D-mannopyranoside in 0.2 M sodium

acetate-acetic acid buffer, pH 5.2, at 37°C by enzyme

from rat epididymis. Enzyme activities are expressed as

umol of p-Nitrophenol liberated/g tissue/min.

d: Effect of incubation temperature on the hydrolysis of 5

mM p-Nitrophenyl a-D-mannopyranoside in 0.2 M sodium

acetate-acetic acid buffer, pH 5.2, by enzyme from rat

epididymis for 20 min. Enzyme activities are expessed

as umol of p-Nitrophenol liberated/g tissue/min.
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Fig. 8. OPTIMIZATION OF ASSAY CONDITIONS FOR /3-GALACTOSIDASE
FROM RAT EPIDIDYMIS.

a: Hydrolysis oT 2.5 mM p-Nitrophenyl /3-D-galactopyranoside

at varying pH values in 0.2 M sodium acetate-acetic acid
o

burrer, by enzyme rrom rat epididymis at 37 C ror a

period of 20 min. Enzyme activities are expressed as

umol of p-Nltrophenol liberated/g tissue/min.

b: Efrect or varying the substrate concentration on the rate

or hydrolysis of p-Nitrophenyl /3-D-galactopyranoside in

0.2 M sodium acetate-acetic acid bufrer, pH 4.8, by
o

enzyme rrom rat epididymis at 37 C for a period of 20

min. Reaction velocities are expressed as umol or

p-Nitrophenol liberated/ min.

c: Errect or incubation time on the hydrolysis or 2.5 mM

p-Nitrophenyl /3-D-galactopyranoside in 0.2 M sodium
o

acetate-acetic acid buTfer, pH 4.8, at 37 C by enzyme

from rat epididymis. Enzyme activities are expressed

as umol of p-Nltrophenol liberated/g tIssue/mln.

d: Effect of incubation temperature on the hydrolysis of

2.5 mM p-Nitrophenyl /3-D-galactopyranoside in 0.2 M

sodium acetate- acetic acid bufrer, pH 4.8, by enzyme

from rat epididymis for 20 min. Enzyme activities are

expressed as umol or p-Nitrophenol liberated/g tissue

/min.



c
S

z n c > -
I 5 z X m r z

E
N

Z
Y

M
E

A
C

T
IV

IT
Y

(
U

M
O

L
O

F
p

N
P

L
IB

E
R

A
T

E
D

/g

T
IS

S
U

E
/

M
IN

)

o
o

<
71

O
C

O

o
o 8

t
o o

o
o

o
o

o
o

1
1

1
1

_
»

o K
>

o O
J

o 1
^

o U
l

o

E
N

Z
Y

M
E

A
C

T
I
V

I
T

Y

(
LI

M
O

L
O

F
p

N
P

L
IB

E
R

A
T

E
D

/g

T
IS

S
U

E
/

M
IN

)

E
N

Z
Y

M
E

A
C

T
IV

IT
Y

(
D

M
O

L
O

F
p

N
P

L
IB

E
R

A
T

E
D

/g

T
IS

S
U

E
/

M
IN

)

o
o o

o o
§

o o

3
—

$

R
E

A
C

T
IO

N
V

E
L

O
C

I
T

Y

(
U

.M
0L

O
F

p
N

P
L

IB
E

R
A

T
E

D
/M

IN
)



54

4.2.3.2 Enzyme Preparations

4.2.3.2.1 Reagents

(A) Sodium acetate-acetic acid burrer : 0.2 M 70 ml of 0.2 M

sodium acetate trihydrate, CH COONa.3H0 (mol wt. 136.09)

solution (27.22 g/1) was added to 30 ml of 0.2 M acetic acid

to make 100 ml 0.2 M sodium acetate-acetic acid burfer (pH

5.0).

4.2.3.2.1 Procedure

A common procedure was adopted for the extraction or

/3-galactosidase and a-mannosidase rrom the epididymis. The

epididymal segment of interest was homogenized in water (100

mg/ml) in a mortar pestle. The homogenate thus obtained was

Incubated with an equal volume of 0.2 M sodium acetate bufrer, pll
O

5.0 at 37 C for 1 h. The suspension was centrifuged at 1500 xg

for 15 min and the supernatant saved for the enzyme assays.

4.2.3.3 Assay For /3-galactosidase (EC 3. 2.1. 2. 3)

4.2.3.3.1 Reagents

(A) Sodium acetate-acetic acid burfer : 0.2 M 59 ml of 0.2 M

sodium acetate trihydrate (CH COONa.3H0) solution (27.22

g/1) was added to 41 ml of 0.2 M acetic acid bufrer (pH 4.8).

(B) p-Nitrophenyl /3-D-galactopyranoside: 2.5 mM, in sodium

acetate-acetic acid burrer (pH 4.8), freshly prepared.

(C) Standard p-Nltrophenol : Stock solution (250 uM)
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(D) Sodium carbonate solution : 0.2 M, Na CO In distilled

water, freshly prepared.

4.2.3.3.2 Procedure

To an aliquot of enzyme preparation (0.3 ml), was added 0.6

ml of 0.1 M sodium acetate buffer (pH 4.8) containing 2.5 mM

p-Nitrophenyl /3-D-galactopyranoside. The mixture was Incubated at

o

37 C. After 20 min, the reaction was stopped by adding 2 ml, of

0.2 M Na CO . The yellow color developed was read at 400 nm In

Beckman DU-6 Spectrophotometer against a blank. The blank was

processed just like the other tubes except that the enzyme

preparation was added after terminating the reaction with Na CO

A callberation curve was made using p-Nitrophenol prepared in

0.2 M Na2C03> The enzyme activity is expressed in units where a

unit Is defined as umoles of p-Nitrophenol liberated at 37°C for

1 h.

4.2.3.4 Assay For a-mannosldase ( EC 3.2.1.2.4 )

4.2.3.4.1 Reagents

(A) Sodium acetate-acetic acid buffer : 0.2 M

79 ml of 0.2 M sodium acetate trihydrate (CH COONa. 3H 0)
O it

solution (27.22 g/1) was added to 21 ml, or 0.2 M acetic acid

buffer (pH 5.2).

(B) p-Nltrophenyl /3-D-mannopyranoside : 5mM, in sodium acetate

buffer (pH-5.2) freshly

prepared.



[C) Standard p-Nitrophenol

(D) Sodium carbonate solution
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: stock solution (250 /am)

0.2 M, Na CO In distilled

water, Treshly prepared.

4.2.3.4.2 Procedure

To 0.3 ml or enzyme extract, 0.6 ml or 0. 1 M sodium acetate

buffer (pH 5.2) containing 5mM of p-Nitrophenyl a-mannopyranoside

was added. The enzyme was then allowed to react with the

substrate for 20 min at 37°C. The reaction was terminated by the

addition or 2 ml Na2C03 (0.2 M). The absorbance was read at 400

nm in a Beckman DU-6 Spectrophotometer against a blank in which

the enzyme extract was added to the substrate arter terminating

the reaction. A standard curve was made using p-Nitrophenol

prepared in 0.2 M Na^Og. The activity of the enzyme is expressed

in units where one unit represents umoles of p-Nitrophenol

liberated at 37°C In 1 h.

4.3 RESULTS

The efrect of prolactin on the total activity of /3-galactosidase

in the three epididymal segments are presented in Fig. 9. A dose

of 100 ug prolactin produced a significant increase in the

|3-galactosidase activity in the caput (p<0.01), corpus (p<0.01)

and cauda (p<0.05) epididymidis when compared to the control

animals given vehicle. The caput responded in the similar

fashion to the 150 ug and 200 ug prolactin treatment as well

(p<0.05). However, these doses had little efrect on the corpus
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and cauda segments.

The influence of bromocryptlne on the epididymal /3-galactosldase

activity is illustrated in Fig.10. A comparison of the vehicle

treated controls with groups given bromocryptine treatments

reveal that 0.50 mg treatment has an inhibitory effect in the

caput (p<0.01), corpus and caudal (p<0.05) segments of the

epididymis. At the lower doses no significant changes in the

activity of this enzyme was evident In any or the epididymal

segments.

The action oT prolactin on the total activity or

a-mannosldase in the epididymis or orchidectomized rats is

depicted in Fig.11. Comparison or prolactin treated groups with

the vehicle treated controls show that a dose of 100 ug was most

efrectlve in stimulating the activity or a-mannosldase in the

caput(p<0.01), corpus and cauda (p<0-05) epididymidis. Although

the direction or change was same, the positive errect or

prolactin was less pronounced at the other doses tried. Regional

dirrerences in the degree or response was also seen. For

instance, the 150 ug of prolactin treatment significantly

increased the enzyme activity In the caput and cauda (p<0.05),

but not in the corpus.

The impact or bromocryptine on the epididymal a-mannosidase

activity is shown In Fig.12. The decrease in the activity of

enzyme was statistically significant only In the epididymis or

animals that received 0.5 mg or bromocryptlne (p<0.05). The



Fig. 9. THE EFFECT OF PROLACTIN ON THE TOTAL ACTIVITY OF
/3-GALACTOSIDASE IN THE EPIDIDYMAL REGIONS OF

ORCHIDECTOMISED RATS.

Firteen days arter orchidectomy, animals were Injected

with (E2BSUS) 0 Mg; (CSSH) 50 /Jg; (EEE3) 100 Mg;

(unman) 150 mk and (tranni) 200 Mg of ovine prolactin/100

g b wt, once daily, subcutaneously, Tor a period or 7

days. The values represented denote Mean ± SEM or rive

estimations. Each of the group of animals treated with

prolactin is compared with the control group that did
* *»

not receive hormone treatment ( p<0.05, p<0.01

Student's t-test).
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Fig. 10. THE EFFECT OF BROMOCRYPTINE MESYLATE ON THE TOTAL
ACTIVITY OF /3-GALACTOSIDASE IN THE EPIDIDYMAL REGIONS
OF ORCHIDECTOMISED RATS.

Fifteen days after orchidectomy, animals were injected

with (BBSS ) 0 mg; (C=3 ) 0. 15 mg; (E323) 0.30 mg and

( HMEH ) 0.50 mg bromocryptlne/100 g b wt, once daily,

subcutaneously, ror a period or 7 days. The values are

represented as Mean ± SEM or 5 estimations. Each group

given bromocryptlne treatment Is compared with control
• * •

animals that did not receive the drug ( p<0.05, p<0.01

Student's t-test).
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,, tut FFFFCT OF PROLACTIN ON THE TOTAL ACTIVITY OF
"8- "'.-iS » ™E EP.DIMMAL REGIONS OF

ORCHIDECTOMISED RATS.

Fifteen days after orchidectomy. animals were injected
wlth (BBS^) o Mg; (=) 50 Mg: IMB) 10° ^g;
{mm) 150 Mg and (Q11I1I1) 200 Mg of ovine prolact ln/100
gbwt, once daily, subcutaneously. tor a period or 7
days. The values represented denote Mean ± SEM or rive
estimations. Each or the group or animals treated with
prolactin is compared with the control group that did
not recievc hormone treatment (p<0.05, p<0.01

Student's t-test),
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Fig 12. THE EFFECT OF BROMOCRYPTINE MESYLATE ON THE TOTAL
ACTIVITY OF a-MANNOSIDASE IN THE EPIDIDYMAL REGIONS
OF ORCHIDECTOMISED RATS.

Fifteen days after orchidectomy, animals were injected

with (K».»53) 0 mg; (C=3 ) 0. 15 mg; ((ES3 ) 0.30 mg and

(mum ) 0.50 mg bromocryptine/100 g b wt, once daily,

subcutaneously,for a period or 7 days. The values are

represented as Mean t SEM of 5 estimations. Each group

given bromocryptlne treatment Is compared with control
• • •

animals that did not receive the drug ( p<0.05, p<0.01

Student's t-test).
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lower doses were relatively less efrectlve In reducing

a-mannosldase activity.

4.4 DISCUSSION

The glycosidases detected In the epididymis may not only be

synthesized in the organ itseir but could also be produced in the

testis and transported into the epididymis. The latter

possibility seems less likely in the present circumstances since

the experiments were conducted on orchidectomised animals.

Thererore, it could be said with a reasonable amount oT

certalnlty that the Increase In glycosldase activity observed Is

the result or prolactin action at the level or the epididymis.

Receptors ror prolactin have been detected In the prostate,

seminal vesicle and epididymis or laboratory animals (Aragona and

Frlesen, 1975; Barkey et al., 1977; Orgebin-Crist and Djiane,

1979). Further, studies conducted at dirrerent laboratories have

shown that prolactin could have a direct action on the sex

accessories (Bartke and Lloyd, 1970). In a bid to clarify the

condition under which prolactin exerts Its action on the sex

accessory gland, Negro-Vilar et ai.(1977) have performed detailed

investigations. By a series or pituitary transplantation studies

in Intact, orchidectomised, adrenalectomized-orchidectomised or

hypophysectomized rats, they have shown convincingly the erfect

of prolactin on the male sex accessory organ in the absence of

testicular and adrenal steroids. Thus, the direct action of

prolactin In the epididymis may be one among several reasons for
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the stimulatory action of prolactin on the activity of

epididymal B-galactosidase and a1-mannosidase of orchidectomised

rats as observed in the present study.

The variation in the threshold for the hormone along the

epididymal duct may account for the slight difference in the

quantum of increase in enzyme activity observed between the

epididymal segments. Nevertheless, the direction of change was

the same in all segments and therefore evidence of the treatment

effect. The involvement of prolactin is further confirmed by the

inhibitory action of bromocryptine on these epididymal

glycosidases. This ergot alkaloid is known to bring about its

action by reducing the circulating levels of endogenous prolactin

(Harper et al., 1976; Kinch, 1980; Weinstein et al., 1981). The

results of the present study reveal that a substantial reduction

In the glycosidase activity occurs only in animals given 0.50 mg

of bromocryptine treatment. Lower doses of this drug were unable

to affect the activity of the epididymal enzymes studied. It

appears that 0.50 mg is the minimal dose required to reduce

circulating prolactin to an extent that can affect epididymal

function.

In the previous chapter, prolactin was shown to influence the

epididymal sialic acid in a dose dependent manner. However, in

the present study, the epididymal response is not directly

proportional to the dose of oPRL administered. Thus, it becomes

clear that different parameters within, the same tissue do not

respond alike to prolactin treatment. Obviously, the mechanism
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by which prolactin mediates intracellular events to bring about a

response in these two cases are not the same.

Earlier investigators have shown convincingly that epididymal

glycosidases are androgen dependent (Conchie and Mann, 1957;

Conchie and Findlay, 1959; Mann, 1964; Mann et al., 1971;

Sinowatz et al., 1975). In the present study, it has come to

light that prolactin treatment in orchidectomised rats has

increased the epididymal glycosidase activity, but not exactly In

a dose related fashion. The presence of binding sites for

prolactin in the epididymis and the ability of this organ to

synthesize and metabolize androgens (Frankel and Eik-Nes, 1970;

Hamilton and Fawcett, 1970; Hamilton, 1971; Hammerstedt and

Amann, 1976) gives room for suspicion that the epididymal

glycosidase activity may be controlled by both these hormones.

Studies on steroidogenic tissues have revealed that prolactin

could influence the activity of several enzymes involved in the

synthesis and metabolism of androgen (Munabi et al., 1985). Thus,

prolactin could indirectly exercise its effect on the epididymal

glycosidases by altering the type and potency of the androgen in

the tissue.

In addition, it must be emphasised that prolactin is a protein

hormone while androgens are steroids. There are basic

differences in the mechanism of action of these two categories of

hormones since the receptors for steroids are located in the

cytoplasm while those for1 protein hormone reside on the cell

surface membranes. It is thus tempting to speculate that
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glycosidases measured may represent the net result of an

interaction between these two mechanisms at each dose of

prolactin treatment.

4.5 CONCLUDING REMARKS

2. Prolactin has a stimulatory effect on the activity of both

a-mannosldase and 0-galactosidase In the epididymis of

orchidectomised rats.

2. Although this effect is not directly proportional to the dose

of prolactin administered, the direction of change is the same

in all segments and therefore, evidence of a treatment effect.

3. It appears from the quantum of increase in activity that there

is a difference in the response of the epididymis to prolactin

treatment along the duct.

4. The inhibitory action of bromocryptine on these epididymal

glycosidases indicate that prolactin could be at least one

part of the control mechanism that regulates enzyme activity.

5. The stimulation of glycosidase activity in a manner not

directly related to the dose of injected prolactin suggests

that hormones other than prolactin may also be involved.

6. This view is also supported by the known action of prolactin

on enzymes that control androgen synthesis and metabolism in

steroidogenic tissues. Perhaps protein (prolactin) and steroid

(androgens)hormones control the activity of glycosidases by
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different mechanisms and the activity measured represents the

net result of an interplay between these two mechanisms at

each dose of treatment.



CHAPTER 3

THE EFFECT OF PROLACTIN ON SERUM
PROLACTIN BIOACTIVITY
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5.1 INTRODUCTION

Investigations on the role of prolactin in males have received

priority in recent years, for a variety of reasons (Thorner and

Besser, 1977; Doherty et al., 1980; FlUcklger et al., 1982;

Cohen et al., 1988; Gonzales et al., 1989). The demonstration

for binding sites of prolactin in the epididymis of several

laboratory animals (Aragona and Frlesen, 1975; Barkey et al.,

1977a,b; Orgebin-Crist and Djiane, 1979) has added interest to

the subject. Before proceeding with studies that could help

determine the impact of prolactin on the epididymis it is

necessary to choose an appropriate model system. Injections of

prolactin from an exogenous source have been used in the past to

study the effects of prolactin excess on male reproductive

tissues (Ueda et al., 1987). Therefore, a similar approach was

used in the present study.

Since the epididymis is influenced by several factors originating

in the testis, injection of prolactin to intact animals was not

found to be suitable. Besides, if prolactin had its action on the

testis, then the changes in the testis would be reflected in the

epididymis. This would nake the identification of the precise

action of prolactin on the epididymis difficult. It was

therefore, thought that studies involving administration of

prolactin to either duct ligated animals or orchidectomised

animals could solve the problem. It was found with reference to

epididymal sialic acid that the effects of prolactin are clearly

discernable in orchidectomised animals rather than duct ligated
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ones. It Is suspected that since the epididymis Is predominantly

an androgen dependent tissue, the effect of prolactin is perhaps

masked by the much greater effect of androgens in duct ligated

animals. Therefore, orchidectomised animals were used as a

model to Judge the action of prolactin on the epididymis.

Earlier investigations have shown that prolactin from an

exogenous source when injected in intact rats has a short half

life (Grosvenor, 1967; Chi and Shin, 1978; Diamond et al., 1980).

However, the time course of changes in serum prolactin after

injecting exogenous prolactin In orchidectomised animals has not

been previously examined. Since ovine prolactin was injected in

rats, in this chapter, the total serum bloactlvity observed at

specific time intervals over a 24h period is presented.

5.2 MATERIALS AND METHODS

5.2.1 Chemicals

All reagents used were of analytical grade; Ovine prolactin

(0PRLI8 NIADDK-NIH; Blopotency 30 I.U./mg) was a generous gift

from the National Pituitary Agency, NIADDK NIH, Bethesda,

Maryland, USA.

5.2.2 Animals

Adult male albino rats of Wistar strain (150-200g) were used

for the present studies. They were fed a pelleted diet (Lipton

India Ltd.) and water was provided ad libitum. They were

caged in a well ventilated animal house with 12h L : 12h D

schedule at a temperature of 28±2°C.
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5.2.3 Experimental Design

Orchidectomised animals have been used in the present studies.

Fifteen days after orchidectomy, the animals were divided into

five groups each consisting of 10 animals. The first group

received vehicle and was used as control. The remaining four

groups of animals received 50, 100, 150 and 200 Mg oPRL/100 g

body weight, subcutaneously, once daily, for a period of 7 days.

Animals belonging to each group were killed by decapitation at 15

min, 30 min, 2h, 6h or 24h after the last of 7 injections. The

blood was collected in a polycarbonate centrifuge tube in an ice

bath, immediately clotted in a refrigerator and then centrlfuged

in a refrigerated centrifuge (20,000 xg for 20 min). The

prolactin bioactivlty in the serum samples were determined

in a bioassay.

5.2.4 Estimation Of Prolactin Bioactivlty

The "local micro method", using pigeon hemi-crop sac was

followed (Grosvenor and Turner, 1958). Adult common male pigeons

weighing 250-300g were obtained from local sources. They were

acclimatized to laboratory conditions in an artificially

illuminated room (12h L : 12h D schedule). They were provided

with a balanced bird feed and water ad libitum.

5.2.4.1 Procedure

Two samples to be tested were injected intradermally in 0.1 ml

volumes once daily for 4 days over the crop sac at symmetrically

opposite sides. The geometrical centre of the crop sac on each
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side was permanently marked with a non-toxic dye to ensure the

injection of the sample in the same area each day. Twenty rour

hours arter the last Injection, each pigeon was killed and the

entire crop sac removed. The left and right crop sac were excised

and the responding area Identified. The callberatlon of the

assay was done using oPRL (Biopotency 30 I.U./mg, NIH

preparation).

Prolactin levels were determined by monitoring the response of

the crop sac In terms of relative responding mucosal weight

gravlmetrically (Nicoll, 1967) and also as a measure of

casein/ protein ratio in the responding mucosa biochemically

(Turkington et al., 1965).

5.2.4.2 Gravimetric Analysis

The entire hemlcrop sac of the pigeon given a particular dose of

oPRL was at rirst excised and weighed. Each hemicrop was

stretched slightly, the mucosal layer or the stimulated areas

scraped out and weighed. The relative weight of responding area

expressed as percentage was plotted against the dose of prolactin

Injected (Fig.13. )

5.2.4.3 Biochemical Analysis

The responding mucosa from the hemicrop sac was homogenized In

alkaline water or pH 7.0-7.5. The homogenate was centriruged at

2000 xg. The pellet was discarded and the supernatant saved.

An aliquot was used for determination of protein (Lowry et al.,
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1951) and the remaining supernatant was subjected to a drop-wise

addition of 20% glacial acetic acid till a thick curd white

precipitate resulted. The precipitate was then pelleted, washed

with distilled water and resuspended in 0. IN NaOH by boiling in a

water bath for 15 min. Protein was estimated In this suspension

also. Casein which precipitates in acidic media is a major

protein In the cells or responding mucosa which responds to

prolactin. Thus, the ratio or casein/total protein was plotted

against known concentrations of oPRL injected (Fig.14.). The

serum prolactin bioactivlty of unknown, samples were read from

this plot.

5.2.4.4 Determination Of Total Protein

Total protein was estimated by the method of Lowry et a./. (1951)

using Folln Phenol reagent after the alkaline copper treatment.

The chemistry of estimation has two distinct steps which lead to

the final color with protein : (a) reaction with copper in alkali

and (b) reduction of the phosphomolybdlc phosphotungst1c reagent

by the copper treated protein.

5.2.4.4.1 Reagents

Protein standard: 1 mg of bovine serum albumin was dissolved in

1 ml cf distilled water and diluted to 5 ml.

Reagent A : 2% Na CO in 0.1 N NaOH

Reagent B : 0.5% CuSO .5H 0 in 1% sodium potassium

tartrate



Fig. 13. CALIBERATION CURVE OF PROLACTIN BIOACTIVITY OBTAINED

FROM THE GRAVIMETRIC RESPONSE OF THE PIGEON CROP SAC TO
OVINE PROLACTIN.

(Blopotency of 1 mg oPRL = 30 I. U. ). Each value

represents Mean ± SEM of 7 determinations. Index of

precision (A) = 0.2269.
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Fig. 14. CALIBERATION CURVE OF PROLACTIN BIOACTIVITY OBTAINED

FROM THE BIOCHEMICAL RESPONSE OF THE PIGEON CROP SAC TO

OVINE PROLACTIN.

(Blopotency or 1 mg oPRL = 30 I.U.). Each value

represents Mean ± SEM or 7 determinations. Index or

precision (A) - 0.1394.
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Reagent C : Alkaline copper sulphate solution 50 ml(A)+

1 ml(B)

Reagent E : Dilute Folln Ciocalteu reagent made to 1 N

5.2.4.4.2 Procedure

A suitable aliquot or sample was taken and the volume made upto 1

ml with 0. 1 N NaOH. To this, 1 ml of reagent C was added and

mixed. It was allowed to stand ror 10 min at room

temperature. 0.1 ml or reagent E was added to the tube with

Immediate mixing. Arter 30 min at room temperature, the

intensity of the color developed was spectrophotometrlcally read

at 690nm on Beckman DU-6 Spectrophotometer.

5.2.5 Validity Of The Bioassay

The callberatlon curve, regression formula and Index or precision

or two types or responses are presented In figures 1 and 2.

A precision profile or response error relationship was made

similar to the one suggested by Ekins (1978). Precision was

estimated at various points on the standard curve by examining 7

replicates at each point. The precision or measurement (AH) of a

*H
hormone concentration H may be defined as .The lower

UR/dHjH

limit of detection, or sensitivity, of an assay Is defined by the

precision of measurement or zero hormone (AH ) i.e. "sensitivity"

constitutes merely a limiting case or precision. AH is dependent

both on the error incurred in the measurement or the response

metameter (AR ), and on the slope or the response curve (ctR
H
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/eiH)H at the corresponding point. The parameter (R„ /slope)

corresponds closely In concept and rorm, to the "Index or

precision" (A) originally proposed by Gaddum (1933) and employed

as a measure of performance of this bioassay. However, Gaddum's

formulation, relies on assumptions both on constancy of error In

the response metameter (homoscedastlclty I.e. non-uniformity of

error In the response metameter) and on linearity or the

response curve (plotted in terms of the logarithm of the dose).

Thus A, which is a measure of the relative error in the

measurment of the dose and conventionally regarded as constant

for all values of H and therefore as representative of precision

of the assay as a whole, was calculated.

Such a test permits the selection of a range critical ror the

assay. From this, 0.48 Mg ar>d 14.93 Mg oPRL/blrd were taken as

the lower and upper limits or sensitivity ror the assay

respectively, although the range or detection was wider.

In males, the tltres of prolactin are lower than In remales.

Moreover, reduction in serum testosterone is reported to be

associated with low circulating levels of prolactin as well

(Grosser and Robaire, 1987). In order to "target" the assay in a

way that range or samples rail within the limits or sensitivity,

0.3 ml of standard oPRL containing 1 Mg was added to 0.7 ml of

every test sample (Blopotcncy of 1 mg standard oPRL =30 I.U. )

before the assay was perrormed. This was later taken into

account while computing the results.

It Is relevant to mention that 10 rats were used for each group,
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two for each time point. The serum rrom each or these two

animals was Injected In 2 pigeons. Thus, each data point has

rour replicates. The same crop sac was used ror gravimetric and

biochemical assessment of response and the patterns obtained were

similar. Statistical evaluation of the data was done by employing

Student's t-test.

5.3 RESULTS

The serum level of prolactin bioactivlty as ascertained by the

pigeon crop sac bioassay using gravimetric and biochemical

indices are presented in Fig.15. and Fig. 16. It is apparent from

the data that the prolactin proriles obtained at various time

points by both indices are similar. When compared to

orchidectomised controls given vehicle, treatment or

orchidectomised animals with 50, 100 and 150 Mg oPRL did not

slgniricantly alter the prolactin bioactivlty at 15 and 30

min. However, a higher dose or 200 Mg oPRL produced an Increase

in prolactin bioactivlty at 15 min which was lowered at 30 min.

At 2h, all groups or animals that received the hormone

exogenously showed a significant elevation in their serum

prolactin bioactivlty when compared to the controls at this time

point. However, the rise did not commensurate with the dose of

oPRL administered. This spurt in prolactin bioactivlty was short

lasting with the values returning to control levels at 6h in

the 50, 150 and 200 M8 oPRL treated groups. The same was

accomplished at the 24h interval in the group given 100 Mg oPRL.

Thus, variations In the time taken to bring about homeostasis In



Fig 15 EFFECT OF oPRL ADMINISTRATION ON SERUM PROLACTIN
BIOACTIVITY IN ORCHIDECTOMISED RATS AS DETERMINED BY
GRAVIMETRIC RESPONSE OF PIGEON CROP SAC MUCOSA.

Adult rats (15 days post-orchidectomlsed were given the

following treatment, once daily, s.c, for a period or 7

days : (EHHB ) vehicle; (BBS) 50 Mg oPRL/100 g b wt;

(ESSES) 10° Mg oPRL/100 g b wt; (HUH) 150 Mg
oPRL/100 g b wt and (mmm) 200 Mg oPRL/100 g b wt. The

serum prolactin bioactivlty was determined at speciric

time Intervals arter the last Injection. Each value

represents Mean + SEM or 4 determinations. Comparisons

have been made with orchidectomised animals given

vehicle at the respective time point. The level of
* *»

slgniricance indicated are p<0.05, p<0.01 (Student's

t-test).
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Fig. 16. EFFECT OF oPRL ADMINISTRATION ON SERUM PROLACTIN
BIOACTIVITY IN ORCHIDECTOMISED RATS AS DETERMINED BY
BIOCHEMICAL RESPONSE OF PIGEON CROP SAC MUCOSA.

Adult rats (15 days post-orchidectomised) were given the

following treatment, once dally, s.c, for a period or 7

days : (E2SEH ) vehicle; (=3) 50 Mg oPRL/100 g b wt;

(E3S3 ) 100 Mg oPRL/100 g b wt; (WMMM) 150 Mg oPRL/100

g b wt and (miim) and 200 Mg oPRL/100 g b wt. The serum

prolactin bioactivlty was determined at sped Tic time

Intervals arter the last injection. Each value

represents Mean ± SEM or 4 determinations. Comparisons

have been made with orchidectomised animals given vehicle -y

at the respective time point. The level of significance
» »*

indicated are p<0.05, p<0.01 (Student's t-test).
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circulating levels or prolactin are seen.

5.4 DISCUSSION

In intact male rats, serum prolactin levels have been reported to

show a rhythmic pattern with levels reaching a maximum In the

late arternoon (Clark and Baker, 1964; Koch et al., 1971). The

present experiments were perrormed on orchidectomised rats and no

such pattern was observed. Thus, orchidectomy seems to have

disturbed this clrcadlan periodicity. These results however, are

comparable to those or Hart (1973), who reported a more or less

steady basal level of prolactin with a slow rise and fall over

a 24h period In castrated male goats. Studies on male rats have

revealed that serum prolactin levels drop starting on day 1

post-castration (Goldman et al., 1971). Orchidectomy was found

to reduce not only mean values but also pulse amplitude, and

pulse frequency of prolactin (Grosser and Robalre, 1987). Thus,

the serum prolactin pattern observed for orchidectomised

animals in our studies are in good agreement with those

reported by other investigators.

The experiments show that treatment of orchidectomised animals

with 50, 100 and 150 Mg oPRL does not significantly alter the

serum prolactin bioactivity at 15 and 30 min when compared to

orchidectomised control given vehicle. In view of the very

short half life for oPRL in rats (Grosvenor, 1967; Diamond et

al., 1900), It Is possible that the exogenous administration of

the hormone brings about only a transient rise in prolactin which
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is quickly removed from circulation at these doses. This process

perhaps takes a longer time when higher doses of oPRL are

employed, a situation that is seen in the 200 Mg oPRL treated

group. At this stage, it is interesting to recall the work of

Demarest et al.(1986), who have reported that such a transient

rise in heterologous prolactin suppresses the release of

endogenous prolactin rather rapidly. Therefore, it is suggested

that the short half life of oPRL in rats together with a rapid

suppression of endogenous prolactin, may account for the serum

prolactin profiles observed at 15 and 30 min.

The data also shows a peak in serum prolactin bioactivity at 2h

irrespective of the dose of exogenous oPRL administered, which is

not present in the orchidectomised controls given vehicle. It is

interesting that this serum bioactivity does not commensurate

with the dose of oPRL injected. It is suspected that the

observed surge perhaps represents a rebound of endogenous

prolactin after a period of suppression of the rat pituitary by

the exogenously administered oPRL. From the data presented in

Fig. 15. and 16, it could be argued that the peak in prolactin

bioactivity at 2h was inversely related (rather than unrelated)

to the dose of injected prolactin. Although speculative, the

following explanation could be offered. With the higher doses

injected, the suppression of exogenous prolactin was more

profound and prolonged and therefore the rebound occurred either

sooner or later than in rats given the lower doses. It appears

that the rats injected with the lower doses were sampled closer
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to the peak of the postulated rebound of endogenous prolactin,

Further, if a rough estimate or the dose of injected oPRL in

terms of international units is made (given that the biopotency

of 1 mg oPRL = 30 I. U. and assuming that the average, weight of

the animals used was 200 g, the half lire or oPRL In rats was

6-12 min), it can be seen that the values obtained at 2h should

be to a large extent derived endogenously. Thus, there Is every

reason to believe that this rebound is largely due to native

prolactin. However, further studies would be required employing

radlolmmunologlcal assays to discern whether the pattern of

bioactivlty represents one or the other or both species of the
hormone.

Finally, before concluding the following could be highlighted.

It Is well established that the rat pituitary releases prolactin

into circulation in a circadian pattern (Tindall, 1974). The

data seem to point that orchidectomy disturbs this pattern.

However, Injection of prolactin from an exogenous source

establishes acyclic periodicity In the serum prolactin profile.

This cyclicity as judged from the time points examined, may be

on account of a rebound at 2h and subsequent effort by the

animals to bring about homeostasis in the circulating level of
the hormone.

It would not be wise to elaborate further on the results obtained

at 24h because between the 6h and 24h time points, the animals

have been subjected twice to changes In photoperiodlcity, once

from light to dark and then from dark to light. This is or vital
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Importance while discussing results since pineal principles are

believed to be Involved In prolactin synthesis and release

(Donorrlo and Relter, 1972). Further support to this view comes

from the work of Relkln (1972) and Relkin et al. (1972), who have

shown that rats kept In constant darkness have lower pituitary

prolactin contents and higher circulating prolactin levels than

rats kept under a light dark regimen or in constant light and

this effect does not occur after pinealectomy. Thus, The

situation is complex and not easy to comprehend.

5.5 CONCLUDING REMARKS

1. In orchidectomised controls, the circadian level of serum

prolactin bioactivlty is more or less constant.

2. At low doses the Injected prolactin Is quickly removed from

circulation, while this process takes more time at higher

doses.

3. A surge In prolactin bioactivlty Is seen In orchidectomised

animals around 2h after treatment with exogenous prolactin.

4. This surge appears to be a "rebound" phenomenon following a

period of suppression on the pituitary.

5. Photoperiodlcity influence serum prolactin bioactivity.



CHAPTER 4

THE EFFECT OF PROLACTIN ON THE

STRUCTURE OF EPIDIDYMIS
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6.1 INTRODUCTION

In the preceeding chapters an attempt was made to see IT

prolactin has an influence on epididymal runctlon by monitoring

certain biochemical parameters like sialic acid concentration and

activity or some glycosidases. Based on these studies and other

reports which demonstrated the presence or receptors for

prolactin in the epididymis (Aragona and Frlesen, 1975;

Orgebln-Crist and DJlane. 1979), It was concluded that prolactin

could have a direct effect on the epididymis.

It Is generally believed that functional changes in organs are

often reflected In their structure, more so at the cellular

level. The epididymal epithelium profoundly influences sperm

maturation by carefully controlling the composition of the fluid

in which the sperm are bathed while they are within the duct.

This is made possible by the synthetic, secretory and absorptive

nature or the epididymis. Details or such a process can be

easily visualized in studies concerning epididymal structure.

Studies or this kind are thererore Important and hence Initiated

to see If prolactin has a role to play In the epididymis.

Earlier reports have highlighted structural changes In the

epididymal epithelium in response to orchidectomy and androgen

replacement both at the light and electron microscopic level

(Orgebln-Crist and Davles, 1974; Moore and Bedford, 1979 a, b;

Goyal, 1983). Studies on the effect or antlandrogon on

the epididymis are also available (Wolf, 1986). These and other

studies have clearly established that the epididymis Is dependent
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on androgens for the maintenance or Its structure (Fawcett and

Hoffer, 1979; Tokano et al., 1981; Goyal, 1983; Nicander et al.,

1983). The duct ligation studies have emphasized that the

epididymal structure is dependent on several factors originating

In the tostls (Abo et al., 1984). Power Investigators have been

concerned about the impact of other hormones on the epididymal

structure (Pellegrini and Rlcclardl, 1983). This research has

been conrined only to the light microscopic level.

Ultrastructural work on the epididymis pertaining to the action

or hormones other than androgens are grossly lacking and remains

a neglected area. Although the biochemical investigations have

revealed that prolactin Influences several epididymal parameters,

no attempt has so far been made to see what happens in the

epididymis at both the light and electron microscopic level and

hence this study.

6.2 MATERIALS AND METHODS

6.2.1 Chemicals

All chemicals used were of analytical grade. Embedding kit

containing Araldite CY 212, Dodecenyl succinic anhydride (DDSA)

HY964, Trl dlmethylamlno methyl phenol (DMP 30; DY064) was purch

ased from Fluka Chemical Co. UK.

6.2.1 Animals

Male albino rats of Vistar Strain (200-250 g body weight) were

used in the present investigation. They were purchased from

commercial sources and acclimatized to laboratory conditions for
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one week beiore the start or the experiment. The animals were

red a standard pelleted diet and provided water ad libitum.

Through out the period or experimentation the animals were

subjected to a 12h L: 12h D artificial lighting schedule and

maintained In a well ventilated animal house at u temperature of

28 ± 2°C.

6.2.3 Experimental Design

Thirty animals were orchidectomised using the procedure described

earlier. Fifteen days later, the orchidectomised rats were

divided at random into six groups, each consisting of five

animals. One group of animals received vehicle and was used as

control. The next four groups were given ovine prolactin

(Blopotency, lmg =30 I.U.) at doses of 50, 100, 150 and 200 ug /

100 g body weight. The last group was injected with 0.50 mg

bromocryptlne/lOOg body weight. For comparison purposes five rats

were sham-operated and 15 days later given vehicle treatment.

All injections at the specified doses were administered

subcutaneously, once dally, for a period or 7 days. The volume

of injection was kept to the minimum and care was taken to ensure

that a particular animal received the Injection at the same time

each day. On previous occasions, several doses of bromocryptine

were tried and 0.50 mg was found to have maximum efrect on the

epididymis (see sections 3.3 and 4.3) and hence, choosen ror this

study. The preparation or the ovine prolactin and bromocryptine

ror injection was the same as mentioned under sections 3.2.3.2

and 3.2.3.3 . Twenty four hours after the last of 7 Injections,
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the animals were killed by cervical dislocation.

6.2.4 Fixation of tissue

6.2.4.1 Principle

Fixation is the first step in the preparation of biological

specimens for light / electron microscopy. It is a process by

which the cell is put to death almost instantaneously using

certain chemical compounds (fixatives) which prevent autolysis

and preserve various chemical constituents of the cell. This

enables the preservation of various organelles of the cell. The

main aims of fixation are three : firstly, the preservation of

the structure of cells and tissues with minimum or no alteration

from the living state. Secondly, protection of cells against

alterations during embedding and sectioning and lastly, adequate

treatment of cells to withstand subsequent treatments such as

staining and exposure to electron beam.

The aldehydes which are used as primary fixatives have the

ability to stabilize proteins by creating inter- and intrachain

cross-links (Palade, 1952). Acrolein (C^O) and formaldehyde

are also in use particularly when a rapid penetration of the

fixative is required. Though 47. formaldehyde which is a

monoaldehyde, has been shown to be an effective fixative, when

kept for a long time, it gets converted to formic acid which has

a deleterious effect on the tissues. Commercial formaldehyde

(formalin) has nearly 12 to 15% methyl alcohol which denatures

protein. Hence, it has been replaced by paraformaldehyde which
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is a polymer of formaldehyde. Clutaraldehyde (dialdehyde) was

first used by Sabatini et al. (1963) as a primary fixative and

was found to be an excellent preservative of fine structures. As

a result of aldol condensation, glutaraldehyde molecules can be

linked together between neighbouring amino acid chains. Since

aldehydes do not react with lipids, a subsequent fixation with

osmium tetraoxide (0s04) is necessary to prevent loses occurring

during dehydration. When reduced, 0s04 acts as an electron-dense

stain which reacts principaly with lipids. Stable glycol osmates

are formed from conjugated double bonds, enabling cross-linking

between neighbouring hydrocarbon chain to take place (Riemcrsma,

1968).

6.2.4.1.1 Reagents

1. Phosphate buffer

Stock A

Stock B

0.1 M (pH 7.4)

0.2 M, 3.12 g of sodium dihydrogen

ortho-phosphate in 100 ml distilled

water.

0.2 M, 2.83 g of disodium hydrogen

phosphate in 100 ml distilled water

9.5 ml of stock A was added to 40.5 ml of stock B and

solution was made upto 100 ml. The pH was checked to be 7.4.

2. Kreb ringer's solution :

960 ml, 0.154 M NaCI solution is added to 20 ml, 0.154 M KC1

solution and 20 ml, 0.11 M CaCl,, solution to make 1000 ml

Kreb ringer's solution.
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3. Fixative medium : (David et al., 1973)

20g of paraformaldehyde Is added to 250 ml of 0.2M phosphate

buffer, pH 7.4 and heated to 60°C to dissolve paraformaldehyde.

Volume was made to 480 ml with distilled water and allowed to

cool to room temperature. 20 ml of 25% (v/v) glutaraldehyde

solution and 12.5 mg of anhydrous CaCl., was added. Fixative

medium was stored at 4°C.

4. Osmium tetraoxide solution : 2% (w/v)

Osmium tetraoxide (Loba Chemical Co.) Is available as crystals In

sealed ampoules. The label on the ampoule is removed with acetone

and then the ampoule is scored with a glass knife. It Is then

wrapped in aluminium foil and broken open. The crystals,

together with the glass, are carefully transferred to a

glass-stoppered bottle. Water Is added to give a final

concentration of 2% (w/v) 0s04 and stored at 4°C.

6.2.4.2 Vascular Perfusion

Vascular perfusion was carried out transcardial ly. Pension was

carried out using a transfusion set (bottle with the polythene

catheter containing the fluid suspended at about 150 cm above the

animal) at room temperature. The heart of the animal was exposed.

The ascending arota was cannulated with a polythene catheter of

about 1 mm Internal diameter through an incision in the left

ventricle. Care was taken not to let in air while perfusion was

conducted. As suggested by David et al. (1973) the animals were

initially perfused with about 50 ml Kreb ringer's solution and
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then ror 15 min with 0.1M phosphate burrer, pH 7.4, containing

the fixation solution (1% glutaraldehyde + 4% paraformaldehyde)

and 1 mM CaCl,,. At start, the fixative was allowed to flow

rapidly for few minutes. Then, the right atrium (auricle) was

Incised for the outflow of the fixative. The rate of flow was

then reduced to about 6 to 8 ml per min. The total body perfusion

was performed with 300 to 400 ml of the fixative.

After this procedure the animal was dissected and the epididymis

removed. The organ was then divided Into caput, corpus and cauda

(Brooks et al., 1974). Since the caput and cauda regions of the

epididymis perform entirely difrerent runctlons, the structural

changes In these two segments were examined by light and electron

microscopy. Other investigators studying the ultrastructure of

the epididymis have also restricted themselves to these two

regions for the same reasons (Bartsch et al., 1978; Moore and

Bedford, 1979 a).

8.2.4.3 Spocimon fixation

This step consists of two stages. In the rirst stage called

primary Hxation the desired tissue (epididymis) is cut into

small pieces (1-2 mm) and rurther rixed in 2.5% glutaraldehyde

overnight at 4°C. The tissues are then washed In 0. 1Mphosphate
buffer, pH 7.4, thrice with a change after every half an hour.

After washing, the tissues were post-fixed in 1% osmium

tetraoxide in 0.1 M phosphate buffer, pH 7.4, at 4°C.
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6.2.4.4 Dehydration

Epididymal tissues contain about 95% water which needs to be

removed to facilitate infiltration with liquid resin (monomer)

which is a prerequisite ror embedding. This was accomplished by

at first washing the tissue In 0. 1M phosphate buffer, pH 7.4,

and then passing it through an ascending series of acetone (30%,

50%, 70%. 80%, 90%, 95%) with two changes or 15 min each at
O

4 C. The dehydration was completed with dry acetone ror

15 min at 4°C and two subsequent changes of 30 min each at
O

25 ±2 C. Tissues were now cleared of acetone by Immersing in

toluene for 2h at room temperature.

6.2.5 Infiltration and Embedding

6.2.5.1 Reagents

(1) Infiltration medium

Three different concentrations of Infiltration medium were
prepared:

(a) 2.5 ml of Araldite CY 212(epoxy monomer) was added to 2.5 ml

of DDSA (Dodecenyl succinic anhydride; HY 964) as Hardner and

made upto 20 ml with toluene.

(b) 5.0 ml of Araldite CY 212 was added to 5 ml or DDSA and made

upto 20 ml with toluene.

(O 7.5 ml of Araldite CY 212 was added to 7.5 mi of DDSA and

made upto 20 ml with toluene.



91

(2) Araldite CY 212 Embedding Medium

10 ml of Araldite CY 212 was added to 10.ml of DDSA and 0.4 ml of

2,4,6, trldlmethyl aminomethyl phenol (DMP-30; DY064) as accele

rator.

6.2.5.2 Procedure

The tissues were put in mixture (a) and left overnight at room

temperature. Next morning, the tissues were transferred to

mixture (b) and kept ror 2h. The tissues were once again

transrerred, this time to mixture (c) ror 2h under vacuum and

finally left In pure embedding medium excluding DMP-30 at
O

50 C for 2h. Embedding of tissues was carried out In the

Araldite embedding medium Including accelerator DMP-30 using

beam capsules. The liquid Araldite embedding medium (monomer)

containing the tissues was gradually polymerized. This process

involved keeping the embedded blocks at 50°C in a special oven

for 20h. The temperature was then raised to 60°C which ensured

that polymerization was complete by 24h.

6.2.6 Sectioning of tissues for light and electron microscopy

6.2.6.1 Preparation Of Semithin Sections

The blocks were trimmed to pyramid shape by removing all free

embedding medium using a pyramitome. Glass knives made out of

good glass-strips (Belgian) with the help or a glass-knife

marker (LKB) were used for sectioning the blocks. Initially

0.5-2 Mm thick sections were made for viewing under an optical

microscope.
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The sections were cut on a microtome (0MU3, Reichert Jung) and

let floating In a pool of 10% acetone. Rust-free stainless

steel troughs were used to hold the acetone which were fitted

closely round the knife upto the knife edge. The troughs were

made water tight using sticking plastic tapes.

6.2.6.2 Staining of Semithin Sections

6.2.6.2.1 Reagents

Toluidene blue (1%):

1g toluidene blue was dissolved in 100 ml, 0.1 M potassium

phosphate buffer. The solution was heated to 90°C for 15 min and

then filtered.

6.2.6.2.2 Procedure

Semi thin sections that floated In 10% acetone were lifted with a

glass rod and placed on a clean glass slide. The slide was

placed on a hot plate at about 80°C and dried. The sections on

the microscope slide were covered with the stain and then warmed

to 50°C for 5 min (Lewis and Knight, 1977). Arter washing
thoroughly In distilled water to remove unreacted stain, the

sections were dried and mounted with DPX using coverslips made of

English glass.

The sections thus obtained not only helped In making studies at

the light microscopic level but were also useful in ascertaining

the state of the embedded tissue. In addition, they also aided

in selecting the size, position and area or the cutting race for

ultrathln suctioning.
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6.2.6.3 Preparation Of Ultrathln Sections

After scanning the sections under the optical microscope, the

desired area to be examined under transmission electron

microscope was selected and the blocks were further trimmed

accordingly. Ultrathln sections were cut on Reichert Ultracut E

using fresh glass knives. The thickness of ultrathln sections

was determined by silver color, an interference color on the

liquid In the trough. While viewing, appearance of silver color

helps In estimating the thickness or sections at 600-700 A° which

was ideal Tor high resolution work.

The ultrathln sections were rioated In water and stretched by

exposing them to chloroform. The sections were lifted from below

on specially made 200 meshed copper grids. 3% formvar (polyvenyl

formaldehyde) In ethylene dichloride was used for coating the

grids.

6.2.6.4 Staining Of Ultrathln Sections

To obtain a good contrast a double staining method using uranyl

acetate and lead citrate was used.

6.2.6.4.1 Reagents

Uranyl acetate:

Solid uranyl acetate (UO^C) (Loba Chemical Co.. India) is added

to 100 ml double distilled water in a glass-stoppered, brown

bottle and the bottle is shaken until the uranyl acetate

dissolves. This Is done several times over 2-3 h until
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saturation conditions are reached. The solution Is allowed to

stand overnight. The supernatant Is then centrlfuged ror 15 min

at 500 xg. The final solution has a pH of 4.0 and stored In the

dark.

Lead Citrate:

Lead citrate solution was prepared as suggested by Reynolds

(1963). 1.33 g.lead nitrate [(PMNO^] and 1.76 gsodium citrate

[Na3 (C6H50y). 2H20] are dissolved in 30 ml double distilled

water In 50 ml ground glass stoppered bottle. The solution Is

shaken vigorously ror 30 min. 8 ml, 1 M NaOH Is then added

together with water to make a volume or 50 ml. The solution is

clear and has a pH or 12.

6.2.6.4.2 Procedure

Small amount of uranyl acetate solution was taken in a clean

watch glass. Grids carrying the section were placed down onto the

stain. Acard-board cover was placed over It as the staining

is best when carried out in dark. After 15 min each grid was

taken and washed In 2 lots of 50% ethanol and 2 lots of distilled

water with continuous agitation. Grids were dried on filter

paper.

The dry grids were placed onto the lead citrate stain in a watch

glass and stained for 10 min. Grids were washed In 0.IN sodium

hydroxide and then in 2 lots of double distilled water. Grids

were dried and used for rurther observations.
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6.2.7 Electron Microscopy

Ultrathln sections of the caput and cauda epididymidis thus

prepared were examined In a Phillips 400 Transmission Electron

Microscope at 80 kV. The epididymal duct is lined by an

epithelium generally comprising of principal, basal, clear,

apical and halo cells (Hamilton, 1975; Yeung and Cooper, 1982).

The present study was mainly centered around the principal cells

which are identified in the epithelium on the basis of the

published descriptions (Slnowatz, 1981; Goyal, 1985; Robalre and

Hermo, 1988 ). Principal cells were choosen because they are

the main functional cell type of epididymal epithelium and most

responsive to hormone manipulations (Amann, 1987; Robalre and

Hermo, 1988). To help in the identification of principal cells

and as a source of reference to monitor the effects or various

treatments the caput and cauda epididymidis from sham-operated

rats given vehicle treatment were also studied.

6.3 RESULTS

6.3.1 Preliminary Observations Showing the Effect of Prolactin

on the Structure of Epididymis at the Light Microscopic

Level

Orchidectomy brought about dramatic effects on the structure of

the epididymis when compared to the sham-operated controls. The

prominent features being the shrinkage of epididymal tubules and

the disappearance or spermatozoa rrom the lumen or the duct. The

luminal surface of the epithelium also showed involutions. A

study of the semithin sections of the epididymis under the
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optical microscope gave the Impression that the epididymis of

castrates was undergoing atrophy. Histoquantitative measurements

revealed that the epithelial cell height and the thickness or

smooth muscle layer surrounding the epithelium were greatly

lnriuenced by ractors originating In the testis (Table-1).

Orchidectomy decreased the epithelial cell height by about 34% in

the caput and 18% In the cauda. The thickness or the smooth

muscle on the otherhand was increased in the orchidectomised

animals by 9% In the caput and 13% In the cauda epididymidis.

The lnTluence or prolactin and bromocryptlne on the epididymal

cell height In orchidectomised animals are presented In Fig.17.

In both caput and cauda epididymal segments, prolactin treatment

Increased the epithelial cell height to values greater than those

found In orchidectomised controls injected with vehicle alone.

Bromocryptine treatment did not significantly alter the

epithelial cell height in orchidectomised animals. Neither

prolactin nor bromocryptlne had any substantial efrect on the

smooth muscle thickness surrounding the caput and cauda

epididymal tubules or orchidectomised animals Fig. 18.

6.3.2 The Ultrastructure of Principal Cells from the Epididymis

of Sham-Operated Animals

The features described are based on electron micrographs of the

epididymis obtained from sham-operated animals given vehicle

treatment. The principal cell Is distinguishable from other cell

types or the epididymal epithelium by the presence or stereocilia



TABLE:1 HISTOQUANTITATIVE MEASUREMENTS OF THE CHANGES IN EPIDIDYMAL STRUCTURE
BROUGHT ABOUT BY ORCHIDECTOMY

Parameters Epithelial Cell Height Smooth Wall Thickness

Epididymal Sham- Orchide- % Sham- Orchide- %
Segments operated c tomi sed decrease operated ctomi sed decrease

control rats control rats

CAPUT 37.11* +_ 5.1U 2U.65 +_ 3.80 33.62 10.25 *_ 2.10 11.20 _+ 2.60 09.26

CAUDA 24. 75 + 4.12 20.35 + 3.55 17.78 11.10 + 1.78 12.56 * 1.78 13.15



Fig 17 HISTOGRAM SHOWING THE CHANGE IN HEIGHTS OF EPITHELIAL
EPITHELIUM FOLLOWING PROLACTIN AND BROMOCRYPTINEEPITHELIUM FOLLOWING PROLACTIN AND BROMOCRYPTINE -±
TREATMENT IN ORCHIDECTOMISED RATS.

Adult rats (15 days post-orchldectomlsed) were given the

following treatment, once dally, s.c, for a period or 7

days : (BBSS) vehicle; (6=3) 50 Mg oPRL/100 g b wt;

(r^y-i ) 100 Mg oPRL/100 g b wt; (EMU) 150 Mg oPRL/100

g b wt; (amilD) 200 Mg oPRL/100 g b wt and (BED ) 0.30

mg BRM/100 g b wt. For ready rererence the epithelial

cell height or sham-operated rats given vehicle

treatment ( LTXIJO ) has also been provided. Measurements

are from 4 animals at 20 different measuring sites

throughout transverse cross-section. All comparisons

have been made with orchidectomlsed/anlmals given
*

vehicle ( p<0.05 Student's t-test).



^*3

UJ

-

E
a. •

— 35 1 •
.*—

JC
cn

» 31 - i

-C

1

O 27
•

«;
•

t 23
•s. <$:

•

* # * *

CAPUT

^ 2 7. Or

UJ

(/)
-H 25-4-
E
a.

•»-» 23-8 •

jt
cn

ti 22-2 -
.c

lj 20-6 -

•i
jr

Q.

19-OJr

UJ

EPIDIDYMAL REGION

Fig. 17.

1
» * # *

CA U D A

CD

CO



Fig. 18. HISTOGRAM SHOWING THE CHANGE IN SMOOTH MUSCLE WALL

THICKNESS FOLLOWING PROLACTIN AND BROMOCRYPTINE

TREATMENTS IN ORCHIDECTOMISED RATS.

Adult rats (15 days post-orchldectomlsed) were given the

following treatment, once dally, s.c, for a period of 7

days : (EffiffuJ ) vehicle; (=) 50 Mg oPRL/100 g b wt;

(BSBS3) 100 Mg oPRL/100 g b wt; (EUDJia) 150 Mg oPRL/100

g b wt; (ammi) 200 Mg oPRL/100 g b wt and ( una) 0.30

mg BRM/100 g b wt. For ready reference the epithelial

cell height of sham-operated rats given vehicle

treatment (lmjlmj) has also been provided. Measurements

are from 4 animals at 20 dirrerent measuring sites

throughout transverse cross-section. All comparisons

have been made with orchidectomised animals given

vehicle ( p<0.05 Student's t-test).
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that project Into the lumen or the duct. They also possess a

tall body extending upto the basal lamina and a basally situated

nucleus. The synthetic capabilities of the cell are evident from

the presence of a prominently large Colgl apparatus, the most

striking feature of the principal cell, Irrespective of Its

location along the epididymal duct. As a mark of Its absorption

function, luminal surface invaginations, coated vesicles,

multivesicular bodies and dense bodies are also found. The

frequency and distribution of these organelles In the principal

cell are distinctly higher than other cell types known to

comprise the epididymal epithelium.

In sham-operated animals, the principal cell belonging to the

caput can clearly be distinguished from those of the cauda

epididymidis by its shape and size. In the caput, the principal

cells are columnar and tall while in cauda they become more

cuboldal and stumpy. For detailed comparative studies between the

caput and cauda epididymidis, the principal cell was divided into

a free surfacial region bearing stereocilia projecting Into

epididymal lumen, a region Just under this surface, the

supranuclear, the nuclear and the lnfranuclear regions

(Fig.19-23).

The principal cell in caput and cauda epididymidis appear

different at the luminal side. The principal cell in the caput

has a long stereocilia while in the cauda it is much shorter. In

the region Just below the luminal surface, the principal cells

have abundant endoplasmic reticulum. The endoplasmic retlcul
urn



fig. 19. (A) and (B) ELECTRON MICROGRAPHS SHOWING THE SURFACE OF
PRINCIPAL CELLS FACING THE LUMEN IN CAPUT AND CAUDA
EPIDIDYMIDIS OF SHAM-OPERATED ANIMALS.

(A) Caput x 2100 (B) Cauda x 4500. Lu Lumen, St

Stereocilia. Differences in the size of the stereocilia

and the contour of the luminal epithelial surface are

prominent.
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Fig. 19.



Fig. 20. (A) and (B) ELECTRON MICROGRAPHS OF THE PRINCIPAL CELL
SHOWING THE SUPRANUCLEAR CYTOPLASM FROM CAPUT AND CAUDA
EPIDIDYMIDIS FROM SHAM-OPERATED ANIMALS.

(A) Caput (B) Cauda x 16,000. MVB Multivesicular

Bodies, CV Coated Vesicles. Differences in the number

of multivesicular bodies and coated vesicles are clearly
seen.
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Fig. 21. (A) and (B) ELECTRON MICROGRAPHS OF THE PRINCIPAL CELL

SHOWING THE REGION JUST BELOW THE LUMINAL SURFACE FROM
CAPUT AND CAUDA EPIDIDYMIDIS OF SHAM-OPERATED ANIMALS.

(A) Caput x 21,000. ER Endoplasmic Reticulum. The

cytoplasm is densely packed with vesicular endoplasmic

reticulum showing round profiles (B) Cauda x 21,000.

The endoplasmic reticulum is elongated.
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Fig. 22. (A) and (B) ELECTRON MICROGRAPHS SHOWING THE NUCLEUS OF

THE PRINCIPAL CELL FROM CAPUT AND CAUDA EPIDIDYMIDIS OF

SHAM-OPERATED ANIMALS.

(A) Caput x 4500, N Nucleus, Nli Nucleoli. The nucleus

is long and elliptical, with the long diameter parallel

to the cell axis (B) Cauda x 7400, the nucleus is

flattened with the long diameter perpendicular to the

cell axis. In both cases the nucleus contains two or

more nucleoli.
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Fig. 23. (A) and (B) ELECTRON MICROGRAPHS SHOWING THE
INFRANUCLEAR BASAL CYCTOPLASM OF PRINCIPAL CELLS FROM

CAPUT AND CAUDA EPIDIDYMIDIS OF SHAM-OPERATED ANIMALS.

(A) Caput x 5800 (B) Cauda x 12,700. N Nucleus, ER

Endoplasmic Reticulum. The shape and distribution of

the endoplasmic reticulum are not entirely the same in

the two regions. The endoplasmic reticulum is V-shaped

in caput and U-shaped in cauda.
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Fig.23.
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from the principal cell or the caput is vesicular with limited

number of ribosomes. However, in the cauda the endoplasmic

reticulum contains flattened cisternae with ribosomes adhering to

their membranes. The supranuclear region of the cell from caput

is characterized by a large number of multivesicular bodies and

numerous large and small coated vesicles. The cauda has fewer

multivesicular bodies but the proportion of large coated

veslclesj>ls higher than the small ones. In both the epididymal

segments, well defined groups of Golgi bodies are found in this

region. The nucleus of principal cell In the caput Is long and

elliptical, with the long diameter parallel to the cell axis. In

the cauda, the same Is flattened with the long diameter

perpendicular to the cell axis. The infranuclear cytoplasm or the

principal cell from,caput and cauda contain flattened cisternae

of rough endoplasmic reticulum which are frequently arranged in

a lamellae form. This arrangement is more or less V-shaped in

the caput and U-shaped in the cauda which may be partly due to

the columnar, and cuboidal nature or the epithelium in the two

segments.

6.3.3 Ultrastructural Changes in the Principal Cells from the

Epididymis of Orchidectomised Rats

The fine structure of the principal cells rrom the caput and

cauda epididymis in orchidectomised rats are presented in Fig.24.

Following orchidectomy, changes In the orientation or the

epithelial cells lining the epididymal duct are seen, sometimes

making even the identirication of the principal cell from other



Fig. 24. (A) and (B) ELECTRON MICROGRAPHS OF THE PRINCIPAL CELL
FROM CAPUT AND CAUDA EPIDIDYMAL EPITHELIUM OF

ORCHIDECTOMISED RATS GIVEN VEHICLE TREATMENT.

(A) Caput x 1270 (B) Cauda x 2100. Lu Lumen, PC

Principal Cell, N Nucleus, BM Basement Membrane. The

surface of the caput epithelial cells facing the lumen

of the duct shows infoldings with no stereocilia. The

distribution of the cellular organelles appears to be

disorganized in both regions. Dense lysosomal

aggregations are richly populated in cauda.
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Fig. 1U.
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cell types difficult. This may be on account of the extensive

shrinkage of the epididymal tubule, resulting in the closer

packing of cells. A striking feature Is the great reduction in

the size of the stereocilia In both segments. In most cases, the

stereocilia were not seen. Within the confines of the principal

cell, many structural changes were observed. These include a

reduction in the rough endoplasmic reticulum, a decrease in the

volume of Golgi cisternae and the disappearance of secretory

vesicles from the cells apex. In addition, the total quantity of

cytoplasmic membrane (rER, sER, Golgi) seem to be diminished

considerably. The cytoplasmic organelles also become spatially

disorganized in relation to each other. These results Indicate

that androgen withdrawal hampers the production of macromolecules

by the principal cells. Other observations like the clustering

of coated vesicles In and around the region normally occupied by

the Golgi together with the Increase in the number of dense

bodies and empty vacuoles, suggest that orchidectomy results In

increased lysosomal activity. It may be noticed that the

principal cells In the cauda epididymidis show changes similar

to those in the caput.

6.3.4 Ultrastructural Changes in the Principal Cells from the

Epididymis of Orchidectomised Rats given Prolactin

Treatment

The fine details of the principal cells from the caput and cauda

epididymidis of orchidectomised rats given varying prolactin and

bromocryptine doses are presented in Fig.25-28. It must be



Fig. 25. (A) and (B) ELECTRON MICROGRAPHS OF THE PRINCIPAL CELL
FROM CAPUT AND CAUDA EPIDIDYMAL EPITHELIUM OF
ORCHIDECTOMISED RATS GIVEN 50 Mg oPRL TREATMENT.

(A) Caput x 1270 (B) Cauda x 2100. Lu Lumen, PC

Principal Cell, N Nucleus, BM Basement Membrane. In

supranuclear region of cell from both caput and cauda

several cytoplasmic Inclusions seem to start appearing.

The number of coated vesicles increased and the empty

vacuoles reduced in number.
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Jii, ni1 ELECTRON MICROGRAPHS OF THE PRINCIPAL CELL ^
FROM CAPUT AND CAUDA EPIDIDYMAL EPITHELIUM OF
ORCHIDECTOMISED RATS GIVEN 100 ug oPRL TREATMEm

(A) Caput x 1600 (B) Cauda x 2700. Lu Lumen, PC
Principal Cell, N Nucleus, BM Basement Membrane.
Numerous cytoplasmic organelles are seen which include
relatively large number of secretory vesicles at the
apical region In the cell of both caput and cauda. The
contour of the epithelial surface exposed to the lumen
of the duct appear to be more uniform and infloldings
brought about by orchidectomy seems to be straighten
out.
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Fig. 27. (A) and (B) ELECTRON MICROGRAPHS OF THE PRINCIPAL CELL
FROM CAPUT AND CAUDA EPIDIDYMAL EPITHELIUM OF
ORCHIDECTOMISED RATS GIVEN 150 Mg oPRL TREATMENT.

(A) Caput x 1270 (B) Cauda x 2700. Lu Lumen, PC

Principal Cell, N Nucleus, BM Basement Membrane.

Prolactin seems to improve the degenerative changes in

both the regions as evident by well developed cell organ

-elles, large number of secretory vesicles and much

reduced number of empty vacuoles throughout the

cytoplasm.
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Fig. 28. (A) and (B) ELECTRON MICROGRAPHS OF THE PRINCIPAL CELL

FROM CAPUT AND CAUDA EPIDIDYMAL EPITHELIUM OF

ORCHIDECTOMISED RATS GIVEN 200 Mg oPRL TREATMENT.

(A) Caput and (B) Cauda x 1600. The cells appear to

contain a large number of coated vesicles, and other

organelles. Empty vacuoles are less in number.

•w



112

Lu

V *PC

m ^*

i *

\ -

B

Fig. 28.



113

mentioned that there was a lot of variation in the response of

the Individual principal cells in a particular segment of the

epididymis of even the same animal, administered a specified dose

of prolactin. Nevertheless, It could be observed that the number

of principal cells from orchidectomised rats responding to

treatment increased with the dose of prolactin employed. The

changes In the ultrastructure of the principal cells described

below could be attributed to prolactin treatment simply because

they were found to occur In all responding cells of animals given

prolactin, no matter what the dose was. With the treatment of

prolactin to orchidectomised rats several structural elements in

the caput and cauda epididymidis seem to be rejuvenated. The

shape and orientation of the nucleus and other cell organelles of

principal cells were more or less similar to those of

sham-operated animals given vehicle treatment, an indication of

the positive effect or the hormone. The most remarkable among

the changes, however, pertains to the endoplasmic reticulum. The

parallel cisternae appeared to have been reorganized and

concentrated around the nucleus. Also, the riattened cisternae

oT rough endoplasmic reticulum had concentric lamellae. The bulk

of the apical cytoplasm had a fair distribution or tubular

elements. It was pointed out earlier that the volume or Golgi

cisternae were considerably reduced in the principal cell of

orchidectomised rats when compared to those of the sham-operated

animals. Prolactin treatment favoured the normalization of this

disturbance in the volume of Golgi cisternae. Such an action of

prolactin was found to be more pronounced In the caput than In
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the cauda. In short, the organization and orientation of the

various cellular organelles within the principal cell Is

disturbed by orchidectomy and partially restored by prolactin

treatment.

A few other observations that have been made are highlighted.

Empty vacuoles, a feature associated with degenerative changes in

the principal cell of orchidectomised rats are reduced arter

prolactin treatment. Dense bodies were round in greater numbers

in the principal cell or orchidectomised controls than In their

counterparts from orchidectomised rats given prolactin treatment.

The number and size of coated vesicles were found to be greater

In the principal cell of orchidectomised animals given hormone

treatment than in orchidectomised animals treated with vehicle

alone. It must be clarified that the structural changes in terms

of size, shape and number of cellular organelles described above

are based on observations made at considerably higher

magnification than those Indicated In the electron micrographs.

6.3.5 The Ultrastructure of Principal Cells from the Epididymis

of Orchidectomised rats after Bromocryptine Treatment

The fine details of the principal cells rrom the caput and cauda

epididymidis of orchidectomised rats given bromocryptlne

treatment are shown in Flg.29. Apparently, bromocryptine

treatment to orchidectomised rats did not produce any substantial

effect on the principal cell from either the caput or the cauda

epididymidis. The principal cells are to a great extent devoid



Fig. 29. (A) and (B) ELECTRON MICROGRAPHS OF THE PRINCIPAL CELL
FROM CAPUT AND CAUDA EPIDIDYMAL EPITHELIUM OF
ORCHIDECTOMISED RATS GIVEN 0.50 mg BROMOCRYPTINE
TREATMENT.

(A) Caput and (B) Cauda x 1600. PC Principal Cell, N

Nucleus, BM Basement Membrane. The principal cell in

caput and cauda differ in height and ultrastructural

details. The principal cell from both regions appear to
resemble the orchidectomised control condition. The

cell organelles are lacking but large empty vacuoles are
in abundance (Arrows).

>
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or cytoplasmic organelles and empty vacuoles are abundantly seen.

Thus, the features associated with degenerative changes caused by

orchidectomy seem to persist even after the bromocryptlne was

administered to these animals.

6.4 DISCUSSION

Orchidectomy has previously been reported to bring about dramatic

changes in the hlstoarchitecture of the epididymis in several

laboratory animals. Decrease in tubular diameter, involution of

epididymal epithelium, shrinkage of the tubules, Irregular

tubular borders and in some cases even the sloughing of

epididymal epithelium have been reported ( Hoffer and Greenberg,

1978; Moore and Bedford, 1979 a; Goyal, 1983). In the present

study, a decrease In the epithelial cell height In

orchidectomised animals was seen when compared to sham-operated

ones by histoquantitative measurements. This may be attributed

to the loss of spermatozoa, fluid and androgens of testicular

origin that normally support this organ as has also been

suggested by several other investigators (Moore and Bedford,

1979 a; Goyal, 1983; Nicander et al., 1983).

It Is interesting to rind that this effect of orchidectomy is

partially restored when prolactin Is Injected In orchidectomised

animals. Several earlier investigations have also suggested that

prolactin has growth promoting effects, in addition to playing a

role In maintaining the structure of the epididymis

(Bartke et al., 1970; Negro-Vilar et. al., 1977; Reddy and
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Govlndappa, 1986). Based on the data on epithelial cell height or

this study, it may be concluded that prolactin administration

leads to hypertrophy oT epithelial cell. Whether cell

proliferation also occurs in these orchidectomised animals could

not be established. This action of prolactin could not be

convincingly conTlrmed from the results of the bromocryptlne

treated animals. The bromocryptlne preparation used In this

study is known to suppress the synthesis and secretion or

prolactin (Kinch, 1980; Weinstein et al., 1981) and thus

decrease the circulating levels or this hormone In rats ( Lloyd

et al., 1975; Weinstein et al., 1981). The results of

bromocryptine treatment Indicate that the withdrawal of prolactin

from circulation In orchidectomised rats does not add to the

detrimental efrects or orchidectomy on the epididymal epithelium.

Although orchidectomy slightly Increased the thickness of the

smooth muscle layer located between the epididymal tubule,

neither prolactin nor bromocryptlne treatment to these animals

was able to influence this parameter. Thus, it becomes clear

that the action or prolactin Is conrined to the cell or

epididymal epithelium.

Once it was established that prolactin influenced the epididymal

epithelium, more details were sought from electron microscopic

studies. The emphasis of this study was on the principal cells

since they have been shown by other workers to be the most active

among the epididymal epithelial cells and highly responsive to

endocrine manipulations ( Klinerelter and Amann, 1980; Amann,
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1987; Amann et al., 1987; Robalre and Hermo, 1988). Important

secretions or the epididymis have been traced to the principal

cells (Horfer et al., 1973). In addition, In vitro studies have

also proved that the principal cell Is involved in the

synthesis and secretion of GPC. sialic acids and a number of

proteins (Killian and Chapman. 1980). The fine structure of the

epididymal duct from the sham-operated animals bear testimony to

the fact that principal cells are actively involved in this

process. The presence of an elaborate system of endoplasmic

reticulum and Golgi apparatus could be taken as an evidence for

such a premise. Besides, synthesis and secretion of substances

the principal cells are also concerned with absorptive function

of the epididymis (Moore and Bedford, 1979a,b; Yeung and Cooper,

1982). Dense bodies, multivesicular bodies, coated and uncoated

veslcjes are extensively found in the principal cells and could

be taken as a direct evidence ror the operation or a system that

absorbs and transports blomolecules in these cells.

Examination or electron micrographs or the caput and cauda

epididymidis rrom orchidectomised and sham-operated animals

clearly reveals that androgens and perhaps the iactor(s) present

in testicular fluid support the maintenance and functioning or

the principal cells. This Is reflected In the poor organization

and spatial orientation of the cellular organelles in the

principal cells from both the caput and cauda epididymidis of

orchidectomised rats Several organelles Involved In the

synthesis, secretion 'and absorptive functions of the principal
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cells become scarce and the cytoplasm Instead shows a large

number or empty vacuoles. The empty vacuoles may represent

contracted or segmented Golgi lamellae as suggested by Honjin et

al., 1960 and Yamaoka et al., 1983. This sort or a situation is

seen In both the caput and cauda and probably represents

degeneration of the duct on account of increased lysosomal

activity. These results are In good agreement with those of

Moore and Bedford (1979 a) who have shown by orchidectomy

experiments that the absorptive and secretory function of

principal cells are androgen dependent. Just as In present

study, the principal cells of the caput and cauda epididymidis

have been shown to undergo a variety of changes suggestive or

ceasation of macromolecule production and an increase in their

lysosomal component. The development of rough endoplasmic

reticulum In principal cells appears to be dependent on the

testicular fluid contained In the lumen of epididymis, because

the endoplasmic reticulum regresses arter efferent duct

ligation (Fawcett and HofTer, 1979; Nicander et al., 1980). thus,

there seems little doubt that vital components or the testicular

fluid Including androgens are essential for the maintenance of

epididymal structure.

Orchidectomy produced degenerative changes In almost all the

principal cells belonging to both the caput and cauda epididymal

segments. This is understandably so since the principal cells

are known to be highly dependent on androgens (Moore and

Bedford, 1979 a). Although receptors for prolactin have been
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detected in the epididymis (Aragona and Frlesen, 1975;

Orgebln-Crist and Djiane, 1979), it appears that prolactin is not

as potent as androgen in this organ. Thus, when prolactin

treatment was given to orchidectomised rats, not all the

prlnclpul colls from the two epididymal segments responded.

However, the population of cells that responded positively

Increased with the dose of prolactin administered. Based on the

structural details or this population of principal cells it

appears that prolactin treatment revived the structure of the

principal cells that was damaged by orchidectomy.

Despite the variation In the number or responding cells, the

nature or at least some changes seems to be similar In the

principal cells or all prolactin treated orchidectomised rats,

Irrespective or the dose administered. The reestabllshment or

an elaborate endoplasmic reticulum and Golgi apparatus seem to

indicate that the principal cells have regained their synthetic

and secretory activity. The occurrence or multivesicular bodies,

dense bodies, coated and uncoated vesicles In the principal cells

or prolactin treated orchidectomised animals Is an Indication

that processes such as transport and absorption or macromolecules

are taking place. All evidences thus seem to suggest that

prolactin treatment rejuvenates the principal cells In terms or

both structure and function in the epididymis of orchidectomised

animals. However, when bromocryptine, a drug that is known to

reduce endogenous prolactin was administered to orchidectomised

rats, the fine structure of the principal cells in both
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epididymal segments was not significantly changed from those or

the orchidectomised control that did not receive the drug. It Is

diTficult to say if bromocryptine rurther deterioated the eTfect

of orchidectomy on the principal cells. But, it is quite clear

that the drug did not act In a manner that could be considered

beneficial.

It is well recognized that in the rat, sperm maturation occurs in

the caput and sperm storage In the cauda (Hamilton, 1975).

Insplte of being Involved In entirely dirrerent runctlons, It Is

Interesting to note that the principal cells rrom these two

segments respond to orchidectomy and subsequent treatment with

prolactin or bromocryptine in a more or less identical fashion.

Thus, it is clear that the action of prolactin is not restricted

to any one segment or the epididymis.

The present study demonstrates a tropic action or prolactin on

the epididymis of orchidectomised rats. From the results it Is

clear that at least In the absence of a major source of androgen,

prolactin may play an Important, role in maintaining the

structural integrity of the epididymis. However, the

physiological significance of this action or prolactin Is not

clear at the present time.

6.5 CONCLUDING REMARKS

2. The errect or prolactin on the structure or the epididymis

has been studied with particular emphasis on the principal

col Is.
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2. Transmission electron microscopic studies of the epididymal

epithelium lend support to the view that the principal cells

are Involved in secretory and absorptive functions.

3. The degenerative changes occurring In the epididymis of

orchidectomised rat Indicate that the maintenance or

structural integrity or the principal cells depends to a great

extent on ractors originating In the testis.

4. Prolactin treatment to orchidectomised animals provides a

positive stimulus ror the revival or the structure and

function of the principal cells that were thrown into disarray

by orchidectomy. The population or principal cells that

responded to prolactin treatment Increase with the dose or

hormone administered.

5. Bromocryptlne treatment to orchidectomised animals was without

effect.

6. Prolactin had a similar effect on both the caput and cauda

epididymidis.

By using orchidectomised rats in the present study as an

appropriate model, it was possible to demonstrate that the

observed structural changes in the principal cells were due to

prolactin and not factors originating in the testis. The studies

have also shown that prolactin plays an important role in the

maintenance of epididymal structure at least when a major source

of androgen is absent.
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